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JAEKIJIBKA CJIB ITPO KHUTY,
SAKY BU TPUMACETE B PYKAX

VY cBiTi icHye 6araTo mpeMiii, SKUMH BiJI3HAYAIOTh BAXKJIMBI HAYKOBI1 IOCSITHEHHS
BUCHHX PI3HUX HAIPsIMiB HayKu. OTHAK HAWTIOYECHINIOKO 3 YCIX HArOPOT TOCITi THUKH
BCHOTO CBiTy BBaXaioTh came HoOemiBchky mpemito. Jlaypearn HobemiBchkoi
mpemii — JIACHO CBITOBA IHTEJEKTyajbHa €JiTa; 1e — BUAATHI (DI3UKK 1 XIMIKH,
¢hi31070TH 1 METUKH, EKOHOMICTH 1 TUCBMEHHHKH, & TAKOK TPOMAJCHKI JTisdi, SKi
MIPUHECITN HaWOUTBITy KOPHUCTH JItoAcTBY. CITil 3a3HAYNTH, IO CIICIiaIbHOI mpemii
3a BUJIaTHI poOOTH B Tary3i Oioximii He Oys10 3aCHOBaHO, ajie HAyKOBIIIB, SIKi OTPH-
Mau HoGemiBebKy mpemito 6e3mocepenHbo 3a 010XiMigH1 JOCIIHKEHHS, OLTBII HiXK
noctatHbo. BoHu ynocrtoeni 301motoi HoOemiBebKo1 Menai 3a BUJaTHI JOCSITHEHHS
B rayy3i ximii a0o (iziosorii Ta MEeIUIIMHU, TOOTO B HAMOMIKINX 10 O10XiMii «HO-
OETBCHKHUX) TUCIUILTIHAX.

Monorpadist (KHUTA) MIEBHOIO MIpOI0 € yHiKaiabHOM. Ile — 3i0paHHs crareH,
MIPUCBSIUEHUX OISy Hallpe30oHaHCHIMMX poOiT HobemiBChKUX aypeariB B rayrysi
ximii, (i3ionorii a00 MEAUIIMHY SK B PETPOCHEKTUBHOMY IIJIaHI, TaK 1 B Cy4aCHOMY
aCITeKTi, TUX pOOIT, AKi IEBHOIO MipOI0 3pOOMIIM PEBOMIOLINHUIN IPOPUB B CTAHOB-
JICHH] 1 PO3BUTKY HOBHX HAIPSMiB MEIUKO-010JI0TIYHHUX HAYK — 010XiMii, TEHETHKH,
MOJIEKYJISIPHOT 010J10T11 Ta MOJIEKYJISIpHOT iIMyHOIIOT11 TOIIo. 3i0paHi cTarTi paHiie
Oyno omyOinikoBaHO B akaneMiuyHuX xypHanax: Ukrainian Biochemical Journal i
Bicnux HAH Vkpainu. Oy 13 cTareil MPUCBIYCHO JIOAWHI, K CBIT 3aBIsSYye
3aCHYBaHHS 1 BTIJICHHS B XKUTTA i€l Haropoau — Aab(ppeny bepurapay HooGero.

KopucTyrounch Harojor, BHCIOBIIOK INUPY IMOASKY MOIM CIiBaBTOpaM 1
noMiyausM Banentuni danunosiii, Ceitnani Pomanrok, Pydini Bunorpanosiid,
Terani JJanunoBii.

/ Cepriit Komicapenko,
areaieMik HAH 1 HAMH VYkpainu
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AJIB®PEJl HOBEJIb I HOBEJIIBCBKA ITPEMIA

IIpo Anvghpeoa Hobens ma 11020 npemito HANUCAHO eaude3Hy KilbKicmv cmo-
PIHOK PI3HUMU MOBAMU, alle Y Yill cimammi Mu nepeoycim GUCEIMAULU 08 NUMAHHS!
axum 6y Anvpped Hobenv — yeii henomen excnepumenmanbHoi ximii, 0okmop ¢i-
nocoghii, akademik O6e3 euwjoi ocsimu, 3aCHOBHUK BOHOY OISl HALOPOOINCEHHSL Npe-
Mi€to c6020 imeni i wo coboro sense Hobeniecoka npemis, siK it npucyodicyroms ma
AKUU 8NIUE MAE NPUCYOICEHHSA NPemMii Ha PO3BUMOK came mo20 HANpImy HAVKU,
AKUL 8IO3HAUEHO YIEN HA20POO0TO0.

Ha sanumanns, wvomy Hobeniecoki npemii € YHIKanbHUMU 1 HAUOLIbW NPeCcmnudic-
HUMU, MOJICHA 8I0NOBICMU MAK: iX 0VI0 66€0€HO CBOEUACHO | BOHU BUBHAYAIOMD
NpUHYUNOGi icmopuyni 3minu 8 cycnitbcmei. Poboma Hobeniscvrkoeo xomimemy
GPakmuuno npoma2OM yYCb020 POKY OPIEHMYE GUEHUX, NUCOMEHHUKIB | 2PDOMAOCLKUX
0isuie npaylosamu 3apaou po3eUmMKy CYCRIIbCMEd, 3apaou 3a2ailbHONI00CbKO20

npoepecy.

Kurouogi cinoBa: Anvgppeo Hobenv, Hobeniecoka npemis, Haubibuia Kopucms
a00cmay, Gizuxa, ximis, Qizionocis, Meouyura, l1imepamypa, npemis Mupy.

VY cBiti icHye Oararo mpemiil, SKUMHU BiI3HAYAIOTh BXKJIMB1 HAYKOB1 JIOCATHEH-
HS BUCHUX PI3HMX HampsiMiB Hayku. OJHAK HAWIOYECHINIOW 3 YCIX HAaropoj Jo-
CHITHMKH BCHOTO CBITY BBakaroTh came HoOesiBcbky npemiro. Jlaypearn HoGe-
JBCHKO1 MpeMmii — JTIMCHO CBITOBA IHTENEKTyallbHA €IiTa; 1Ie — BUAaTHI (i3uKH 1 Xi-
MiKH, (i31070TH 1 METMKH, EKOHOMICTH 1 TUCbMEHHHKH, & TAKOK TPOMAJIChK1 14,
SIKI IPUHECTN HAMOUIBIITY KOPUCTh JIFOACTBY. HOOETMIBCHKOIO MTPEMI€I0 BII3HAYAIOTH
TIIBKH THX HAYKOBIIB, JJOCATHEHHS SKUX OyJI0 BU3HAHO iXHIMU Cy4YaCHHKaMHU IIIe 3a
KUt [ 1, 2].

[TpecTmxHICTH 1i€i mpeMii 3yMOBJIeHa HE TUIBKM 3HAYHOIO I'POIIOBOIO BHHA-
TOpOJIOI0, ajie i JyKe PeTeIbHUM BiOOpOM KaHAMIATIB, a TAKOXK, HAa HAIII MOTIISI,
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B. M. /lanunosa, P. I1. Bunoepaoosa, C. B. Komicapenko

OCOOMCTICHUMH SIKOCTSIMH JIFONWHH, SIKIA CBIT 3aBIs9y€ 3aCHYBAHHS 1 BTUJICHHS B
KUTTS 1€ HATOPOIIH.

Taxoro JIFOAMHOIO CTaB OaraThil MIBEACHKHUIA MiAIMPUEMEID, EKCIIEPUMEHTATOP,
IHKEeHep-XiMiK, BUHAXITHUK TUHAMITY Ta 1HIIUX BHOYXOBHUX PEUOBHH, MEIIEHAT —
Aab¢pen bepurapa Hobeub.

VY 1iit cTarti Mu mepemyciM crpoOyeMo BiATIOBICTH Ha JBa 3aTUTaHHS: «SIKuM
oyB AJdbppen Hobeab — 1ieif peHOMEH eKCIIEpUMEHTANIBHOI XiMil, akageMik 0e3
o(irmiitHOT ocBiTH, TOKTOp (inocodii, 3aCHOBHUK (OHIY AJIsT HATOPOHKEHHS TIpe-
Mieto cBoro iMeHi?» 1 «I1{o coboro sBisie HoGesriBebKka mpeMist Ta 5K ii IPUCYIKY-
0TH?».

Kopotka Giorpadis

Ansdpen beparapn nHapoauscst 21 xoBTHs 1833 poky B CTokronbsmi B cim’i EM-
Manyens i Auapiertn HoGenb. batbko Anbdpena — EMmanyens — OyB apXiTeKTo-
poM, Oy/TiBETbHUKOM 1 BUHAX1THUKOM, 3aiMaBCsI IPUBATHUM ITiITPUEMHUIITBOM 1 Ha
ToM yac BoyoiB nepmium y [1IBerii 3aBogom 3 BUpoOHHIITBA KayqyKy. Y Anbhpena
Oys10 Tpoe OpartiB: qBO€ cTapmux — Pobept 1 JIroaBir Ta oquH Moonmwii — EMiss.

Cim’s Emmanyens Hobens

Matoun noOpe HamaromkeHui Oi3Hec 1 BiAMOBIAHI 3B s13ku, EMmanyens Ho-
0exb 37100yB peryTaIlifo HaJiiHOTO 1 YCIINTHOTO MiAnpueMIlsd. Ta Bce 11e He3BOpOoT-
HO 3HHKIIO, Koy y 1835 p. 3ropiB Oynuaok HoGeniB y CTOKrobMi pa3oM 3 rpoIiu-
Ma, OOJIiraIisiMi Ta YUCIICHHUMH TIAaTeHTaMU; TIOTIepely Masidijia 3arpo3a 0oproBoi
B’si3HmIl. Came Tomy EMMaHyens BupimmB posmnodatu 6i3Hec y Pocii, crioyarky B
OinnsaHmail, siKa ToA1 BXoauiia 1o ckiany Pociiickkoi iMriepii, a 3romom —y Cankr-ITe-
TepOyp3i. JpyxuHy 3 AiTbMH BiH 3anuiimB y CTOKIONbMI, A€ CiM’s JIeABE 3BOIM-
Ja KiHIi 3 KiHIgMA. Ta Bke yepes Aekiibka pokiB EMManyens HoGenbs moBHICTIO

11



AJIb®PEJ] HOBEJIb 1 HOBEJIIBCHKA IIPEMIA

po3paxyBaBcst 3 6bopramu, npuadaB ocoOHsK y 1eHTpi C.-IletepOypra i B 1842 p.
3a0paB 110 cebe Bcro poamHy. B Pocii 3namoOmmacs po3pobiieHa HUM CHCTeMa BO-
JITHOTO OTIaJICHHSI, JOCBi y BepCcTaToOyIyBaHHI i1 TOIOBHHIA HOTO BUHAXIT — «3apsT
MTOPOXY, BMIIIIEHUH Y METAJIEBHIA KOPITyC», a00 MpocTo MiHa. BiH Tako Halaromms
BUPOOHUIITBO IIIMAJ, PYITHHUII 1 KOPAOIIiB 3 TAPOBUM JABUTYHOM.

VY Pocii Ansdpen i Hioro Opatu HaBUaIHMCS y TPUBATHUX PEIETUTOPIB, a B
1850 p. Garpko BimnmpaBuB Anb(pena Ha TPH POKU MOMOPOKYBaTH 10 €BporH i
CIHIA. Y cronumi ®@panmii Anbdpen BuB4aB ximito B madoparopii Teodina Ilemy3a,
skuii y 1836 p. BU3HAUMB CKIAJ TIiNepuHy i pa3oM 3 Ackanio Cobpepo y 1840 —
1843 pp. mpaitoBaB HajJl CTBOPEHHSIM HIMPO2Niyepumy.

Anvgpeo Hobenv y monooomy 8iyi

I3 ®panmii Ansdppen Hobens nepeiznuts mo Criomyuenux lTariB mis crinb-
Hoi poboTu B maboparopii aMeprKaHCHKOTO BUHAXIJHUKA IIBEACHKOTO TTOXOKEHHS
Jlxona Epikcona, sikuil po3poOuB BoeHHUH Kopalenb — OpoHeHocels «MOoHITOp»
(6pas yuacts B rpomassHcbkiii BifiHi [TiBmas 1 [TiBHOY1), @ TaKOXK TOCITIHKYBaB Bila-
cTUBOCTI coHstuHOi eHeprii. [1ix fioro kepiBHUIITBOM Mononuii HoGens mpoBoanTh
CaMOCTIiHI Jocaiau 3 Ximiil Ta (i3UKH.

[ToBepuysBmucs 10 Pocii Anbdpen nodas npairoBary B komnadii 6areka «Ho-
0enb 1 CMHWY, KA CHelliaji3yBajack Ha BUPOOHUITBI OO€NpHIIaciB, 110 X BHUKO-
pucroByBanu B xoii Kpumcskoi Biiinu (1853 — 1856 pp.). Ilix kepiBHHITBOM po-
cificekoro BueHoro M.M. 3iHiHa BiH JOCIIHKY€ BIACTUBOCTI mpunimpamy eniye-
puny. Y 1858 p. xommanis 30aHKpOTyBana, i Anbdpen i3 6aTbkaMu TOBEPHYBCS 110
CrokronbMa, a crapiui 6paru 3amummauck y Pocii. ¥V [IBenii Ansdpen yBech cBiit
qac MPUCBAYYBaB XIMIYHUM €KCIIEpUMEHTaM y MaJeHbKii Jaboparopii 6arpka, OT-
PUMaBIIN IPU IIbOMY TPU IIATEHTH Ha BUHax1A. Came 111 podoTa cripsiMyBaa i mij-
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B. M. /lanunosa, P. I1. Bunoepaoosa, C. B. Komicapenko

TpUMYyBaJIa HOTO IHTEPEC /10 eKCIIEPUMEHTIB MPOTATOM YChOTO MOAAIBIIOTO KUTTS.
[pamroroun Haj ONTYKOM aKTHBHOI pEYOBUHH, SIKA 3MEHIITY€ BUOYXOHEOS3IeUHICTh
TPHUHITPATY IJIIIEPUHY, HOMY BPEIITi PEIIT BAAIOCS 3pOOUTH BHHAXI]T, 3aBISKH KO-
My MOJIOJIMH XIMIK CTaB 3HAMEHUTHM. Y pe3yJIbTaTi OMHOTO 3 €KCIIEPUMEHTIB, SIKUH
npoBonvIH Ha 3aBogax HobeniB y CtokronsMmi, 3 BepecHs 1864 p. cTana Tparemis —
BHOYX, KW 3a0paB KUATTS KUTBKOX JIFOMUH, Y TOMY YHCITI MOJIOAIIOro 6para Emiss.
Ha momenT karactpodu oMy nease BunoBHIIOCS 20 pokiB. bateko He mepexuB
Ii€1 BTpaTH, 37T Micys iHCYJBTY 1 He BCTaBaB BXKe J0 camoi cMepti y 1872 porii.

Opnnak Anbdpena ms Tparemis He 3yMUHWIA, BiH MPOJOBKYBAaB CBOi HAYKOBI
TIOTITYKH 1 BKe B 1867 p. 3amareHTyBaB HOBUI BUOYXOBHUI MaTepia Imi1 Ha3BOO «Ou-
Hamim, abo 6esneunuii 8ubyxosutl nopouok Hobensy (Bia rpellbKOTO CI0Ba KOUHA-
micy — cuna). [licnsa mporo no Anbdpena HoGenst npuiimmoB Benukuit hiHaHCOBHUI
yenix. Cimin 3a3Ha4uTH, 0 B ToMy X 1867 p. mBenu [. Hop6in ta 1. Oncon 3amaren-
TYBAJIH III€ OTHY BUOYXOBY PEUOBHUHY — amiayHuil nopox (CyMIIl BYTUIIS 3 aMiaqHOIO
CENITPOIO — HITpaTOM aMoHi0). Ane A. HoGenb KynuB 11eil TaTeHT 1 «3aMOpPO3UBY»
1oro Ha 0arato pokiB, BUCYHYBIIIM Ha MEPIIAN TUlaH cBiii quHamiT. Lle mano 3mo-
Ty peali3yBaTH TakKi BEJUKI MPOEKTH, K MPOKIAAaHHA AJBIIHCHKOTO TyHEIO Ha
Cen-ToTapacekiit 3amizHuUI, po3dnieHHs pycia JlyHato B paiioni JKorux BopiT i
Oararo iHmMX. J[MHAMIT BUKOPHUCTOBYBAJIM TAKOXK ITiJT 4ac MPOBEICHHS OypOBUX PO-
0iT Ha OaKMHCHKHUX HaQTONPOMICIIAX, € MPAIIoBaIN Horo crapiri Opatu — Jlronsir
i PoGept; BoHH, 5K 1 Anb(dpeln, TaKoK CTallK AyXKe 3aMOKHUMH. YCiX TphOX OpaTiB
Ho6eniB HazuBamm «pociiicekkumu Pokdemnepamu». ¥V 1876 p. A. HobGenb moennan
HITPOIJTIIIEPHH 3 KOJIOIIEM, OTPUMABIIIH JKEJICTIONIOHY PEUYOBHHY 31 3HAYHO CHIThHI-
1010 BUOYXOBOIO CHJIOK0, HIJK IMHAMIT, TTiJ] HA3BOIO «TPUMYYl Iparii». Y mepios Bia
1887 p. mo 1891 p. BiH 3amareHTyBaB pi3Hi BUIM BUOYXiBKH, 30KpeMa i Oe3TUMHUI
nopox 6aznicmum. 1le OyB BEIMKHIA KPOK YIIEepe, 110 3aJUIIUB JAJIEKO 0331y TH-
HaMmiT. [lareHT Ha OamicTUT BiH Mpojas ItamiiickkoMy ypsIoBi.

VY 70 — 80 pokax XIX ct. A. HoGenb po3mupuB MEPEKY CBOIX MiANPHEMCTB Y
6araTb0X €BpOIEHCHKUX KpaiHaX — B OCHOBHOMY 3aBIISIKM BUKOPHUCTAHHIO TUHAMI-
Ty TIPH CTIOPYPKEHHI TYHEIiB, KaHAJIIB, 3aJ1i3HUITL 1 aBTOMaricTpalieii. 3acTocyBaH-
HS IMHAMITy y BICBKOBHUX HisIX PO3IIOYANOCh i3 (hpaHKO-Tpycchkoi BiitHn 1870 —
1871 pp., omHaK Take BUKOPUCTaHHS BUOYXOBUX pedoBUH Oyno miist HoGemns 30ut-
KOBHM.

Cnipx 3a3Ha4nTH, 10 He Jniie BUOyXiBKa mikaBmia A. Hobens. B octanHi poku
CBOTO XHUTTS BiH 0araro yBaru NpHUIUISIB CHHTE3Y MOJIMEpiB, CHHTETHYHOTO Kay-
YyKy 1 IITy9HOTO IIOBKY, IPAIIOI0YN B MAJICHBKIH XiIMIUHIHN Taboparopii Ha BiJUTI B
Can-Pemo. YV 1894 p. HoGens npun6as 3aBon y Bepmmanai (LlBemis), xe 30ymyBaB
JiM 1 XiMiuHY J1aboparopito. J/[Ba ocTaHHIX JITHIX CE30HU BiH MPOBIB came y Bep-
MJTaH]II.

Sk 1 BimoMuid, aHTITIHCHKHIA (Pi3UK-eKkcTiepuMeHTarop i ximik Maiikn ®apaneid,
SKWA BIIKPUB OCHOBHI 3aKOHHM TepMomuHamiku, Anbdpen HobGemb He maB dop-
MaJbHOI OCBITH; (PAKTHYHO BOHU OyJiM caMOyKaMH, TIPOTe 0OMIBa — YHIKaJIbHI J10-

13
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cimigauky. SIkOu icHyBaB BuOip, To A. HoGenb, HalliMOBipHiIIe, BiaaB Ou nepepa-
Ty He KOMEPIIiHINA MisITEHOCTI, a 1abopaTopHuM 3aHATTIM. [IpoTe iioro uncienHi
KOMITaHii moTpeOyBasy BeIHKo1 yBard i Gpisuanux cui, amke y 1896 p., B pik cmepTi
A. HoGemnst, icayBano 93 mignpuemctBa B 20 KpaiHax CBITY, [0 BUPOOISITH Maike
66,5 THC. TOH BUOYXiBKH, BPaxOBYIOYH BCi ii pi3HOBU/IH.

Anpdpen Hoberms momep 10 rpymas 1896 p. Bim iHCYnBTY B 63-piuHOMY BiIli
Ha cBOi# ymoOneHii Bisuti B Can-Pemo (B Itamiiicekiit Pus’epi), ogun, 6e3 Apy3iB i
omm3pkux. [ToxoBanuii y CtokronsMi Ha mBuHTapi Hoppa.

Moeuna Anvghpeda Hobens

I xoua A. HoOGenst He MOYKHA CTaBUTH B OIMH PSIJT 3 BEJIMKUMH XIMiKaMU Pi3HHX
KpaiH CBiTy, BiH OyB OJHMCKy4HUM yYCHHM-EKCIIEPUMEHTATOPOM, MPO IO CBiAYaTh
355 nmareHTiB, OTpUMaHUX 3a Pi3HOMAaHITHI BUHAXOMU. | aeThCs HE JHIe PO BH-
OyXOBI PEUOBHHU (JICTOHATOP, TUHAMIT, OE3TUMHUN TTOPOX TOIIO), ajie i MaTeHTH
Ha BOAOMIp, OapoMeTp, XOJIOAWILHUH anapar, ra30BUH MaJbHUK, YIOCKOHAICHHHA
crnocib ofiep>kaHHs CipyaHOl KUCIIOTH, KOHCTPYKIisl 00HOBO1 pakeTu. BiH 1ikaBUBCS
CJICKTPOXIMIEIO Ta ONTHUKOIO, OIOJIOTIEI0 1 MEIUIIMHOIO, KOHCTPYIOBaB aBTOMAaTHY-
Hi TajgbpMa Ta Oe3IeyHi MapoBi KOTIH, MPAIIOBAaB HAJ CTBOPCHHSM IITYYHOI TYMH
Ta IIKIpH, TOCIIIKYyBaB HITPOLEIIONO3Y 1 ITYYHUH IIOBK, HAMAraBcsi BUTOTOBUTH
JIETK1 CIIaBU.

[Toni6Hy cTucty iH(GOpMAaIito PO KUTTA 1 AisuTbHICTH Anbdpena Hobens Mox-
Ha 3HAWTH Maike B KOXKHIM 13 BIKINeIil, SHIMKIONEAIH, y OiorpadiyHux TOBia-
HUKax Ha 0araTthboX MoBax cBiTy [3 — 6]. Asie uu nocTtatHbo 1i€i HpopMmarlii, adbu
ckiactu ysaBy nipo A. HoGens sk moauny? IleBHo, mo Hi. Tomy Mu cripoOyBanu
BiJTHAWTH 1 Taki (paKkTH 3 HOTO )KUTTS, SIKI PI3HOOIYHO XapaKTepU3YIOTh 110 HETepe-
CIYHY OCOOUCTICTb.
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Hixagi ¢akTu 3 6iorpadii Hodesns [7 — 11]

T'onoBHuit BUHaXia Anb(pen HaueOTO MPUAYMaB BUIIAKOBO: IIiJ Yyac IepeBe-
3€HHS HITPOIMILIEPUHY OJ1HA IUISIIKA PO30HIacs, pedoBHHA TOTPAINIa HAa TPYHT
i cTaBcst BUOYX. AJie caM YYCHHIA BIIXWJIMB 110 Bepcito. BiH cTBepmKyBas, Mo
HEOOXITHOTO Pe3yNbTary OyJI0 TOCSATHEHO MUISIXOM KOIMITKAX €KCIIEPUMEHTIB.
Sk wacto OyBae B Ha[3BHUAHO TaTaHOBUTHX Jitoel, Anbdpen HobGenb He OyB
Ha/IIJICHUH MIITHUM 3710pOB’ M. BiH pic XBOPOOIMBHUM XJIOIMUUKOM, YHUKAB irop
3 OIHOJITKaMH, JIFOOMB yCAMITHIOBAaTUCS W UMTATH KHIXKKH. 32 XapaKTepoM
Anbdpen OyB mayke Bpa3lIMBUi, 4aCTO NEPEKUBAB BITUYTTs CAMOTHOCTI, IIpU-
THIYE€HOCTI, HE3aXHIIEHOCTI, IKUX HaMaraBcs NM030yTHCS aKTHBHOIO HisUTbHIC-
TIO, IMCTYBAHHSAM 13 poJuuamu i apy3amu [7].

CyuacHUKHM BBaXaJid, 1110 30BHIHIA BUrsia A. HoOenst He BinmoBigaB TUIy
KaIrtiTanxicTa, SsKuil JOCAT BETUKUX YCIIXiB 1 JOCTATKy B €MOXY OypXJIMBOTO MPO-
MHCIIOBOTO PO3BUTKY Ipyroi nmoiaosuHu XIX cT. IZOMy nono6aBcs CIIOKiH, a
HE MiCbKa METYIIHS, X04a OUIbIIY YAaCTHHY KUTTS HOMY JOBEJIOCS MEIIKATH
caMme y BeTMKUX MicTax i 6araro i3autu (BiH *kuB y 93 mictax 20 kpaiH CBiTY).
Ha BinMiHy Bij Oaratbox Cy4acHUX HOMY MarsariB JioBoro cBity, A. Hobesns
MOXHa OyJI0 Ha3BaTH CHapTaHIIEM, aJpKe BiH HIKOJIM HE KypHUB, HE IIUB, HE I'PaB
y KapTH Ta IHII a3apTHI irpu.

Sk mignpuemens A. HobGenb HalimaB Ha poOOTy COTHI pOOITHHKIB 1 JiiiIIOB
BHCHOBKY, III0 poOoya cuja 3 OUTbII BUCOKUMH MOPAJIbHUMH SIKOCTSMHU IPO-
JTYKTUBHIIIA, HIXK TPyOO eKCITyaToBaHa Maca, 3a 1[0 HOro BBa)kajM coljialic-
ToM. Bin OyB BenbMu meapum poOoTogaBiieM: OyayBaB Ui CBOTO TMIEPCOHATY
koM(opTabenbHi CeNuIa 3 KBITHUKaMU 1 (JOHTAaHAMH, 3BO/IMB ILIKOJIH 1 JTiKapHi,
HAa/1aBaB TPAHCIIOPT I OE3KOIITOBHOI JOCTAaBKU Ha poOOUil MiCIISL.

A. HobGenb kepyBaB CBO€I0 PO3KHJIAHOIO 0 BCbOMY CBITOBI IPOMMCIOBOIO
IMIIEpi€ro 3a JOMOMOTOI0 BEJIMKOI KOMaHAM AupekTopiB, Marouu 20 — 30%-ny
gacTKy npuOyTKy. Ta HaiOIbIIe BiH TOTIOOSB MPAIIOBATH B CBOIN XiMIUHIN
naboparopii.

HoGenp nepumii po3po6uB XiMIYHUNA CKJIAJ HITYYHOTO HIOBKY, HITPOLIETIOI03U
i 6arato inmoro. KoxxeH BUHaXiJ y9eHUN nonyiapu3yeas 3a JOTIOMOTOI0 JIEK-
i{ 3 IEMOHCTPAIISIMA MOKIIMBOCTEH Mpriiaay abo pedoBuHU. Taki mpe3eHra-
i1 iHKeHepa-XiMiKa KOPUCTYBAJIMCS YCIIXOM K y MepecidHol myOIiky, TaK 1
cepeq oro KoJer i Ipy3iB.

Anwsdpen HoGenb He OyB JIFONMHOI0 BUHATKOBO TEXHIYHUX YIOA00aHb, Y BiJlb-
HUH BiJ poOOTH Yac BiH 3aXOIUTFOBABCS HAMMCAHHSAM JITEPaTypHHUX TBOPIB.
Moro nepy Hanexars ayoBi TBOpU — «Beatrice Cenciy, «Nemesisy, «The Pat-
ent Bacillusy». OqanM i3 cynepeunuBux TBopiB Anbdpena Hobenst crana m’eca
«Nemesis» («Hemesina») — gotupuaktHa Tparenis npo bearpucy Yenui. Ha
JOBT1 pokH ii Oyn0 3a00pOHEHO BHUJABATH 1 CTABUTU B TeaTpPi, OCKUIBKU Iiep-
KOBHI CITy’KUTeITi BBaXKaiH ii OoroxynsHo. Jlnme y 2003 p. 1i 6yso omy6miko-
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Bano y IIBerii, a y 2005 p., Ha neHs cMepTi BYeHOTO, y CTOKIONIBMI BimOymacs
npem’epa BucTasu [12].

HesBaxkatoun Ha BiICyTHICTH (hOpMabHOI CepenHbOI Ta BUIIOI OCBITH, Allb-
¢dbpen HoGenb BUIBHO BOJIOAIB MIICTEMa MOBaMH: IIBEICHKOIO, (hPAHITY3bKOIO,
POCIMCHKOIO, aHTJIIMCHKOIO, HIMEIIBKOIO Ta iTaNiliChKor0. BiH IikaBUBCS Hay-
ko010, iocodiero, icTopiero i miteparyporo. Horo apyssmu Oyim 3HaMEHHUTI
XyIOKHUKH, TUChbMEHHHUKH, BUEHI, JepKaBHi Jisdi Toro dacy. HoGens gacto
3aIpoNTyBajy Ha MPUUHATTS 1 KOPOJIBCHKI 00iau. BuHaximqHuk OyB mouecHUM
qyIeHOM 0arathboX €BpOIeHChKUX akanemiit Hayk: [lIBencykoi, Anrmiticekoi, [1a-
PHU3bKO1, YIICaLCKOTO YHIBEPCUTETY. B #0T0 MoCTy’>kKHOMY CIIHUCKY € (hpaHITy3b-
Ki, IBEJICHKI1, Opa3miIbChKi, BEHECYEThChKI OpIeHN Ta Haropoaw [12, 13].

3a cimeitHoto Tpaaumiero Anbdpen HobGenb OyB IpoTecTaHTOM (JTIOTEpaHUHOM)
1, xuBy4n B [lapmxki, perymsipro BiaBigyBaB llIBenceky 1iepkBy Ha 4oJi 3 mac-
topom Haranom CenepOirymom, sikuii, 1o pedi, B 1930 p. ogepxaB HoGemiB-
CBKy mIpeMiro Mupy. OfHaK 13 9aCOM peiriitHi morisaau Aibppena SMiHUITICS, 1
BiH CTaB CIIOYAaTKy arHOCTUKOM, a HAIIPHUKIHII )KATTS — aTeicToM, poTe i mai
’KEpPTBYBaB BEJIMKI CyMU IepkBi [ 14].

Ocooucre KUTTH

ITpo ocobucte xwurtst A. HobGenst Bimomo maio. [lompu cBoi unmani craTkw,
HoGenb OyB cOpoM’sI3IMBOIO, CTPUMAHOIO 1 CAMOTHBOIO JTIFOJMHOIO, SIKIH BaK-
KO OyJI0 3alpHsTEIIOBAaTH, OCOOIUBO 13 KIHKAMU: BiH BBaKaB ceOe HemocTar-
HBO MPUBAOIMBUM ISl HUX. X0Y HACIIPaB/li 30BHI BiH OyB JTy’Ke TIPUBaOIUBUI:
CTpPYHKHH Ooponaruii OpPIOHET CepeHbOTO 3pOCTY 3 BHPAa3HHUMH puUcaMu 00-
JTUY4s 1 TEMHO-CHHIMH OYMMa, SIKi TIPUXOBYBaJo NeHCHe. BiH Tak 1 He CTBOpUB
ciM’i i He 3anmmmB micns cebe aiTeil. Ase KiHKM B #oro xuTTi Oymm. Momy
nojo0anucs po3yMHi i OCBIYCHI KIHKH, 3 ICIKUMH 3 HUX BiH JUcTyBaBcs [13].
[le monomoro moaunoto y Cankr-IlerepOyp3i BiH OCBIIYMBCS JiBUMHI HA 1MS
Onexcanodpa, ane BOHA HOMY BiIMOBHIIA.
V Tlapwxki BYeHH TIO3HAWOMHBCS 31 3HAMEHHUTOIO akTpucorw Caporo bepuap,
koiu OyB Ha BHcTaBii B «Komeni ®pances». Anbdpern 3aXonuBCs HEro, aie KO-
JMBABCS: YW Ta 1€ JKiHKa, sika oMy moTpidHa? Bpemri-pemr, komu Capa BH-
pylIuiia B TpUMiCcSIYHE TypHE 1O AMEpHIli, BIH HaIKCaB JIMCTa CBOil Marepi 3
MPOXaHHSIM TIOPAIUTH — YU OpaTh NUTI00 3 aKTOpKot? Maru He paaniia CHHOBI
OB’ sI3yBaTH CBOE KUTTS 3 KIHKOIO Takoi mpodecii. OciryxaTrcs MaTepi CHH He
nmocMmiB, ToMmy 3B’s130K 13 Capoto beprap Oy nepepBanuii [15].

VY xutTi Ansdpena 3ycTpinacs me oaHa xiHka — bepma Kincki, SKy BiH Hali-
HsB K cekperapky B Ilapwxki. [Tanna Kincki Oyma rapHa, BoJofiia 40THpMA
MOBaMH, 3aXOIUTIOBAIACS MY3UKOIO 1 JIITEPaTyporo 1 Oyia 3 yCiX MOTISAIIB CBIT-
CHKOIO JTFOMMHOM0. Yce 1e iMmmonyBaio Hobemro. Mixk HUIMH BUHUKIIA B3a€EMHA
CUMTIIATis, a, MOXJIMBO, a i MO o4y TTs 3 O0KY BUeHOTO. Ta uepe3 neskuit
yac BoHa nonummia [Tapux 1 moBepHynacs 10 CBOro Nepiioro koxanHs y Biz-
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Hi — 6apona Aptypa ¢oH 3yTTHEpa, BUHMIILIA 32 HROTO 3aMiXK 1 cTaima 6apoHecoro
beproro on 3yrTHEp — MpOBiAHOIO (iryporo B 60poTh0i 3a Mup Ha €Bporieii-
chkoMy KOHTHMHEHTi. HoOens Bpaxanu ii BUCOKI imeand, 30KkpeMa marudizM.
[{ikom iMOBIpHO, IIIO camMe BOHA CTaJla HaTXHEHUIICI0 3acHyBaHHS HoOemiB-
chKOi mpemii Mupy, sikoi i cama Oyma ynocroena y 1905 pomi. Bin’izn bepru
Kincki 6yB BemukuM ymapoM aas HoGens. Ixms npyx6a TpuBama me J0Bro;
A. HobGens nuctyBaBcst 3 bepToro o kiHIst cBoro kuTTs [9, 15].

VY 1876 p. na xypopTi moonuzy Bigas Ansdpen HoGenb mo3naiiomuscs 3 20-pid-
HOIO ITPO/TAaBYMHEIO KBiTiB i3 01HOT ciMi aBCTIChKUX €BpeiB Ha iM’s1 Coghi [ ecc.
Codi Oyna myxe mMuia, aje He TOCUTh ToOpe OcBiueHa 1 He Majia HaMipy ymoc-
KOHAJTIIOBaTHCh. Abdpen nepesi3 i go [lapmka, HamaraBcs TOOMOTTH 370-
OyTH OCBITY, HAMHAB BHKJIagada (paHIly3bKOi MOBH, aji¢ BOHA HE I[iKaBHUJIACs
ypokamu. OKpim TOrO0, BiH 3HAB JJIs Hel KBapTupy B [lapmki, BUTUTadyBaB I11e-
npe yrpumanas. Codi crama HazuBaru cebe «mamam HoOenby, 1m0 BBOAMIIO
0ararbOX B OMaHy, BCUIAKO 3JIOBXKHBaya NOBipoto Anbdpena. Baxkko cymutu
po TXHi CIIPaBKHI CTOCYHKU — OJTHAK JIUCTYBAaHHS CBITYHTH, III0 BUCHUI Oarato
B YOMY CTaBUBCS JIO Ii€T NIBYMHM, SK 0 TUTHHU 1 He Oibine. [locTymoBo ixHs
B3a€MHa TMPUXWIBHICTH oxosona yepe3 xapakrep Codi. OcTaroyHO BOHH pO3-
nyummcs y 1881 p. mici 11 Bin i3my 10 BigHs, oqHAK 1€ TpUBAIUi Yac JIUCTY-
Bajcs. Y CBOeMy 3amoBiTi yaeHu#t BuninB C. ['ecc MOBIYHY MOpIYHY PEHTY
po3mipom 6000 hopuHTIB, 110 1a0 it 3MOTy KHUTH 0€3TYpOOTHO. OHAK TiCIIA
cmepti A. HoOernst BoHa rmoBeacs He 30BCiM MPUCTOWHO, BUMArarouy TPOIi 3a
fioro ymctu. OmnikyHu criagmuau A. HoGenst Buaimvmm i Taki rpomri, mocra-
BUBIIHU YMOBY, 110 Codi BigmacTs iM yci 216 mpuBaTHUX JUCTIB BUJATHOTO BYC-
HOTO 1 BUHAXiTHUKA, a0 BOHM HE OyJIM BUKOPHUCTaHI IPOTH IIi€i HAA3BUYIAIHO
nopsiiHoi ronuuu [16].

OcTaHHi pOKH KUTTH

Xoua A. HobGenst Ha3uBasiM «KOpOJIEM JMHAMITY» BiH OyB MPOTH BUKOPHCTAH-
HS CBOIX BIJKPHTTIB ISl BEJICHHS BOEHHHX JIil, OCKIIBKU BBaXkaB, 1110 BiliHa €
«OKaXOM 13 JKaxiB 1 HAMCTPANIHIIINM 3JI0Y4MHOM». 3a TPH POKH IO CMEPTi BiH
CKazaB: «A xouy, abu 6ci capmamu 3 yCim iXHIM RPULAOOSAM [ 0OCTY20H0 MOJICHA
oyno 6 éionpasumu 0o ecix wopmie» [6, 17].

HoGenp mommmmme IMaprmx Hazakmu y 1891 p., konmn oMy BUTIOBHHIIOCS 57
pokiB. BiH ocenmuBcs y MaJeHbKOMY MPHOEPEKHOMY KYPOTHOMY MiCTEUKY
Can-Pemo B Itanii. B ocTaHHI pOKH KUTTS BiH CTpa)KIAaB Bij CEPIIEBUX HENYT,
mo ix, K 1Ie He mapaJoKCcallbHO, BXE TOJI JIIKyBaJd HEBEJIUKUMH JJ03aMHU Hi-
TporJinepuHy — pEYOBHHH, sIKa, BIIACHE, Y CKJIa/li BUHAHICHUX HUM BHOYXiBOK
MpUHECIa HOMY Ka3KOBi CTaTKH. [3 I[bOT0 MPUBOIY 3 MPUTAMAHHUM HOMY TYMO-
pOM BiH 3ayBaxyBaB: «Xiba ye He iponis 0oni? Addxce nagimov Himpo2niyepuH,
SAKULL C8020 Yacy 3poous mene 6a2amoro J00UHOI0, He 3Mie 3pooumu meHe 300-
posumy [8].
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Anvghpeo Hobenv 6 ocmanni poxu scummsi

VBiliTH B icTOpito 3aBX U Oyio Mpi€to Bcix HoOemniB 4omoBidoi cTari, mounHaio-
gn 3 XYII cTomitrs. Ane it octpax OyTH OXOBaHUM 32)KUBO TAKOXK IEepPeIaBaB-
cs Big HoGenst 1o HoGenst Tak camo, sk 1 6akaHHS cTaTH OE3CMEPTHUM Y BiKax.
I HaiiGIbIIe MM cTpaxoM OyB oxoruieHui Anbdpen. [IpuHaiiMHI TUTBKH HOMY
Crasio Ha JyMKY BHECTH Y 3alOBIT CICIialIbHUI NMyHKT: «[licna keanigixoea-
HO20 8CMAHOBIEHHS (hakmy MO€E cmepmi cio po3pizamu Ha MOEMY MiNi 6eHU,
nicis 4o2o kpemygamuy [8].

Bunaxonun Aasdpena Hobens, siki 3minniam cBit [9 — 11, 18]

HoGenp MaB HaI3BUYAWHO KpEATHBHHUMA CKJIAJ] PO3YyMY, KM O€3MepepBHO Te-

HepyBaB HOBI izei. oro rewiii maTpuMyBano GaxkaHHs JOCSTTH YCIXy 1 Haj-

3BHUaifHa Tpane3aTHicTb. Bid roBopus npo cebde Tak: «Axwo xou oona 3 300

MoiXx i0ell Ha piK € KOPUCHOIO, 51 3A0060NEHULLY.

Cepen 355 3amareHToBaHMX BHHaxXoniB Ainbdpena Hobens Oymm Oinbmr abo

MEHII 3HAKOBI1 [T PO3BUTKY JIIOACTBA, AJI€ UiCMb i3 HUX — O€3YMOGHUL NPOPUE

V Hayyi, NpUHYUNOBI HO8AYll Y NPAKMUYHOMY 3ACTNOCY8AHHI.

1. VY 1863 p. Ansdpen Hobens 3amatentyBaB y LlBemnii 3actocyBanHs Himpo-
2niyepuny B TexHini. Takum yrHOM, yriepire micias 800 pokiB maHyBaHHS
JUMHOTO TIOPOXY JIFOZICTBO OTPUMAJIO HOBY BUOYXOBY PEUOBHHY!

2. Y 1864 p. Anpdpen Hobens cTBOpUB cepiro i3 10 kancynv-0oemonamopis.
Bonu mano unM Bipi3HSIIHCS MiK c00010, aje Karcyib-aeToHarop Ne 8
HaOyB HaWIIMPIIOTO 3aCTOCYBaHHS, 1 IIe W JOTErep HOro BUKOPHUCTOBY-
I0Th 11 UM HOMepoM. JleToHaTtopy MOTPiOHI I CIPUYMHEHHS BHOYXY
3apsny.

3. VYV 1867 p. Ansdpen HoGenb npubopkaB HEKEpOBAaHWI HITPOTTIIEPUH 1
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OTpUMaB OuHamim. JI7s OTO BiH CTBOPWB CYMIII i3 JICTIOUOTO Himpo-
eniyepuny i Kizenvbeypy, KW Ie Ha3WBaIOTh 1H(Y30pHOIO 3emiero. Taka
MacTONo[I0Ha PeYOBHHA JIETKO (POPMYETHCS 1 TPAHCTIOPTY€EThCsA. BoHa He
BHOyxae 0e3 MeToHaTopa HaBITh B CTPYCY 1 MiAMany, a ii MOTYXHICTh y
5 pa3iB epeBHUIILyE TaKy YOPHOTO MOPOXY. YIepIle TUHAMIT 3aCTOCYBAIH y
CIIIA, mix gac OyniBHHAIITBAa THXOOKeaHCHKOT 3aii3HuUI. | Hapasi ioro Ja-
CTiIlIe BAKOPUCTOBYIOTh y TIpHUYIOMO0O0YBHIH 1HAYCTpii Ta AJIs MPOKIIaTaHHS
TYHEJIiB, aH)K y BIHCHKOBIH CTIpaBi.

4. VY 1867 p. Anbdppen Hobenb muIsixom CrioaydeHHs JBOX BUOYXOBHUX PEUO-
BUH — Himpoeniyepury i kono0ito (pO34HH MIPOKCUITIHY ) — OTPUMaB TPUMY-
4y CyMIIII, siKa 3a IMOTY>KHICTIO TIepeBepITyBaia JTuHaMiT. Lo xemenoniony
peUOBUHY OyJI0 Ha3BAHO epumydumu opacisamu, ado UGYxXo60r0 iicenramu-
noio (blasting gelatine). 1i BUKOPHCTOBYIOTB SK TIPOMiXKHY CHPOBHHY IS
BUTOTOBJICHHS 1HIITMX BUOYXiBOK.

5. VY 1887 p. Amedpen HobGens ohopmuB nareHT Ha fanicmum. 1e onuH i3
MEPITUX HITPOTTIIEPUHOBUX OC3TMMHUX MTOPOXIiB, IO CKIAMAETHCH 13 IBOX
MOTY)KHUX BHOYXIBOK — HITPOIIECITIONO3H 1 HITporminepuHy. bamictut Bu-
KOPUCTOBYIOTH /IO CHOTOJHI: Y MIHOMETax, apTHICPIHCHKAX CHapsIax, a
I1€ SIK TBEPJIC paKeTHE MaTNBO, SKIO JOAATH JI0 HUX TPOXH aJrOMiHi0 abo
MAaTHIO JUTS i IBUTIICHHS TETUTOTH 3TOPSHHSI.

6. VY 1878 p. Amsdpen HoGenb, mparroroun Ha CiMEHHOMY TiANPUEMCTBI 3
HapTOBHIO00YTKY B baky, BUHAHTIOB Hagmonposio — criocid Gesnepeps-
HOTO TPAHCMOPTYBAHHS PiZKOTO MPOAYKTY. Moro mobymyBaim, sIK i BCe
MPOTPECUBHE, 31 CKaHAAJIOM, aJKe HAQTOMPOBI, X04a 1 37CIICBIIOBAB BU-
poOHUIITBO y 7 pa3iB, ajie i iCTOTHO CKOPOTHUB po0O0Yi MICIIs TIEPEBi3HUKIB
HadTH y O0ukaxX. bymiBHHIITBO HOOETIBCHKOTO HAPTONIPOBOLY 3aKiHUMIH Y
1908 p., a meMOHTyBaJIM HE TaK JaBHO, TOOTO BiH ciyryBaB moHaa 100 po-
kiB! Takox 3a inessmu Anbdpena Oymo po3poOiIeHo TapoBi HACOCH i 3aCTO-
COBAaHO HOBI METONIM XIMIYHOTO O4HIIeHHS HadTH. B pesysnbraTi onepsxamu
MPOMYKT BIAMIHHOI SKOCTI, KPAIIUH Y CBITI, TIHCHO «4OpHE 3010MO0».

3acTocyBaHHS CBOIX HayKOBUX po3poOok Anbdpen Hobenb xoTiB OaunTH BU-
KITFOYHO Y MEPHOMY KHTTI. [lapamokcansHo, ajne mpy 1bOMY BiH CTBOPIOBAaB BHOY-
XOBI PEUOBUHM, SKi B3sUTH Ha 030poeHHs apmii. [Ipore TBopui mpoextn HoGerns 3a
JIOTIOMOTOI0 HOTO BUOYXIBOK JTy’Ke IBUIIKO 3MIHWIJIH CBIT, yMOKJIUBIIIN €(DEKTHBHE
OCBO€EHHS TIpCHKUX TIOPiA JUis BUIOOYBaHHS Py, ByTUUIs, HadTH 1 Ta3y, MpoKia-
JIaHHSI TYHEIIB, a 3TOJIOM — JUIS TOJIbOTY pakeT. Bunaiinenuit Hobenem nuHamit
OyB 3aTpeOyBaHMi y BCbOMY CBITi, @ HOTO BUHAX1THUK OE3IpEIeICHTHO po30araTiB
3a Kibka pokiB. Anbdpen Hobens Gararo rporiei cripsMoByBaB Ha pO3BUTOK Hay-
KH, aJie, OCKUTBKH y TIOOyTi OyB acKeToM, HAPUKIHII )KUTTS Y HHOTO 3aJIUIITIIIOCS
31 MJTH. KpOH, SIKi BiH 1 IMOKEPTBYBAaB Ha TOJIOBHE JOCSTHEHHSI CBOTO KUTTS —
HobeaiBcbky npemiro.
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Sk BummBae 3 BuIeHaBeneHoro, Anbppen Hobenp 1 qorenep 3amumiaeTbes
¢biryporo mapagoKcaabHO 1 CYIIepewInBOIO: OIMCKyYa, aje CaMOTHS JIFOIMHA, Ya-
CTKOBO TIECUMICT, YaCTKOBO 1/I€aJTiCT, SIKHH BUHAKIIIOB ITOTYKHI BUOYXOB1 pE€YOBHHH,
0 X BUKOPHCTOBYIOTH 1 B Cy4acHUX BiliHAX, BiH 3aCHYBaB HaWIPECTIKHIILY Y
CBITi, HAHOUTBIITY TIPEMIFO JUTS IHTEJIEKTYalliB (BKITFOUAIOUN TIPEMit0 MUPY), SKi TIPH-
HECJIM KOPUCTH JIoACTBY, TOOTO HobGemiBCbKY npeMilo, sika yBiuHUIAa iforo im’s.

HobeaiBcbka npemist

Anwsdpen Hobens OyB nepexkonanuit, mo 06aThKu 1 6araTi poandi MaroTh 3amoBi-
JIaTH TPOIII JITSM TUTBKH 3 METOIO HaJaHHS IM MOKJIHMBOCTI 37100y TH MEPIIOKIACHY
OCBITY; 6CI iHWI HAKONUYEHI CIamKy Maoms 6ymu noGepHeHi CyCnilbCcmay 8 Hali-
KOPUCHIUHOMY 8UTIAOL.

Came Tomy B 1893 pori HobGenb ckiaB cBilf nepiuuii 3amoBiT, B skoMy OyI1o 3a-
3HAUEHO, 1110 3HaYHY YACTUHY KaIiTally BUYCHOTO ITICJIA HOTO CMEpTi CJIiJ] epeaTu
[IBencekiit kOpomiBChKil akanemii Hayk. Ha 1o cymy mepenbauanocst BIIKpUTH
¢boHI, KU IOPIYHO MepepaxoByBaTHUME HAropody 3a BiAkpuTTs. Ilpu npomy mo
5% Bin cnanky HobGenb 3amoBinaB CTOKroabMchbkoMy yHiBepcuTeTy, CTOKIOiIbM-
ChbKil nikapHi 1 KaponiHcbkoMy MeIMYHOMY YHIBEpCHTETOBI.

ITpote 3a pik 10 cBoO€i cmepTi, 27 nmucronaga 1895 p. B Ilapwxi y nmpucyTHoCTI
4OTHPHOX CBIJKIB Anb(pen Hobenp migmucaB HOBHIA 3aIloOBIT, 3a SIKHM YC€ CBO€
MaifHO § Karitan nepenaB (poHAaM JUIs CTBOPEHHS I SITU IOPIYHUX Hpemiil. Bia-
MIOB1JTHO JI0 3aIOBITY BCE€ MaifHO (HAIPUKIHII KUTTS BiH OyB BIIACHUKOM HE TUIBKU
93 xommnaniii Ta mianpueMcTB y 20 KpaiHax CBITYy Ha BCiX KOHTMHEHTAX, aje il Oy-
muHKiB y Tlapwxki, Bigni, Himni, Can-Pemo Ta iHmmMX micrax) miciist Horo cMepri
MaJio OyTH BKJIQJIEHO B HA1MHI aKuii, {IHHI Manepu Ui CTBOPEHHS MIPEMIaIbHOTO
¢donny. [IpuznauenHs GoHIY — HATOPOHKEHHS IIOPOKY TPOIIOBUMHM IPU3AMH THX
JIIOZIEH, SIK1 BITPOIOBXK MOMEPETHHOTO POKY MPUHECTH HAWOIBIITY KOPUCTD JIFOIACTBY.
ITpuzoBwuii pona MaB OyTH MOAITCHUH HA I’ SITh PIBHUX YAaCTHUH, YOTHPH 3 SIKUX MPH-
3HAUEHO JUIsl HAyKOBIIB, SIK1 3pO0JIATh HAWOUIBIIE BIIKPUTTS a00 BUHAXIA B Tamysi
¢i3ukn, ximii, ¢izionorii abo MeaUIMHY, JIITEpaTypH, a I1’sATa — 3a HAOLIbIINI BHE-
COK Y CIIpaBy 3MIITHEHHS CIIIBAPYKHOCTI Halliif a00 3HM>KEHHSI HAIPY>KEHOCT1 y pasi
MIPOTUCTOSTHHS BIMCHKOBUX CHJI, @ TAKOX 3@ OpraHi3alliio Ta IPOBE/ICHHS KOHIPECIB
MUPOJIOOHUX CHIL.
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3anosim Anvgppeoa Hobens [19]

«A, Anvghpeo Bepneapo Hobenw, wjo Hudicue nionucascs, 0OMipKyseas i 6upiuius:
YUHHUM OOKYMEHMOM 020J10ULyi0 MIll 3an08im 3 npueoody MaiHa, wo Oyio HadbaHo
mHoro... Kaniman moi dywonpuxasnuku marome nepegdecmu 6 yiHHi nanepu, cmeo-
pusuiu ono, 8i0COMKU 3 AKO20 NPUSHAYAMUMYMUCS Y 8UTAOL NpeMii mum, Xmo
BNPOO0BIHC NONEPEOHBO2O POKY NPUHIC HAUDLIBULY KOPUCTD THOOCTEY.

Braszani eiocomku caio nodinumu Ha nsamv PiGHUX YACMUH 3A NPUSHAYCHHSM.
nepuia — momy, Xmo 3poous Hausajicausiuie GIOKpumms abo uHaxio y eanysi Qisu-
Ku, Opyea — y eany3i xXimii, mpems — 6 eany3i ¢hizionoeii abo meouyunu, vemsepma —
Momy, Xmo cmeopus HAU3HAYHIUUL TimepamypHuLl meip, sKutl yio03epKantoe ao-
CbKi i0eanu, n’ama — momy, Xmo 3pooums 8a2oMutl 6HeCOK 8 00 €OHAHHS HAPOOis,
SHUWEHHs. pabCcmea, 3HUNCEHHS YUCEIbHOCMI ICHYIOUUX apMill I CAPUSIHHSA MUPHIU
00MOBNIeHOCI.

...Moe ocobnuee basxcanns nonsieac 8 momy, abu Ha NPUCYIHCOEHHS NPEeMill He
BNIUBANLA HAYIOHATLHOCMb KAHOUOAmMA, abu npemilo Ompumy8aiu HaudoCmouHiui,
He3aNeHCHO 8I0 M020, CKAHOUHABU BOHU YU HIY.

A crionykano Anbdpena HoGens Ha CTBOpEHHSI CBO€ET IpeMii He TUTBKH Te, 10
B HBOTO HE 3aJUIIAJIOCH JITEH, MPAMUX CHaAKoeMINB. Pia y Tim, mo B 1888 p. B
OJHIH 13 ()paHIly3bKHX ra3eT Oyja MOMMIIKOBA IyOJIiKallis — Hekposor A. Hobemro
(razeTspi MmeperuTyTaau BUHAXITHUKA 3 HOTO cTapmuM OparoM JIroaBirom, skuii mo-
Mmep 12 kBiTHs 1888 p. B Kannax). B miif crarti A. HoOenst 3acymkyBaiu 3a BUHAXIT
JMHAMITY, HAa3WBaJl «MUTIOHEPOM Ha KPOBI», «TOPTIBIIEM BHOYXOBOIO CMEPTIO»,
«IMHAMITHUM KOPOJIEM» 1 BiH BHPIIIIMB 3pOOUTH TaK, a0W HE 3aTMITUTHCH Y TTaM’si-
Ti JIFOJICTBA «3JIOYMHIIEM BCECBITHHOTO MaciTaly». BBakaroTs, 110 came 15 momis
migmroBxHyaa Anbdpena Hobemns 1o pimeHHs 3aIUIIATH TICIIS CBOET CMEPTI IiH-
HYy CIAIIMHY Yy BUIIAAI iHAHCYBaHHSI MIKHAPOIHOI MpeMmii 3a HalBHIII HAyKOBI
JOCSITHEHHS B Tally3i ¢hizuku, ximii, ¢izionocii abo meouyunu, iimepamypu ma y
cnpasi smiynenns mupy [20].

Moro mocMepTHHUI Aap U MPUCY/KEHHS IPEMiil JTOTiuHO BUILTHBAE 3 TOTO, IO
cam HoOenb yce XUTTS 1ikaBUBCS came (i3HKOI0, XIMi€r0, (i310JI0Ti€r0 1 MEIHIIN-
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HOIO, a TAaKOX JIiTeparyporo. BBaxkaroTs, 10 BCTAHOBJIEHHS IpeMii 32 MUPOTBOPIY
MISUTBHICTE OB’ SI3aHO 3 OaKaHHSIM BUHAXIAHNKA BII3HAYATH THUX JIFONEH, SIK1, ITO10-
HO JIO HBOTO, CTiliKO mpoTucTosu Hacwuto. Y 1889 p. A. HoGenb OyB mpucyTHii
Ha BcecBiTHBOMY KOHTpeci Mupy, sikuii BimOyBes y [Taprki i BUCTYIIaB TaM 3i CBO-
imMu nexmismu [6]. Jleski y9acHUKH 3aX0Ay CIIPHHHSIIH 11 13 CapKa3MOM, OCKUTBKH
BBYKAJIH, 10 HE CIIiJ 3 SIBISATUCS HA MUPOTBOPYOMY 310paHHI JIONWHI, sIKa BUHA-
WmIa 3HapsIs BOMBCTBA 1 BiiHU. Take CTaBICHHS MPUKPO BPa3niIo BUSHOTO 1 JIe/Tb
HE HaJUIOMHUJIO HOTO.

[Ticast cmepti A. HoOGerns Ta micis YMCIeHHUX MPOTECTIB POANYIB, TBEICHKAX
HAI[IOHAJIICTIB, CYIOBUX PO3MISIIB, BUCTYIIB y TIPeCi TOIIO 3armoBiT HA0yB YHHHO-
cti. Y 1900 p. HoGemiBcbkuit hoHm Oyimo cTBOpEHO, HOTO CTaTyT PO3POOUB CIIeIIi-
AIBbHUN KOMITET 3 ypaxyBaHHSIM yMOB, IKi Oys10 HaBeeHo B 3armoBiTi. CTaTyT npemii
YXBaJIMB MBEAChKUI pukcaar i 29 yepsas 1900 p. mianucas xoposns [IBertii. Bixro-
ni imes A. HobGenst cTana peanbHICTIO.

3rigHo i3 3armoBiToM A. Hobest Haropoau B raimy3i Gpi3uKH Ta XiMii Mae mpucy-
mokyBath [1IBegchka KOpOJTIBChKa aKkazeMisi HayK; Haroponu y ramysi ¢isionorii ta
Meaunan — KapomiHchkuit iHCTUTYT y CTOKTONIBMI; B Tally3i JTepaTypH — IIBE-
cpKka akazneMis B CTOKToJIbMi, a IPEeMit0 MUPY — KOMITET i3 1" SITH WICHIB, SIKHX 00U-
pae Hopsesbkuii croptuar (mapiamenT). Ha Toit wac HopBerist BXonuia 1o cKiiaxy
[IBermii. Y 3amoBiTi TakoX 3a3HAYCHO, IO MPUCYHKEHHS HArOPOJ KOTHUM YHHOM
HE TIOB’3aHO 3 HAJIEKHICTIO JIaypeara 7o Tiei abo 1HIIO1 Hatlil, a CyMa BUHATOPOIU
HE 3aJISKUTH BiJ] IIOXOKEHHS TOTO YH 1HIIIOTO MPETEHICHTA Ha TIPEMIFO.

VY 1968 p. [epxaBuuii 6ank [1IBernii B 3B 13Ky 31 cBoiM 300-piudsim 3acHyBaB
nam’ STHy npemito A. HoGerns B ramy3i ekoHoMiuHUX Hayk (odirtiiiHa Ha3Ba: [lpemis
Lllsedcbroeo yenmpanbHo2o OAHKY 3 eKoHOMIuHUX Hayk navsami Anegpeoa Hobe-
J1s1), SIKY IPUCYDKYIOTH 32 THMH CaMHMH TPAaBHJIAMHU, 10 X BCTAHOBIICHO Y CTATYTI
®onny HobGens. Jlaypearis 1iel nmpemii BuzHauae HobemiBchkuit komiteT Kopormis-
ChKOi akagemii Hayk y CTokronbMi. EKoHOMIKa HE 3ragy€eThesl B 3amoBiTi Anbhpena
Hobemns1, Tomy «HOOETIBChKA TIPEMist 3 EKOHOMIKI» HE HAJICKHUTH 110 cyTo HoOemiB-
CBKHUX TIpemiit [21].

Jlnis IPUCBOEHHST HArOPOJM 3 KOXKHOTO HAyKOBOTO HANpsIMy ICHY€ CIeIialib-
Huii HoGesiBebkuii komiter. [1IBenchka KOpoIliBCcbKa akajeMis HayK CTBOpHIIA B
CBOEMY CKJIaJ[i TPH KOMITETH, IO OJJHOMY KOMITETY 3 (i3UKH, XiMii Ta €eKOHOMIKH.
KapomniHchkuit iHCTUTYT 1aB CBOE iM’s1 KOMITETY B ramy3i (i3i0Jorii Ta MEIUIIHHN.
[IIBenchka akameMis oOupae Takox KoMiTeT 3 Jiteparypu. OkpiMm Toro, Hopsesb-
KHiA TTapyiaMeHT (CTOPTUHT) oO0upae KoMiTeT 3 mpemii mupy. HoOemBCehKi KoMiTeTH
BIZIITpaloTh BUPIMIANBHY POJb y TIporieci BUOOpy iaypeariB. KoxkeH KoMmiTeT ckia-
JAETHCS 3 1 SITH WICHIB 1 MOXKE 3BEPTATHUCS 3a JIONIOMOTOIO 0 CIICIIaTICTIB 1HITHX
rajgy3eu HayKH.

HoGeniBebkuii GpoHx € He3aIeKHOI0, HEYPSIOBOIO OpTraHi3aIli€ro, Mo Bimo-
Bizlae 3a KepyBaHHs (HOHIOM, SKE TOJIsTac B 3a0e3MeUeHHI 30epeKeHHs (PiHAHCIB 1
JiSUTBHOCTI, TIOB’s13aHO1 3 00paHH:M saypearis. Llei oI BpaxoBye TakoX 3arayibHi
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IHTepecH IHCTUTYTIB, IO MPHUCYIKYIOTH TIPeMii, Ha BHYTPIITHHOMY 1 30BHIIIHEOMY
piBHsAX. [lo koMIieTeHIIiT POHTY BXOAUTH MPOBEACHHS MIOPIYHO MPEICTABICHHS Ja-
ypeariB HoGeniBcbkoi mpemii. HoGemiBebkuii poua cam mo cobi He Oepe ydacTi y
BHCYHCHHI KaHAMIIATIB, y MPOIEC] pO3MIAAY KaHIUAATyp abo MPUHHSATTI 0CTaTOY-
Horo BuOOPY. L{i pyHKIIIi BUKOHYIOTH acaMOJIel, IKi MPUCYIKYIOTh TPeMii He3alexK-
HO OJTHA BiJ] OJTHOI.

Bcranosnenunii nopsimok Bukopuctanus Gonmay HoOemBebKUX Mpemiid, K 1 mpa-
BHJIa BUCYHEHHSI, BIIOOPY 1 3aTBEPIKCHHS KaHIUIATIB € BKpai ckiagaumu. [IpaBo
BHCYHCHHS KaHIHMIaTiB HAJIC)KUTHh OKPEMHM 0co0aMm, a He ycTaHOBaM, abu 3amo0ir-
TH TIPUITFOMHOMY OOTOBOPEHHIO 1 TOJIOCYBaHHI0. [Ipomno3uilii cToCOBHO KaHAUIATYP
MaroTh OyTH TIOJIaHi 10 1 JIIOTOTO POKY MPHCYIHKEHHS HArOPOJ; 10 BEPECHS WICHH
KOMITETIB 1 KOHCYJIBTaHTH OIIHIOIOTH KBami(ikariro kanauaaris. [llopoky B mia-
TOTOBYii poOOTi Oepe yJacTh ACKITbKA THCSY CIICIIaIiCTiB pi3HUX ramysei. [licms
3aBEpIICHHS MTOTICPEAHBbOI POOOTH, KOMITET TAEMHO 3aTBEPIKYE 3BITH Ta PEKOMEH-
Jarii i mepenae ix A0 iHCTAHIIIN, SKi OHOOCIOHO MPUITMAIOTh OCTATOYHE PIIICHHS.

VY ramy3sax Gi3uKH, XiMii 1 EKOHOMIYHUX HayK (TI0 KOKHIN — 70 25 4JIeHiB) pe-
KOMEH/IaIli1 KoMITeTiB miaTBepukytoe [lIBencrka kopomBchbka akagemist HayK. Pexo-
MeHzaii B ramy3i ¢izionorii Ta memummar HoOemBehbKuil KoMiTEeT Hancumae 6e3-
nocepenabo HobGemiBerkiit acambiei (pimenHs yxBamorots 50 unenHiB) Kapomin-
CBKOTO 1HCTUTYTY. Y Taiy3i JiTeparypu npuiiMaroTh pimeHHs 18 wienis [1IBeacbkoi
akazeMii HayK, a 010 MPUCYKeHHS mpemii mupy — Hopsespkuii HobGemiBchkuit
KOMITET CaMOCTIIfHO.

JoGip maypeariB notpeOye Benukoi podotu. Tak, [lIBencrka akagemis ooupae
ix 13 3aranpHO1 KiTbKocTi Big 100 mo 150 xanaunariB. Bunamok, Koimu mpeTeHIeHT
Ha TIPEMII0 OFICPKYE ii 3 TIEPIIOTo pasy, € BUHITKOBUM, 0araro XTo 3 JiaypeariB BH-
CYBaJICh JIEKUJIbKA Pas3iB.

VY nenp cmepti Anbdpena Hobens — 10 rpynnst — koposb [1IBerii y cBsITKOBIi
ypouucTiii atMocdepi BIaCHOPYY Bpydae jaypearaM JUTIIIOMH, TPOIIOBI TpeMii Ta
CHeTiaJibHI Meaii MiCasi KOPOTKOI XapaKTEPUCTUKU IXHIX JOCSITHEHB Y ramys3i ¢i-
3HKH, XiMii, (i310JI0T1{ Ta MEAUIIMHHU, & TAKOXK JIITEPATYPH 1 EKOHOMIKH TIPEICTaBHH-
KaMu acamOriei, siki mpucynmiu Haropoau. Cyma npemii ctanoBuTh 10 MITH. mBea-
ChKUX KpoH (Onmm3bko 1 mutH. momapis). [lin gac oTpuMaHHS mpeMii KOKeH HOBUH
Jaypeat BUTOJIONTy€e TIpoMoBy. [Ticis mepemMoHii HaropoKeHH B MICBKIH paryri
BiOyBaeThcs OaHkeT, Ha skui 3ampomnrytots 1200 — 1300 oci6. Y mepios cBITOBHX
BOEH OAHKETIB HE BIAIITOBYBAJIH, & KOIITH, 5IKi O Mayi OyTH BUKOPHUCTaHI Ha IIi 3a-
xonu, HoGeniBewkuii horn nepenasas y @onn Mixkaapogroro UepBonoro Xpecra.

Bonnouac B Ocno riepeMoniro BpydeHHst HoOemBCehKo1 TpeMii MUpy IPOBOISTH
B YHIBEPCHUTETI B IPUCYTHOCTI Koposist HopBerii i WwieHiB KOpomiBchKoi ponuHu. Jla-
ypear ofep:kye Haropoay Bin rojoBu Hopeesskoro HoGemiBcbKOTo KOMITETY.

VYBech mpoliec BUCYHEHHsI, TIPUCYIDKCHHS 1 HaBITh BiI3HaYeHHS JiaypeariB Ho-
OemniBChKOI IpeMii mpoayMaHo 10 fAetaneit. Ta Bce % 1HOI CIIpalboBYE 1 «TFOICHKUN
bakTop».
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*ikaBo! Bueni He Moru 3po3ymiTH, yoMy HoOenb He pU3HAYHMB MpEeMito 3a
JOCATHEHHS B Taly3i MaTeMaTHKH. bararo XTo 3 HUX MOTOKYBAIIMCS 3 TyMKOIO, 110
B Anb(pena Oyi10 0cOOUCTE HETIPHsI3HE CTaBICHHs 10 MaTemaTnka Mitrar-Jleddie-
pa. Hacnpaesoi oic Hobenwv 86asicas yro HayKy 00NOMINCHUM IHCIPYMeHmMOoM OJist npo-
8e0eHHs1 00CHiOMNCeHb 8 2any3i Ximil i gizuxu [22].

Ha 3armuranns, 4omy HoGernmiBebki ipeMii € yHIKATbHUMY 1 HAHOLTBII MPECTIK-
HUMU, MOKHA BIIITOBICTH TaK: iX 0)/10 6660€HO CBOEUACHO, | BOHU BU3HAUAIOMb NPUH-
yunosi icmopuuni 3minu 8 cycninbemei. Poboma Hobeniscvrkozo komimemy ghaxmuu-
HO NPOMSA2OM YCb020 POK)Y OPIEHMYE BYEHUX, NUCOMEHHUKIG | 2POMAOCHKUX OiA4i6
npayosamu 3apaou po3sumKy CyCHiIbCMEd, 3apadl 3a2aibHON0ICLKO20 NPO2PeCy.

I came Anpdpen Hobenb, mBeACHKUI JOCTIHNK 1 MIAIPUEMEID, K HIXTO 1H-
Ui, TMOOKO YCBIJOMITIOBAB IIAHETAPHY POJIb HAYKH, BHECOK BUJATHUX YUEHUX Y
IUBiTi3aiiHU ToCcTyM. BiH po3yMiB, 110 iHTeNeKTyalbHa exiTa moTpedye He JTUIIe
MOTIaHyBAaHHS, BU3HAHHS KOJIET 1 TPOMAJICHKOCTI, ajie i MarepiadbHOi MiATPUMKH,
3a0e3evYeHHsT HeoOX1THIX YMOB JIJIS TIOAAJBIIIOrO HAYKOBOTO TOMIYKY. | came Tomy
Bech HakonmM4YeHni Kamitan A. Hobemb 3amoBinaB mepeBecTy B MiHHI TAepH, CTBO-
puBmH (HOHJ, BIACOTKH 3 SIKOTO MIOPIYHO PO3MOIUIATA MK TUMH BUYCHHMH, SKi
BIIPOZIOBK IOTIEPETHHOTO POKY IPUHECITH HAHOIBITY KOPUCTD JIFO/ICTBY.

VYBiunenns nam’ati Aiabppena Hobeast [23]

* Sk mxe 3a3Haganocs Buiie, Anbdpen Hobenp momep y Can-Pemo 10 rpyn-
st 1896 poky micist iHCynsTy y Bini 63 pokis. Moro mpax 6yi10 MOXOBaHO y
Crokronbsmi Ha [liBHIYHOMY KJIa[OBHIII. Y MPOIIAIBHINA MPOMOBI IMacTOp CKa-
3aB, IO MOKIHHUY OyB epomaosanunom ceimy. Hanamni Tak cranu Ha3uBaT Oa-
raThbOX JIFOJEH, OJJHAK yIeplle Take BU3HAYCHHS OylI0 BKHUTO caMe CTOCOBHO
Anbdpena Hobens.

* Hagects Ansdpena HoGens cunatezoBanmii y 1958 p. y Criomyuenux [lltarax
HOBHI paJlil0OaKTUBHUHN XIMIYHUH €JIEMEHT 3 aTOMHUM HoMepoMm 102, Oyio Ha3z-
BaHO HoOesieM.

* Y 1968 p. 3acHoBano Ipemirw Illsedcvkozo uenmpanbhozo 6anKy 3 eKOHOMIY-
Hux nHayk iam’sti Anbdpena HoGes.

 IM’s Anpdpena HobGens y 1970 p. MikHapomHUM acTPOHOMIYHHM COO30M
MIPUCBOEHO Kpamepy Ha 3BOPOTHOMY Oo11i Micsis.

* Ha yects A.HoGenst Ha3BaHo acmepoio (6032) Hobenw, BinkpuTHii 4 ceprHs
1983 p. y Kpumcekiii actpodizuuHiii o0cepBartopii.

* 21 xoBrHa 1991 p. 3a imimiaruBoro IlIBenacekoro HobGeniBckkoro donmy Ha
xomT MixkHapoaHoro ¢hoHmy icTtopii Hayku Ha [leTporpaachkiii HabepekHil y
C. — I[etepOyp3i BigkpuTo dpon3zoseuii monymenm Anbdpeny Hobemro.

* Hauects A. HoGens HazBano Hobeniscokuit hizuxo-mexHivHuil incmumym y
CTOoKTOIBMI.

* V2010 p. im’s HoGest MprCBOEHO OMHOMY 3 yHigepcumemis B JIHIIpIeTpOB-
cbKy (HUHI — JIHITPO).
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Ilepmi naypearu HooGesiBebkoi npemii

ITpizBuma nepmux HoGeniBchKkux saypearis Oyio orosomnieHo Hanpukinii 1901
poky. Ilpemiro 3 di3uku orpumas Himerpkuid Qizuk Bisibreansm Konpan Pentren
(Rontgen) (27.03.1845 — 10.02.1923) — 3a BiZKpUTTA PEHTTEHIBCHKUX MTPOMEHIB, a
¢dopmymtoBaHHA OyJI0 Take: «Ha 3HAK BU3HAHHS BKpail BAYKIIMBUX 3aciyT Iepe] Ha-
YKOIO, IO TIOJISITAE Y BIAKPHUTTI HE3BUYAMHHUX MMPOMEHIB, sIKi OyJI0 Ha3BaHO MOTIM Ha
fioro yecte». I1ix yac npesenrauii naypeara uneH [lIBeacbkoi KOposTiBChKOT akase-
Mmii K.T. Ognep (C.T.Odhner) cka3as: «Ilo3a cyMHIBOM HaCKUIbKH BEJIMKOTO YCHIXY
nocsarae GpizuuHa XiMis, KOJIH 151 He3Haiioma paHie (opma eHeprii Oy/ie J0CTaTHbO
nociikeHay. [lani BiH 3BepHYB yBary MpUCYTHIX Ha T€, 110 PEHTI€HIBChKi TPOMEHI
BKe HaOyJM MPaKTUYHOTO BUKOPUCTAHHS B MeuIMHI [24, 25].

Cnin 3a3naunTy, mo xo4a gociimpkenHs B. K. Pentrena ne marotes 6e3nocepen-
HBOTO BITHOIICHHS 10 OioXiMii Ta MONEeKYIAPHOI Oiono2ii, BOHU 3pO0WIIN CTIPaBKHIN
MPOPHB Y PEHTTEHOCTPYKTYPHOMY aHaii31 010JIOTIYHMX MOJEKYI Pi3HOTO CTYTICHS
CKJIaJIHOCTI. BUKOpHCTaHHS pEHTTeHOCTPYKTYPHOT'O aHAI3Y YMOXIIMBIIIO BCTAHOB-
JICHHSI aTOMHOI 1 MOJIEKYJIIpHOI Oy/10BM 6araTtboX MpOTEiHIB 1 HyKJIETHOBUX KHCIIOT.

ITpemiro 3 ximii oTpuMaB Hijepianacbkuil XiMik SIk06 Xenapixk Bant-I'odd
(Ya. Van’t Hoff) (20.08.1852 — 01.03.1911) «Ha 3HaK BU3HAHHS BEJIWKOT BaXKIIMBO-
CT1 BIIKPUTTSI HUM 3aKOHIB XIMIYHOT TMHAMIKH i OCMOTHYHOTO TUCKY B PO3YHHAX.
[Ipencrasmsroun Banr-T'odda Bin imeni 1lIBeacbkoi KoposiBChKOi akaaemii Hayk,
K. T. Onnep Ha3BaB yueHOT0 3aCHOBHMKOM CTEpPEOXiMIii 1 OJHUM 13 TBOPIIIB BUCHHS
PO XIMIYHY JUHAMIKY, a TAKOX HAroJIOCHB, 1110 fociipkeHHst Bant-T'ogda «3pobu-
JIM 3HaYHUI BHECOK Yy BKpail BayKJIMB1 JOCATHEHHS (i3uuHOi XiMmii [26].

V_ramysi dizionorii abo Meauiman HobeniBebkoro mpemiero Oynno Big3Haue-
HO HiMelbKoro 6akrepiosnora i jikaps Emias Anosasda ¢on bepinra (E. Behring)
(15.03.1854 — 11.03.1917) «3a pobOTy 13 CHPOBATKOBOI Teparlii, IepeBaxHO 3a il
BUKOPHMCTAHHSI B JIIKyBaHHI JUQTEPii, 10 BIIKPHUIO HOBI IUISIXU B MEIUYHIN Haylll
1 1amo B pyKH JIiKapiB HEMepeMOoKHY 30pOto MPOTH XBOpooOH i cmepTi». B Hobemnis-
cbKiii mpomoBi E. bepinr odimiiiHo BU3HAB, 1110 «CUPOBATKOBA Teparlis Oyina 3acHO-
BaHa Ha Teopii, Ky 3anpononysaiu @. Jlepdnep y Himeuunni ta I1. Py y ®@panumii,
BINOBIIHO 110 skoi Gakrepii Jleddrepa He cami o cobi BUKIUKAOTh Audrepio,
a BUPOOJISIIOTh TOKCHHH, SIK1 371aTHI pO3BUBAaTH XBOpoOy». BiH nonas, mo «0e3 miel
noniepeiaboi podotu . Jleddmnepa i I1. Py e Oymo 6 cupoBaTkoBoi Tepartii qudre-
pii» [27].

[Teprmmm naypeatom HoOemiBebkoi mpemii 3 jiTeparypu cTaB (paHIly3bKHMA
noet Pene Crosuni-Ilprogom (R. Sully-Prudhomme), cnipapxne im’st — Perne @pan-
cya Apman [Ipromom (16.03.1839 — 07.09.1907). IIpemiro fiomy Oyio mpuCymKe-
HO «3a BHJIaTHI JIITEPAaTypHI YECHOTH, OCOOJIMBO K 32 BUCOKHI 1/1€aTi3M, XYI0KHIO
JIOBEPIICHICTh, @ TAaKOXX 32 HE3BMYAMHE MOE€THAHHS JyIIEBHOCTI W TajlaHTy, Mpo
10 CBiAuYaTh Horo kHUrMW». Binznauenns npemiero Cromti-IIproroma crano Hecro-
JIIBAHKOIO JJIS JITEPAaTYpPHOTO CBITY, SIKWI BBaXKaB HAWTOJIOBHIIIUM HPETEHICHTOM
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JIsBa Tosncroro. ITix gac Bpyuenns npemii C.JI. Bipcen, wien [lIBeachkoi akamemii,
BIJJ3HAYMB, IO JIaypeaT «BUPI3HAETHCS JONUTIMBUM 1 CIIOCTEPEKIMBUM PO3YMOM,
KU TIepeUMaETHCS BETUIUIO JIFOAWHM. | 3 11i€1 TOUKM 30py BiH Kpaiie 3a OibIIicTh
MMChMEHHUKIB YOCcoOmtoe Te, o Anbdpen HoOenp Ha3uBaB ineanicCTHIHUMH TSH-
JICHITISIMH B JTiTepaTypi» Uepes XBopoOy Ha IIepeMOoHii BpydeHHs Ipemii HoOemianTa
He Oyio, a muruioM onepskaB mocon Opanmii y [Iserii [28, 29].

[Tepury HoGeniBchbky mpeMiro Mupy Oyiio TOAIIEHO MK MIBEHIIAPCHKUM T'yMa-
HICTOM 1 3aCHOBHHKOM MikHapomHoro komiteTy YUepBoro Xpecta Aupi Jronanom
(H. Dunant) (8.05.1828 — 30.10.1910) i ¢paHIry3pKAM IOJITEKOHOMOM 1 3aXHCHHU-
koM mupy ®@penepikom Iacci (F. Passy) (20. 05. 1822 — 12. 06. 1912) — 3acHoBHH-
KOM 1 TIepmuM KepiBHUKOM «MDKHAPOIHOI JIITH MHUPY», aKTHUBHUM yYaCHUKOM
MixHapomHOTO MiXkmapiaaMeHTchkoro coro3y (1889). IlpesenTaris maypeariB He
BizmOymacsi uepe3 XxBopoOy mpeTeHneHTiB. [IpeMito Oyno MpuCyHKEHO 3a BHECOK Y
MHUpHE CITIBpOOITHUIITBO HApOIiB 1 OaraTopiuHi MupoTBopui 3ycuiuis [30, 31].

Bin gacy HaropomkeHHs epinx JiaypeariB mpoituio 116 pokie. ChoroaHi Ha-
miayethest 920 HoGemiBebkuX aypearis, cepen skux 3 ¢pizuxu — 206, 3 ximii — 175,
¢izionorii 1 mequmuan — 214, miteparypu — 115, maypeariB npemii mupy — 131,
mpemii B ramy3i ekoHoMiggHuX Hayk (1969 —2018) —79.

Anpdpen HoGenb He 3acHyBaB CremiagbHOI peMii 32 BUIATHI poOOTH B Tay-
31 6i0XiMii, aje HayKoBIIiB, sKi oTpuMaiin HoGemiBChKy TipeMiro Oe3mocepenHno 3a
O10XiIMiYUHI TOCITIKEHHS, OLTBII HiXK TOCTaTHRO. BoHM ynocToeHi 30m0T0i HoGemiB-
CBKOi Menaji 3a BHJIATHI JOCSITHEHHS B raixysi Ximii abo ¢iziosorii Ta MeaunuHHy,
TOOTO B HAHOIMKUKX 10 010XiMii «HOOCTIBCHKHMX» JUCIHMILTIHAX [32].

Byxe npyra HobGemniBchka mpemis 3 XiMii, sIKy OTpUMaB HIMEIIbKUI XiMiK-Opra-
Hik EMinb Iepman ®@imep y 1902 p., Oyna 6e3mocepeHpo moBsizaHa 3 010XiMi€ro
1 Mana «OioximMiuHe 3a0apBIICHHS», SIK 1 HACTYITHI HOTO POOOTH, TIPO 110 HACTHCS Y
Hamni HacTymHii crarti [33].

ALFRED NOBEL AND THE NOBEL PRIZE

The great number of pages has been written about Alfred Nobel and his Prize
in various languages all over the world, but in this article we elucidated only two
issues: what kind of person was Alfred Nobel — this phenomenon in experimental
chemistry, doctor of philosophy, academician, who had no higher education, the
founder of the fund for rewarding with the prize named after him, and what kind of
award is the Nobel Prize, how is it awarded and how this Prize influences the trend
of science marked with this award. The answer to the question why Nobel Prizes are
unique and most prestigious ones may be as follows: they were introduced timely,
and they define fundamental historical changes in society. The Nobel Committee
activities actually direct scientists, writers and public figures to work throughout
the year for the sake of society development, for the sake of progress common to all
mankind.
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HAYKOBI JOCJII>KEHHSI HOBEJIBCBKOI'O
JIAYPEATA EMLJISI ®IIIEPA IK CTAPTOBUI
MAMJAHYUK JUISI PO3BUTKY BIOXIMII:
KOPOTKHUM OIISI ]

Tepmin BIOXIMIA eénepwie 6yé 3acmocosanuti HiMeybKUM GYEHUM — XIMIKOM
KAPJIOM HEUBEPTOM y 1903 p.

bBioximis mooice Oymu suznavena sk HAyKa, Wo NOGsI3aHa 3 XIMIUHOI0 NPUPOOOIO
i XIMIYHOI0 NOBEJIHKOI0 JHCUBOT peuosunu. bioximiio moscna posensoamu ax oucyu-
MRy, 8 AKIU OI0102TYHI A6UWA AHATIZVIOMbCS 3 MOYKU 30pY Ximii. Tomy éona i mae
Ha38y Oionociuna ximis, abo Ximiuna 6ion02is.

Cyuacna 6ioximis i monekyiapua Oionozcis Oynu 6 HemModciusi 6e3 iOKpum-
Mi6 8 CYMINCHUX 2aNY3AX HAyKu. Y Oamiui cmammi npedcmagneno Kopomkuu oe-
J50 OCHOBHUX emanis Haykogoi Oisnvrocmi naypeama Hobeniecvkoi npemii 1902
POKY 6 eany3i ximii — nimeyvkozo ximixa Iepmana Eming @iwepa, 00noz2o 3 npo-
8IOHUX XIMIKIG 6cix uacie. Emine @iwep O6ye Oruckyuum 6aeamoepaHium YeHuM,
SAKULL 3aIUMUE CBIIL CNI0 8 OpeaHiyHill Ximil, ¢hizionoecii, meouyuni, 0ag NOWMoBx
poseumxy Gioximii. Hoeo enuboke nponuxmenns 6 cmpykmypy yykpie, gpepmenmis,
OLIKIG 1 NYpUHie cmano GIONPAGHOI0 MOUKOI Ol NOOAILULO20 PO3GUMKY OIOXIMIL
i monexynapnoi Gionozii. Hozo enecox 6 npupoonuyi nayku 6ye eenuuesnum; Oesxi
XiMiyHi peaxyii ma Konyenyii Oyau Hazeaui Ha o020 yecmo. Lleli suoammuuil guenuil
OY8 YOOCMOEHUI HUZKU HA2OPOO HANIBULO20 2AMYHKY, 8KII0YAIOYU U1l OOHY 3 NePUIUX
Hobeniscorux npemiti.

KarwuoBi ciioBa: Evine @iwep, Hobeniscoka npemis, 6ioximis, ¢henineiopasumn,
nypuHU, YyKpu, hepmenmu, OIIKU, MOOeNb «3AMOK — Katouy, npoekyis Diwepa, nen-
MUOHUTL 38 SI30K.

SCIENTIFIC INVESTIGATIONS OF THE NOBEL PRIZE
WINNER EMIL FISCHER AS A LAUNCHING PAD FOR THE
DEVELOPMENT OF BIOCHEMISTRY:

A BRIEF OVERVIEW

Modern biochemistry and molecular biology would have been impossible
without discoveries in related fields of science. This paper aims to outline briefly the
main stages of scientific activity of a Nobel Prize winner in 1902 — German chemist
Hermann Emil Fischer, one of the leading chemists of all times. Emil Fischer was
a brilliant multifaceted scientist who left his mark in organic chemistry, physiology,
medicine, gave impetus to the development of biochemistry. His insights into the
structure of sugars, enzymes, proteins, and purines have become a launching pad
for the further development of biochemistry and molecular biology. His contribution
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into the natural sciences was immense,; some chemical reactions and concepts were
named after him. This prominent scientist was honored with a number of awards.

Keywords: Emil Fischer, Nobel Prize, Biochemistry, phenylhydrazine, purines,
sugars, enzymes, proteins, the lock-and-key model, Fischer Projection, peptide
bond.

Hermann Emil Fischer (1852-1919)

The original Nobel Prizes were established in 1895 in the fields of physics,
chemistry, medicine/physiology, literature, peace. In 1968 the Swedish central bank
set up The Sveriges Riksbank Prize in Economic Sciences in Memory of Alfred
Nobel, which is better known as the Nobel Memorial Prize in Economic Sciences
[1]. There is no the Nobel Prize in Biochemistry and Molecular Biology since these
sciences are that young. “Biochemistry is a young science, having been known under
that term only since about 1900. Its origins, however, can be traced much further
back; its early history is part of the early history of both physiology and chemistry”
[2]. Molecular biology as a separate field of biochemistry started forming in the
30’s of the 20™ century and finally established in the 1950’s [3]. However, if Alfred
Nobel was alive today, he would definitely establish the prize in biochemistry and
molecular biology due to the fact that many discoveries in these fields of sciences
became sensational and had a great scientific and social significance.

The recognition of pluralistic interpretation of reality in postmodern era forces
scientific community to reconsider the entire scientific worldview. Contemporary
perception of the world is undergoing drastic changes: it shifts towards plurality,
temporality, and complexity ('ETb). Many well-established scientific theories give
rise to the new multifaceted branches of knowledge and are quite often altered by
them. This leads to the new explanation and understanding of reality [4].
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Biochemistry is also chemistry that explores the chemical processes within and/
or related to living organisms. Using chemical tools and focusing on the processes at
amolecular level, biochemistry seeks to explain and solve the enigma of life. Largely
rooted in biochemistry, molecular biology is concerned with molecular structures
and phenomena that provide storage of hereditary information and mechanisms for
its implementation. Thus, biochemistry and molecular biology may be seen as the
foundation of the Life Sciences.

Modern biochemistry and molecular biology would have been impossible
without discoveries in related fields of science, in particular the discoveries of the
famous scientists who have won the Nobel Prizes. This paper aims to outline briefly
the main stages of scientific activity of a Nobel Prize winner — German chemist
Hermann Emil Fischer who is known as the “Father of Biochemistry”.

Herrmann Emil Fischer is regarded as one of the leading chemists of all times.
His insights into the structure of sugars, enzymes, proteins and purines laid the
foundations for modern biochemistry. The second Nobel Prize in Chemistry in
1902 was awarded to Emil Fischer “in recognition of the extraordinary services
he has rendered by his work on sugar and purine syntheses” [5]. His work had a
direct relation to biochemistry, as well as his subsequent research. The discovery of
hydrazine derivatives was a brilliant solution to the problem of obtaining sugars and
other compounds synthetically. Moreover, his method of synthesis of glycosides
appeared to be important for plant physiology and biochemistry. In his Nobel
lecture, Fischer emphasized:

“And so, progressively, the veil behind which Nature has so carefully concealed
her secrets is being lifted where the carbohydrates are concerned. Nevertheless, the
chemical enigma of Life will not be solved until organic chemistry has mastered
another, even more difficult subject, the proteins, in the same way as it has mastered
the carbohydrates. It is hence understandable that the organic and physiological
chemists are increasingly turning their attention to it and I, too, have been concerned
with it for a number of years” [6].

In 1902, Fischer’s exploration of protein properties have not yet given the results
to be awarded with such a high reward, but later they were evaluated as excellent.

Hermann Emil Fischer was born on October 9, 1852, at Euskirchen, in the
Cologne district, Germany, in the family of successful businessman Laurenz Fischer
and his wife Julie Fischer. After three years with a private tutor, Emil Fischer attended
the local school. Then he spent two years at school at Wetzlar and two more at Bonn.
In 1869, he passed his final examination with great distinction. Emil loved science,
his bright mind wanted to pursue higher studies, but his father wished him to enter
the family lumber business. Being quite an unsuccessful businessmen, in 1871 Emil
Fischer went to the University of Bonn to study chemistry. He attended the lectures
of Kekulé, Engelbach and Zincke, Kundt on physics, Groth on mineralogy [7].

Initially inclined to specialize in physics, he moved to the newly established
University of Strasbourg in 1872, along with his cousin Otto Fischer who would
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later become his research partner. Here Emil met Adolf von Baeyer, an organic
chemist who studied dye molecules and later won the Nobel Prize, and finally
decided to study chemistry.

Fischer worked on the phthalein dyes. In 1874 he took his PhD at Strasbourg with
the thesis on fluorescence and orcin-phthalein. In the same year, he was appointed
assistant instructor at Strasbourg University where he began his magnificent
scientific way. He discovered phenylhydrazine and demonstrated its relationship to
hydrazobenzene and to a sulphonic acid. Despite the fact that for twelve years Fisher
had suffered from the toxic effects of this substance, he later called phenylhydrazine
“the first and greatest chemical affection”. This discovery was related to many of
Fischer’s explorations [6].

In 1875 Fischer accompanied von Baeyer to the University of Munich as an assis-
tant. Three years later, in 1878, he was awarded the title Privatdozent and was allowed
to teach university level courses. In 1879 he was appointed Associate Professor of
Analytical Chemistry. During this time he was absorbed by the study of hydrazines.

In 1881 he was appointed Professor of Chemistry at the University of Erlangen
and in 1885 he became Professor of Chemistry at the University of Wiirzburg [9].

In 1888 Emil Fischer married Agnes Gerlach, daughter of J. von Gerlach, Pro-
fessor of Anatomy at Erlangen. She died seven years after their marriage in 1895.
They had three sons. With the onset of World War I, all brothers were drafted into the
German Army. One of them was killed, another committed suicide. The third brother,
Hermann Otto Laurenz Fischer, was soon transferred as a staff officer to the chemical
warfare unit and survived the war. He became a famous organic chemist and biochem-
ist; was Professor of Biochemistry at the University of California at Berkeley [10].

In 1892 Emil Fischer was asked to succeed A. W. Hofmann in the Chair of
Chemistry at the University of Berlin. Here he remained until his death in 1919 [7].
Suffering from terminal cancer and deeply depressed over the deaths of two of his
three sons in World War I, he took his own life.

Emil Fischer was a brilliant multifaceted scientist who left his mark in organic
chemistry, physiology, medicine, gave impetus to the development of biochemistry.
His early significant discovery was the first hydrazine derivative compound —
phenylhydrazine. Working in Munich with Otto Fischer, they introduced their
theory of the constitution of triphenyl-methane dyes and proved it by experiment
[11]. Along, Emil Fischer continued working on the hydrazines.

N
Of “NH,

Phenylhydrazine formula

At Erlangen Fischer investigated the active principles of tea, coffee and cocoa,
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isolating caffeine from tea and coffee and theobromine from cocoa. He demonstrated
that caffeine and theobromine, uric acid and guanine (the components of birds and
animals’ excrements), adenine and xanthine (in vegetable substances) have a similar
structure and can be derived from one another. He came to the conclusion that
they belong to one family. The ‘mother’ substance he called purine in 1884 and
synthesized it in 1898 [5]. Emil Fischer stated: “...the name “purines” is a generic
term for a large class of nitrogenous organic compounds, some being certain animal
excretions and others the active constituents of important stimulating beverages. The
oldest member of the group is known by the rather unattractive name of uric acid
and was discovered in this country 126 years ago simultaneously by Scheele and his
famous friend Torbern Bergman as a constituent of urinary calculus and urine. To
the physician it is_ familiar as the cause of painful afflictions, e.g. gout. It appeals to
zoologists as the main excrement of snakes and as the reserve material of insects.
And finally the enlightened farmer knows it to be a valuable constituent of guano...
Rather closely related to uric acid in composition and external characteristics
are four other substances occurring in the bodies of animals, xanthine, hypoxanthine,
adenine and guanine, the first three of which were discovered in the muscular
substance and the last in guano. Thanks to the progress of physiological chemistry we
now know that these four substances are important constituents of the cell nucleus and
therefore have great biological significance. These animal products are joined by three
substances from the vegetable kingdom, caffeine, theobromine and theophylline” [5].
Reporting on his work, Fischer mentioned these purines:
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Purines are one of the most widespread classes of organic compounds present
in Nature [5]. Adenine and guanine are the building blocks of DNA. The famous
scientist synthesized about 130 related compounds, one of which was the first
synthetic nucleotide. These studies led to the synthesis of powerful hypnotic drugs
derived from barbituric acids (barbiturates) [10].

Working on purines, Fisher began his great work on sugars in 1884. Fisher
started with exploring glucose trying to figure out the shape of carbon skeleton,
as well as the nature, location and spatial positioning of its functional groups.
Developing new reagents, methods, procedures, he was successful to interpret his
experimental results [11]. Previously discovered phenylhydrazine made it possible
to form the phenylhydrazones and the osazones. He established the structural
relationship between glucose, fructose and mannose; the stereochemical nature
and isomery of the sugars, determined the group of sugars known as hexoses. He
devised the Fischer Projection method to represent the three-dimensional structures
of molecules on a 2D surface instead of drawing a more detailed 3D structural
representation of the molecule. By convention, horizontal lines symbolize bonds
projecting from the plane of the paper toward the viewer, while vertical lines
symbolize bonds projecting away from the viewer [12]. This method is used to
depict all classes of optical isomers [13]:

e® -

Investigating sugars, Fischer went deeper into the fermentation caused in sugar
by enzymatic action. His pioneering work on organic compounds including purines
and sugars led him to the Nobel Prize he won in 1902. One of the fundamental
discoveries in the scope of biochemistry credited to Emil Fischer is the lockand-key
model for the reaction between enzymes and substrates. It suggests that the enzyme
and the substrate possess specific geometric shapes that are complementary to each
other and fit into each other.

LY WL

product

WA . \
=

= =

enzyme
enzyme + substrate enzyme/substrate enzyme/product enzyme + product
entering active site complex complex leaving active site
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The active site of the enzyme is like a lock and the substrate fits like a key into this
lock. This theory “became a leading concept for the understanding of intermolecular
interactions with proteins, and later for the rational design of drugs. With the advent
of supramolecular chemistry the idea gained an enormous momentum, as chemists
began to synthesize a large variety of host compounds for practically all possible
target guest molecules occurring in nature or in the environment”, though this theory
has some limitations and extensions [14].

Fischer’s investigations into the chemistry of proteins began 1899. Before
synthesizing peptides, he turned to the amino acids as to the building blocks of
them. Fischer introduced methods for separation and identification of amino
acids in protein hydrolysates; discovered the new cyclic amino acids, L-Proline
and L-Hydroxyproline; synthesized ornithine in 1901, serine in 1902, and the
sulphurcontaining cysteine in 1908; created small chains of amino acids as
precursors to protein formation [10, 11, 15]. Obtaining amino acids in an optically-
active form, Fischer carried out an investigation on the proteins’ syntheses. He was
able to recognize how the amino acids are linked together by what are known as
peptide bond — the type of bond that would connect them together in chains. He
obtained the dipeptides, tripeptides, and polypeptides. Fischer’s scientific activity
led to a better understanding of the proteins and laid the foundations for the further
studies.

H H - H
\ | 2 N I 5
N—C— % /N —-C —C\
4 I OH H I OH
H * H
R [0 H| R
He L 1| 1 4°
N—C —HE=NI-C—C
HY | “NoH
H H
Peptide Bond

Emil Fischer was a versatile chemist. Along with studying purines, sugars, pro-
teins, he contributed to other areas: dyes, tanning chemicals, chemical substances in
the lichens, indoles, barbiturates. In 1903 he synthesized the first barbiturate — bar-
bituric acid that contributed to the development of affordable sedatives for insomnia
and anxiety [16].

Fischer’s scientific activity on purines, sugars, proteins has become a launching
pad for the further development of biochemistry and molecular biology. “Fischer
published more than 600 scientific articles which have been collected in eight
volumes under the following titles:
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1. Triphenylmethane dyes. 2. Hydrazine and indoles. 3. Purines. 4 & 5. Carbo-
hydrates and enzymes. 6 & 7. Amino acids, polypeptides and proteins. 8. Dye stuff.

A large number, around 330, of doctoral and postdoctoral co-workers from
many countries worked with Fischer. Many of them carried forward his scientific
legacy and contributed significantly to organic chemistry, biochemistry, and medic-
inal chemistry research in academic institutions and industry, and several of them
won Nobel Prizes” [11]. Fischer’s contribution to the field of natural sciences was
immense; some chemical reactions and concepts were named after him: Fischer
indole synthesis; Fischer projection; Fischer oxazole synthesis; Fischer peptide syn-
thesis; Fischer phenylhydrazine and oxazone reaction; Fischer reduction; Fischer—
Speier esterification; Fischer glycosidation [17]. This prominent scientist was hon-
ored with a number of awards.

In 1890 for an outstandingly important recent discovery in chemistry Fischer
received Davy Medal awarded by the Royal Society of London. In 1902 he won
the Nobel Prize in Chemistry. The honors received by Fischer include the Prussian
Order of Merit and the Maximilian Order for Arts & Sciences. In 1907 he was
honored with the Faraday Medal of the English Chemical Society and with honorary
membership in the American Chemical society [18]. In 1909 for his work on sugar
and protein chemistry, he received Helmholtz Medal — an award to scholars for
excellence in the areas of natural science, technology, medicine, epistemology,
humanities and social sciences. In 1913 he was honored by Elliot Cresson Medal —
the highest award given by the Franklin Institute until 1998. When Fischer died,
the Emil Fischer Memorial Medal was instituted by the German Chemical Society.
In 1968 Hermann Emil Fischer was honored again as one of the greatest scientists
in human history: his biography was included in the World Who’s Who in Science
[19]. The Fischer lunar crater was named in his honor and in honor of the other
outstanding German organic chemist Hans Fischer who won the 1930 Nobel Prize
[20].

In 2008 in order to honor active carbohydrate scientists distinguished with con-
tributions of excellence, European Carbohydrate Organization (ECO) established
the Emil Fischer Carbohydrate Award [21]. This award for 2017 has been awarded
to Prof. Carlo Unverzagt of the University of Bayreuth, Germany, in recognition
of his accomplishments in the chemical and enzymatic synthesis of N-glycans and
glycoproteins [22].
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BHECOK HOBEJIBCHKHUX JIAYPEATIB ITOYATKY XX cT.
B PO3BUTOK MOJIEKYJISIPHOI IMYHOJIOI'II:
E. BEPIHT, I. . MEUHUKOB, I1. EPJIIX, III. PILIE,
K. BOPIE, K.JIAHIIUTENHEP

Jocaenenns guenux — iMyHON02I8 4aACMO BU3HABANUCS HAUBALOMIUUUMU 8 2AIV3]
Meouyunu i hizionozii, OCKITbKU IMYHHA CUCEMA € OYAHCE BANCTUBOIO OISl OP2AHIZMY,
a 8UBYEHHs NPUHYUNIB 11020 (DYHKYIOHY8AHHSA MAE (PYHOAMEHMANbHE 3HAYEeHHs O
npoginakmuxu (6akyunayis), diacHocmuku i mepanii 6azamvox 3axeo0prosams. B yiil
cmammi udemvcs npo mux eueHux noyamky XX cm., aKi ompumanu Haunpecmudic-
HIWY HayKkogy Hacopody — Hobeniecoky npemiio 6 eany3i meouyunu i ¢izionoaii i sKi
saxaanu niosanunu imynonozii six nayku. Tax, ¢ 1901 p. nepury Hobeniscoky npemiio
ooepoicas E. Bepine «3a pooomy i3 cuposamkogoi mepanii, 20106HUM YUHOM 3a iT
BUKOPUCAHHSL OJI51 AIKYB8AHHSA Ougmepii, o 6IOKPULO HOBL WLISIXU 8 MeOUUHIU Ha-
yyi i 0ano 6 pyKu nikapie 36umsicry 3oporo npomu xeopoou i cmepmiy; y 1908 p.
1. Meunukoe i I1. Epnix ooepocanu Hobeniscoky npemiio 3 meouyunu ma ¢hizionoeii
30 CMBOPEHHS KAIMUHHO-2YMOopanvhoi meopii imynimemy, vy 1913 p. — IIl. Piwe —
«Ha 3HAK BU3HAHHA 1020 podim 3 anaghinaxciiy, y 1919 p. — JK. bopoe — «3a 6io-
Kpummsi, nog s13aHi 3 iMyHimemom (Poib KOMIJIEMEHMY, MEeXaHizmMu npeyunimauyii,
azmomunayii...», y 1930 p. — K. Jlanowmeiinep — «3a 6i0kpumms 2pyn Kpoei i1oou-
Huy. L]i pobomu oanu nowimoex 0 po36umKy Cy4acHoi MONEKYIAPHOI IMYHONO02I] —
HAyKu npo opeauizayito i pobomy iMyHHOI cucmemu, sKa € epekmusHuM Oap '€pom 6
PO3NIZHABAHHI | BIOOKPEMIIEHHI 8 HCUBOMY OP2AHIZMI KUYHCO20» IO «CB020N.

Kurouogi ciioBa: Hobeniscora npemis, E. Bepine, I. Meunuxos, I1. Epnix, 111 Pi-
we, JK. bopoe, K. Jlanowmetinep, Monekyisana iMyHOI02Is

JlocsirHeHHS! BUEHUX-IMYHOJIOT1B YaCTO BU3HABAIMCS HAliBaroMilluMH B rajry3i
MEIUIMHH 1 (i310510Tii, OCKUTBKY iIMyHHA CUCTEMA € JTy)KEe BaYKJIIMBOIO JUISl OpraHi3-
MY, @ BUBYCHHSI IPUHIUITIB HOTO (PYHKIIIOHYBaHHS Ma€e (pyHIaMEHTaIbHE 3HAYCHHS
JUI pO(UIaKTUKK (BaKIMHALIA), JIarHOCTHKY 1 Teparii 0ararb0X 3aXBOPIOBAHb.
[IpruoMy iCHYIOTH 3aXBOPIOBAHHS IMyHHOI CUCTEMHM, 3yMOBJICHI MOPYLICHHSMHU B
Hil, Ta 3aXBOPIOBAHHS 1HILIKMX OPTaHiB 1 TKAHUH, K1 COPUYMHEH] 3MiHAMU B IMyHH1H
cuctemi. [IpakTHuHO HEMae 3aXBOPIOBaHb, SIKI O TUM YM IHIIUM YUHOM, IPSIMO abo
OTIOCEPEIKOBAHO HEe Oysn O MOB’sA3aHi 3 IMyHHOIO cucTeMoro [1].

3 iHImoro 60Ky, TOCIiKEHHS IMyHHOT CUCTEMH Ta il KOMIIOHEHTIB € BKpaid Bax-
JIUBUMU JJIsl €KCIIEPUMEHTAIbHOIT 010J10T11 pi3HUX PIBHIB (MOJEKYJISAPHOI, KIITHH-
HO{, OpraHHOi TOIIO), TOMY IO BXKE MPOTATOM 0ararb0X pOKiB iIMyHHA cucteMa — ii
oprasizailis Ta (pyHKIIOHYBaHHS, il KOMIIOHEHTH — BUKOPUCTOBYIOThCS SIK YHIKaJIb-
HI MOJEJI JUIsl BUBYEHHSI CTPYKTYpH IPOTEIHIB, OpraHizauii reHiB, siKi KOAYIOTb
KOMITOHEHTH IMYHITETY; BHYTPIITHBOKIITUHHOIO Ta MUKKIITHHHOTO «CUTHAIIHTYY,
CTPYKTYPH 1 POl peLENTOPIB Ha MOBEPXHI IMyHOKOMIIETEHTHUX KJIITHH TOLLIO.

Came ToMy MOJIEKYJIsIpHA IMYHOJIOT1Sl — OAMH 13 HaWBaKJIMBILINX HAIPsIMIB HE
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TITBKU Cy4acHOI 0ioximii, ayie i 3arajpHOi OioJorii Ta MeaunuHu. BoHa € mpsMum
«HAIAJIKOM» TPAIAHIIIIHHOT HAYKH IMyHOJIOT'11, pOOHAYaTbHUKOM SIKO1 € TeHIaIbHUH
¢dpanmy3pkuii Buenuit Jlyi [Tactep. A modarkoMm ictopii iMmyHoIOTIi Tipodecionanu
BBaXKaroTh 1796 pik, konmu aHmmiicekuii mikap Enapn J>xeHHep 3MiHCHUB YCIIITHY
BaKIMHAaIio Bicru. BimOynocs e maiike 3a 100 pokiB 1o modarky poOiT «baTbka
imynouorii — JIyi [Tactepa. Bin cTaB Ti€ro JIOAMHOTO, siKa 3pO0wIIa CIpaBXHii Mpo-
pUB B MEIUIIMHI, 30KpeMa B IMYHOJIOTIi.

B 70-80-x pokax XIX crt. JIyi [lactep BimkpuB siBUIE aTeHyallii (ocimabieHHs
MATOTeHHOCTI) 30yTHUKIB iH(EKITIITHIX 3aXBOPIOBAaHb 1 pO3POOHB 3arajbHHUI MIPHH-
IIUT CTBOPEHHS crienn(igHuX 3aco0iB (BakIMH) 171 iX nmpodinaktuku. Bixe B mep-
X eKCTIepuMeHTax, nmposeneHnx B 1878-1880 pp. Ha KyabTypi Kypsdoi XonepH,
Jlyi Ilactep po3poOWB NMPUHLIMIKN BUTOTOBJICHHS BAaKIMH, SIKI B TOAAJIBIIOMY Oyin
3aCTOCOBaHI MO0 30YIHUKIB CKa3y, KpaCHYXH, CHOIpChKOi BHpasku Toimo. Came 11i
poOOTH 1 MOKJIANIN TIOYATOK IMYHOJIOT1{ SIK HayKd. BIipomossk mepiroi momoBuHU XX
CT. IMyHOJIOT1S 3aiiMalach, 1 TOCUTH YCIIIIHO, IEPEBAKHO BUPIMICHHSIM MPUKIIA]I-
HUX 3aBllaHb — PO3POOICHHSIM METOIIB JIarHOCTHKH Ta 3ac00iB MpOoQiTaakTUKH 1
Tepartii iHQeKImIHHNX 3aXBOPIOBaHb [2].

AuJe B TOM caMUif 4ac B rary3i iMyHOJIOTi1 0yI10 3p0o0i1eHo 1 HU3KY (DyHIaMEHTaIb-
HUX HAyKOBHX BIIKPUTTIB BIYCHUMH, SKi oTprMain 3a HuX HobemiBcbki npemii. Lle,
B miepity 4epry, E. bepine, 1. 1. Meunuxos, I1. Epnix, I1I. Piwe, K. bopoe i K. Jlano-
wimetinep, Ha HAYKOBHUX JOCSATHEHHSX SKUX MU 3yITHHUMOCH B IIi{ MTyOTiKartii.

Emianb Bepinr

VY 1901 p. mepmoro B cBiTi HobemiBchKoOr0 mTpemMi€ero B rairy3i ¢izionorii i Mmean-
nuHU OyIio Bi3HAueHO HIMEIbKOro OakTepiosora i jikaps Emins Anoabga o
Bepinra 3 dopmymoBanusam: «3a pobomy i3 cuposamkosoi mepanii, 20108HUM
YUHOM, 3 i1 BUKOPUCMAHHS OIS JIIKYBAHHS oughmepii, wjo GIOKPUNLO HOBI WLIAXU 8
MeOUYHIN Hayyi I 0ano 6 pyKu JiKapie HenepemodicHy 30poro npomu xeopoou i cmep-
miy, TIPO IO MU MMOOKHO 3rayBalid B HAIIIK TIoniepeHii crarTi [3].

boap N

Emino Aoonvg ¢hon bepine (1854 —1917)
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Bepinr (Behring) Emias Anoansd ¢on HapoauBcs B OararomiTHIN pomuHi
mKigpbHOTO BunTens ABrycra ['eopra i ABryctunu (Llex) bepinr B I'ancmopdi (3a-
pa3 tepurtopist [lonpiii). Bske B riMHa3ii B HbOTO BUSBUBCS 1HTEPEC 10 MEIUITUHH,
ajyie poJiHa He MaJjia TPOIIeH i OTPUMaHHSI HUM BHUIIOI MEAMYHOI OCBITH 1 TOMY,
3a HamoJsTraHHsAM OaThka, BiH BCTynmHB Ha (akyiasreT Teosorii Kenircoep3pkoro
YHIBEPCHTETY.

I TyT macnuBHii BUTIAZOK 3MIHHUB JIOJIO CTYIEHTA 1 MaiilOyTHHOTO BEJIMKOTO Me-
muka. OnuH 13 BUKJIanadiB mopaauB Eminro Betymuty mo BilicbKOBO-MeaumaHOTO
konemky nipu [HCTHTYTI @pinpuxa Binerensma B beprini, skuii roTyBaB BiliChKO-
BUX JiikapiB. HapgauHs Oymno 11 CTyIeHTIB O€3KOIITOBHIM, aJIe BUITYCKHUKH MaJld
«BITIpAITIOBATH» JCpPXKABHY CTUIICHIIIO B IIOYii apMii BIIPOJOBXK JECITH POKIiB.
[Ticns 3akingenas konemky B 1880 p. bepiHr oTpuMaB TUTUIOM JTiKapsi, TPOHIIOB
CTaXyBaHHS y BimoMiii bepmincekiii ki [Hlapite 1 OyB mpu3HaueHuit Ha mocamxy
aCHCTEHTa Xipypra B KaBajepiiickkoMy moyiky B [To3ene (3apa3 — [loznans, [Tomb-
mia). Ha miif mocai, okpiM MpakTHIHOT poOOTH, BiH 3HAXOMB Yac JJIs JOCIPKEHHS
po0OJIeM BUKOPHUCTaHHS NIe31H(IKYI0UnX 3ac00iB B 00MOBHUX yMOBaX IS JIIKYBaHHS
1H(EKIIMHNX 3aXBOPIOBaHb. BilichbKOBE KEPIBHUIITBO, SIKE OYJIO 3aIliKaBICHO Y TIO-
Mepe/HKEeHHI emiieMiid, 1 BpaxoBytodn 31i0HOCTI bepinra, Biapsamio itoro B bonu
JUTS. BUBYCHHSI €KCIIEPUMEHTATLHIX METO/IIB (papMaKoIIorii.

[Ticnst memoGimizarii B 1889 p. E. bepinr npamroas B [HcTuTyTI Tirienun B bep-
miHi, sikuM kepyBaB Pooept Kox (Robert Koch)*. B apomy Takox mnpaittoBas [1ayb
Epnix (Paul Ehrlich). Pazom BoHu ckianm O1ucKydy HayKOBY KOMaHAY i BCI TPOE B
nojanbIoMy oTpuMainu HoGernmiBebki mpemii.

(*Kinoka cnie npo Pobepma Koxa, skuil 6cinsako niompumyeas iMyHOLO2IY-
Hi docniodcenns Emina Bepinea i Ilayna Epnixa i, mum camum, 8idiepas 6axciugy
POTb Y po3sumky imyronoeii na nowamky XX cmonimms. Povepm Kox (11.12.1843 —
27.05.1910) — Himeybkuii Mikpobionoe, 00uH i3 3aCHOBHUKIB CYYACHOT bakmepiono-
2ii’ ma enidemionoaii, AKull 8U3HAYUE 30YOHUKIE MYOEPKYIbO3Y, X0lepu ma cUubipKu
i nposoous excnepumenmu Oiisi NiOMBEPONCeHHs KoHYenyii ingeKyitino2o 3ax60-
prosanns. Y 1885—1891 pp. — npoghecop Bepnincokoeo yuisepcumemy i Oupexmop
Inemumymy eicienu, y 1891-1904 pp. — oupexmop Incmumymy inghexyiiinux xeo-
po6 y Bepnini, skui nizuiwe 6y6 nazeanuil tozo im’am. Y 1905 poyi Kox odeparcas
Hobeniscovky npemito 3 izionozii i meOuyunu «3a 1020 00CHIONCEHHs i GIOKPUMMSL
CMocos8Ho myoepKynvbo3y») [4].

Ha toii wac E. Bepinr ke 3akiHuuB dapmakonoriqanii [HctutyT B boHHI, 1 cBOI
JOCII/DKEHHST CKOHIICHTPYBAaB Ha BHBYCHHI mpaBId i audrepii. OOuaBi xBopoOu
3aKiHYYBAJIHCh JIETAIBHO, X049a XBOPi OyinH iH(IKOBaHI BiIHOCHO HEBEITUKOIO KiJThb-
KicTro OakTepiid. [IpudarHOIO JeTaabHOCTI Oyila BIACTHBICTh ITUX OakTepiid MpOIy-
KyBaTH TOKCUHH, 1110 Oyno BcTaHoBJeHO paHinre piapuxom Jleddnepom (Friedrich
Loeffler) i [I’epom Py (Pierre Roux). E. bepiar npurmyctus: sikyBaHHS AudTepii
MOJKe OyTH YCITIIITHUM, SIKIIIO HEUTpaTi3yBaTH TOKCHHH, SIKI CEKPETYIOThCS TUQTE-
pititnumu 6akrepismu. Y 1890 p. B [HcTuTyTI Tirienu E. bepiar mpoxeMoHCcTpyBas,
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0 HEIMYyHI30BaHI TBapHMHH MOXYTh OyTH 3aXHIICHI Bil TOKCHHY HHA(TEpiitHHX
OaxTepiil iH’ €KIII€I0 AHTUTOKCHHY 13 CHPOBATKH KPOBI IMyHI30BaHHX TBapuH. Came
nporo poky E. bepinr 1 #toro konern [lIn6acadbypo Kitacaro (Shibasaburo Kitasa-
to) i Epix Bepnike (Erich Wernicke) omy0mikyBanu po6oTy, B sKiil moka3aiu, 1o
cUpoOBaTKa KpOBI BiJI JIFOAEH, sKi iepexBopim audrepiero/ mpasiiem, ado Bi TBa-
pUH, SIKAM BBOJWIIA MiKpOOHI TOKCHHH, 37aTHI IHAKTUBYBATH BiAIMOBITHUI TOKCHH.
Lle#t ¢peHOMEH — aHTUTOKCHYHI BIACTHBOCTI CHPOBATKU — 1 JUIS TO3HAYEHHS Ti€l
cyOcTaHIii B piIMHHINA 9aCTUHI KPOBI, sIKa 3’ SIBISIETHCS B OPTraHi3Mi KOHTAaKTOBAHHUX
13 nmudrepiitHOIO OakTepiero, 1 3JaTHA IHAKTUBYBATH TOKCHH, BOHU HA3Balld «aHTHU-
TOKCHHOM» (Tenep aHTUTOKCUHM Ha3UBAIOTh anmuminamu, T00To pakruano E. be-
PiHe BIOKpPUG ICHYBAHHS AHMUMIT).

Jo mouarky XX ct. moxo audrepi meauiHa Oyna 6e3cmioro. | KOKHOTO poKy
xBopoOa 3abupaiia THCAYl TUTSYNX KUTTIB. E. BepiHr i #ioro xomeru 3ycTpiiuch 3
TPYIHOIIIAMH Y BUPOOHUIITBI TUPTEPIHHOTO aHTUTOKCHHY B Tiil KUTBKOCTI, siKa OyIia
HEOOXiTHOO I MEIMYHOI MpakTUKU. Ha momomory mpuiioB mpaiiBHAK TOTO K
[acturyty Mayas Epaix (maiiOyTrii HoGemiBebkuii maypear 1908 p.), saxuii 3a-
MIPOTIOHYBAB BUKOPUCTOBYBATH CUPOBATKY KOHS JJISi IIMPOKOMACIITAOHOTO BUPOO-
HUITBA MU TEPItHOTO aHTUTOKCHHY. BiH TakoX po3poOMB 1 METOI CTaHAapTH3AIT |
3pa3KiB CHPOBATKH.

VY 1892 p. xomepmiitHa ipma mouana dinancysaru podoty E. bepinra, i cupo-
BaTKy MOYAJIN IIUPOKO BUKOPUCTOBYBAaTH B MEAMYHIN MPaKTHUII. Y 3 BA3KY 3 UM
Ewminst Bepinra ctanu Ha3uBaTH «31iTUTENEM AiTei». OQHOYACHO MOYaH 3pOCTaTH
Horo momyssIpHICTh 1 ctatku. Y 1894 p. bepinr 3anumuB [HCTUTYT TirieHu 1 mepe-
ixaB crouaTky 10 ['ame, a B HacTymHOMY poili — 10 MapOypra. B MapOyp3i BiH 3a-
CHYBaB CBiif [HCTHTYT eKCIIepIMEHTaIbHOI Tepaltii, TKUM KepyBaB J0 KiHIIS KHUTTS.
[Tpu upomy iHCTHTYTI B 1914 p. Oyn0 3acCHOBaHO KOMTIaHIIO 3 BUPOOHHIITBA BAKIINH
MPOTH TIpaBIld i mpoT AudTepii. He3Bakaroum Ha yCHilIHe 3aCTOCYBaHHS TUQTE-
pIHHOTO aHTUTOKCHHY JUIS JTIKYBaHHS JIiTEH, iCHyBaJla cepiio3Ha mpoodiema 3 Horo
BuKoprcTaHHs. CrpaBa B TOMY, 1110 aHTUTOKCUH CIIPUYNHIOBAB NACUSHUL IMYHImem
(aHTHTINA, SKI 3HAXOMWINCH Y CHPOBATIl, OyJIM YTBOPEHI KIIITHHAMYU TBAapHH, a HE
camoro narfieara). Tomy aHTHTOKCHH 3a0e31edyBaB IMyHITET TUTBKH Ha HE3HAUHUT
Mepios 1 MaB BBOIUTHUCH B OPTaHi3M SKOMOTa CKOpiIe miciis iHQiKyBaHHS JUTHHU.
Tomy E. Bepinr mpomoBxyBaB 10CIiHKSHHS U TEPii Maiike BIPOIOBK ACCITHIIITh
moku B 1913 p. He CTBOPUB BaKIMHY, 1110 3a0e31euyBajia TOBITOTPHUBAIHIA aKTHBHUN
IMYHITET IPOTH IIHOTO 3aXBOPIOBAHHS.

3a iMyHOIOT19HI gocipkeHHs 3 mudTepii i mpaBus E. Bepinra ra L. Kiraca-
10 B 1901 p. HOMIHYBasM Ha niepury HoGemiBehKy mpemiro 3 (pi3iosorii i MeIUIIHN.
Axne E. bepiary HoGemiBcbky nipemiro ipucyamy, a L. Kitacarto — Hi, Xo4a craryc
mpemii T03BOJISB 11 pO3AUTUTH (B OCTAHHBOTO HAayKOBHX 3aCIIyT Ha TOM 4ac TaKOXK
Oyino Oararo). B HoGemiBchkili mpoMoBi E. Bepinr odiriiiHo BU3HAB, MO «CHPO-
BaTKOBa Teparis Oylia 3acCHOBaHa Ha Teopii, AKy 3anpononyBaim . Jleddiep y
Himeuuuni ta I1. Py y ®@panmii, 3rigHo 3 sikoto 6axrepii Jledpdnepa ve cami o cobi
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CIPUYMHIOIOTh AUQTEPito, a BUPOOISAIOTh TOKCHHH, SIKi 3/1aTHI PO3BHBATH XBOPO-
Oy». Bin nonas, mo «6e3 miei nonepenuasoi podoru @. Jleddmnepa i I1. Py ue Oymo 6
CHUpPOBATKOBOI Tepartii qudTepii» [5].

Ha gac onmepsxanus HobGeniscrkoi npemii E. bepiar (1901 p) mepeiimioB Bix
JOCII/DKEHB TPaBIl 1 qudTepii 10 TOCHIKEHb TYOepKyIh03y (CYXOTH), SIKUil OyB
OTHUM 13 PO3TOBCIOPKEHUX CMEPTEIHLHUX 3aXBOPIOBaHb. SIK i 1HII OaKTepioorHy,
y Tomy gmcii i P. Kox, BnpomoBx KiJTbKOX pOKiB BiH HaMaraBcsi CTBOPUTH TYOEpKY-
JTLO3HUI aHTUTOKCHH, ajie motepniB HeBnauy. Omnak E. bepinr po3poduB pexkomeH-
Jarlii o0 3HWKESHHS 3aXBOPIOBAHOCTI TyOEPKYIIbO30M BEJIMKOI pOTaToi Xy100u Ta
ne3iH(eKIii MOoIoKa, sIKi 3aJUIIAI0THCS aKTyaTbHIMH 1 Ha ChOTOJIHI.

Otxe, E. Bepinr 3i cBoimu xoeramu I1I. Kitacaro i E. Bepnike Bnepie moka-
3aJi, 10 CUpOBAaTKa KPOBi IMyHI30BaHMX TBAPUH Ma€ aHTUTOKCHYHI BIACTHBOCTI.
Lle cramo mepemymMoBOIO sl pO3MUPPyBaHHSI MEXaHi3My HaOyTOTO IMYHITETY SIK
MPOSIBY 3aXWCHOI [Tii aHTUTOKCUHIB, SIKI YTBOPIOIOTHCS MPOTITOM XBOPOOH 1 SIKi €
aHTHTUIaMU. BiH TakoX BiIKpUB ()eHOMEH ITiICHIICHHS IMYHITETY 3a BBEICHHS PO3-
npiOHeHNX 1M03 TokcuHY ((peromen bepinra); po3poOuB croci® iMyHizarii mpotu
TudTepii 1H €KII€I0 CyMillli TOKCUHY 1 aHTHTOKCHHY; OJIEp’KaB CHPOBATKU MPOTH
npaBId 1 mpotu qudTepii. E. bepiar 3ampononyBaB BaKIIMHAIIO MOJIOI BEITHKOI
poraroi Xyo0u IUISIXOM 1HTPAaBEHO3HOTO BBEICHHS JKUBHUX KYJIBTYP MiKOOAKTEepiid
TyOepKyIb03Y JFOJCHKOTO THITY. Y Apyromy necsatupiadi XX cr. Emine bepinr 3mir
TIEPEMOTTH IIIe OfHY CTpaIiHy XBopoOy. Mita [lepma cpiToBa BifiHa; B Ti poKH He
naBani HoGenmiBchkux mpemiid, ane ctBopeHa E. bepiHroMm BakiuHa mpoTH mpaBIist
BpATYBaJIa )KUTTA 0ararboxX HIMELBKUX COJAAT, 3a 1o ypsaa HiMedunnu Haropoaus
1oro 3ayi3HUM XpecTOM — BUHSATKOBA Haropoja IUIs JIFOIMHM, sKa He Opaa yJacTi
B OoifoBux misix. Cam bepinr BBaXkaB, 10 HOTO y4acTh Y CTBOPEHHI BaKIIMH MPOTH
TudTepii 1 MPaBIsl € BEPIIMHOIO HOTO TBOPUOI MisITBHOCTI, ajpKe 1€ TO3BOJIMIO B
3HAYHIM Mipi BpATYBATH JIFOACTBO BiJ] CTPAIIHUX €ITiIEMIYHUX 3aXBOPIOBAHb.

Ananizyrouu srcummesuti i meopuuil winsx Emins Bepinea, mosicna cmeepooicy-
samu, wo Emine Aoonvgh ¢hon bepine yinkom sionosioas 3anosimy Hobens: tioeo po-
6omu Oilicno npuneciu eenuuesHy kopucms noocmesy. Hozo naiieascnusiuii docri-
0diceHHs1 Oynu noe szami 3 enoxaroHumu pooomamu Jlyi [lacmepa, Pobepma Koxa,
Iayna Epnixa ma iHwux 64eHux, wo Cnpamysaiu noOA LUl pO3GUMOK IMYHONL02TT
i GUHUKHEHHSL CYUACHUX 3HAHD.

E. Bepinr OyB kaBasepom ¢paHiry3pkoro opaeHa [logecHoro ieriony i uieHoM
taeMHOI pamu [Ipycii, oTpumMaB TUTYy TBOpSHWHA, & TAKOK OyB WiIECHOM Oararbox
aKaJeMiil €BpOTEHChKUX KpaiH, HArOPOKEHUH opaeHaMu 1 Menansamu HimequnHuy,
PymyHii ta Typeaunnu [6-9].

[Tomep Eminb bepinr 31 6epesns 1917 p. Bim maeBmoHii B MapOyp3i. Huni
Horo iM’st HOCHTh HaWOuIbIa KoMIaHiss B MapOyp3i, sika 3aiiMaeThCsl BUKJIFOYHO
KIIIHIYHOIO AiarHocTHKor0, — Dade Behring, a Takox kommanis CSL Behring. B yHi-
BepcuTeTi MapOypra 3acHoBaHO mpemiro iMeHi Eminst bepinra. ¥ 1979 p. Ha #ioro
4ecTh Ha3BaHO Kparep Ha Jlyni. Hamra yBara 1o poGotu B ramy3i 6akrepionorii Ta
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imynouorii HobeniBcrkoro aypeara Eminst Anonbsga dhon bepinra odymoBiena He
TUTBKH THM, IO TIpo0sieMa, Ky BiH BHPINIyBaB, A0 [HOTO YaCy 3aJIUIIAETHCS aKTy-
aJIBHOIO, aJIe i THM, [II0 BOHA ITOCITYTYBaJIa MOIITOBXOM JIJISl IOIAIBIIOTO PO3BHTKY
HAyKOBHX JIOCII/KEHb MU(TEPIHOTO TOKCUHY BXKE Ha HOBOMY piBHI. 30Kpema, B
HAIIOMY 1HCTHTYTiI TIPOBOISATHCS JOCIIIKEHHS 31 3’CyBaHHS MOJCKYJISIPHUX Me-
XaHi3MiB (YHKIIIOHYBaHHS IIOTO TOKCHHY Ta Horo pemnentopa HB-EGF, a takox
pO3poOKa HOBUX IMyHOOIOTEXHOJIOTIYHUX MTPOAYKTIB.

Linas Litivy MeyHukKoB

VY 1908 p. HobGeniBcbky mpemito B raimy3i ¢i3ionorii i MEIUIIMHA OTPUMAaH
Hall BUAATHUHN CriBBITYM3HUK Lt Lmia MeYHHMKOB Ta HIMENBKHI OakTepiosior
[Tayms Epmix i3 ¢opmymoBanusaM: «Ha 3nak eusnanHs npaye npo imyHimemy. Ic-
TOPItO KUTTS 1 HayKoBy criaamuHy [. I. MeyHnkoBa neTaibHO OMHMCAHO B POOOTI
10. B. €3emuyka i JI. B. Komm6u, omy6mikoBaniit B Ukrainian Biochemical Journal
[10], TomMy B 1iii cTATTI MU 3yITHHUMOCS TiJIbKA Ha OCHOBHHX €Tarax HayKoBOi TBOP-
gocri [. I. Meunukosa.

Innsa Inniu Meunukoe (1845 —1916)

Emb6pionor, 6akrepionor ta imynosnor s Litiu MeyHnKoB HapouBCs B cei
IBaHiBKa, 1110 HemoAaiK Bij XapkoBa. Y XapKoBi y AeB’ITHAIATh POKIB BiH 3a J[Ba
POKHM 3aKiHUYMB YHIBEPCUTETCHKUI YOTHPUPIUHUI KypC NPUPOIHUYOTO BiJUIIICHHS
¢i3uko-maremaTnyHoro Qaxynsrety. [Ipountasmm kaury Y. Jlapsina «IIponcxox-
JICHHE BUJIOB IIyTeM €CTECTBEHHOTo 0TOOpa...», I. I. MeuHHKOB cTaB NPUXWILHU-
KOM JIapBiHIBCHKOI Teopii eBostowii. Bid 3po3ymis, 110 3rifHo 3 Teopieto lapBina, y
OLIBIII BUCOKOOPTaHi30BaHUX TBApUH MaroTh OyTH B Oy/10Bi pucH, MOAIOHI 0 THX,
0 € B HU3bKOOPTaHI30BaHMUX, BiJl SIKUX BOHM MOXOAATh. I. I. MeuHMKOB 3axonmuBCs
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eMOpIOJIOTi€I0 1 B HACTYITHI TPU POKU 3aiiMaBCs TOCIIHKEHHSAM eMOpioorii 0e3-
XpeOETHUX TBApHH Yy Pi3HUX YaCTHHAX CBPOIU: CIIOYATKy Ha OCTPOBi ['enbronany y
[TiBHiuHOMY MOpI, SIKHI HanexkuTh HiMedunHi, moTiM B 1aboparopii Pynonsda Jleii-
kaprta B ['iccene (Himeuunna) 1, Hapemri, B Heammomi (Itamis). ¥ 1867 p. 1. I. Meu-
HUKOB OTPHMaB TOKTOPCHhKUH CTymiHb B CaHKT-IleTepOyp3bkoMy yHIBEpCHUTETI, 1€ B
MOJIAJTBIIIOMY BHKJIAIAB 300JI0TIIO 1 MOPIBHSUTbHY aHATOMIFO ITPOTATOM IIECTH POKIB.
[Tiznime #oro Oymmo obpaHo momentoM HoBopociiickkoro yHiBepcuTeTy B M. Oneci —
ieabHe MicIie UTS TOCIIPKEHHSI MOPCHKUX OpraHi3MiB HopHOTO MOpHI.

VY 1881 p. I. I. MeunukoB mojaB y BiJCTaBKy i nepeixaB 1o Meccian (ITamis).
«B Mecciui, nisniwe nHanuuie 8iH, 8i00y8csi NEPeBOPOM y MOEMY HAYKOBOMY HCUM-
mi. /lo moeo — 300n0e, 52 6i0pazy 3pobuscs namono2comy. BIIKpUTTS, MO 3MiHUAIIO
X1 HOTO HAYKOBOTO KHTTS, OyJI0 MOB’SI3aHO 31 CIIOCTEPEIKESHHAMH 32 TIPO30PUMHU
JUYMHKAMHA MOPCBKOI 3ipKu. BiH MOMITHB, IO PYXJIMBI KIITHHHU B JIMYUHKAX OTO-
YYIOTh 1 MIONIMHAIOTH YYXKOPi/IHI Tija OAIOHO TOMY, SIK II€ BiIOyBa€eThCs y pasi 3a-
MaJbHOI pPeaKiiii B Jrofei. SIKIo dyXopigHe TUT0 Maje, TO PYXJIHMBI KIITHHH, SKi
BiH Ha3BaB «Qazoyumamuy (B TPEUBKOTO phagein — iCTH), MOTJIH TIOBHICTIO TIO-
DIMHYTHU LIe 9yXopifaHe Tijgo. Cnuparodnucs Ha 3HAHHS IO Te, 10 JICHKOIUTH JI0-
JTUHY 1 (ParoIUTH MOPCHKHUX 3ipOK eMOpPIOHAIIEHO TOMOJIOTIYHI (BOHH TOXOIATH 13
Me3onepmi), I. I. MedHHKOB 3p0OHUB BUCHOBOK, IO JIGHKOIIUTH, TTOIOHO 110 daro-
[UTIB, BUKOHYIOTh 3aXUCHY a00 caHiTapHy (QYHKIII0. «32i0H0 3 yiclo 2inome3oio
(mucaB mizHime I. I. MeuHUKOB) x60poba mae poszensioamucs sik 60pomvoba midxe
namoeen HUMU azeHmamu — Mikpobamu, AKi NOmpaniaoms 3306Hi, i pazoyumamu
camoeo opeanizmy. Bunixoeysanus 6yoe osnauamu nepemocy gazoyumis, a peaxyis
3ananents 6yoe 03HaKor ix 0ii, docmammuboi 015 3anobieanHs amaxu MiKpooiey.

VY 1886 p. 1. . MeunukoB noBepHyBcs g0 Onecu, e OpraHizyBaB i 0YOJIMB
nepmry B Pocii Onecbky OakTepionoriuHy CTaHIIiI, TPOJOBKYBAB JOCITIHKYBaTH
Jit0 aronuTiB y cobak, KPoJiB i MaBI Ha MIKpOOH, sIKi CIIPUYMUHIOIOTH OCIIMXOBE
(poskucTe) 3amajieHHs i 3BOPOTHHH TU(.

Binx 1887 p. 1. I. Meunukos, Ha npomno3uttito Jlyi [lactepa, oqoiauB HOBY J1a00-
paropiro B IlacrepiBchkomy iHCcTUTYTI ([lapwk), Ae BiH mparmroBaB MPOTATOM Ha-
CTYITHUX 28 pOKIiB, MPOAOBKYIOUH TOCHiKeHHs (paronuTiB. Bukonani B [Tapmxi
po6otu 1. I. MeunukoBa — 11e BaroMmuii BHECOK y (hyHIaMEHTAIbHI BIIKPHTTS CTO-
COBHO MPHUPOIHM IMyHHOI peakiii. HaitGinpimmii BHecok . [. MeunukoBa B HayKy MaB
METOJIOJIOTIYHUH XapakTep: MeTa BUCHOTO MOJIsAraga B TOMY, 100 BUBYUTH «IMYHi-
mem 3a IHDEeKYIHUX 3aX60PIOBAHD ... 3 NO3UYIU KAIMUHHOT Qi3ionociiy.

[Tin gwac BpyueHHs BpydeHHs HoOemiBcpkoi mpemii y BiTanmbHil MPOMOBI
K. Mepsep i3 KaponiHChKOTO iHCTUTYTY 3a3Ha4YMB, IO «nicia eiokpummie Edsap-
oa [cennepa, JIyi Ilacmepa i Pobepma Koxa 3anuwunocs ne3 sicO8AHUM OCHOBHE
NUMANHA IMYHONO02TT: AKUM YUHOM OP2AHI3MY 80AEMbCSL NEPEMOCIU X80POOOMBOPHI
MIKpOOU, 5IKI, amaxyouu 1020, 3M02iu 3a4enumucy i nouanu posgusamuca? Biono-
gioarouu na ye 3anumanns 1. I. Meunukos noxnas nouamox cy4acnum OO0CaiOHCeH-
HAM 3 IMYHON02TT | 21UOO0KO 8NAUHY8 Ha 8ecdb Xid il pozsumkyy» [11, 12].
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HayxoBi mocsiraenns 1. I. MeunukoBa Oyi10 BU3HAHO 1€ 3a JKUTTS HE TITBKH
HobGeniBcrkoro mpemiero: BiH OyB KaBanepom Bumoro opnena @paniiii — opaeHa
[TouecHoro neriony, HaropomkeHuit opaenamu Pocii, SAmowii, ITamii, CepOii Ta iH-
IIMX KpaiH, YIOCTOEHUH 3BaHHS MOYECHOTO JoKTopa KeMOpimKChKoro yHIBEpCUTE-
Ty, oOpaHuii iHO3eMHUM WiieHOM JIOHJOHCHKOTO KOpPOJIIBCHKOTO TOBApHCTBA, UJjle-
HoM [lapu3pkoi MmennuHOI akaneMii, wieHoM [1IBeICEKOTO METUYHOTO TOBAPHUCTBA,
nmoyecHUM wieHoM [letepOyp3pkoi, Bigercekoi, [Tapuspkoi, benbriiichkoi 1 iHmmx
akagemiit Hayk. Cepen uncieHHUX Haropoy 1 BigzHak Lt Limiva e 1 megans Korri
JIOHTOHCBKOTO KOPOJIIBCHKOTO TOBAPUCTBA.

B octanni poku cBoro xutts [. [. MedHnKOB 3aX0muBCs mpoOieMaMu CTapiHHS
i cmepti. B 1903 p. Bin omyOumikyBaB KHUTY «ETIONN TIpO MPUPOITY JTFOMUHWY, B SIKIH
OOTrpyHTYBaB HEOOXiAHICTh BKUBAHHS BEJIMKOI KiITBKOCTI KHCIOMOJIOYHHX TTPOIYK-
TiB, 3aKBaIIEHUX OOITaPCHKOI0 MAIMIKOIO (MOJIOYHOKHCIIO OaKTepi€ro).

I. I. MeunukoB omep y Iapwki 15 aumas 1916 p. Ha 72 pori KUTTS micis
KUTbKOX 1H(apKTiB MioKkapaa. 3a 9ac MoHa A CTOMITTA Ticys cmepTi [ Iriga Med-
HUKOBA HayKa ITiITBEPIUIIA CIIPABEIIMBICTh OararboX WOTO MOTIISIIB 1 CY/UKEHb HE
TITBKHU B TaTy31 IMyHOJIOT1, ajile i B 0aKTEpioJIoTii, 300JI0Tii Ta MOPIBHIIBHIN eMO-
pioJorii.

Cb0200HI 11020 cNpageodIuso HA3UBAOMb OAMbKOM KIIMUHHO20 IMYHImemy ma
nepeogicnuxom meopii npupoonozo imynimemy. Hozo pobomu, npucesueni oocni-
O2HCEHHIO MOTIOYHOKUCIUX OAKMepitl, CManu 0CHOBO Yinoi iHdycmpii npobiomuxie, a
BUEHHS NPO MOACTUBICTND NPOOOBHCEHHSL HCUMM A TTOOUHU € AKMYATLHUM i 8 HALU YAC.

MMayas Epaix

Hpyrum HOOGemianToM 32 1908 p. B ramy3i ¢iziomnorii Ta Meauuan OyB BHIIAT-
HUH HIMEIBKUH OakTepionor, Mikpobiosor, gapmakosor i imyHosor IMayas Epiix
(Ehlich).

Hayne Epnix (1854 — 1915 )
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IMayas Epaix (Ehlich) napomuscs B M. lItpenen, Cinesis (3apa3 — Crmienis,
[Tonemia) B pomuHi 6aratoro TpaktupHuka Iemapa Epmixa i Po3u Epmix (Betirepr).
Benukuii BrtuB Ha [layns B paHHbOMY TUTHHCTBI MaB 1ia 3 OOKy OaTbka, SIKUH
YUTAaB JIEKIii 3 Gi3uKu Ta OOTaHIKHM B HABYAIBHHX 3aKjIanax. Aje BUpIaIbHy pOJib
y BuOOpi Kap’epu (mpodecii) Bimirpas ioro aBoropimauii 6par Kapn Beiirepr, skwuii
OyB 0aKTepioI0TroM i KM OHUM 13 TIEpIITNX BUKOPUCTAB BIAKpUTI B 1853 p. aHiimi-
HOBi OapBHUKH JIJIs1 BATOTOBIICHHS MIKpOIIpenapariB y Mikpooiosorii. L{i pedoBuan
JIaBaJIA MOYKJIMBICTH BUOIPKOBO 3a0apBIIIOBATH Pi3HI MIKPOOHI KIIITHHHU.

ITin xepiBaIIITBOM Opara [laymb mociimKyBaB BIaCTHBICTh OApBHUKIB 3’ €HY-
BaTHCS 3 PI3SHUMH CTPYKTypaMu TKaHWH 1 KIiTHH. Y 1872 p. I1. Epmix BcTynuB 10
yHiBepcuTeTy B M. bpecnay (3apa3 monbcbke mMicTo BporyraB), uepe3 cemectp Tie-
peiimoB 10 CtpacOyp3pKOro YHIBEPCUTETY, a 332 Ba POKH 3HOBY IOBEPHYBCS 0
Bpecnay, n1e BUKOHaB OCHOBHY YaCTHHY pOOiT, HEOOXITHUX ISl OTPUMaHHS MEINY-
HOTO furutoMa. Juriom oMy Oyio BpydeHo B 1878 p. B Jlednm3pkoMy yHIBEpCH-
teTi. L{ikaBo, mo Epmix B cBOiX yHiBepcuTeTax OyB BiJOMHUH SIK THIIOBUN «JIBi€Y-
HUK», TAaKUH caMui, K y cBiii vac H’toron, ['enbmronsi, EifHTeiiH 1 6araro iHmmx
«reHiiB». MalyTh BOHM lyMalld OIHAKOBO: HABIIIO BUTpadaTy yac Ha Te, IO HE €
IIKaBUM, KO HOTO MOKHA BUTPATUTH Ha TIPUBaOIUBINIi pedi. Tpymnu i JTiKyBaHHS
HisSIK He ipuBadoBany Epiixa, mpore OapBHUKH. . .

VY poxu mHapdanss [1. Epmix po3poOuB HOBI OapBHUKH 31 CHICTIH(ITHOIO CTIOPiI-
HEHICTIO 70 Pi3HUX KIITHH. Tak, BiH CTBOPUB METOJ, 32 JIOTIOMOTOIO SIKOTO MOX-
Ha OyJs0 po3pi3HATH okpeMi popmu neiKoruTiB. Lle BITKpUTTS BiAirpano BaKIUBY
POTB y PO3BUTKY cemamonoaii (30Kpema, 3a JOCIiHKEHHS JICHKO31B) i IMyHOJIOT1].
VYHikanpHEe «0a4eHHS» TPUBUMIPHOI CTPYKTYPH MOJIEKYII, SIKE TOTIOMOTIIO Tiependa-
YUTH 3B’ 30K OapBHHKA 3 BIAMOBITHIMH TKaHWHAMHU, TO3BOIWIO oMy y 1879 porti
OITyOJTiKyBaTH pe3yabTaTH CBOIX JOCIIIKEHB 13 3a0apBIIOBaHHS KPOB’ STHUX TUTIBOK.
Toni mocmiguauky Oyio jwme 25 pokiB! I1. Epnix 3aknas ocHogu eemamonoeii: Bijgo-
KpEMUB TIOYJIALIT OUTHX KIITHH (arpaHyJIOIUTH — KIITHHHA 0€3 TPpaHyJ, 1 TpaHysio-
IUTH — KIITHHHA, IKi MICTATh y CBOil IIUTOIUIa3Mi Crieliu(idHi TpaHyJIi) HE TiITbKU
OJTHI BiJI IHIIIKX, aJie 1 BcepeneHi HUX; 3aBIIKA HOMY MH 3HA€MO, IO € JIMQOINTH,
K1 HE MICTATH TPaHyJ (B MONATBIIOMY CTAJIO BIJIOMO, 1110 BOHU AUIATECS Ha B-, T-,
ta NK-KITITHHH), a TPaHYJIOIIUTH, B CBOIO YEPTY, MOAUISIOTHCS Ha JEKiJTbKa THUIIIB,
cepen sIKUX MOJKHA 3HAUTH HeUTpodinu, eo3nHodinm Ta 6a30dim.

[Ticnst orpumanus meamaHoro auruioma [1. Epiix OyB mpu3HaYeHHIA TOJTOBHUM
nikapem kmiHikH @pinpixa pon Ppepixca bepmincpkoi mikapai [apite, ne mpomo-
BXKHB TeMatosoriuni mocmimkenas. B bepmini I1. Epnix ymockonamoBaB MeTomu
3abapBrieHHs1 OakTepiil i TkaHUH TBapuH. Came TyT ner «(apOyBaIbHUK-BIPTY03»
Mo3HAOMUBCH 13 BXke 100pe Bimomum Ha Toii yac Podeprom Koxom, sikuii y 1882 p.
BIIKpUB 30yIHHKA TyOepKyJbO3y, 1 3alpOIOHYBaB HOMY IOKpAmIeHU MeTof 3a-
OapBJICHHS HOTO MAJMYKH (KU BUKOPUCTOBYIOTH 1 TETIEP), 3 4OTO rmoyaiacs ix 6a-
raropigHa apysk0a i TicHe CIiBpOOITHHIITBO.

Ane tpanwacs Oima: y 1888 porri, mig yac 4eproBoro eKCIepuMenTy 3 HeOe3-
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neqHuM 30yaHUKOM, [1aynb 3apa3uBces Oammiio, i, 10 TOTO K, 3apa3uB CBOIO CIM 10
(y 1883 p. I1. Epmix oapyxwuscst 3 Xensiroro [liHKyc, moHBKOIO (pabpHrKaHTa-TEK-
CTHJIbHUKA). 3 IPY>KUHOIO 1 TBOMA IOHHKaMH BiH BUMYIIICHHI OyB iXaTH JIKyBaTUCS
1o €runry, >Kapkui 1 CyXuil KJIiMaT SKOTO SIKHAWKpale CIpusB M030aBICHHIO Bill
30ynHuKa. Tam BOHM MPOXIIN Maike nBa poku. [licis moBepHeHHs 1m0 bepminy y
1890 pomi I1. Epnix BusiBHB, 110 3a 9ac BiJICYTHOCTI BiH OyB 3BUIBHEHHUH 3 TIOCAIN
B kminimi [lapite. [Ipore, He BTpaTUBIIM TyXy, BiH MPOJAOBKHUB HAYKOBI MOIITYKH
B CBOiif 1abopatopii (sSKy, Ha mIacTs, HE MOTJIM MPUBIACHUTH) 10 TOTO 4acy, IMOKH
P. Kox He 3anmpornoHyBaB oMy AOMIOMOTY i He 3a0paB y cBiit [HCTUTYT iHDeKIiiTHIX
3axBoptoBanb. OkpiM TOrO, Epiix Takoxk craB mpodecopom bepiiHchkoro yHiBep-
CHTETY.

«IH(ekmiitHe» MUHYIE TYT 3BEJI0 HOTO 3 MEePIIOBIAKpUBaYeM aHTHAN(TEPIHHOT
cupoBarku — Eminem bepinrom, sikuii OyB ynocroennii Hooenierkoi mpemii B 1901
porii (Tipo 1o Wnwtocs y crarti Buie). CripaBa B TOMY, IO BiJ] TTOYaTKy B €KCIIEPH-
MeHTax bepiHra BakmmHamis mpotu audTepii MUIIXOM MOCTYNOBOTO HAPOCTaHHS
7103 HE NaBajia HaJIHUX pe3yabTaTiB. EpIix mopaauB «ImiCHIIOBaTH» BaKIHHY,
MIOBTOPHO BBOJSYM AU(TEPIHHUI TOKCHH KOHSAM 0 THX IIip, TOKH HE OTPUMYBAJIN
HeoOXiTHY KOHIICHTpAI[il0 aHTUTOKCHHY. 3r0I0M BiH J0moMir bepiHry Hamaromutu
il MacoBe BUPOOHUIITBO, Kol y 1896 p. fioro Oyiio mpu3Ha4eHo aupekTopom [lep-
YKaBHOTO 1HCTHTYTY PO3pOOKH 1 KOHTpOIt0 cupoBarok B Llltermimi (Hemomasik Bif
bepminy). B nbomy I[acTuTyTI 1. Epitix BuKOprCcTaB cBOT 3HAHHS B Taxy3i Ximil s
CTaHIapTHU3aIlii TOKCHHIB, aHTUTOKCHHIB 1 CHpoBaroK. Po3pobieHa HUM cucTteMa
MDKHapOIHUX OJUHMIb IUX PEYOBHUH OTpPHMaja IIUPOKE BU3HAHHS 1 3aJIUIIAETHCS
3araJlbHOIPUUHATOIO TOTEIED.

Ha Toif yac BUCHMII CTaB 3aMHCIIOBATHCS HAJ Meopicio «OIYHUX TAHYIO2I8H.
«Kusa npomonnazma mae 8ionogioamu 2ieaHmcoKill MONeKYni, AKka 83aEMO0I€ 3i
36UYAUHUMU XIMIYHUMU MONEKYIAMU MAKUM YUHOM, SK conye 3 memeopimamu. Mu
MOHCEMO NPUNYCIMUMU, WO 8 HCUBIL NPOMONIA3MI AOPO 31 CREYIANbHOIO CIPYKMY-
Ppoio 8i0nogioac 3a eracmuei KaimuHi cneyighiuni QyHxyii, i 00 ybo2o 10pa nodioHo
00 OIYHUX 1aHYI02TI6 NPUEOHAHO amomu ma ix komniexcuy — ucas 1. Epmix. 3Bin-
CHl TN 7€l PO cneyugiyni peyenmopu B KIITHHAX, SIKI 3MaTHI 3B’ A3yBaTHUCS 31
30yTHUKaMHU.

JloCIiTHUK TIPOJIOBXKYBAB «Komaru TmoOmie» i Bke B 1897 p. 3amporonyBaB
nepiry Teopito. BiH BBakaB, 110 11 Oi9HI JTAHITFOTH 330BHI KJIITHHHUX MeMOpaH (sIKi
TTI3HIIIE TI0YaJIi Ha3UBATUCS peyenmopamit), 3MaTHi 3B’ I3yBaTUCS 3 THMH YH 1HIITH-
MU PEYOBHHAMH B CepeIOBHIII. J{esKi 3 HIX MOXYTh 3B’ I3yBaTHCS 3 TOKCHHAMH, SIK1
MIKpOOpPTaHi3MH BHIUISIIOTh B CEPEIOBHIIE, 1 el 3B’SI30K (OPMYETHCS 32 THUIIOM
«KJTFOY — 3aMOK» (11e BimkpuTTs miarBepaus Jlaiinyc [lomiar y 40-Bi poku XX cT).
3B’S3YI0YHCH 13 TOKCHHOM, KJIITHHA ITOYMHAE TIEPETBOPIOBATUCH 1 BUTHHO BUAUIATH
B MDKKJIITHHHE CEPEIOBUIIE «O19HI JIAHITIOTHY, JIe BOHU MAIOTh 3yCTPITHCS 3 TOKCH-
HOM 1 HEWTpai3yBaTH MOTO0, 3aXHUIIAI0YH BiJl «HAMIECTSD 1HII KIITHHY 1 BECh opra-
HI3M y 1toMy. Epiix HaBiTh 3HallOMYy Ha3By JIaB IIUM JIaHIIOTaM — Antikorper, abo
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anmumina. YIoro Teopist TMBHO HATa/[yBaia BiOMHiT ChOTOIHI MEXaHi3M [yMOpaTh-
HOTO IMYHITETY, KW 0a3y€eThCsl HA aHTUTLIAX, 0 BUPOOIISIOTECS B-KimiTnHAM™.

VY 1899 p. [HCTHTYT PO3pOOKH 1 KOHTPOIIO CHPOBATKU OYIIO PO3MIUPEHO 1 T1e-
peBeneno y @pankdypr-Ha-MaiiHi 3 Ha3BOIO [HCTUTYT eKCTIEpUMEHTAIBHOT cepo-
teparii. Bix 1906 p. I1. Epmix 6yB tupekTopom 1poro [HcTuTyTy — Tenep [HeTuTyT
HOCHUTh iM st [Taynst Epmixa — «Paul-Ehrlich — Instituty.

[Tpamroroun came B mbomy [HcTHTYTI I1. Epiix omy0mikyBaB ocTaTodHi BUCHO-
BKH 3 BUKOPUCTAHHS TeOpii OIYHMX JAHIIOTIB B iMyHOJOTIi. Buxomsuu 3 1miel Te-
opii, BiH BBaXaB, 110 aHTHUTIJIa MOKYTh BUPOOJISTUCH HE TIIBKH BHACIIIOK TIPS-
MHX XIMIYHUX B3a€MOJIIH M’k TOKCMHAMU (200 1HITMMU aHTUTCHAMH ) 1 KIIITHHAMH.
AHTHUTIJIa MOXKYTh pearyBaTH 3 perenTopaMH, SKi pO3MileH]I Ha TTOBEPXHi KITITHH.
Bracnigok p0ro KIITHHU MIOYWHAIOTH TIOCHIICHO BUPOOJISATH TaKi cami perenTopH,
10 B3aEMOJIIFOTH Y KPOBI 3 TOKCHHAMU. TaKuM YWHOM, B POJIi aHTUTLT MOXKYTh BH-
cTymnaru perenrtopu (abo, 3a Tepminonorieto I1. Eprixa, peakTuBHi Oi4HI JTaHITFOTH)
KITIITHH, 3 SSIKHMH B3a€MOJIIIOTh AaHTUTCHH.

Teopist OIYHUX JAHITIOTIB 3HAYHUM YWHOM BIUTMHYJIA Ha PO3BUTOK HAyKH, X0Ua
HE BCl BUCHI MOTOWINCH 3 Hew. HaiBaxmmsime nocsrHenns [1. Epmixa momsra-
JI0 B TOMY, III0 BiH BIIEpIIIE ITOKa3aB, IO B3a€MOJIiS MiX KIITHHAMH, aHTUTLUTAMA i
AaHTHTEHAMH € XIMIYHOO peakiiero. [ToniOHe ysSBICHHS PO TEOPito IMyHITETY cTa-
JIO CTUMYJIOM JIJTSI TIOAANBIIAX OaraTodrciIeHHUX JOCTiKeHb. Kpim Toro, pobotu
I1. Epmixa TOTIOMOTIN CTBOPUTH iIMYHOJIOTIYHY TEPMIHOJIOTIIO.

Taka cBoepigHa TEOpist IMYHITETY, 10 pedi, BUKIHKaIAa CyBOpY AUCKyCito Ep-
Jixa 3 MeYHHKOBUM: eMirpaHT i3 Pocii BBakaB, 110 BeCh IMYHITET 3a0e3Meuy€eThCs
¢arorrozom, mpore Eprix romoBHe 3HaUueHHS HajaBaB aHTHTLIAM. Hacmpasnmi, sik
e 3a3Bu4aii OyBae, oouaBa Oynu npaBi. Cymsuu 3 ycboro, HoOemBebKkuit kKoMiTeT
BiJl TIOYATKy CBOTO iICHYBAaHHS CTaBHB OJHUM i3 CBOiX 3aBIaHb MPUMHUPCHHS He-
MPUMHPUMUX CcyniepHUKiB. MaOyTs Tomy B 1908 p. [Taymio Epnixy* pazom 3 iero
MeunukoBuM Oyito nipucymkeHo HobemiBcrKy mpeMito 3 ¢izionorii Ta (a0o) mMemu-
IUHU «3a pobomy 3 meopii imynimemy». B HobemiBepbkiit nexii [1. Epnix BucioBus
BIICBHEHICTh B TOMY, III0 BUCHI MOYAIIN «PO3YMImMu Mexanizm Oii mepanesmudnux
pevosun... Al cnodisaroce, wo AKwo yi Hanpsamu 6y0yms CUCMEMAmuyHo po36Usa-
mucs, mo ne3abapom Ham cmawe jeauie, HidC 00 YbO2o Yacy, po3pobasamu payio-
HANbHI WIAXYU CUHMES) JIIKIB).

(*B yinomy Epnixa nominyeanu 76 pazis. Cnio 3aznavumu, uo 6aecamo HoMiHa-
yiu 6yno u nicaa 1908 p. 6 momy uucni — o0na Hominayis 3 ximii. 3a wo? Mooicna
3po3ymimu 3 no0anbulol inghopmayii).

3a nBa poku micis npucymkenHs HobemiBebkoi pemii [1. Epmix orpumas cy0-
cuii s OymiBHHUIITBA Jaboparopii 3 po3poOKH TepaneBTHYHUX IMpernapariB. Bin
MMOCTaBUB 32 METY CTBOPHUTH TOXiIHI apceHy (MHII SIKy), 0 MOTIH OyTH edek-
TUBHUMHU JIIKAMU TIPOTH TPUITAHOCOM — HAHTIPOCTIIINX, SKi CIIPUYHHIOIOTH COHHY
XBOpOOy ¥ JesKi iHII 3aXBOPIOBaHHS, Ta OJ0i CripoxeTH — 30yaHuKa cudiicy.
I1. Epmnix i #ioro ciiiBpoOiTHHKYM cuHTe3yBanm oHa 600 comyk apceny i B 1909 p.
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BHUSBIJIM BITHOCHO €(DEKTHBHY 1 MaJIOTOKCHUYHY CIONMYKY «606», sika TOTIM OTpH-
MaJjia Ha3By «canbeapcarny (BIJ JaT. «cambBape» — Cracary 1 «apceHik»). B meprmx
KIHIYHUX JOCTIKEHHSIX, TPOBeACHUX Y MaraeOyp3pKoMy IIMUTaNi, BiH BUSBUB
HOTO BIUCOKY €(DeKTUBHICTh MPOTH CUMLIICY. Takum YuHoOM, catveapcan cmaeg nep-
wum 8 icmopii MeOuyuHu Xi MiomepaneemuiHuUM Npenapamom.

OH

H,N As.
SAS NH,

HO +2 HCI

Dopmyna canveapcany

[Ipo BinkputTs 3aco0y Bix cudinicy I1. Epnix cnosictus y 1910 p. 1 npenapar
MoYaB PO3MOBCIOKYBATUCS 10 BcboMy cBITY. [Ti3Hime Oyno po3mudpoBano mexa-
Hi3M Horo nii i oro noxigaux. [licis moganemux gociimpkens 1. Epmix po3poous
e(eKTUBHILINI 1 MEHIII TOKCUYHUHN Heocanveapcan — npenapam «914». Cnipoxera
BUSABHJIACH JTy’KE€ UyTIMBOIO JI0 MIpEnapariB TPUBAJIEHTHOTO apceny (apcenitam). Lli
Mpenapary CTajly NepIIUMH JIIKaMU CIPSIMOBAHOI Mii.

Binkputts I1. Epnixom canpBapcany Oyino 3HAUHO Ba)KJIMBIIIMM, HIXK MPOCTO
nepemMora HaJl XBOpoOOIO JIIO/ICTBA, BOHO CTAJIO HAPOOIICEHHAM HOBO20 HANPAMY 6
MeouyuHi — ximiomepanii. 1 HIXTO HE MOXKE CKa3aTH Ha CKUIBKHM POKIB MeIUIMHA
XX ct. BiacTana 6u 'y cBoeMy po3BUTKY, sikOu [layns Epnix He 3anpornoHyBaB BUKO-
PHUCTOBYBATH XIMIOTEpaIliio.

Hampukinami ciij okpeMo 3a3HaquTH, 1o nounHarouu Big 1901 p. I1. Epmix
3HA4YHY YBary mpHUIUISAB 1 Mpo0iaeMi 3JI0SKICHUX MyXJIHH. Y 3B 3Ky 3 UM CJIiJ 3ra-
JIaTH TIPO IIIe OAHE BIAKPUTTS, sike 3aikicHuB [1. Epmix mijx yac poOoTH i3 canbBapca-
HOM. Lle BiIKpUTTS mocTaBuio nepes (hapMakoIorielo 3aBJaHHs, sIKe He BUPILICHO
i o mporo yacy. Tak, [1. Epnix BBoauB TokcHYHI OapBHHUKH B Tijia Ja00paTOPHUX
TBapHH 1, pOOJITYN PO3TUH IIUX TiJ1, BiH BUSBIISIB 3a0apBICHUMH BC1 TKAHUHU, KPIM
Mo3Ky. [lomiOHa kapTHHa criocTepiranacs 3a BBeJICHHsI OapBHUKIB Y KPOB. AJie SIKIIIO
BBOJAUTHU OAPBHUK y CIMHHO — MO3KOBY PiIMHY, 3pOOMBILH JTIOMOAJIbHY MYHKIIIIO, TO
MO30K 3a0apBIIIOBaBCs, a 1HILI TKAHUHM Ti1a TBApUHU — Hi. To/1 cTamo 3po3yMinuMm,
10 MidIC KPO8 10 | YeHmMpPaibHOIO0 HEPBOBOIO CUCIEMOIO ICHYE SKACL NEPEnond, 5Ky
bazamo pevogun ne Modcymov nooonamu. Tax Oyse gioxpumuil cemamoenyepaniy-
HUtl 6ap ‘ep, AKUH 3aXUIIa€ HAIl MO30K BiJl MIKPOOPTaHi3MiB 1 TOKCHHIB 1 KU cTaB
«TOJIOBHUM OOJIEM» OHKOJIOT1B-HEBPOJIOTIB, 1[0 HAMAraloThCs JIIKYBaTH PaK MO3KY.
Came remaroeniedaniyauii 6ap’ep He J03BOJSE XIMIOTEPANIEBTUYHUM Tperaparam
MOTPANUTH J0 MyXJIUH y MO3Ky. Ocb YoMy 3aBianHs, siki moctasus 1. Epmix, Bupi-
LIYIOTHCS J0 I[LOTO Yacy.
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V BinpHMit yac [layne mo0uB ynTaté AetekTuBHI pomann Konan [loiins. Aue,
B IIJTIOMY, BiH OyB Tapside 3aXOIJICHUM JIOCIITHUKOM, KW JTOBT1 YacH TIPOBOJINB B
nmaboparopii, gacto 3a0yBaroun HaBiTh [1. Epnix OyB BmranHoBanwii Oaratbma Hay-
KOBUMH BiJ[3HaKaMH, TAKUMH K MTOYecHa peMiss MIKHapOIHOTO MEIUYHOTO KOH-
rpecy (1906), memanp JIiGixa i 3BaHHS TO4ecHOTO wieHa HiMembKoro XiMigHOTO
toBapucTBa (1911) 3a po3poOKy 1ij0i HU3KH XIMIYHUX peakilii, o Majao BEJIHUKE
TEOpPETHYHE 1 MPaKTHYHE 3HAYCHHS, peMisi Kamepona i 3BaHHS MOYECHOTO JIGKTOpa
EnunaOypreskoro yHiBepeutety (1914). Bin OyB uneHom 81 HaykoBOTO TOBapHCTBa
1 akajieMiid pi3HUX KpaiH, a TAKOK MaB MMOYECHI 3BaHHs yHiBepcuTeTiB Unkaro, ['eT-
tuHreHa, Oxcdopna, bpecnay Ta in. [13-15].

B ocranni poxu xutts [1. Epnix crpakmas Bif 3axBoproBanHs cepiis. 20 cepri-
Hs 1915 p., BimmounBarouu B ban-XomOyp3i, BiH momMep Bijl aOIIEKCUYIHOTO yAapy.

Ilayna Epnixa moodicna esasxcamu 0OHUM i3 3ACHOBHUKIG IMYHONO02TT | npOMuUiH-
Gexyitinoi ximiomepanii. Bin cghopmynioeas nepury Ximiuny inmepnpemayiio imy-
HONO2IYHUX peaKkyiil — «meopito OIYHUX TAHYIO2I8Y, 32I0HO 3 AKOK KAIMUHU MAIOMb
anmueencneyugiuni peyenmopu, 6iH po3poous Memoou U3HAYEHHs AHMUMOKCUY-
HUX CUPOBAMOK [ BUBYEHHS PeaKyii aHmueeH—anmumino, onucae pizui goopmu eti-
KOyumie Kpoei i nokazae 3HaueHHs KiCmKo8020 MO3KY I IiMPOIOHUX OpeaHis y Kpo-
6eMBOPEeHHI; GIH 8616 NOHAMMSA 2cemamoeHyepaniunoeo bap epa.

Mapas Pime

Iapas Pime (¢pp. Charles Robert Richet) — ¢ppaniry3skuii diziosor, moHep y
0araTbOX rayy3sx JAO0CITiKEHb, TAKUX SK HEHPOXiMis, TPaBICHHS, TEPMOPETYIISILis
y TOMOHOTEpMHHX TBapuH 1 auxaHHs. Jlaypear HobeniBcrkoi mpemii 3 ¢iziomorii i
MeaunuHy 3a 1913 pik «Ha 3HAK BU3HAHHS HOTO POOIT 3 aHadimakciin.

Ulapno Piwe (1850 -1935 )
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[Hapne Pime napomuBest 26 cepmas 1850 poky B [lapmki B ciM’i mpodecopa
KIIIHIYHOI Xipyprii MeauaHoro ¢axynsreTy [lapuspkoro yHiBepcuteTy Anbdpena i
Exen (Pyap) Pime. [Ticns 3akiHueHHs 3BUYafHOT HAIlIOHAIBHOI Ta CEPEIHBOT IIIKO-
mu [llapnp BupimmB, SK 1 HOTO OaThKO, MPHUCBIATUTH ceOe MemuIiHI. BiH BCTynuB
no Ilapusbkoro yHiBepcuteTy 1 B 1877 poti ogepkaB MeAuaHUI quruioM. B Tomy
X potri onpyxuBcs 3 Amerniero O60piit. Y HuX Oys0 JBi JOHBKH 1 IBa CHHU (OIWH 3
HUX TaKOXX CTaB MpodecopoM MeAUIUHA B [lapu3bKoMy yHIBEPCHUTETI; TIIIOB CTO-
namu Pimre i #ioro oHyK).

VY 1878 pori L1I. Pinre 3axucTB TOKTOPCHKY AUCEPTAILiO, J€ BIIEPIIE TOBIB Ha-
SIBHICTB COJISTHOI KHCJIOTH B CEKPETi IITYHKY CCaBIIiB, NTaxXiB i 6e3xpedeTHnx. Kpim
TOTO, BIH BU3HAYMB, IO ITiJ{ YaC TPABJICHHS B IIUIYHKY YTBOPIOETHCS OHA 3 (hOpM
MOJIOYHOI KUCJIOTH. Y IIhOMY K POIIi BiH cTae mpodecopomM MeandHoro (axymbTe-
Ty [1apu3bKOTO YHIBEPCHUTETY, /1€ BUBYAE Pi3HI BUIAM M’ SI30BUX CKOpodeHb. Y 1883
pomi [apme Pimre mocmimkyBaB MeXaHi3MH IMIITPUMKH MTOCTIHHOI Temreparypu
BHYTPIIIHBOTO CEpeIOBHIIA TOMOHOTEPMHHUX TBAPHH.

[Tiznime, Hampukiami 80-x 1 BmpoaoBx 90-x, BiH BUBYA€ BIACTUBOCTI KPOBI 3a-
paxenux TBapuH. [Ipamroroun 3 XK. Epikypom, Pimme BupimmB 3acTocyBaTtu CHpO-
BaTKOBY Tepario sK JiKyBaJbHUH 3aci0. Brpomosk necsatv pokiB BOHW HaMarajimcs
PO3pOOHUTH CHPOBATKOBY TEpariro Ui JIIKyBaHHS TyOepKyiaho3y. @aktuuHo Pimre
CTBOPHUB CHPOBATKOBY TEpaITio IIe 3a 1Ba poku 10 Emins bepinra i moyaB jikyBatu
HEIO ... TyOepKynb03. SIkOu BiH BuOpaB audrepito — Tpiymd OyB Ou 3a0e3medeHo. A
TaK MOHA/ AECATh POKIB — JaPEMHO...

VY 1i x poku III. Pinre 6paB ygacTh y pi3HUX AOCITIDKEHHSX, SKI HE MaJIA BiJl-
HomIeHHs 70 (iziomorii, 30KkpemMa BiH HamaraBcsi OOyIyBaTH aepoIuIaH, a TOYHi-
me — Gyroplane (3a cy4acHOIO TepMIiHOJIOTI€EO, 11e OyB TiTaHTCHKHUMA MiJIOTOBAaHUN
KBaJIPOIITEP, MEPIINH B CBITI BepToumiT). [licis KiIbKOX HEBIAIMX IMOJBOTIB Pimre
MIEPEKITFOYMBCS Ha IIOCH 1HIIIE, 8 HOTO TOMIYHUKH Y I1iH cripaBi, Opatu bpere, 3acHy-
Bamu B 1911 pomi kommanito Breguet Aviation, sika ycminmHo npoicHyBana 60 pokiB,
MPOEKTYIOUH 1 Oymyroun JriTaku i aBToMo0ui. A 1o % Pimre?

VY 1901 pomi BiH OTprMaB MOKJIUBICTh BIOCKOHAJIUTH CBOI1 3HAHHS B Taly3i
TOKCHKOJIOTIi, Oepydn ydacTh y HayKoBii ekcrenuiii mo Cepea3seMHOMY MOPIO 3
puHIIOM MoHako AbOepoM 1 JOCITIKYIOUN OTPYHHI IIynaibilst ¢izamii — mopry-
raJibcbKoro Kopabmuka. [licns moBepaeHHs 10 OpaHilii BiH MPOBOAUTH MOPiBHSIIbHI
JOCII/DKEHHST OTPYTH MOPCHKOI aHEMOHHU 1 BIIKpUBae siBUIIE aHadiTakcii — amep-
TIYHY PEakKIlito Ha CTOPOHHI MPOTeiHH. SIBuIIEe Oy0 TOCUTHh HECTIOAIBAaHUM, TIPOTE
BOHO JI03BOJIMJIO MOSICHUTH, YOMY, HaIIpUKJIa/1, BUHaljeHa bepinrom cuposarka Ha
JeSTKUX XBOpUX U TEpiero misiia K cMepTenbHa oTpyTa. [liIcyMKkn 1ux cBOiX po-
oit [llapnp Pimre BuxiaB y MoHorpadii « AHadinakcis», ska Buidnuia B cBiTy 1911
poIIi i B SIKI{ BiH MUCAB: «3a AHAQINAKCIT 8 KPOBI 3 'A61A€MbCS peHO8UHA, KA CaMa
no cobi € HeUMpPAaIbHOIO, ale NPU IMIULYBAHHT 3 AHMUSEHOM BUOLISE CUNbHY OMp)-
my». 111. Pime moka3as i Te, 1o moiOHI peYOBUHHU € IPOTETHAMH 1 HaBITh PO3POOUB
METOMKY JIarHOCTUYHUX TECTIB Ha TiepuyTHBicTh. [1i3HiIne 3HAWaETHCS 1 HEBE-
JIUYKa MOJIEKYJIa, sIKa BIMOBIAa€ 3a MeXaHi3M aHadinakcii — eicmamin.
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Monexyna zicmaminy

JIBa poku moToMy npwuiiniia i HaliBuIia Haropona — HobemiBcbka npemis 3 i-
310J10Ti1 1 MEIMIIMHK «HA 3HAK GU3HAHHSA 1020 podim 3 anaghinaxciiy, B 00pOTHOI
3a siky B 1913 poui lapne Pime o6iitimoB Yapne3a leppinrrona it ABrycra ¢pox
Baccepmana, ski Tak Hikonu i He ofepxanu HobeniBcpkoi npemii, a Takox [enpi-
xa KBiHKe, KUl onucaB OAWH 13 CUMITOMIB aHadinakcii. Y HOOCIEeBChKIN JEKITil
. Pimre 3a3HauuB, 110 SIKITO aHAMITAKCIS 1 € «HEeUACHUM BUNAOKOM 0151 OKPEMO2O
iHOuBidyyma, 6oHA, 8 MO camull 4ac, € HeoOXiOHOIO 018 8UOY 8 YILOMY, 4acmo 3a
PAXYHOK OKPEMUX OCOOUH ... OCKIIbKU AHADINAKCIA 3aXUULAE 8UO 610 KPOBOIMILUAH-
Hsay. TUM caMHM TIATPUMYETHCS WHIUBITyIBHICTh KOXKHOTO BUTY. 3aBJISIKH POOO-
tam [11. Pie ikapi He TUTBKHU 3p03yMIJIM LIHHICTH NMPO(ITAKTUKH, aJie i Ai3HAIUCS
Tpo 1i 3BOPOTHHIA OiK.

[Tiy gac [lepmioi cBiTOBOI BiliHU Pinte BUBYaB ycKIaHEHHS B TIOPAHEHUX Y pasi
3acTOCyBaHHs niepenruBanHs KpoBi. 1. Pimre OyB JiroquHOI0 BCEOIYHO TATAHOBUTOIO
3 PI3HOCTOPOHHIMU iHTEepecaMu: BiH OyB (i31010roM, 6aKTEpioIOroM, MaToIOTOM,
TICUXOJIOTOM, CTAaTUCTHKOM, 1HKEHEPOM, MOETOM, ApPaMaTyproM i MUCbMEHHUKOM
[16]. Bin 3aiimaBcsi BUBUeHHSM mcuxiku. B 1923 p. B mepeknaai Ha aHIIIHCHKY
BuiinUIa ioro kuura « Tpuausats poki pociimkeHHs ncuxikm» (“Thirty Years of
Psychical Research™), B sixiit BiH omucaB cBOi JOCTiIKEHHS B 1iH ranmysi. Sk nepe-
koHaHu# namudict L. Pimre HanmucaB JekiJIbKa KHUT, B SKUX OMKMCAHO YKaXy BIMHM,
cepen sSKuX HaiBigoMmima «Mup 1 BiliHay, 1906 p.

[Hapne Pime, 6e3yMOBHO, peHECAaHCHA JIIOMHA, HaBITh HA (OHI 1HIIUX HOOE-
mianTiB. Ha HoGeniBchkoMy Oanketi Lllapne Pime ckazaB qye BaskIUBI CIIOBa, SIKi
CBiJ[4aTh PO POMAHTUYHICTb 1 PEHECAHCHICTh HOTO AylIi. «Mu — mizepro manenvki
i Hemiuni icmomu, Mu NIABAEMO 8 OKeaHi mempssu. Bcioou 6 ybomy neocsoicnomy
Bceceimi, neniznanomy i sHcopcmoxomy, KUl HAC OMOUY€E i HAC PO30ABIIOE, HeBi-
domicmo i nimvma. Ane panmom HAyKa SUSGISAE WOCL Hecnodiearne i 8iopasy ye
O1i0e c8imo, sIKe 3a20PAEMbCSL, NONe2ULY€ TH0OCLKI cmpadcoanus. Matibymue cmae
MeHu HeBU3HAYeHUM, a menepiune — menut oonicuumy» [17].

[Hapsne Pime 6yB uienom ®paniry3skoi akagemii Hayk. B 1926 p. BiH cTaB kaBa-
nepom opaeHna [TouecHoro neriony. Kpim Toro, Buponosx 17 pokiB BiH OyB OHUM
13 BUIaBIIIB KypHaity (i3zionorii 1 3arampHoi narosorii (“Journal de Physiologie et
Pathologie Generale™) i mpoTsirom 24 pokiB — BuAaBIieM HayKoBHX orisiiB (“Revue
Scientifique”). ITomep [apne Pime y [apuxi 4 rpynus 1935 poky.
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Kroan bopae

Hactynny HobGeniBebky mnpemito 3 ¢izionorii 1 MeauuuHu «3a giokpumms,
nos’sazami 3 imyHimemomy Oyno npucymxero B 1919 p. Genbriiicbkomy 6akTepiosno-
ry i imyHounory Koo Bopae (¢pp. Bordet, nopne — Jules Jean-Baptiste Vincent
Bordet), sikuii Hapoaucs B Coiirai (benbris) B cim’i mkinpHOTO Buntens Llaprs i
Cenecrunu bopze.

JKronw bopoe (1870 —1961)

Komu XKromo Oyno 6 pokis, cim’s nepeixana 1o bproccens, ne norim JXKronb
BCTYIIUB J0 YHIBEPCUTETY Ha MEIUYHUI (aKyIbTeTeT 1 3aKiHYMB 7-pPIYHMHA Kypc
HaBuaHHA 3a 6 pokiB. B yHiBepcHUTeTI BiH BUBYaB MEXaHI3M 3axHUCTy OakTepii Bix ix
MOTJIMHAHHS 1HIIMMHU KJIITHHAMH, TOOTO Bix ¢arouutosy. PesynsraTu iioro podotu
Oynu ony6iikoBaHi B 1892 p. L{poro *x poky BiH oJiep»kaB HayKOBHH CTYIIHb B rajty-
31 MmeguuuHu. Ony6nikoBana po6ota XK. bopne 3anikasmia Lo Itiua Meunukosa
1 BiH 3anpocuB JKrois npaitoBaru B foro aboparopii B [ncrutyTi [lactepa B [lapu-
K1 (1894 p.) 3a crunenito, BUALIEHY ypsaaoM bemnbrii.

Toro x poky 6aktepioinoru P. Ildeiiddep 1 B. I. IcaeB BcranoBUN, 1110 X0NEPHI
6iOpioHY TUHYTH 3a BBE/ICHHsI IX B OPTraHi3M TBapuH, sIKi MalOTh IMyHITET 10 XOJIEPH.
Lei#t pernomen Bonu Ha3Banu Oakrepionizuc. Bonu Takox BUSBUIH, 110 OaKTEpioi-
3MC Ma€ MiClIe 3a BBEIEHHS OaKkTepiil pa3oM 13 CUpPOBATKOIO TBAPHH, SIKI MAIOTh IMY-
HITET 70 X0JIepH, TBAPHHAM, 1110 TAKOTO IMYHITETY He MatoTh. [IpoTe Gakrepionizuc
HE criocTepirain B npoOipkoBux Tectax. [losicHIoIOuUN ofepxaHi BHUILE3rafaHUMU
BUeHUMHU pe3ynbTatd, [. I. MeuyHnKoB BBaXkaB, 0 A OakTepioni3rca HEOOXimHi
¢arountu. IIpore XK. bopae maB iHmmii normisia. Bin BBaxkaB, 10 «8 cuposamyi
X60pUX MBAPUH 30 YMOS, AKU{O 60HA CEIJICA, 3HAX00AMbCA 061 PeUOBUHU: Dakmepu-
YuoHa i npesenmueHna. B cuposamyi 3 0oseum cmpoxom 36epicanus abo nicaa ii Ha-
episanns 0o 55 °C bakmepuyuoHoi pevosunu Hemaey. Bin miarBepaus 1ie B 1896 p.
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CyuacHa Ha3Ba Ii€i OaKTepUITUAHOT PEIOBHHH, SIKa paHIIle Ha3UBAJIACh «AJIEK-
CUH», — Komniemenm (TepMmiH BBeneHui Hanpukiami 1890 p. I1. Epmixom), a nipe-
BEHTUBHOI PEYOBHMHH, Ky Ha3WBAIM «CEHCHOLTI3aTop», — aumumino. Tax Oyno
BIOKpUMO cucmemy KomniemeHmy ma ii poav @ imynHiti cucmemi. Lle 8ioxpumms
K. bopoe 6yno nionepcbKum 00CAiONCEHHAM 8 IMYHONORII.

Temep Biomo, 10 y pa3si MomanaHHsI B OPTraHi3M UyKEpiIHOI peYOBUHU (aH-
TUTEHY), SIkKa MOXe OyTH MPOTEiHOM, TOKCHHOM, OaKTepi€ro, B OpraHi3Mi yTBOPIO-
I0ThCs aHTUTIIA. KOKHUN aHTUTEH CTHMYJIIOE YTBOPEHHS CHEIU(IYHOTO aHTHTI-
na. BHacminok ¢popMyBaHHS KOMITIEKCY aHTUTEHY W aHTHUTLIA Ta B3a€MOJIii HOTO 3
KOMIUIEMEHTOM, MTPOTETHOM IIJIa3MH KPOBI, aHTUTeH cTa€ HeTokcuuHuM. Cucmema
Komniemenmy — ye matice 20 npomeinis, aKi nOCMIUHO NPUCYMHI 8 KpPOGi i 3a-
nyckaroms cucmemy iMyHimemy, Cnpusiiome K 3HUUWEHHIO [THQeKYIUHUX aceHmis,
max i 61ACHUX THQIKOBAHUX KITMUH UIAXOM D0 6e3n0cepedHbo2o ai3ucy, abo cmu-
MYIAYIT THUWUX MeXaHizMie, 6 momy Yucii iMyHHOI 8i0nogioi. [[is komniemenmy Ha
KAIMUHU ONoCcepeoKo8ana cneyianbHuMu peyenmopamu.

[Tpamroroun B [HcTHTYTI Ilactepa, XK. bopae mokasas, mo npobiemu, siKi BU-
HUKAIOTh TIiJ1 9ac TIEPEIMBAHHS KPOBI — eemazniomunayis i eemonizuc (Ha TOH dac
rpynu KpoBi 1me He Oyno Bigkputo K. Jlanmmreitnepom — HoOemianToM 1930 poky)
00yMOBIIEHI THM CaMUM MEXaHI3MOM, 110 i OAKTepioi3uc, a caMe: aKTHBHICTIO aH-
TUTEHIB 1 cienmu(iuHICTIO 1X y PI3HUX JFOACH. 3a HOro ysBICHHSIM, Pi3HI OpraHi3-
MU MaroTh 0araro mpoTeiHiB (aHTUTEHIB), SKI MOXHA 1IeHTH(IKYBaTH, BUKOPHCTO-
Byroun crnenudivuni antucupoBatku. JK. bopae mepmmM 3po3ymiB, 1Mo peaxyiio
cneyupiuHocmi KOMNIEKCi8 aHMuUeeH—anmumino, ix 63aemMoo0ito 3 KOMNIEMEHMOM
i HacmynHy npeyunimayilo MOXCHA BUKOPUCMOBY8AMU Ol GUAGIEHHS 0)0b-AKOI
peuosuHuU, 00 AKoI 8upobeHi 8i0nosioHi anmumina. 1100iOHI iMyHONO2IUHT peakyii
Jlexcams 8 OCHO8I 6a2amvox CyuacHux 1a06opamopHux Memoois, ujo GUKOPUCNOB)-
10MbCs AK 0Ia2HOCMUYHT Mecmu Ha 3aX80PI0GAHH.

VY 1899 p. XKrome bopae onpyxuscst 3 Maproro JIiBo3; B iX ciM’1 HapOIgHIHCS
nBi noubku 1 onuH cuH. B 1901 p. XK. bopae nokunys [Napmxk i mepeixas mo bproc-
CeJTro, JIe 3aifHAB MOCaAy JUPEKTOpa MIOHHO BinkpuToro [HCTUTYTY GakTepiomnorii i
MPOTUPAOIIHHX JOCIIHKEHB (3 60poThOH 31 ckazom), sikuii B 1903 p. Oyio mepeiime-
HoBaHO Ha [lacTepiBchkwmii iHCTUTYT. Ha 1iit mocaxi BiH 3amumascs 10 1940 p. ¥V
1907-1935 pp. XK. bopzae BukinamgaB 6akTepiosorito i mapa3uToiorito B bproccens-
CHKOMY YHIBEPCHUTETI.

Mertonwu, sxi XK. bopae po3BuBaB i po3poOIIsiB MPOTATOM HACTYITHOTO JIECSTH-
JITTS TSt TOBEPHEHHS 710 bproccerns, MokaieHo B OCHOBY iIMYHOJIOTIYHUX JTOCITi-
JDKEHB B 010J10T11 Ta MEIHIINHI.

3okpema, K. bopae nmokasas, 110 KOMIIJIEMEHT 3B S3Y€ThCS 3 aHTHUTEHOM 32
YMOB, SKIIIO QaHTUT'€H 3HAXOAUTHCS B KOMIUIEKC] 3 aHTHTLJIOM. 3B’ A3yBaHHS KOMILJIe-
MEHTY CIIPHYMHIOE aryTIOTHHAILIIIO epUTPOIIUTIB a00 OakTepii 1 ii MOJKHA criocTepira-
TH Bi3yanbHO. XK. bopre Ta iioro kosera Oxra JXKaHTy (40JOBIK CECTPH) 3pO3YMIIH,
IO LSl PEaKIisl — peaKyis 36 A3Y8aHHS KOMNIEMEHMY — MOdce Oymu 8UKOPUCMANA
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071 OiaeHocmuky. SIKIIO aHTUTEH 1 aHTUTLIO BIAMIOBIAIOTH OIMH OTHOMY, TO KOMII-
JIEKC aHTUT€H — QHTHUTLIO 3B’ 513y€ KOMILJIEMEHT, SIKIIIO HE BiJIMOBIA€ — KOMIUIEMEHT
3aJIMIIAETHCS BUIBHUM.

VY nuTaHHI TPO MEXaHi3M peakilii Mik aHTUTEHOM 1 aHTUTUTOM ysBiieHHs K. bop-
ne BiapizHsoch Bix ysBineHHs [1. Epmiixa. Tak I1. Eprix BBakaB, 110 115 peaxiiis € 9u-
CTO XIMIYHUM TIPOIIECOM 1 TOMY Ma€ BiZIOyBaTHCS 3aBK N 3a TICBHUX CITiBBITHOIIICHb.
Axne K. bopzae 3ayBaxxyBaB, 110 BOHA Mo1iOHa aOCOpOITii, 3a sIKOT KOMIIOHEHTH 3’ €]1-
HYIOTBCS B PI3HUX CITiBBimHOMEHHX. Touka 30py XK. bope mpeBamoBana mpoTsrom
KUTBKOX JECATHIIIT. AJie Ti3Hime Oylio JOKa3aHo, MO peaxyis Midxc cneyughivnum
catimom anmueeny (NesKi 3 HUX, K MMPABUIIO, PO3MIIITYIOTHCS HA IIbOMY TIPOTEiHI) i
OVOb-AKUM [3 080X cauimie 36 's13Y8aAHHS HA MONEKYII AHMUMINA € XIMIYHOTO.

X. Bopne po3poOHB Takox Memoo cneyughiunozo 36’s3y6aHHs aHMUeeH— aH-
MUmMino KOMIIeMeHny 3 YMBOPEeHHAM 0cady, Oinbul 8ioomutl sik peakyis Baccepma-
Ha 0ns diaenocmuku cuginicy. Meton Oyio BBeneHo B npakTuky O. Baccepmanom,
A. Heiiccepom i K. Bprokom B 1906 p. Toro x poky XK. bopzae i O. XKanry Bukopu-
CTIIA HOBI Memoou OJisl i30/1I08AHHS OAKMepiil, sIKi CNPULUHIOIOMb KAUTIOK.

B mpomy BakimmBomy Biakpurti K. bopae momomormu ioro mitu. B 1900 p.
3axBOpija Ha KaILTIOK WOTO JOHBKA. B MOKpOTI BiH 3HAHMIIIOB rpaMHEraTHBHI Oak-
Tepii, ajyie He 3MIT iX KyJIETHBYBATH B )KOJHOMY cepenopwuili. Timbku B 1906 p., komn
3axBopiB Horo cuH, XK. bopme pasom 3 O. JKanry cTBOpHIM 0COONIMBE CEPETOBH-
e (KapTOIUITHOTIIIIIEpUHOBUI KPOB’SIHUI arap), Ha sIKOMY BJaJOCs KyJIbTUBYBaTH
BIIKpUTOTO HUM 30y/IHUKA KalLTioka — OakTepito Bordetella pertussis. 11i 6axrepii
e Ha3uBarOTh OakTepisimu bopae — XKanry, a pig Gakrepiit Ha3BaHO Ha YECTh HOTO
nepmoBiakpuBada — Bordetella.

[Momanpmii gociimkeHHs: OakTepii kanuroka npusenn JK. bopre mo meproro
noBioMiieHHS B 1910 p. mpo aHTUTeHHY BapiaOenbHICTh OakTepiit (Ie 10 BITKPHUT-
Ts1 aHTHO10THKIB). Lle# (heHOMEH Mae BaJIMBe MEIWYHE 3HAYCHHS TOMY, 11O XBO-
POOOTBOPHI MIKPOOPTaHi3MH, SIKi 3[IaTHI 3MIHIOBATH CBOIO aHTUTECHHY CTPYKTYDY,
MOXYTh OyTH PE3UCTEHTHUMH JI0 aHTHUTLI 1 BAKITHH.

HobeniBebky npemiro Oyno mpucymxeno XKromo bopae B 1919 p. «3a 6io-
Kpummsi, nog ’si3aui 3 imyHimemomy, aje BpydeHo ii 0ymo B 1920 p. XK. bopxe B Toit
gac guTaB Jekiii B CIIA i Ha 1iepeMoHii BpydeHHs mipeMii He OyB TPHUCYTHIM, a
npemiro onepska ocon benprii B [IBernii. [1ix wac nmpe3enTartii maypeara Anbdpen
[Terrepcon 3 KapomiHChKOTO IHCTUTYTY Bim3HAuWB: «giokpumms JK. Bopoe, skuil
NnoKa3as, wo 66e0eHHs epumpoOyUmi6 8 Opeanizm meapur NPUEOOUMs 00 YMeEopeH-
HSL Cneyuiunux anmumii... Maaio enuKe 3HaueHHs, 0CoOUB0 Niciis Mo2o, K 0Y10
NOKA3aHO, WO YA peakyis, KA € XapakmepHolo OJisl OPeaHizMy MEAPUHU, ... € 3a-
eanvHum dionoziunum genomenom». A. llerrepcon nonas, mo Biakputts XK. bopzre
«Oyn0 ocobnuse 011 MAtlOYmMHb020 MOMY, WO B0HO NPOKIAOAE UWIAX NOOANbULUM
O0CIONHCEHHAM 6 2ay3i IMYHONO2II».

[Ti3Himne, ToCTiUKY 0N npupoory Koayrayitiny cucmemy, K. bopoe nokaszas éadic-
JIUBY POIlb I0HI8 Kabyiio I MpoMOIHY HA nepuux emanax mpomooymeopeHHts 6 Kpoei.
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[Ticnst 3akinueHHs mepinoi cBitoBoi BiitHM K. Bopme 3aliHsABCS MOCIIMTKEH-
HSIM B3aeMOIii Mk Oaktepisimu 1 6akrepiodaramu. Excnepumenmu 3 00CHioNceH s
CNAaoKy8anHs bakmepiaibHUMU KAIMUHAMU 1i302eHil (30amHicmb SUKIUKAMU PYli-
HYBAHHSA KAIMUH) O0ONOMO2TIU 3AKIACMU OCHOBY OJIsl YCRIUHUX O0OCTI0NCEHb Y MOole-
KynapHii 2cenemuuyi 6 cepeouni XX cm.

Cepen uucnennux Haropop JK. bopzae cmin BimMmituTé mpemiro M. [lapmxa
(1911), mpemiro Xancena, menanb Ilactepa LlIBeachkoro MeauYHOTO TOBAapHUCTBA
(1913). Bin OyB uneHoM OaraThOX akaaeMild i TOBapuCTB: Benbriiichbkoi KOpoiB-
cpKoi akanemii, JlJonmoHchkoro (BpUTaHCHKOTO) KOPOIIIBCHKOTO TOBAapHUCTBa, EMMH-
Oyp3BbKOTO KOPOJIIBCHKOTO TOBApUCTBA, DpaHITy3chKOT MEIUYIHOI akanemii, Amepu-
KaHCHKOI HAIlIOHAJILHOT akajieMil HayK; yI0CTOEHUH MTOYeCHUX 3BaHb TAaKUX YHIBEp-
cuteris, sk Kem6pumxk, ITapmk, CrpacOypr, ExunGypr tormo [18-20]. Moro 306pa-
KCHHS € Ha OeNbriiCchKil momToBii Mapii 3a 1971 p.

Cripx me pa3 miaKpecInuTH, 0 0CHO8HI Haykosi pobomu K. bopoe npucssaue-
HO IMYyHONOCTT. Bin 6cmanosus, wo 6 0CHOBI IMYHHUX peakyiul 1excams Qi3uKo-xi-
MIUHI npoyecu, NOKA3a68 MeXauizmu a2iomuHayii, eemonizy, npeyunimayii, 0e3iH-
moKcuxayii, 3’s1cy6as poib komniemenmy 6 peaxyii imynimemy. Pazom 3 O. XKanry
PO3pOOHB peakiliro 3B’s3yBaHHS KOMIUIEMEHTY i omucaB 30yIHUKA KalUTIOKY. Bin
po3pobus suenns npo anaghinaxcio (1921 p.) i meopiro 6axmepiogacii, a maxoaic
3anpononyeas meopiro 3cioanns kposi. HaykoBe 1 mpakTUYHE 3HAYEHHS IUX POOIT
Ba)KKO TICPEOIIIHHTH.

[Tomep XKroms Bopae Ha 91-My pomi xutTs 6 kBiTHA 1961 p. y bproccenbckomy
CTOJIMYHOMY peTioHi, benbris.

Kapa Jlangmreiinep

VY 1930 p. HobGeniBcbky mpemito 3 (i3ioorii Ta MEIUIIMHU OJIepKaB aBCTPili-
ChbKO-aMepUKaHChKHA Oaktepionor Ta imyHosor Kapa Jlanamreiinep «3a 6io-
Kpummsi 2pyn Kpoei 00uHu», 10 a0 MOXJIHMBICTh PO3NOYATH HOBI HAIPSMH
JOCITI/DKEHb B 0araThb0X HAYKOBUX TalIy3sX, OCOOJIMBO B iIMYHOJIOTII, 1 JIO3BOJIAIIO
JOCSITTH BEJIMKHUX YCITIXIiB Y TPAKTHYHINA METUITUHI.

Kapn Jlanowmeiinep (1868 — 1943)
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.JIaHumTep"mep Kapn (uim. Karl Landsteiner) Hapoauscst y Bigni B ciM’1 Bu-
JIaBIIS Ta3eT 1 mypHanlcTa Jleononpaa 1 @anni (I'ecc) .HaHI[IJ_ITeI/IHeplB

Komn Kapny Oyno 1IicTh pOKIB foro 6aTbKO MOMEp 1 XJIOMYMKA BHXOBYBasa
Mmaru. [Ticas 3axinuenns rimuasii B 1885 p. Kapn BerynuB 1o meauuHoi mkonu Bi-
JICHChKOTO yHiBepcuteTy i B 1891 p. omepkaB menuunwmid aumuioM. Tomi K BiH 3a-
XOTIMBCS XIMI€F0, IKy BUBYAB IIIE€ TIPOTSATOM I’ SITH POKiB y Broproyp3i, MroHxeHi i
Iropixy. ¥V 1896 p. K. Jlanameitnep moBepHyBcs 10 BifHs, e cTaB mpaioBaTH Ha
kadenpi ririean BineHncpkoro yHiBepcutety. Came TaM BiH 1 3aIliKaBHBCS IMYHOJIO-
rieto.

Ha Toii yac iMmyHOJIOTis TUTBKH CTaBajia HayKOBOIO AUCIHITIIHOIO, SKYIOUYH PO-
060TaM HOro reHiabHUX MONEePeIHUKIB, PO SKUX MM MTUCAIU BHIIE: TaK, y 1890 p.
E. Bepinr BUsSBHB, 1[0 IMYHITET, SIKUI OpraHi3M HaOyBae MPOTH 3aXBOPIOBAHb ITiCIIs
BaKIIMHAaIlii 200 IepeHeceHol XBopoOr, 00yMOBIICHUI THM, 110 B OPraHi3Mi JIFOJHHA
MMOYMHAIOTh YTBOPIOBATHCS aHTHUTLIA, SKi 1 B3aEMOJIIIOTh i3 XBOPOOOTBOPHUMHU Mi-
KpoopraHizMaMu abo IXHIMH TOKCHHAMH 1 THM CaMHM iX 3HEIIKOJKYIOTb.

Yepes mrictb poki XK. bopne mokaszas, 1o nepeinuBaHHs KPOBi OXHOTO BUIY
TBapyH JI0 IHIIOTO TPU3BOIUTH IO arIIOTHHAII Ta pyWHYBaHHS €PHUTPOLUTIB.
K. bopae 3po3ymiB, 10 Taki €peKTH CHPUINHIOIOTh aHTHTLIA, SKi BHPOOISIFOTH-
Csl B TBApPUHU — PEIUITIEHTA, 1 TpoTeiHaMKu a00 aHTUT€HAMH TBApUHU — JAOHOpaA. Y
CBOIX MEPIIMX TOCHIKCHHAX 3 BUBYCHHs Iii aHTUTLI (1896 p.) K. Jlanamreitaep
BCTAHOBHB, IO JJAOOPATOPHI KyJIbTypH OaKTepiii MOXKyTh OyTH ariIFOTHHOBAHI 3a
JI0ZIaBaHHs IMYHHOT cupoBaTKu. OCKUTBKH BiH XOTIB MOBHICTIO 30CEPEIUTUCH HA
JOCITI/DKEHH] IMyHITETY, TOo B 1898 p. mepeiinioB Ha kadeapy marojJoriYHoi aHaToMii
Binencwkoro yniBepcurery. Tam K. JlanamreitHep po3novaB MpairoBaTy Imi1 KepiB-
HUIITBOM AHTOHA Beiixcenbbayma, sIKuii B CBiif yac BUSBHB 36y,Z[HI/IKiB MEHIHTITY 1
nmHeBMOHii. Ik acucteHT A. Beiixcenpbayma K. .HaHI[H_ITeI/IHep poBiB 3639 po3Tu-
HiB, IO JO3BOJIWJIO HOMY IIMOOKO BHBYMTH MEAMLIMHY 1 MaT¥ 3HaYHUH MaTOJIOrO-
aHaromiunuii nocBia. Ha niit kadenpi K. Jlanamreiinep npooBKUB MpaioBaTH B
rairy3i ¢i3i010rii Ta IMyHOJIOT1I.

Y 1900 p. K. JlanamreitHep onyOiikyBaB CTaTTIO, B sIKiil OyJ10 PO3KPHUTO CYTh
OJTHOTO 3 HOTO HAaWBAKJIMBIIINX BiIKPUTTIB: arlIFOTHHAILIS, sIKa Bi0OyBa€eThCs y pasi
3MIIITyBaHHS IJIa3MU OHI€T JTIOMWHU 1 EPUTPOLIUTIB KPOBI 1HIIOT — 11e (hi3iooriune
sIBUIIE. B 1IbOMY 7 pOIIi BiH B3sIB KPOB y ce0€ 1 IT’ATH CBOIX CITIBPOOITHHKIB, BiJI0-
KPEMUB CHPOBATKY BiJl epUTPOIUTIB IICHTPU(PYTYBAHHSM 1 3MillIaB OKpeMi 3pa3Ku
EPUTPOLIUTIB 13 CHPOBATKOIO KPOBI PI3HUX CHIBPOOITHHKIB 1 CBOEKO. 32 HASIBHICTIO
a0o BiacyTHicTIO anmroTrHaii K. Jlanamrelinep B criibHil po6oTi 3 JI. IHChKUM y
1901 p. onucas npocmuii cnocib posoinenns kpogi noounu na mpu epynu: A, Bi C
(ocmanmio epyny 6 nooanvuiomy cmanu nozuavamu sax 0). [izniwe 3 ’seunace uem-
eéepma epyna — AB, axy éiokpunu tioco yuni A. IlImypni ma A. /lexacmenno.

Jlnist po3iieHHs KpOBi Ha TPYIH 3MIITyBajIl €PUTPOLUTH 3 TPOOIEMHUMHU CH-
poBaTKaMu — TaK 3BaHMUMH cHpoBaTkamu aHTH-A 1 antu-B. K. Jlanmmrelinep Bu-
SBUB, 110 €pUTpOUUTH rpynu (0 HE amTIOTHMHYIOTHCS JKOJHOIO 3 aHTHCHUPOBATOK;
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epuTponuTH rpynu AB anmoTHHYIOTbCS 000Ma CHPOBATKaMM; €PUTPOLIUTH TPYyIIN
A — arTIOTHHYIOTBCSI CHPOBATKOIO aHTH-A, a HE arIIOTUHYIOTHCS CHPOBAaTKOIO aH-
TH-B; epurpounTtn rpynu — B armoTHHYIOTECA CHPOBATKOIO aHTH-B, ane He amo-
TUHYIOTBCS CHPOBATKOIO aHTH-A. B cupoBarii rpynu kpoBi 0 3HAXOAATHCS TPYTIOBI
aHTHTLIA aHTH-A 1 aHTH-B; B cpoBariii KpoBi A 3HAXOIATHCS TUIBKH aHTUTIIA aH-
TU-B; B cupoBartii kpoBi B — anTHTINNA aHTH-A, a B cupoBartiii rpynu AB rpymosi
aHTHTLIA BiCYTHI. TakuM 9uHOM, 3a hopmyroro JlanamTeitHepa y cupoBaTIli KpOBi
3HAXOMATHCS TUTHKH Ti aHTUTLIA (130aITIOTUHIHM), SIKI HE anIFOTUHYIOTh €PUTPOIIH-
TH i€l TPyIH. «B opearizmi 100unu anmueer epynu Kpogi (a2niomuHo2er) i anmu-
mina 00 Hb020 (A2NOMUHIHU) HIKOAU He ICHYIOMb PA30OM (0OHOUACHO)).

I xoua MeToz BU3HAYSHHS TPy KpoBi 1o JlanamreitHepy Oyno BIPOBaKEHO B
MIPAKTHKY TUTBKH Yepe3 JACKiTbKa POKIB, BiH JaB MOKIJIHMBICTh 0€3 YCKIIaJHEHB Tie-
penuBaTH KpOB BiJ OAHI€l TronuHU 10 iHmoi. A komu B 1914 p. Piwapn JIproicon
BHSIBHB aHTUKOATYJIAIIHHI BITACTUBOCTI IUTPATy HATPIIO, TO 3’ IBUIIACH MOXKIIUBICTh
30epiraTi JOHOPCHKY KPOB B YMOBaX ii OXOJOMKEHHSI IO TPHOX THKHIB.

K. JlannmreitHep 3a1iikaBUBCS MATAHHSIM, UM iICHY€ i 1HIIIA PI3HUIII MK KPOB TO
PI3HUX JTIONIEH, 1 BUCJIOBHB MPUITYIIICHHS, 1110 1HIWBITyaabHi BIACTHBOCTI KPOBI BH-
SIBJISTFOTHCS B 1i aHTUTEHHUX 0COONMMBOCTIX. BiH BBaXkaB, 1110 3a IIMMH OCOOIMBOCTSI-
MH, 5K 32 BiIOMTKaMH TJIbIIiB, MO)KHA BIIPI3HUTH OIHY JIFOAMHY Bif iHIIoi. Komn
K. Jlanmmreiinep oOTpyHTOBYBaB CBOIO TIIOTE3y CEpOJIOTiuHOI igeHTHdiKamii, BiH
1Ie He 3HaB, 10 TPYIH KPoBi caaAKyroThes. Timbku B 1910 p. Emine ¢pon /[yneepn i3
CHiBPOOITHUKAMH TPHUITY CTHJIIH, IIIO TPYTIHA KPOBI JIFOIMHU ITEPENAlOTHCS Y CIaIoK. B
1924 p. us rinote3a Oyna nepeBipeHa MatemMatnyHo b. bepHmreliHoM 1 micis mboro
KOHIICTIIIISI yCIIaKyBaHHS TpyN KpoBi Oyina Bu3HaHa BueHUMH. CepoJoTiuHi reHe-
TUYHI METOIM IIMPOKO BUKOPHUCTOBYBAJIMCH 0araTo pokKiB y KPUMIHAIICTHUII Ta B
eKCIIepTU3ax i3 BCTAHOBJICHHS 0aThKiBCTBA, MOCTYIHUBIINCH MICIIEM B OCTaHHI POKH
metoxy aHamizy JIHK. BuBuaroun ¢i3ionorigHi MexaHi3MHU XOJI0J0BO1 arTFOTHHAITI T
epurpouutiB K. Jlaummreiinep paszom i3 [Dxyniycom JloHarom po3poOunm cnocio
0IacHOCMUKU NAPOKCUSMATLHOI X0N00080I 2eM02N00IHYpil, AKUU OMPUMA8 HA38Y
memoo onama — Jlanowmeunepa. Ha Bingminy Bin I1. Epmiixa, sxuii BBakaB, 110
e sIBUIIEe OOYMOBIICHO TATOJIOTIYHIUMH 3MIHAMHU €HIIOTEJiI0 KPOBOHOCHUX CYIWH,
K. Jlanamreitaep m0kasaB, 0 TeMOITIO0IHYPisl 3yMOBJICHA aHTUTEHOM (T€MO-JTi3H-
HOM), SIKUH ITiCTIS [Tii XOJIOy B3a€EMOJIIE€ 3 EPUTPOIIMTAMH, a KOJIM KPOB 3HOBY HArpi-
BA€THCS, CIPUUMHIOE TXHINA TeMOJTI3.

[Tpamroroun roJIOBHUM IaTOJIOTOaHATOMOM Yy BiZeHCHKi KOpOIIBCHKIM iMmep-
cpkiid kiiHi Bimsreasmiam B 1908—1919 pp. K. Jlangmreiinep 30cepennB CBOIO
yBary Ha BUBYCHHI noJTioMieniTy. OCKITbKY BiH HE 3MIT BUALTUTH 13 CTUHHOTO MO3-
Ky JiTeH, sIKi 3aTMHYJIN BiJ] IOMIOMIENITY, OaKTepii, TO MPUITYCTUB, 110 XBOPOOY BH-
KIIMKa€ HEB1IOMHIA Bipyc.

VY 1923 p. K. Jlanamreitaep nepeixaB no Crnomydenux IlltariB Amepukn Ha
poboty B PokdermnepiBchkuii IHCTUTYT MEIUIHHUX JOCTiKEHB (3apa3 — Pokderne-
piBchKkHii yHIBepcuTeT) i B 1929 p. orpumaB rpomansacTso CIIIA.
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HoGemiBchbky mpeMiro 3 ¢i3ionorii Ta MEIUIIUHU «3a 8I0Kpumms 2pyn Kposi
y ar0ounuy BiH onepkaB y 1930 p., maibke depe3 30 pokiB Imicist OmyOIiKyBaHHS
pe3ybTaTiB cBOiX fociimkensb. Y 1940 p. K. Jlanamreitaep i #ioro xomern O. Bi-
HHep Ta D. JleBin onucanu me oguH (HaKTop KPOBIi JIOIUHH — MAK 36aHULL pe3)cC,
abo Rh-¢haxmop i mum camum 6yn0 3’5C08AHO 38 SA30K MIidC Yum axmopom i ee-
MONIMUYHOIO HCOBMAHUYEIO Y HOBOHAPOOJCceHUX. BUSABUIOCH, 10 SKIIO B MaTepi
pesyc-hakrop BincyTHi# (pe3yc-(hakTop HETaTHBHHIA), TO PE3yC-TMO3UTHBHUM TLTI/T
MOKE TIPUBOAMTH JI0 YTBOPSHHS B MaTepi aHTHUTLI MPOTH pe3yc-pakTopa Iuioaa.
CaMe 111 aHTHTINIA CIPUYUHIOIOTH TEMOJI3 epPUTPOIUTIB TUIONA, TeMOTIIO0IH TIepe-
TBOPIOETHCS Ha OLTipyOiH, IO 1 CTA€ MPUIMHOIO )KOBTSIHHIII.

O. Binnep, K. Jlanowmeiinep, @. Jlesin i [[oic. Maxoni ¢ 1946 p. 6yiu yoocmo-
eni npemii Anvboepma Jlackepa (K. Jlanowmetinep nocmepmuo) 6 2any3i KAiHiYHUX
MEOUYHUX OOCTIONCEHb 3a 8IOKpumms i docioxcents Rh-¢haxkmopa.

K. Jlanmmretinep momep 26 depBHs 1943 p. Big ceprieBoro Hamamy I 9ac po-
60TH B Taboparopii.

Bin MaB BenmuKy KUTbKICTh HAropoj i TOYeCHUX 3BaHb 1 OyB WIEHOM Oararbox
HAIlIOHAJTbHUX Ta MEIUYHHUX aKaJeMii, a TAKOK KaBaJiepoM (hpaHIy3bKOTO Op/eHa
[TouecHoro neriony [ 21-24].

Kapn Jlanowmetinep 8éasicacmuvcs 3acCHOBHUKOM IMYHOXIMIE ma IMyHOoz2eHemu-
Ku. Benuke 3HaueHHS U pO3BUTKY IMYHOJIOT11 MaJIO POBEACHE HUM JIOCTIKSHHS
KOMIUIEKCHUX aHTUTEHIB, SIKe TTOKa3aJo, 0 CHenu(idHICTh aHTUTCHY BH3HAYA€TH-
Csl HE BCI€I0 HOTO MOJIEKYJOIO, @ JIETEPMiIHAHTHOKO TPYIOK — TMEBHUM XIMIYHUM
pamgukamoM. ToOTO cBOIMH KIaCHYHUMH POOOTaMH 13 crienu(igHOCTI aHTUTEHHUX
JIETEPMIiHAHT, IITYYHUX aHTUTEHIB, 13 CTPYKTYpH 1 pyHKIii ranTeniB K. Jlanamreii-
HEp 3aCHYBaB iIMyHOXIMIO.

Ane naticonogniwum, Ha Hauty OymMKY, € me, wo ysa Jlroouna epsamyeana scumms
minviionie arooeti. Came Kapn Jlanowmetinep 8i0kpus womupu epynu Kposi i ye 6u-
ABUNOCS 2PAHOIOZHUM NPOPUBOM Y MEOUYUHT. 3 YbO20 MOMEHNY CIAJIO0 3DO3VMINUM,
WO NAYIEHMAM He MOJCHA neperusamu Kpoe 6y0b-aKoi 11oounu. Aou neperusanus
oyno besneunum, nompioHO 8UKOPUCTOBYBAMU MINbKU MY SPYNY KPOGI, AKA € iy
x60poeo. B 38 s3ky 3 yum 6 mpasni 2005 poxy, na 58-u cecii Bcecgimuvoi acamonei
0XOpOHU 300p08 s 6 JKenesi 6y10 nputinamo piwenns 14 uepsHs (0eHb HAPoOIICceH-
ns Kapna Jlanowmetinepa) wopiuno nposooumu Bcecgimuiii 0eHb 0OHOpa Kposi
(Pezonmoyis WHAS5S.13).

Hanpukinami cmig Haromocuty, mo HoOemiBCebKy MpeMiro — HaWPpeCTIKHITTY
HayKOBY Haropojy — He pa3 OTPUMYBAJIM BUCHI, SKi TPAIOBAJIN B TaTy3i IMyHOJIO-
rii i mpo skuxX Tpeba mie pa3 sragaru: Tak, B 1901 p. mepmry HoGemiBebKy mpemito
orpumaB Emine Anonbd on bepinr «sa pobomy i3 cuposamrosoi mepanii, 20106-
HUM YUHOM 34 T 8CUBAHHS O/ NIKYBAHHA Ouhmepii, wo 8IOKpULO HOBL WIAXU 8
MeOUYHIN Hayyi | 0ano 8 pyKuU iKapie 36UMSiCHY 30p0oio npomu Xeopoou i cmepmiy,
y 1908 p. I1. Epmix Tta I. MeunukoB oxepxkanu HoOenmiBChbKy Mpemito 3 MEIUIIHHA
Ta i3i0M0Tii 30 cmeopenHs KAimuHHo-2yMopaivhoi meopii imynimemy; y 1913 p. —
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1. Pitre — «na 3nax suznanns tioco podim 3 anaginarciiy, y 1919 p. — XK. bopae —
«3a BIOKpUmMmS, No8 s13aHi 3 IMyHimemom (Poib KOMNJIEMEHMY, MeXaHizmu npeyu-
nimayii, aemiomunayii...»; y 1930 p. — K. Jlanmmreiitnep — «3a giokpummsi epyn
Kkposi nroounuy. 1 akmo HoGenmiBebki maypeat B ramysi (i3iosorii Ta MEIUIMHH,
PO SKUX WIUTOCS B I CTATTi, 3pOOMIIM BarOMHiA BHECOK B PO3BUTOK HAWCKIIA-
HIIIOI Cy9acHOi HayKH — IMYHOJIOTIi — Ha modaTky XX CT., TO HACTYITHI TTOKOJIIHHS
IMYHOJIOTIB 3HAYHO TOTJIMOWIIM HAIlll 3HAHHS TPO MOJICKYIISIPHI MEXaHi3MHU (QyHK-
[IOHYBaHHS IMyHHOT CHCTEeMU. L]i pobomu 3aKaaiu 0CHO8U CYHACHOI MONEKYIAPHOL
IMYHONOCII — HAYKU npo opeauizayiio i pobomy IMyHHOI cucmemu, sKa € eghekmue-
HUM Oap’'epom 8 po3nizHa8aHHi i BIOOKPEMAEHHI 8 HCUBOMY OP2AHIZMI «UYHCO20» IO
«C8020).

NOBEL LAUREATES OF THE EARLY 20TH CENTURY

E. BEHRING, LMECHNIKOY, P. EHRLICH, C. RICHET,
J. BORDET, K. LANDSTEINER AND THEIR CONTRIBUTION
TO THE DEVELOPMENT OF MOLECULAR IMMUNOLOGY

The discoveries of immunologists have often been recognized as the most
significant in the field of medicine and physiology, since the immune system is
extremely vital for the organism, and the study of the principles of its functioning is
of fundamental importance to the prevention (vaccination), diagnosis and therapy
of many diseases. This article refers to the scientists of the early twentieth century,
who received the most prestigious scientific award — the Nobel Prize in Physiology
or Medicine and who built the groundwork for the development of immunology
as a science. Thus, in 1901, E. von Behring received the first Nobel Prize “ for
his work on serum therapy, especially its application against diphtheria, by which
he has opened a new road in the domain of medical science and thereby placed
in the hands of the physician a victorious weapon against illness and deaths”;
in 1908, 1. Mechnikov and P. Ehrlich received the Nobel Prize in Physiology or
Medicine for the creating of the cellular and humoral theory of immunity, in 1913 —
C. Richet — “in recognition of his work on anaphylaxis”; in 1919 — J. Bordet — *
for his discoveries relating to immunity (the role of complement, mechanisms of
precipitation, agglutination...)”; in 1930 — K. Landsteiner — * for his discovery of
human blood groups”. Their works spurred the development of modern molecular
immunology — the science of the organization and function of the immune system, as
an effective defense barrier in the living organism, which recognize and distinguish
between “self” and “non-self”.

Keywords: the Nobel Prize, E. Behring, 1. Mechnikov, P. Ehrlich, C. Richet,
J. Bordet, K. Lansteiner, molecular immunology.
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JAYPEAT HOBEJIBCHKOI TPEMIi EPBIH IIIPEJIHTEP:
®I3UK, PLIOCO® I XPEHIEHUN BATHKO MOJIEKYJIAPHOI
BIOJIOI'TI TA TEHETUKH

Bruckyua knuea «ILl{o make scumms? Qizuunuii acnexm HCusoi KAimunuy 8i00o-
Mo20 ascmpiticvkoeo Qizuxa — naypeama Hobeniscokoi npemii’ Epsina [llpedineepa
cmana 80an0 cnpoboio YCyHymu po3pue misxc ¢izuxoro ma odionoziero. Dinocogp-
CbKA OYMKA 0OOHO20 3 OCHOBONOJLONCHUKIG KBAHMOBOT MEXAHIKU HAOUXHYA 11020 PO3-
STAHYMU 3A2A0KY HCUMmSA Kpizb npusmy Keanmoegoi ¢izuxu. Buoamnuii ¢isux 3oce-
Peouscst Ha MepMOOUHAMIYT HCUBUX OP2aAHIZMI8 ma npupodi cnaokogocmi. Ilpedin-
2ep 66i68 NOHAMMSA He2AMUBHOI eHmpOnii, 3anpPoONoOHY8as i0er 2eHeMUUHO20 KOOY |
CMBepoI*CcY8as, Wo 2eHeMUYHUL Mamepial NOSUHEeH MAmu Heno8MmMopHY MONEKVIAD-
Hy cmpykmypy. Bin posenaoas monexkyny sk meepoe mino — anepioOuyHuil Kpucma.l,
AKULL ymeopioe cnadkosy pevosury. Hezeaoicaiouu na me, wo KHuea 8UKIUKALA Pi3Hi
inmepnpemayii, a ioei, suxiadeni 6 Hitl, OViu 8I0KOPULOBAHT NIZHIUUMU HAYKOBUMU
pospobkamu, came Lllpedinecep npoxaas wiasx 0as MauOymuix O0OCTIOHUKIE 2eHis:
1020 KHU2A HAOUXHYIA HACMYNHE NOKONIHHA 8YeHUX BIOUYKY8AMU CeKPemHUli KOO
orcumms, sxuii 6ye epewmi-pewm 3naiioenuii. Hozo eudamuuti meip i doci 3anu-
Waemvpcsi OOHUM I3 HAUIUOWUX 86CMYNI8 00 NpeomMemy i BUKIUKAE HOBI NUMAHHS.
Teniui [lIpeoineepa smintoe Haw noensio Ha npupooy ma CymHicms JHCUMmsL, CmMeo-
PIOIOYU CMapmosuti Mauoan4uk 0jisi HO80i MPAHCOUCYUNTIHAPHOT NApaousMu, Kd
Modice cnpusimu po3pobyi eounoi meopii 6cboco 6 oyci ginocoii lllpedineepa.

Kurouosi caoBa: Epsin [llpedincep, pisuauns lllpedinecepa, napadoxc xoma
Llpedineepa, keanmoea meopis, HecaMUeHa eHMPONia, WUPPY8alIbHUL KOO, ane-
pioduunu kpucman, Beoanma.

NOBEL PRIZE WINNER ERWIN SCHRODINGER: THE
PHYSICIST, PHILOSOPHER, AND GODFATHER OF
MOLECULAR BIOLOGY AND GENETICS

The brilliant book “What is Life? The Physical Aspect of the Living Cell”
authored by the prominent Nobel Prize-winning Austrian physicist Erwin Schrodinger
became a successful attempt to bridge the gap between physics and biology. The
philosophical thought of one of the founders of quantum mechanics inspired him to
look closer at the enigma of life through the lens of quantum physics. A prominent
physicist was focused on the thermodynamics of the living organisms and the nature
of heredity. Schrodinger introduced the concept and notion of “negative entropy”,
suggested the idea of a genetic code and argued that the genetic material had to
have a non-repetitive molecular structure. He considered a molecule as a solid —
aperiodic crystal that forms the hereditary substance. Despite the fact that his book
provoked different interpretations and his ideas were modified by later scientific
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development, it was Schrodinger who paved the way for the future research of
genes. his book inspired the next generation of scientists to look for a secret life
code, which was eventually found. His outstanding writing is still one of the most
profound introductions into the subject and raises new questions. Schréodinger’s
genius reshapes our view on the nature and essence of life creating a launching pad
for the new transdisciplinary paradigm, which can contribute to the development of
a unified theory of everything in the spirit of Schrodinger s philosophy.

Keywords: Erwin Schréodinger, Schrédinger equation, Schrodinger's cat
paradox, quantum theory, negative entropy, code-script, aperiodic crystal, Vedanta.

e

Erwin Schrodinger (1887 — 1961 ) [1]

Nowadays, the scientific community is increasingly aware of the need to have a
comprehensive approach to the development of a new scientific paradigm of life. An
exploration of living matter is actually at the mercy of life sciences, however, living
organisms as a special form of matter could be understood deeper within the frame
of a multidisciplinary approach to these objects [2; 3; 4]. This idea is not new. At
all times, representatives of various scientific disciplines have tried to comprehend
and interpret the phenomenon of life. They would like to exclaim as Flaubert’s St.
Anthony: “O joy! O bliss! I have beheld the birth of life! I have seen the beginning of
motion” [5]. For example, the ancient Greek philosopher Aristotle in the 4™ century
BCE put forward the assumption that all living organisms are likely to have innate
purposes and they are drawn towards them.

In the 17" century, the teleological concept gave way to the mechanistic
explanation of both the world as a whole and living organisms in this world. In
Newton’s universe, all its parts are subject to the universal laws without any innate
predisposition or goal. The world is a kind of a cloak mechanism. This mechanistic
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explanation of living creatures found its completion in La Mettrie’s “Man a
Machine” [6]. And for many decades, scientists had lacked reliable knowledge on
the transformation of inanimate matter into living matter.

One of the attempts to bridge the gap between natural sciences and life sciences
resulted in 1944 in the publication of the book “What is Life? The Physical Aspect of
the Living Cell” authored by the prominent Nobel Prize-winning Austrian physicist
Erwin Schrodinger (1887 — 1961).

Erwin Rudolf Josef Alexander Schrodinger was born on August 12, 1887, in
Vienna, Austria. He was the only child of Rudolf Schrodinger, botanist and cerecloth
producer, and Georgine “Georgie” Emilia Brenda Schrodinger (née Bauer) —
daughter of Alexander Bauer, Rudolf’s professor of chemistry in the Technical
College of Vienna [7; 8].

Georgine and Rudolf Schrodinger [9]

Erwin’s father was a Catholic, and his mother was a Lutheran. Despite the fact
he grew up as a Lutheran, Erwin considered himself to be an atheist while showing
a great interest in Eastern religions and pantheism: “I was born into an environment,
I do not know where I came or whither I go or who I am... We try to discover what
we can about the spatial and temporal context in which we were born, we were
located. And in this effort, we find joy, we find it extremely interesting (even if not
the purpose for which we are here?)” [10].

Until 11 years old, Erwin had a private education at home. In 1898, he entered
Vienna’s Akademisches Gymnasium, where he was a gifted student. His interests
lay in physics, math, languages, and poetry [7]. He wrote later: “I was a good student
in all subjects, loved mathematics and physics, but also the strict logic of the ancient
grammars, hated only memorizing incidental dates and facts. Of the German poets,
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I loved especially the dramatists, but hated the pedantic dissection of their works”
[11,12].

In 1906 — 1910, Erwin Schrodinger studied at the University of Vienna
under F.S. Exner and F. Hasenohrl, Boltzmann’s successor, whose lectures on
theoretical physics had a great impact on Schrodinger. A future Nobel Prize winner
deeply studied analytical mechanics, application of partial differential equations
to dynamics, eigenvalue problems, Maxwell’s equations, electromagnetic theory,
optics, thermodynamics, statistical mechanics, calculus, algebra, function theory,
mathematical statistics, differential equations, algebraic curves, continuous groups,
projective geometry. He also conducted experimental work with K.W.F. Kohlrausch
[8]. Schrodinger acquired a mastery of eigenvalue problems in the physics of
continuous media, which became the foundation for his future work. In 1910,
Schrodinger received his doctorate in theoretical physics at the University of
Vienna. His dissertation was titled “On the conduction of electricity on the surface
of insulators in moist air” [13].

Since his young age, Erwin was influenced by A. Schopenhauer and his seminal
work “The World as Will and Representation” [14] and became interested in
philosophy and color theory.

Enthusiasm for Schopenhauer’s philosophy was reflected in Schrodinger’s
lecture delivered at Trinity College in 1956: “When an archaeologist reconstructs a
city or a culture long bygone, he is interested in human life in the past, in actions,
sensations, thoughts, feelings, in joy and sorrow of humans, displayed there and
then. But a world existing for many millions of years without any mind being aware
of it, contemplating it, is it anything at all? Has it existed? For do not let us forget:
to say, as we did, that the becoming of the world is reflected in a conscious mind is
but a cliche, a phrase, a metaphor that has become familiar to us. The world is given
but once. Nothing is reflected. The original and the mirror-image are identical. The
world extended in space and time is but our representation (Vorstellung). Experience
does not give us the slightest clue of its being anything besides that — as Berkeley
was well aware” [15, p. 135-136]. In 1911, Schrodinger became an assistant to
Exner and conducted practical work for students.

During World War I, Ervin Schrédinger was drafted into military forces,
where he served as an artillery officer [16]. After World War I in 1920, he married
Annemarie Bertel.

The same year he became an assistant to M. Wein at the Jena University, then
obtained the position of extraordinary professor in Stuttgart, an ordinary professor in
Breslau, and then he settled for six years at the University of Zurich. The intellectual
atmosphere in Ziirich inspired Schrodinger and he became engaged in a variety of
subjects in theoretical physics. Here he dealt with specific heats of solids, problems
of thermodynamics, atomic spectra, and physiological studies of colors [16].

Erwin Schrodinger explored the atomic structure and later — quantum statistics.
The idea on the wave nature of electrons developed by the prominent French physicist
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L. de Broglie had a great impact on Schrodinger, and this became a turning point
in the direction of his research. Very soon Schrodinger made his most important
contribution to physics — wave equation that is now known as the Schrodinger
equation. Schrodinger’s theory described the behavior of the particles of matter that
have a dual nature and in some situations act like waves. Schrodinger equation is
a linear partial differential equation that predicts the future behavior of a dynamic
system. As a wave equation in terms of the wave function, it “predicts analytically
and precisely the probability of events or outcome” [17].

M. Planck described Schrédinger’s contribution into physics as “epoch-making
work”, while A. Einstein said that “the idea of ... work springs from true genius” [11].

Max Planck (1858 — 1947) [18] Albert Einstein (1879 — 1955) [19]

Schrodinger equation became the fundamental equation of quantum mechanics
and contributed to the formation of the basis for Schrodinger’s scientific research
that resulted in his Nobel Prize in Physics. In 1933, the Nobel Prize in Physics was
awarded jointly to Erwin Schrodinger and Paul Dirac “for the discovery of new
productive forms of atomic theory” [20].

On December 10, 1933, Professor H. Pleijel, Chairman of the Nobel Committee
for Physics of the Royal Swedish Academy of Sciences during the Presentation
Speech stated: “Professor Schrodinger. Through a study of the wave properties of
matter you have succeeded in establishing a new system of mechanics which also
holds good for motion within the atoms and molecules. With the aid of this so-
called wave mechanics you have found the solution to a number of problems in
atomic physics. Your theory provides a simple and convenient method for the study
of the properties of atoms and molecules under various external conditions and it
has become a great aid to the development of physics™ [21].
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In 1927, Schrodinger left his position in Zurich and joined the Friedrich Wilhelm
University in Berlin, where he became a colleague of A. Einstein. He was elected to
the Berlin Academy of Sciences at the age of forty-two being the youngest member
of it. Here he remained till 1933 when he decided he could not live in a country
where Nazi’s anti-Semitism became the rule of the political game. He moved to
the United Kingdom becoming a Fellow of Magdalen College at the University of
Oxford.

After an intense exchange of letters with Einstein in 1935, Schrodinger devised
his famous thought experiment known as Schrodinger’s cat: “A cat is in a box with
a source of poison gas that would be triggered (or not) by the decay of one electron
in one direction or another. Because of the uncertainty of the electron’s behavior,
there exists a moment in time when the observer is unsure whether the cat is alive or
dead, and in some sense, it’s both!” [7].

Schrodinger aimed to illustrate the problem of applying quantum theory to our
daily life. “Schrodinger’s cat” paradox gave rise to many physical, philosophical,
and pseudo-scientific interpretations that in fact had little to do with Schrodinger’s
primary ideas to show the absurdity of the Copenhagen interpretation of quantum
mechanics. Fortunately, no cat was harmed during a thought experiment.

In 1937, Schrodinger received the Max Planck Medal. He had traveled and
worked in Austria, Belgium, the Pontifical Academy of Science in Rome until he
got an invitation from Irish Prime Minister E. de Valera to work at the Institute for
Advanced Studies in Dublin, Ireland, heading its School for Theoretical Physics.
He became Director of the School for Theoretical Physics in 1940 and remained in
Dublin until the mid-1950s. In 1949, Schrédinger was elected a Foreign Member of
the Royal Society. In 1956, Schrodinger returned to Vienna, where he continued his
career as professor emeritus at his Alma Mater [23]. The brilliant physicist Erwin
Schrodinger died of tuberculosis on January 4, 1961, in his hometown of Vienna.

Erwin Schrédinger was unconventional both in his private life and in his search for
knowledge and truth. He was distinguished by his extraordinary intellectual versatility.
Trying to unite gravity, electromagnetism, and nuclear forces within the framework
of General Relativity, Schrodinger worked on a Unified Field Theory, but being
criticized by Einstein he gave up his work.

Schrodinger was deeply involved in philosophy and metaphysics. He summarized
his study of the ancient Greek philosophy and science in his book “Nature and the
Greeks” (1954).

His life-long interest in the Vedanta philosophy reflected in his book “My
View of the World”, where he developed an idea on the possibility of an individual
consciousness to be just a manifestation of a unitary consciousness.

Schrodinger put it in the following way: “Looking and thinking in that manner
you may suddenly come to see, in a flash, the profound rightness of the basic
conviction in Vedanta: it is not possible that this unity of knowledge, feeling and
choice which you call your own should have sprung into being from nothingness
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at a given moment not so long ago; rather this knowledge, feeling and choice are
essentially eternal and unchangeable and numerically one in all men, nay in all
sensitive beings. But not in this sense — that you are a part, a piece, of an eternal,
infinite being, an aspect or modification of it, as in Spinoza’s pantheism. For we
should then have the same baffling question: which part, which aspect are you?
What, objectively, differentiates it from the others? No, but, inconceivable as it
seems to ordinary reason, you — and all other conscious beings as such — are all in
all. Hence this life of yours which you are living is not merely a piece of the entire
existence, but is in a certain sense the whole; only this whole is not so constituted
that it can be surveyed in one single glance. This, as we know, is what the Brahmins
express in that sacred, mystic formula which is yet really so simple and so clear: Tat
tvam asi, this is you. Or, again, in such words as ‘I am in the east and in the west, |
am below and above, I am this whole world’” [25, p. 24].

Schrodinger’s philosophical thought inspired him to look closer at the enigma
of life through the lens of quantum physics, and eventually he ‘invaded’ the territory
of life sciences that resulted in his book “What is Life? The Physical Aspect of the
Living Cell” [26].

WHAT IS LIFE?

Phe Phyeient Aspeet of the
Lirving el

CAMBRIDGE
I UREVRISITY L

154

This famous book was based on Schrédinger’s lectures conducted in Dublin
in 1943. Physical concepts were transferred into biology that led to its progress. A
prominent physicist was focused on the thermodynamics of the living organisms
and the nature of heredity.

Schrodinger introduced the concept and notion of “negative entropy”, which
he explained as entropy, taken with the negative sign. As far as living organisms
delay the decay into thermodynamical equilibrium, or maximum entropy, i.e., death,
they continually draw “from its environment negative entropy — which is something
very positive... What an organism feeds upon is negative entropy. Or, to put it less
paradoxically, the essential thing in metabolism is that the organism succeeds in
freeing itself from all the entropy it cannot help producing while alive” [26, p. 71].
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Explaining the processes that take place within a living organism in the space-
time continuum, Schrédinger emphasized that functioning of an organism requires
exact physical laws, the precision of which is based on a large number of interacting
atoms. To be stable and capable of developing the orderly thought, an organism and
all the processes within it must have “an extremely ‘many-atomic’ structure and
must be safeguarded against haphazard, ‘single-atomic’ events attaining too great
importance” [26, p. 19].

To a large extent, Schrodinger based his material on “Uber die Natur der
Genmutation und der Genstruktur” by N.W. Timoféeff-Ressovsky, K.G. Zimmer
and M. Delbriick [28], who concluded that genes had an unknown chemical structure
and a special locus on the chromosome, and they calculated about the size of a gene
[29].

Looking at the phenomenon of life from the standpoint of physics, Schrodinger
focused on immature at that time field of genetics. At that moment, most biologists
considered that genes were likely to be proteins. Though Schrédinger mentioned
that proteins were long-chain polymers, he was not aware of the paper of O. Avery,
C. Macleod and M. McCarty [30] published in 1944 while his book was in press.
This paper described the experiment that isolated DNA as the material of which
genes and chromosomes are made.

Schrodinger put forward the idea that it should be a complex molecule, which
keeps all the genetic information in a kind of code that determines the development
and functioning of a living organism [31]. He presented a determinist vision of the
role of genes. Describing the four-dimensional pattern (the structure and functioning
of the organism as well as its ontogenetic development from the fertilized egg cell
to the stage of maturity), Schrodinger stressed that it was well known at that time
that this whole pattern is determined by the structure of one cell — the fertilized egg,
moreover, its nucleus, which in the resting state is seen as a network of chromatin.
During mitosis and meiosis, it is seen to consist of a set of fiber-shaped or rod-liked
particles named chromosomes that exist in two sets, which despite the difference in
shape and size are alike. One set comes from the mother, the other — from the father.

Schrodinger suggested that chromosomes contained the entire pattern of any
individual’s development in a kind of code-script, and every set of chromosomes
contained the full code. “In calling the structure of the chromosome fibres a code-
script we mean that the all-penetrating mind, once conceived by Laplace, to which
every causal connection lay immediately open, could tell from their structure
whether the egg would develop, under suitable conditions, into a black cock or
into a speckled hen, into a fly or a maize plant, a rhododendron, a beetle, a mouse
or a woman... But the term code-script is, of course, too narrow. The chromosome
structures are at the same time instrumental in bringing about the development they
foreshadow. They are law-code and executive power — or, to use another simile, they
are architect’s plan and builder’s craft — in one” [26, p. 21-22].

It was Schrodinger who suggested the idea of a genetic code and argued that
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the genetic material had to have a non-repetitive molecular structure. Considering
a molecule as a solid — a crystal, Schrodinger claimed: “We believe a gene — or
perhaps the whole chromosome fibre — to be an aperiodic solid” [26, p. 61]. This
aperiodic crystal forms the hereditary substance.

In the epilogue, Schrodinger philosophically interpreted his physical explanation
of the biological problems. He developed the idea that the bodily space-time
events together with the mind activity were statistically determined and quantum
indeterminacy played no biologically relevant role, except perhaps by enhancing
the purely accidental character in such events as meiosis, natural and X-ray-induced
mutation, etc. Analyzing the concept of Ego/I, Schrodinger considered plurality of
consciousness to be a manifestation of the different facets of One Consciousness,
Universal Oneness.

Schrodinger’s book “What is Life? The Physical Aspect of the Living Cell” with
its metaphors that provoked different interpretations was met with both criticism
and admiration [32; 33]. While a British geneticist, biometrician, psychologist
J.B.S. Haldane reviewed Schrodinger’s book favorably emphasizing that every
geneticist would be interested in Schrodinger’s approach, an American geneticist
H.J. Muller harshly criticized Schrédinger’s limited knowledge in genetics and
especially his philosophical epilogue and an American biologist G.S. Stent pointed
out that Schrodinger did not conduct experiments in genetics discussing it and made
no attempts to include chemistry in his discussion [34].

However, “What is Life?” contained something more important than just the
attempt to bridge the gap between physics and biology. Erwin Schrodinger paved the
way for the future research of genes: his book inspired the next generation of scientists
to look for a secret life code, which was eventually found. The key figures in the
reign of the 20™-century science — an American molecular biologist, geneticist and
zoologist J.D. Watson, a British molecular biologist, biophysicist and neuroscientist
F.H.C. Crick, a British physicist and molecular biologist M.H.F. Wilkins — were
greatly influenced by Schrodinger’s book. F. Crick left physics and developed an
interest in biology after reading “What Is Life?”. F. Watson wrote: “This book very
elegantly propounded the belief that genes were the key components of living cells
and that, to understand what life is, we must know how genes act” [35, p. 13].
Schrodinger’s book inspired scientists to research the gene that led to the discovery
of the DNA double helix structure.

In 1962, Francis Crick, James Watson and Maurice Wilkins were awarded
the Nobel Prize in Physiology or Medicine for “their discoveries concerning the
molecular structure of nucleic acids and its significance for information transfer in
living material” [37].

Schrodinger’s “code-script” insight eventually found its development in the
field of cybernetics. M. Cobb put it as follows: “The first person to argue that a gene
contains information was the co-founder of cybernetics, John von Neumann. In
1948, von Neumann described a gene as a “tape” that could program the organism...
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A few years later in 1950, geneticist Hans Kalmus deliberately applied cybernetic
thinking to the problem of heredity and suggested that a gene was a “message”...
Ten years after Schrodinger’s brilliant insight, Watson and Crick’s second 1953
article on the structure of DNA provided the world with the key to the secret of
life, casually employing the new concepts that had been created by cybernetics
and propelling biology into the modern age with the words: “it therefore seems
likely that the precise sequence of the bases is the code which carries the genetical
information” [40].

Although much of what Erwin Schrodinger wrote in his book in 1944 has been
modified by later development of science, his outstanding writing is still one of the
most profound introductions into the subject and raises new questions. Schrodinger’s
deep interest in consciousness, mind, “orderly thought” and his original physical-
philosophical worldview has influenced the development of transpersonal
psychology and is becoming a source of inspiration for the neuroscience of the
future. Schrodinger’s genius reshapes our view on the nature and essence of life
creating a launching pad for the new transdisciplinary paradigm [41; 42], which
can contribute to the development of a unified theory of everything in the spirit of
Schrodinger’s philosophy.
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CTOSYUH HA IUIEYAX I'ITAHTIB: JXKEMMC BOTCOH,
®PEHCIC KPIK, MOPIC BIVIKIHC, PO3AJITH/I ®PAHKJITH
1 HAPOJIKEHHSI MOJIEKYJIAPHOI BIOJIOTITI

Y XX cmonimmi monexyna JIHK cmana mum ocoonueum maeuimom, saKuii npu-
6epmas yeazy npedCmasHuKie pisHux Hayk. Bioomi 00CaiOHuKY 3MA2AIUCS MIXC CO-
oot abu ecmanosumu cmpykmypy AHK ma noscnumu mexauizmu, siKi MOXCYmMb
BU3HAYAMU HAULY CHAOKOBICMb, A GIOMAK — 1 Hauty «epodxuceny ooatoy. Ceped
HUX Oynu amepuxancokull Ximix i 6ioximix Jlatinyc Ilonine, Opumancoxuil Qizux i
monexkynsipuuil oionoe Mopic Binkinc, dOpumancoxuil xXimix, 6ioghizux i kpucmano-
epagh Pozanind @panxiin, amepukancbkull cenemux, MOAeKyIapHuil 6ionoe i 300-
noe Miceiime Bomcon, opumancekuil @izux, monexyaapuuil oionoe i netipobdionos
@pencic Kpix. Bonu wiykanu Haykose nosicCHeHHs 3a2A0KU HCUMMS, KA KPUEMbCSL
6 JIHK. Tounuii onuc noositinoi cnipanvroi cmpyxmypu JJTHK nanescums J{ocetimcy
Bomcony ma ®@pencicy Kpixy, xoua 6iocymui ¢ppacmenmu yici 20106010Mxu 6yau
HUMU «3ano3udeniy y Pozanind @pankiin, aKa, Ha Hcalb, He OMPUMANA HATEHCHO20
BU3HAHHSL 3d YI0 CBOI0 HayKo8y pobomy. Ha eiominy 6iod nei, @pencic Kpik, /[ocetimc
Bomcon ma Mopic Binxinc 6yau yoocmoeni Hobeniscokoi npemii 3 ¢hizionoeii abo
meouyunu 1962 p. «3a 8iOKpumms w000 MONEKVIAPHOI CMPYKMYpU HYKIeiHOBUX
KUC10m ma ix 3uauennss 0 nepedayi inghopmayii 8 scusomy mamepianiy. Ane sikoio
0 ne oyna icmopisa JIHK, eona ciouums npo me, wo 6Ci 6enuKi HAyKOGI 6i0Kpummsli
BUHUKATOMb HE HA NOPONCHLOMY MICYL: BeIUKA KLIbKICMb JI00ell CHPUSIE PO3BUINKOBI
HayKu, i OYKBAIbHO KOJCEeH OOCHIOHUK CMOIMb HA NIeuax «2ieanmieéy-nonepeonu-
Ki8, a cama ides «sumac 8 nogimpiy. 1o sc 0o poswugposxu cmpykmypu J[HK 6
1953 p., mosicha cmeepodicysamu, wo 6OHA CMALA OOHUM 3 HOBOPOMHUX MOMEHMIB
6 icmopii 6ionocii. [le pynoamenmanvre GIOKPUMMS 3MIHULO MA HAOALO HAULOMY
oHcummio 6a2amo HO8UX acnekmie. Bono nokaano nouamox OYpxaugomy po3eumky
2EHeMUKU Ma MOAEKYIAPHOT Oiono2il, IKull mpusac i 6 Hauli OHi, a NOOBINIHA CRIPATL
JIHK cmana cumeonom HayKu npo Hcummsi.

Kurouosi caoBa: /[HK, noositina cnipanv J[HK, [[icetimc Bomcon, @pencic
Kpix, Pozanino @panxnin, Mopic Binkinc, Hobeniecoka npemisi 3 ¢hizionoeii abo
meduyunu 1962 poxy.

STANDING ON THE SHOULDERS OF GIANTS: JAMES
WATSON, FRANCIS CRICK, MAURICE WILKINS, ROSALIND
FRANKLIN AND THE BIRTH OF MOLECULAR BIOLOGY

In the 20" century DNA has become a magnet, attracting representatives of
various sciences. Prominent researchers competed among themselves to discover
the structure of DNA and to explain the mechanisms that determine our “natural
fate”, i.e., our heredity. An American chemist, biochemist, chemical engineer Linus
Pauling, a British physicist and molecular biologist Maurice Wilkins, a British
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chemist, biophysicist, and X-ray crystallographer Rosalind Franklin, an American
geneticist, molecular biologist, zoologist James Watson, a British molecular
biologist, biophysicist, and neuroscientist Francis Crick were among them. They
searched for the scientific explanation for the enigma of life hidden in DNA. An
accurate description of DNA double-helical structure belongs to James Watson
and Francis Crick. However, the missing pieces of the puzzle were elaborated by
Rosalind Franklin, who didn't get enough credit for her dedicated scientific work.
Unlike her, Francis Crick, James Watson, and Maurice Wilkins were awarded the
Nobel Prize in Physiology or Medicine 1962 for their discoveries concerning the
molecular structure of nucleic acids and its significance for information transfer
in living material. Whatever the DNA story is, it shows that all great scientific
discoveries are not made from scratch. The immense number of people have
contributed to the development of science and literally every researcher stands
on the shoulders of giants, while the idea itself is in the air. The discovery of the
structure of DNA became a cornerstone for the new scientific paradigm — biology
acquired a molecular and biochemical basis.

Kewords: DNA, DNA double helix, James Watson, Francis Crick, Rosalind
Franklin, Maurice Wilkins, the Nobel Prize in Physiology or Medicine 1962.

Since time immemorial, humans have tried to understand whether they have
free will or there is a predestined fate. Why are some born beautiful, healthy, and
smart, while others have to eke out a miserable existence on the sidelines of a happy
life? Who is to blame for this: sinful parents, own karma, or pure chance? Humans
embrace both natural and cultural worlds being deeply rooted in each of them [1].
While in the world of culture (the world of symbols) people have freedom of choice,
in the world of nature they have to obey its laws. Only by realizing the laws of nature
and considering them, a person becomes free. What natural mechanisms determine
our “natural fate”, i.e., our heredity? This question has long been asked by many
scientists who have tried to explain the genetic patterns. Information about a living
creature is encoded in the genes, and the carrier of all human or animal genes is
DNA — deoxyribonucleic acid.

DNA as a molecule located in the nucleus of a living cell was discovered in
the 1860s by the Swiss physician F. Miescher [2]. In 1879, a German biologist
and a founder of cytogenetics W. Flemming discovered chromatin (later known as
chromosomes) within the nucleus [3]. The key role played by chromosomes was
revealed in the course of studies on cell division. Further analysis suggested that
chromosomes contained DNA, and a German zoologist O. Hertwig recognized the
role of the cell nucleus during inheritance and chromosome reduction during meiosis.
In 1885, he wrote that nuclein, which was later called nucleic acid, is the substance
responsible not only for fertilization, but also for the transmission of hereditary
characteristics [4, p. 547]. “By 1900, it was known that the basic building blocks of
DNA were phosphate, a sugar (later shown to be deoxyribose) and four heterocyclic
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bases — two of which were purines [adenine (A) and guanine (G)] while the other
two were pyrimidines [cytosine (C) and thymine (T)]” [5]. In 1930s, a Swedish
cytologist and geneticist T. Caspersson and a Swedish biochemist E. Hammersten
showed that DNA is a polymer [6].

In 1935, N.W. Timoféeff-Ressovsky, K.G. Zimmer and M. Delbriick suggested
that chromosomes were large molecules and their structure could be changed
by X-rays and thus it was possible to change the heritable characteristics ruled
by these chromosomes [7]. O. Avery, C. Macleod, and M. McCarty — medical
microbiologists at the Rockefeller Institute in New York — in their paper published
in 1944 described the experiment that isolated DNA as the material of which genes
and chromosomes are made. They identified DNA as the transforming principle
(genes) [8].

Physicist E. Schrodinger also contributed to this discovery [9]. He suggested the
idea of'a genetic code and argued that the genetic material had to have a non-repetitive
molecular structure. Considering a molecule as a solid — a crystal, Schrodinger
claimed: “We believe a gene — or perhaps the whole chromosome fibre — to be an
aperiodic solid” [10, p. 61]. This aperiodic crystal forms the hereditary substance.

A famous Austrian-American biochemist E. Chargaff introduced two rules that
eventually led to the discovery of the double helix structure of DNA. He noticed
that DNA contained equal amounts of adenine and thymine and equal amounts of
cytosine and guanine. This idea contributed to the understanding of the chemical
pairings that make up the double helix. E. Chargaff found that amount of guanine,
cytosine, thymine and adenine vary with the species, which means that DNA is the
genetic material for life [11].

X-ray crystallography contributed greatly to the discovery of DNA. In 1938,
an English physicist and molecular biologist W. Astbury and his research assistant
E. Beighton had obtained X-ray image of DNA. It was a year before an English
chemist and X-ray crystallographer R. Franklin took her incredibly famous Photo
51, which “showed a pattern of black spots arranged in the shape of a cross, formed
when X-rays were diffracted by fibres of DNA” [12]. W. Astbury helped to develop
the methods used by R. Franklin and M. Wilkins, as well as made early studies
of the DNA molecule and paved the way for J. Watson and F. Crick’s scientific
discovery. In so far as “winner takes it all”’, the name of W. Astbury was undeservedly
forgotten. K. Hall, the author of “The Man in the Monkeynut Coat” [13], emphasizes,
“Astbury’s name is today largely unknown except to a select group of historians of
science” [14].
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William Astbury [15]

DNA has become a magnet attracting representatives of various sciences. In the
1950s, there were three groups of researchers aimed at determining the structure of
DNA. The first group at King’s College, London, was led by M. Wilkins. R. Franklin
joined this group later. They examined X-ray diffraction patterns of DNA fibers.
Cambridge was represented by F. Crick and J. Watson. They were focused on
building physical models. Caltech group was led by L. Pauling who discovered
that many proteins included helical shapes [6, p. 7; 16]. Later L. Pauling was twice
awarded the Nobel Prize: the first award in 1954 recognized “his research into the
nature of the chemical bond and its application to the elucidation of the structure
of complex substances” [17], the second award in 1962 — “for his opposition to
weapons of mass destruction” [18].

Linus Pauling [19]
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However, an accurate description of DNA double-helical structure belongs to
his more successful competitors J. Watson and F. Crick. In fact, the contemporary
story of DNA began in 1953.

James Watson (1928) [22]

James Watson (James Dewey Watson), a prominent American geneticist,
molecular biologist, zoologist, was born on April 6, 1928 in Chicago, USA. Being a
bright and inquisitive child, he attended Horace Mann Grammar School and South
Shore High School. At the age of 15, he earned a scholarship to the University of
Chicago and enrolled the university [20]. He received his Bachelor of Science degree
in zoology in 1947 and attended Indiana University. Here in 1950, he received his
Ph.D. in zoology. After reading E. Schrédinger’s book “What Is Life? The Physical
Aspect of the Living Cell”, J. Watson decided to study genetics. He was fascinated
by the idea that the secret of life is hidden in genes and chromosomes. J. Watson
wrote: “This book very elegantly propounded the belief that genes were the key
components of living cells and that, to understand what life is, we must know how
genes act” [21, p. 13].

Based on his virus research and Avery’s experiments, J. Watson came to the
conclusion that gene could be understood after a detailed explanation of nucleic acid
molecules. J. Watson was influenced by the work of the geneticists H. J. Muller and
T. M. Sonneborn and a microbiologist S.E. Luria who won the 1969 Nobel Prize
in Physiology or Medicine for his work on the Luria-Delbriick experiment, which
concerned the nature of genetic mutations.

In 1950, J. Watson began his postdoctoral studies in Copenhagen as a Merck
Fellow of the National Research Council. He studied bacterial viruses to investigate
the structure of DNA. In 1951, he met Maurice Wilkins — a New Zealand-born
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British physicist and molecular biologist — and saw for the first time a crystalline
DNA’s X-ray diffraction pattern. This year, S. Luria and J. Kendrew helped J. Watson
move his research to the University of Cambridge’s Cavendish Laboratory, where
he continued his work with X-rays, learning diffraction techniques [23]. J. Watson
shared his office with a Ph.D. student Francis Crick.

Francis Crick (1916 — 2004) [26]

Francis Harry Compton Crick — a distinguished British molecular biologist,
biophysicist, and neuroscientist — was born on June 8, 1916, in Northampton,
England. He studied at Northampton Grammar School and Mill Hill School, London.

Later he enrolled University College, London, graduating with a Bachelor
Degree in 1937. He conducted research for a Ph.D. under Prof. E.N. da C. Andrade,
however his scientific path was interrupted by WWIIL. During the war he was
involved in military research working as a scientist for the British Admiralty. In
1947, he left the Admiralty to study biology, of which he knew not much at that
time [24]. The next few years he spent learning biology, organic chemistry, and
crystallography [25]. His early studies at Cambridge were supported by a studentship
from the Medical Research Council (MRC). In 1949, F. Crick joined the MRC unit
headed by M. Perutz. During this period, he worked on the X-ray crystallography
of proteins. In 1954, he obtained his PhD on a thesis entitled «X-ray diffraction:
polypeptides and proteins». During the academic year 1953-1954, F. Crick was on
leave of absence at the Protein Structure Project of the Brooklyn Polytechnic in
Brooklyn, New York. He had also lectured at Harvard as a Visiting Professor [25].

The friendship with J. Watson had a huge impact on F. Crick’s career: “they
shared an interest in the fundamental question of how genetic information could
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be stored in molecular form, leading in 1953 to the proposal of the double-helical
structure for DNA” [27].

ST ¢

Francis Crick and James Watson [28]

For about two years J. Watson and F. Crick worked together without success.
Emulating L. Pauling, who had made an important but failed effort to describe
DNA, they began building three-dimensional models using cardboard cutouts
and sheet metal to represent the molecule’s chainlike structure. They were aware
that DNA might have the general winding shape of a helix. But it was not clear
how adenine, guanine, thymine, and cytosine were arranged around a sugar and
phosphate backbone [29]. An unexpected insight came from King College group
led by M. Wilkins.

Maurice Hugh Frederick Wilkins (1916 — 2004) was born in New Zealand.
His family moved to England when Maurice was 6 years old. He got his education
at King Edward’s School, Birmingham. He studied physics at St. John’s College,
Cambridge, obtaining his degree in 1938. Enrolling Birmingham University, he
investigated the luminescence of solids and earned a Ph.D. in 1940.

After WWII, M. Wilkins lectured at St. Andrews’ University, Scotland. He had
spent seven years in physics research and later started exploring biophysics that
moved him to King’s College, London, where he became a member of the staff
of the Medical Research Council Biophysics Research Unit. He studied genetic
effects of ultrasonics, orientation of purines and pyrimidines in tobacco mosaic
virus and in nucleic acids, arrangement of virus particles in crystals of TMV. Later
on, M. Wilkins began X-ray diffraction studies of DNA and sperm heads. Further
X-ray studies established the correctness of the Watson — Crick proposal for DNA
structure [30].
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Maurice Wilkins (1916 — 2004) [31]

A key role in determining the structure of DNA belongs to the other member of
King College group — to Rosalind Franklin. Rosalind Elsie Franklin (1920 — 1958)
was a British chemist, biophysicist, and X-ray crystallographer. She was born in
London, England. Being exceptionally intelligent, she got her education at Norland
Place in West London and St. Paul’s Girls’ School. Later she entered Cambridge
University to study chemistry. In 1941, R. Franklin was awarded Second Class
Honors in her finals (it was accepted as a bachelor’s degree). Working as an assistant
research officer at the British Coal Utilization Research Association, Rosalind
studied the porosity of coal. This exploration became the basis of her Ph.D. thesis
“The physical chemistry of solid organic colloids with special reference to coal”
defended in 1945 [32]. In 1947-1950 she worked with J. Mering at the State Chemical
Laboratory in Paris where she studied X-ray diffraction technology. This work led to
her research on the structural changes caused by the formation of graphite in heated
carbons. In 1951, R. Franklin joined the Biophysical Laboratory at King’s College,
London. There she applied X-ray diffraction methods to the study of DNA [33].

Rosalind Franklin (1920 -1958) [34]
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Though R. Franklin was not the first to obtain X-ray images of DNA, she
managed to take a cardinal step in the right direction. Instead of crystals, Rosalind
studied DNA fibers. She faced a very serious difficulty: the photographs were
poorly reproduced and unclear. She made a machine, in which she maintained a
fixed humidity, and began to change this humidity. She discovered two different
forms of DNA molecule — A form (low humidity) and B form (high humidity) [35].
The latter was of the greatest importance, because living cells are characterized
by high humidity. One of the “X-ray diffraction pictures of the B form of DNA,
known as Photograph 51, became famous as critical evidence in identifying the
structure of DNA” [32]. R. Franklin had some ideas on DNA structure, but she had
not developed them.

Photo 51 [36]

At the beginning of 1953, M. Wilkins without R. Franklin’s permission showed
Photo 51 to a competing scientist J. Watson [37]. J. Watson in his book “The Double
Helix” put it this way: “since the middle of the summer Rosy (R. Franklin — authors
note) had had evidence for a new three-dimensional form of DNA. It occurred when
the DNA molecules were surrounded by a large amount of water. When I asked
what the pattern was like, Maurice (M. Wilkins— authors note) went into the adjacent
room to pick up a print of the new form they called the “B” structure.

The instant I saw the picture my mouth fell open and my pulse began to race.
The pattern was unbelievably simpler than those obtained previously (“A” form).
Moreover, the black cross of reflections which dominated the picture could arise
only from a helical structure. With the A form, the argument for a helix was never
straightforward and considerable ambiguity existed as to exactly which type of
helical symmetry was present. With the B form, however, mere inspection of its
X-ray picture gave several of the vital helical parameters. Conceivably, after only
a few minutes’ calculations, the number of chains in the molecule could be fixed”
[21, p. 58].
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Based largely on Watson’s memoirs, the “stealing myth” emerged. However,
the situation that arose in the scientific community was not so simple — a photograph
itself could not shed any light on the chemical structure of the molecule, as well
as on the number of strands. J. Watson and F. Crick needed precise observations
from X-ray crystallography and they got this data from the Franklin’s report given
to M. Perutz and from him to L. Bragg, the head of Watson and Crick’s laboratory.
Without asking R. Franklin for permission to interpret her data, F. Crick got the
material to do his calculations. ‘“Those numbers, which included the relative
distances of the repetitive elements in the DNA molecule, and the dimensions of
what is called the monoclinic unit cell — which indicated that the molecule was in
two matching parts, running in opposite directions — were decisive...

By chance, Franklin’s data chimed completely with what Crick had been
working on for months: the type of monoclinic unit cell found in DNA was also
present in the horse hemoglobin he had been studying for his PhD. This meant that
DNA was in two parts or chains, each matching the other. Crick’s expertise explains
why he quickly realized the significance of these facts, whereas it took Franklin
months to get to the same point” [38].

Getting the missing pieces of the puzzle, J. Watson and F. Crick began to build
a model based on the parameters obtained from the Franklin’s experiment.

J. Watson and F. Crick [39]

They determined that the structure of DNA was a double-helix polymer, or a
spiral of two DNA strands, each containing a long chain of monomer nucleotides,
wound around each other [40]. “The novel feature of the structure is the manner
in which the two chains are held together by the purine and pyrimidine bases. The
planes of the bases are perpendicular to the fibre axis. They are joined together in

83



JKEHUMC BOTCOH, ®PEHCIC KPIK, MOPIC BIJIKIHC, PO3AJIIH]] ®PAHKJIIH

pairs, a single base from one chain being hydrogen-bonded to a single base from the
other chain, so that the two lie side by side with identical z-coordinates. One of the
pair must be a purine and the other a pyrimidine for bonding to occur. The hydrogen
bonds are made as follows: purine position 1 to pyrimidine position 1; purine position
6 to pyrimidine position 6” [41, p. 737]. According to their findings, DNA replicated
itself by separating into individual strands, each of which became the template for a
new double helix, “the specific pairing we have postulated immediately suggests a
possible copying mechanism for the genetic material” [41, p. 738]. By March 1953
the mystery of life was revealed.

Sugar
— Phosphata
Backbone

Baze pair

Watson and Crick DNA Model [42]

This discovery was probably the most outstanding discovery not only in the
field of biology and medicine, but also in the history of science in general.

In April 1953, J. Watson, F. Crick, R. Franklin, and M. Wilkins published their
articles in Nature. It was decided that the model would be published by J. Watson
and F. Crick [41]. The articles of R. Franklin [43] and M. Wilkins [44] were
published separately. In 1953, R. Franklin left King’s College, London, for Birkbeck
College. She made important contributions to the X-ray crystallographic analysis of
the structure of the tobacco mosaic virus. In 1958, she died. An inscription on her
tombstone reads: “Her research and discoveries on viruses remain of lasting benefit
to mankind” [45].

In 1962, F. Crick, J. Watson, and M. Wilkins were awarded the Nobel Prize
in Physiology or Medicine “for their discoveries concerning the molecular structure
of nucleic acids and its significance for information transfer in living material” [46].
The Nobel Committee highly praised M. Wilkins’s contribution into investigation
of deoxyribonucleic acid of various biological origins by X-ray crystallographic
techniques and Watson-Crick’s DNA model, emphasizing that this discovery
would provide new possibilities to conquer disease and to gain better knowledge
of the interaction of heredity and environment and a greater understanding for the
mechanisms of the origin of life.
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Professor A. Engstrom, member of the Staff of Professors of the Royal
Caroline Institute, in his Presentation Speech stated: “Dr. Francis Crick, Dr. James
Watson, and Dr. Maurice Wilkins. Your discovery of the molecular structure of the
deoxyribonucleic acid, the substance carrying the heredity, is of utmost importance
for our understanding of one of the most vital biological processes. Practically
all the scientific disciplines in the life sciences have felt the great impact of your
discovery. The formulation of double helical structure of the deoxyribonucleic
acid with the specific pairing of the organic bases, opens the most spectacular
possibilities for the unravelling of the details of the control and transfer of genetic
information” [47].

R. Franklin was neither awarded the Nobel Prize, no got enough credit for her
dedicated scientific work. Firstly, her untimely death may have robbed her of the
award, though no more than three recipients can share a Nobel Prize [48]. Secondly,
R. Franklin became a victim of scientific disrespect that the report calls ‘gender
harassment’ [49].

Whatever the DNA story is, it shows that all great scientific discoveries are
not made from scratch. The immense number of people have contributed to the
development of science and literally every researcher stands on the shoulders of
giants, while the idea itself is in the air.

The discovery of the structure of DNA became a cornerstone for the new
scientific paradigm — biology acquired a molecular and biochemical basis. Deep
research into DNA brought to the fore new technologies, which revealed the complex
chemistry of protein synthesis and reproduction [29]. “In an influential presentation
in 1957, Crick laid out the “central dogma of molecular biology”, which foretold
the relationship between DNA, RNA, and proteins, and articulated the “sequence
hypothesis”. A critical confirmation of the replication mechanism that was implied
by the double-helical structure followed in 1958 in the form of the Meselson-Stahl
experiment. Work by Crick and coworkers showed that the genetic code was based
on non-overlapping triplets of bases, called codons, and Har Gobind Khorana
and others deciphered the genetic code not long afterward (1966). These findings
represent the birth of molecular biology” [6, p. 8].

Life paths of the great DNA pioneers moved off in different directions.
M. Wilkins continued research as a leader of a team that performed a range of
experiments to establish the helical model as valid among different biological
species, as well as in living systems, and to approve the universality of the double
helix structure. He applied X-ray techniques to the structural determination of nerve
cell membranes and of ribonucleic acid [50]. He became Deputy Director of the
MRC Biophysics Unit at King’s College, London, in 1955, and succeeded Randall
as director of the unit from 1970 to 1972 [51]. In 1959, M. Wilkins was elected a
Fellow of the Royal Society. In 1960, he was presented with the American Public
Health Association’s Albert Lasker Award. In 1962, he became a Commander of the
Order of the British Empire. In 1964, he was elected a European Molecular Biology
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Organization Member. In 2003, his book “The Third Man of the Double Helix: The
Autobiography of Maurice Wilkins” was launched [52]. He died in 2004.

J. Watson’s subsequent career eventually took him to the Biology Department
at Harvard University, where he was focused on RNA and its role in the transfer
of genetic information. In 1968, he took over the directorship of the Cold Spring
Harbor Laboratory of Quantitative Biology on Long Island, New York. From 1988
to 1992 he headed the National Center for Human Genome Research at the National
Institutes of Health. Afterward he returned to the Cold Spring Harbor Laboratory.
J. Watson retired in 2007.

To raise money, DNA pioneer sold his Nobel Prize medal at Christie’s in 2014.
He became the first living Nobel Prize recipient to sell his medal. J. Watson intended
to donate some money to Cold Spring and to University College Cork in Ireland [53].
A Russian billionaire A. Usmanov bought the medal and returned it to J. Watson
commenting on the situation: “In my opinion, a situation in which an outstanding
scientist has to sell a medal recognizing his achievements is unacceptable... Dr.
Watson’s work contributed to cancer research, the illness from which my father
died. It is important for me that the money that I spent on this medal will go to
supporting scientific research, and the medal will stay with the person who deserved
it” [54].

J. Watson has won numerous awards, including Albert Lasker Award for
Basic Medical Research (1960), Eli Lilly Award in Biological Chemistry (1960),
Presidential Medal of Freedom (1977), European Molecular Biology Organization
Membership (1985), Golden Plate Award of the American Academy of Achievements
(1986), Copley Medal of the Royal Society (1993), Lomonosov Gold Medal (1994),
National Medal of Science (1997), Liberty Medal (2000), Benjamin Franklin Medal
for Distinguished Achievement in the Sciences (2001), Honorary Knight Commander
of the Order of the British Empire (2002), Gairdner Foundation International Award
(2002), Lotos Club Medal of Merit (2004), Honorary Member of Royal Irish
Academy (2005), Othmer Gold Medal (2005), CSHL Double Helix Medal Honoree
(2008), etc. In 2003, J. Watson became one of 22 Nobel Prize winners to sign the
Humanist Manifesto [55].

F. Crick continued working at the Cavendish. In 1958, he substantiated his
Sequence Hypothesis in “On Protein Synthesis” [56]. He proposed that any
specific sequence of A-T-C-G bases in DNA is a code for building a specific amino
acid sequence in a protein. He predicted the discovery of an adaptor that carries
information from DNA to protein — transfer RNA [39].

In 1960, F. Crick accepted an honorary fellowship at Churchill College,
Cambridge. During his tenure, he made fundamental contributions to unlocking the
genetic code. Together with S. Brenner, they demonstrated that each group of three
adjacent bases on a single DNA strand codes for one specific amino acid [57]. After
many years at Cambridge, F. Crick joined the Salk Institute for Biological Studies in
California, where he conducted research on the neurological basis of consciousness —
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the other great mystery that had intrigued him along with the mystery of life. He
died age 88 in 2004.

F. Crick received many medals and honors, including The Royal Society
Fellowship (1959), as well as the International Academy of Humanism and
CSICOP Fellowship, European Molecular Biology Organization Membership
(1964), the Royal and Copley Medals of the Royal Society (1972, 1975), the Order
of Merit (1991), the Benjamin Franklin Medal for Distinguished Achievement in
the Sciences of the American Philosophical Society (2001). He was the author of
“Of Molecules and Men” [58], “Life Itself: Its Origin and Nature” [59], “What
Mad Pursuit: A Personal View of Scientific Discovery” [60], “The Astonishing
Hypothesis: Scientific Search for the Soul” [61].

Nowadays, our understanding of biology and medicine is based on the knowledge
of the structure of DNA as a carrier of genetic information. This knowledge provides
us with the opportunity to intervene efficiently in the processes and phenomena of
life at all its levels [62]. However, Knowledge is a double-edged sword. Today more
than ever, the responsibility and ethics of scientists, politicians, and world leaders,
whose hands this Knowledge is in will come to the forefront. The Future of mankind
all over the world depends on whether this Knowledge of the Book of Life is used
for good or evil.
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MIJISIXU PEAJIIBALIL TEHETUYHOI IH®OPMAIIIT
(PATHWAYS OF GENETIC INFORMATION REALIZATION)

HooeaiBebki npemii 3 ximii Ta ¢izionorii un meguumnan 2009 p.

T'enepanvruii cekpemap Koponiscoroi akademii nayx [lseyii I'yunap Okicm,
oconowyrouu aaypeamis Hobeniscvkoi npemii, 3aysacus, wo 00CHiONCeHHS, SKI
8I03HAYeHi npemicio 3 Qi3uUKU, «3aKIAIU OCHOBU CYYACHO20 IHGOPMAaYiliHO2O CY-
cninecmeay. Boonouac, xoua s yacmo xopucmyrocsa gomo- i gioeoanapamyporo,
30KpeMa mi€io, o y MOEMY MOOLIHOMY Meledoni, MeHi SHAUHO OnuNCHi 061 iHuL
npemii — 3 ximii ma ¢pizionozii vu meouyunu. Ix i cxapaxmepusyemo demanvHiude.

[Touny 3 TOrO, 110 YHTAYEBl, OYEBUIHO, 10O pPe BIAOMO, — PO3IOILI MPEeMii i,
3p03yMLiJIO, JIaypeariB 3a JOCATHEHHS 3 «XiMii» Ta «(i3107I0Tii i MeAUIIMHIY TPaIH-
iU (3a 3amoBiToM Anbdpena Hobemns) i mocuts yMoBHUH. 3apa3 mpemii 31e011b-
II0TO MPHUCYKYIOTH 32 POOOTH B CyMDKHUX HAyKOBHUX Tairy3sx abo 3a TOCSTHEHHS
B HayKax, sIKHX I1e He Oyno 3a yaciB A. HobGemns. Tak 1 1Bi mpeMmii, po sKi WaeTbes
HIDKYE, TPUCY/IKEHO 32 pOOOTH, SIKi OLIbIIIe MOXKHA BITHECTH JI0 MOJIEKYJISIpHOI 010-
JIOTi1, MOJIEKYJISIPHOT TeHETUKH U1 cydacHOi 6i0ximii. OOHIBI BOHU OB’ sI3aHi 3 THM,
K 30epiraeTbcs CaKkoBa reHeTHYHa iH(opMallis, sIKk BOHa Peaji3y€eTbCs IpU CTBO-
PEHHI MOJIEKYJI MPOTETHIB y KUBUX KIITHHAX a00 B MOJACTHHUX CUCTEMaX.

SIxmo kopotko, To HoGeniBchkoto npemiero 3 (i3ionorii i MeUInHYT BijI3Haue-
Ho Eniza6er baexoepn (anrn. Elizabeth Blackburn), Kepoa I'peiiaep (aurn. Carol
Greider) 1 Ixexa Ilocraka (anrn. Jack Szostack) 3a BIIKpUTTS MEXaHi3MiB, IO
3aXUIIAI0Th TEJIOMEPU XPOMOCOM BiJl HEAOPEIUTiKaIlii 3aBISKN MisUTbHOCTI €H3H-
My TeJoMepasH, a MpeMito 3 Ximil nmpucymxeno Benkarpamany Pamakpumnany
(amrn. Venkatraman Ramakrishnan), Tomacy Creiitny (anrn. Thomas A. Steitz) Ta
Ani Wonar (aurn. Ada E. Yonath) 3a BCTaHOBIEGHHS TOHKHX MEXaHi3MiB (QyHKIIiO-
HyBaHHS puOOCOM IpU CHHTE31 HAa HMX MpOTEiHIB. Mailke BC1 Haropo/pkeHi Bue-
Hi, KpiM i3painsTsaukn Agu Wonar, € rpomansuamu CIIIA i cBoi Haiikpami goc-
mimkenHs miaroryBanu B CHIA. Tlpore mume T. Creiitr i K. I'petinep naponmm-
cs B CIIIA. JI-p Pamakpummnan Haponuscs B [uaii, E. briek6epn — B ABcTpanii, a
Jix. IllocTtak — y bpuranii.

[Tpemist Bif3HA4ae 1BI TPyHH AOCITIDKEHB, IO MPOBEACHI MPOTATOM 0aratbox
POKIB, TOXX KaHAWJATaM Ha MPEMil0 JOBEIOCS JOBIO YEKAaTH TOTO INACINBOTO JTHS,
KOJIM BOHM Ji3HANHCS, M0 cTanu HoOemBChbKUME JTaypeaTaMH, sIK YeKaloTh Ha Ta-
KHiA JICHb 1€ COTHI, @ TOW TUCSAYl JOCTOMHMUX mpeTeHaeHTiB. Tak, y 2004 porii meHe
3alpoCHIT Ha HAyKOBY KoH(epeHiiro 10 PexoBora (I3pains), npucesyueny 80-piu-
910 BUJATHOTO 010XiMiKa il iMyHOJIOTa, KOJIMUIITHBOTO Tpe3nieHTa BaiiiiMaHiBChbKOro
iHCTUTYTY IIpodecopa Maiikna Cena. S ronoByBaB Ha OfHIH 13 cekuiil 1€l KoHpe-
peHii, Ha AKiii i3 GrucKydor0 JonoBiTI0 BUcTymHa Ana Mouar. ITix yac nonosini
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ILIJIAXU PEAJIIBALII TEHETHYHOI IHOOPMAIJIT

BOHA TIPOJIEMOHCTpYBaja (iabM, 3p00JICHUI Ha OCHOBI pe3yJabTaTiB MOJICKYIISPHOI
rpadiku, ne OyIio 1eTanbHO BiOOpa)KeHO BCl e€Tanu CUHTE3y MPOTEiHIB Ha pruboco-
Mi. Ime Tomi M. Cena 3ayBakuB: «Aa BKe JIEKUJIbKa POKIB € HMOBIPHUM KaHIIHIA-
ToM Ha HoOGenmiBcbKy mipeMito». BifaTomi MUHYIO 11’ STk POKIB...

I3 MPI€1O ITPO BIYHY MOJIOAICTD

HoGeniBchKy mpemito B ramy3i MeaumuHu 1 ¢izionorii y 2009 pori BpydeHO
3a BIAKPHUTTS (PepMEHTY TEIOMepasH, M0 3aXHINAE TEIOMEPH XPOMOCOM IIij Jac
PO3MHOKEHHS KIIITHH. BHBYEHHS BIIaCTHBOCTEH TeIOMEpas3H Aa€ 3MOTY 3PO3YMITH,
SIKUM YUHOM Bi10yBa€ThCS CTApiHHS KIIITHH, K PAKOBI KIIITHHH 3a0€31eUyI0Th C001
«BIYHY MOJIOZIICTBY, 1 BA3HAYUTH [UISIXH MONTYKY HOBUX MPOTHITYXJIUHHUX JIIKIB 91
JIKIB, SIKi TAIBMYIOTh CTapiHHS.

tg

£ i ﬂ’ i - -
Dmuzsabem Brskbepn (1948) Carol Greider (1961)  orcex Binvsam [llocmax (1952)

I3 mKiIBHOT JTaBK HAM B1JIOMO, 1110 TEHETHYHY 1HPOPMAIIIF0 OpraHi3My 3aKo70-
BaHO B sJpi KJIITHHH B TIOCIIOBHOCTI ne3okcupuoonykieotuais JJHK. Iei kox mo-
TiM TemUPy€eThCs 1 BU3HAYAE 3/1€01TBIIIOT0 CTPYKTYPY MPOTEiHIB, SIKI CHHTE3YOTh-
Cs1 TI03a SIIPOM Y IIUTOIIIa3Mi KIITHHHE Ha prbocoMax. [Ipu momisi «MaTepruHChKO»
KIJIITHHYU Ha JIBI «JIOYipHI» It 30epexenHs renetudnoi inopmanii JJTHK mae mo-
nBoitucs. lle mogBoenns JIHK, sk Ha matpwiti, BigOyBa€eThCs 3aBISAKH 11 TyTUTIKAIIIT,
sKy katamizye easuM—/IHK-3anexna JIHK-nonimepasa. Ane [IHK y spi mepedy-
Ba€ HE y BUIBHOMY CTaHi, a B CKJIaJIi TaKk 3BaHUX XpoMocoM — komruiekciB JIHK i3
nporeinamu. Hanpukian, 1o6pe BiIoMo, 10 COMaTU4HI KJIITHHH JIIOIUHA MalOTh 23
TapH JIHIHHUX XPOMOCOM, i B KOJKHIH XpOMOCOMI € 0JTHa MOJICKYJIa JBOCITIPATbHOT
JIHK — ckpy4eHol i yrmakoBaHOI BIAMOBITHUM YHHOM pa3oM i3 MpoTeiHaMu. A Ha
KIHIISIX XpOMOCOM (HE JIWIIE KJIITHH JIFOWHY, ajie H y OUTBIIOCTI €BKapioTiB 1 HABITh
JeSIKMX TIPOKAPiOTiB) € CTPYKTYPH, IO HA3UBAIOTh TEJIOMEPAMH, K1 CKIaIal0ThCA 3
noBToproBasibHUX nocigoBHoctel JIHK. HaBimo notpiOHI TelomMepu, KOJu BOHU
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HE MICTSITh T€HIB, 110 KOAYIOTh O1Tku? UM MaroTh TEIOMEPH CTOCYHOK JI0 MariqHOl
KUTBKOCTI MO>KJTUBUX TIOMIUTIB 3BUUAaHUX KIITHH (piBHOT ipuOim3Ho 50 i 3amporo-
HoBaHoi JleoHapaom Xaiidikom), Mmicias 90To KIITHHU MPUTTHHSIOTH JTIJICHHS.

[{ikaBo, IO TIEpIIUM, XTO 3I0TagaBcs Mpo (PYHKINIO TeIoMep Ie Ha Halpu-
ki 60-x pp. XX cT., OyB 30BCIM MOJIONUH PaisSHCHKHNA ydeHHH-iMyHOIOT OJek-
ciit OJIOBHUKOB, SIKWIl TpaIffoBaB B [HCTUTYTI MiKpOOIOJIOTii Ta €mimeMioorii iM.
M.®. I'amanei B MockBi. Came BiH IepIIMM BUCYHYB TilIOTE3Y, 110 3 KOKHUM IO/~
noMm kmitraA JJHK TemoMepn 3MeHIITyI0ThCS 10 IEBHOT MEXK, IICIIS SIKOT peTuTiKaIlis
JHK npunuHseThes, 1 MO KIIITHHU CTa€ HEMOXKIMBHUM. S 100Ope maM’staro Harii,
TOJ[I MOJIONMUX KaHIUAATIB HayK, 3ycTpidi 3 Onekciem i B Mocksi, 1 B Kuesi, mwuc-
KyCii Ipo MOXJIUBY (DYHKIIIFO TETIOMEP 1 PO Te, 110, Ha JKajlb, HOTO TIl0Te3y B HAC
HEMaE MOYKJITMBOCTI €KCTIEPUMEHTAIBHO MepeBipuTH. Pa3oM i3 iHIIUMU MOJIOIUMU
KOJIETaM1 MH JkapToMa Ka3aiu: «OJeKcito, TH Maen cTaty jJaypeatoM HobemiBehKoi
npemii». Sk 6aunMo HUHI, TOMINTHI )KapTh Oyin Jayke OJTM3bKUMU 10 iICTUHU. ABTO-
putet Onekcist MarBifioBnya OJOBHHKOBA BU3HAHO B YCHOMY CBiTi. AJre HOro rimo-
Te3y, OMyOJIIKOBaHy B IMPOBITHUX YACOIMHCAX, OYyJI0 €KCIIEPIMEHTAIBLHO TOBEICHO i
pO3BUHYTO came Tia kepiBHUIITBOM E. briex6epH.

Crpasni, mpu moaii kmituay ayrutikamist JIHK He moyke BinOyBaTucs 10 camo-
TO KiHIIS KO’KHOT XpOMOCOMH, 1 KOYKEH ITOJIL CYTPOBOKYETHCS CKOPOYCHHSIM TEII0-
Mep 710 TIEBHOI MeXi, KOJIHM MPHUITHHAETHCS mpodideparis KIiTHH. To0To MexaHi3m
CKOPOYCHHS TEIIOMEp BIAIMOBIAAE 3a CTPOK JKUTTS KIITHHH, a IMOPYIICHHS IIHOTO
MpoIecy Mo)ke OyTH B OCHOBI O€3KiHEYHOTO PO3MHOKEHHS KIIITHH. Temomepu o0e-
pITarOTh TaKOK XPOMOCOMHM BiJI TOMOJIOTIYHHX PEKOMOIHAIH Ta HETOMOJIOTIYHUX
3’€HAHb KiHIIIB XPOMOCOM.

EH3uM, 110 perynioe TOBXHUHY TeJIOMep, Ha3UBarOTh TeroMmepasoro. Lle pubo-
HYKJICONPOTETHOBUI KOMILIEKC, 110 CKIaaaeThes 3 mporeinoBoi i PHK-gactun. Sk
€H3UM, TeJIOMepas3a € 3BOPOTHOI0 TPAHCKPUNTA30I0, IO SK MaTPUL BUKOPHCTO-
By€ 3B’si3aHy 3 Heto ocobmuBy monekyny PHK, ma sxiit mpoBomuts cunte3 JIHK
JUIS TIOZIOBXKEHHS TeToMep (U JUTS BIATBOPEHHS TEIOMEPaMH BTPavueHOl Py MO
kiitiHA yacTuHu TeraomepHoi JIHK). «3BopoTHOIO TpaHCKpUTITa3010» el €H3UM
Ha3uBaTh ToMy, mo BiH € PHK-3amexnoro JIHK-momimepazoro (komuch qorma-
TUYHO BBaKaJH, 10 HampsMm iHopmaii ixe 3amxnu Bix JJHK mo PHK i mikomm y
3BOPOTHOMY HampsMKy). Temomepasa noxae mo 3’-kiams JJHK xpomocom moBropro-
BaHy ITOCIIIOBHICTb 13 37€01IBIIOTO MECTH Ne30KcupuOoHykKiIeoTuaiB — 5’ -TTAG-
GG. Taxi moBTOpH pa3oM i3 BiIMOBIAHUMH MPOTEIHAMH 1 € Teromepamu. JloBknHa
TEJIOMEp, TOOTO KITBKICTh TIOBTOPIB 13 MIeCTH (IHKOJIH 1 BOCEMH) HYKJICOTH/IB, CyT-
TEBO BIPI3HAETHCS B PI3HUX BHUJIB ICTOT 1 MOYKE KOJIMBATHCS BiJl COTEHb J0 Oara-
THOX THCSIY TIAp OCHOB — HYKJIEOTHAIB. Teromepa3a akTHBHA B NEBHUX KIITHHAX,
K1 MalOTh PO3MHOXKYBaTHCs (MpomidepyBarn), HAPUKIAL, Y KIITHHAX 3apPOJIKIB,
KIIITHHAX CMITeNi0 KUIIOK, IUXaIbHUX MUIAXIB, KPOBi, Y CTOBOYPOBHX 1 CTATEBHX
KITiTHHAX Tomio. BoHa Takoxk aktuBHA B OinbirocTi (80—90%) 37MOSKICHUX KITITHH.
3BHUaiHi COMaTHYHI KITITHHU 3a3BUYail HE MAIOTh TEJIOMEPa3HOT aKTHBHOCTI.
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SIkmo TenoMepasa MoXKe BiJIHOBIFOBATH CTPYKTYPY TEIOMeEp, a IXHS CTPYKTypa
1 TOBKWHA BU3HAYa€e MpomiQepaTHBHY aKTUBHICTh KJIITHH, TO BUHUKAE CITYIITHE 3a-
MUTaHHS, Y1 MOXKHA IITYYHO PETYTIOBATHA MPOIECH CTapiHHS KIIITHH 1 OpraHi3MiB
(sIK IpUCKOpEHi, TaK 1 BIIOBLIbHEHI) 00 BIUIMBATH Ha Ti 3aXBOPIOBaHHS, IO CYITPO-
BOIDKYIOTHCS HEKOHTPOJIHOBAHUM PO3MHOKECHHSM KITITHH, TIEPEyCiM — Ha 37I0sKiC-
Hui pict. [IpaBaa, Tpeba Bifpasy k 3ayBaKUTH OUYEBUIHHA KOMIIPOMIC — aKTHUBAITis
KIIITHH M7 9ac 00poThOM 3 TX CTapiHHAM IMiIBUIIYE PU3HK 3IIOSKICHOI TpaHchOp-
Marlii KJIiTHH, a TPUTHIYCHHS MPOTiepaTUBHOTO MOTEHITIATy KIITHH IMix 9ac 0o-
pPOTHOM i3 3JIOSKICHUM POCTOM TPUCKOPIOBATHME iX CTapiHHs Ta 3arubenb. Tomy
3po3yMijia BaXKIIUBICTh MOJAIBIIOTO BUBYCHHS MEXaHI3MIB, IO PETYIIOIOTh aKTHB-
HICTB TesoMepas 1 (yHKIIIOHYBaHHS TeJIOMEp, IS JTIKyBaHHS 3JI0SKICHUX ITyXJIHH,
BEJIMKOI KUTPKOCTI 3aXBOPIOBAHb 1 CTAHIB OpraHi3My, MOB’SI3aHUX 13 MOPYIICHHSIM
MIPOIIECiB CTApiHHS KJIITHH 1 OpraHiB, HAPUKJIIAJ, aTakcii-TeJanriekTasii, mporepii,
aTuIaCTUYHOT aHeMii JTFO/IeH MTOXUIIOTO BiKY TOIIIO.

[Tin yac BUBYCHHS MOMJIMBOCTI aKTHBAIlil TeJloMepa3n OyJI0 BHSBIEHO, IO ii
PHKckimagauk mocTiiHO €KCIIPEeCY€EThCS Maike B yCiX KIITHHAX, 1 TOMY JJIS Bij-
TBOPEHHSI aKTUBHOCTI TEJIOMEpas3n JOCUTh BHKIIMKATH €KCIPECiI0 MPOTeTHOBOT Ya-
CTHHHM IIHOTO €H3UMY, HAIPHUKIAJ, IHAYKIIE€I BiAMOBIIHOTO TeHa UM WOTO IITyY-
HUM TIEPEHECEHHAM Y KIIITHHU. TakuM crmoco0oM MoXHA 3pOOUTH KyJIBTYPY KIIITHH
MPAKTHYHO OE3CMEPTHOIO.

Bimomi mgasi, monpasa, TOKH HEUYHUCIICHHI, IO «3I0POBUH CIIOCIO KUTTA 1 Xap-
qyBaHHS» 3YMOBIIOE aKTHBAIIIO TEIOMEPa3u Ta 30UTbIICHHS TOBKHUHU TEJIOMEpP Yy
MEeBHUX TKaHWHAX (HaiYacTilIe M0 JOBKHHY BUMIPIOIOTh Y JICHKOIIMTAaX KpOBi). I,
HaBIIaKW, y JIFOJCH 13 HaaMipHOIO Baroto abo 3 iHCYyJIiH-He3aJIeKHUM miadeTom II
THUITY CTIOCTEPEKEHO KOPEJIAIIIFO 31 IMBUIKICTIO CKOPOUEHHs Tesomep. Jlo ckopodeH-
HS TEJIOMEp MOXKEe TPHU3BOIUTH CTPEC, 30KpeMa OKCHIAaTUBHHN. UM He € 1e CBil-
YEHHSIM TOTO, 1[0 MH CaMi 4acTO CKOPOIYEMO BIIACHE KUTTS, BEAYIH «HE3IOPOBUIMA
crnioci0 xutTs»? L{ikaBi TakoXk MaHi PO MO3UTHUBHY KOPEJIAIIIO MiXK piBHEM BiTaMi-
Hy D B oprani3mi Jirozeii i TOBKHWHOO TEIOMED JICUKOIHUTIB KPOBI, IO M ATBEPIIKYE
JYMKY TIpO TIO3UTHBHHMA €(eKT BIUIMBY BiTaMiHy D Ha mporiecu cTapiHHS TKaHUH 1
Ha 3aXBOPIOBaHHS, OB’ s13aHHI 31 cTapiHHsIM. L{ikoMm peansHO, 10 B Mail0yTHEOMY
MOJKHA OyJie 4epe3 peryisifo aKTHBHOCTI TEJIOMEpPa3H IIIeCTIPSIMOBAHO BiTHOBIIIO-
BaTH KIIITHHU i OPTaHH, IO IMiITAI0ThCs CTAPIHHIO, YH, HABMAKU, IPUTTHHATH PICT 1
PO3MHOKEHHS KIIITHH, [II0 aKTHBHO PO3MHOXKYIOTHCS.

Y4eni HeOe3iICTaBHO CTBEPIKYOTh, IO BIIKPUTTSI, ITOT10H1 IO IEOTOPIYHOTO
HoGemiBchKoro, MOXyYTh CTaTH OHHMH 3 TIEPIINX Ha IUIIXY 10 PO3TaJKH TAEMHUII
«BIYHO MOJIOZIOTOY YKHTTS, PO 110 € 6araro MiiB i JeTeH 1.
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MEXAHI3MHU TBOPEHHS ITPOTEIHIB

Benuxampaman Pamaxpuwinan Tomac Cmeiiy Aoa E. Honam
(1952) (1940) (1939)

[{poropiu mpemiro 3 ximii Oyl0 BpydYeHO 3a BHUBYCHHS TOHKHUX MEXaHI3MiB
¢dyHKIIOHyBaHHS puOocoM. Buiie criporieHo O0ys10 BUKIIACHO OIUH i3 MEXaHi3MiB
30epiraHHsl TEHETWYHOI iHQopMalii B XpoMocoMax sapa KIITHHU. AJe s
peamizarii miei indopmartii kox JIHK mae neperBoputucs B kog marpuanoi PHK, sxa
BIJIMOBIZTHO Ha puOOCOMax Mae TPAHCITIOBATHCS B aMiHOKHCIIOTHY TMOCIiIOBHICTb
BIIMOBITHUX TIpOTEiHiB. ToOTO puOOCOMH € CBOEPIAHOI (HaOPUKOK CHHTE3Y
npoTeiHiB KIITHHMU. J{J151 IIbOT0 BOHU OBHHHI peai3yBaTy HOHAMMEHIIIE TaKi eTaru
CUHTE3y NPOTEiHIB: pO3Mi3HABAaHHS 1 3B’SI3yBaHHS 3 IHIIIIOIOBAJLHUM KOJIOHOM
MPHK Ha mouarky cunTe3y mnporeiny, 3unTyBaHHi 3 MPHK 3amporpamoBanoi
MOCJITOBHOCTI TPOTEiHy; BUOIp TPaBUIBHOI aMIHOKHCIOTH 1 T aKTHBAIlis;
KaTaJITHYHUHA aKT 13 (OPMYBAaHHSIM IENTHIHOTO 3B’SI3Ky MK aMiHOKHCIOTaMU;
MeXaHIYHUH akT repecyBanHs pubocomu o MPHK (un «mpotsryBanns»y MPHK
pubocoMoro Kpi3b cebe) 1 TepMmiHallisl CHHTE3y TMPOTEiHiB. YCi eTanu CUHTE3y
MIPUCKITUTMBO PETYIIOIOTHCS 3aBASKH TOUHIM B3a€MOIiT BIIMOBITHIX aTOMIB YU IPYTI
aTOMIB MOJIEKYJ, III0 B3a€MOIIOTh. [HaKIIe 01K cCHHTE3yBaIUCs O 13 MOMUIKaMHU
B TICPBUHHIN CTPYKTYPi (Y MOCTITOBHOCTI aMiHOKHUCIIOT), 110, 3BICHO, HETIPUHHATHO
JUTSI BUKOHAHHS MTPOTETHAMM TXHIX (DyHKITIH.

BioximiuHi MeXaHi3MH, IO JIS)KaTh B OCHOBI CHHTE3Y NMPOTEHIB HAa pHOOCOMaX,
BUBYAIOTH MPOTAToM 50 pokiB. 3a 11eif Yac HAKOMMMYEHO 0AraTo BaYKIIMBUX JAHUX IIOJI0
BCIX €TaIliB CHHTE3y MPOTEIHIB, a TAKOXK CTOCOBHO CTPYKTYPH pUOOCOM €BKapioTiB i
MPOKAPIOTIB, MITOXOH/IPIH 1 MPOTOIUIACTIB; BETMKUX 1 MAJIUX CyOOTUHHIIb PHOOCOM
Ta IXHIX MPOTETHOBHX 1 pUOOHYKIETHOBHX CKIAHUKIB. 30KpeMa, OyII0 MoKa3aHo, 1o
3a 3arajibHOI0 CTPYKTYpOIo prubocomu eBKkapioTis (80S) mysxe cxoxi 3 pubocomamu
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npokapiortis (70S), o pudocomu copmonani 3 komriekciB PHK i mpoteinis (To6TO
BOHH € pUOOHYKJICOTIPOTETHAMM ), MAIOTh MPUOIH3HO 20 HM Yy TiaMeTpi 1 CKIaIal0ThCS
3 IBOX CYOOIMHUITH — BEITMKOI Ta Masioi. Masa cyOomMuHUII puOOCOMHU 3B’ SI3y€THCS
3 MPHK, a Benuka — 3 TPHK Ta aminokuciororo. Benuka cyboquauis pubocoMu
eBkapioTiB (60S) Mae y cBoeMy ckiaai Tpu Monekynu pudocomanbHoi PHK (58S,
28S 1 5,8S) ta 6mu3pko 50 ManMx MOJIEKY MPOTEiHiB, Masa cyooauauis (40S) mae
onny moinekyay pPHK (18S) 1 6ins 33 mporeiniB. BinmoBigHo Benwka cyOOnuHUTIS
6axrepianpHOi pudocomu (50S) mae nBi monexyau pPHK (5S i 23S) 1 34 nmporeinm,
a mana cyoomunuts (30S) — omay pPHK (16S), sxa 3B’s3aHa 3 21 MOJNEKyII0r0
MpOTeTHIB. MOXKIINBO, IIi JeTali HE € TAKUMU BKJIMBUMHM ISl YATada, ajie BOHU
MIEBHOIO MIpOO BiJII3€PKATIOIOTh BEIHKUI PO3Mip pUOOCOM 1 CKIIQIHICTh IXHBOI
HAJMOJICKYIISIPHOI CTPYKTYpH, HEOOXIAHOI /I BUKOHAHHS YW HE HAWBAKIMBIIION
(GYHKIIT KITITHHA — CHHTE3Y PO TeiHiB. Taka CKIIaqHICTh CTPYKTYpH pUOOCOM IOBIO
HE JTaBajia 3MOTH BYCHUM yCTAaHOBUTH TOHKI JeTalli X (yHKIIOHYBaHHS, aX MMOKH
He Oy10 po3po0IIeHO METOJIMKH OTPUMAHHS KPUCTAIIB pUOOCOM ISl PEHTTEHCTPYK
TYpPHOTO aHaTi3y Ta He 3 SBUJIMCS METOIU MOJEKYISIPHOI Y aTOMHOI Tororpadii
JUTS BEJTMKUX HAJMOJICKYJISIpHUX KoMmIutekciB. [IpopuB HamituBcs y 2000 p., komu
Oy OmyOJIiKOBaHI TepIn poOOTH 3 PEHTTEH-CTPYK TYPHOTO aHajizy puOocom
Oaxrepiit 1 apxea. [LluM ycmintHIM My OImiKamisiv reperyBaio 0arato pokiB TPHBAIOT
i HaromeruBoi po6orn. Tak, Ama Mownar nporsarom 20 pokiB mpoBena AeKigbka
necsTKiB TUCSY (!) eKCIIeprMEeHTIB, 00 OTPUMAaTH KPHUCTAIH pUOOCOM OaKTepiid,
iK1 Oyiu O TPUIATHUMH JUUIsl pEHTT€H-CTPYKTYPHOTO aHaui3y. BimoMo, 110 roJIoBHOIO
YaCTHHOIO aHAJTI3y € pO3MH(pyBaHHS BiIOMTKIB Bl COTEHB THCSIY aTOMiB PUOOCOMH,
OTPUMAHMX TIPU OMPOMIHEHHI ii KPUCTAIIIB PEHTTCHIBCHKUMHU IMPOMEHSMHU. TyT
Ha JIOTIOMOTY TIOTYKHI OOYMCITIOBAJIbHIN amaparypi, sSIKy BHKOPHUCTOBYBAJIN IS
PEHTTEH-CTPYKTYPHOTO aHaii3y, MPUHIIUIN JTaHi eJIeKTPOHHOI MiK PO CKOIIi X
e KpucTamiB. EleKTpoHHa MiK pOCKOITiSI HE Majla BUCOKOI PO3IUTBHOI 3/1aTHOCTI,
ajie JI0NOMOIVIa BCTAHOBHUTH 3arajbHy CTPYKTYypy PHOOCOMH 1, TaKUM YHHOM,
3ICTaBUTH W JIOKANIi3yBaTH PEHTTEHIBChKI BimOuTku. Jlokropm Pamakpuminan i
CTelTI TPOBOIMIIH IO CIIKEHHS HA CHHXPOTPOHI Bpyk XeiBIHCHKOT HaIliOHATBHOT
nmaboparopii 1 omyOIiKyBau pe3yIbTaTH CBOET pOOOTH Maike OTHOYACHO 3 AJIOI0
Honar y 2000 porti. SIKI0 mepiii pe3y/sTaTh aHaTi3iB OyIIn 3 pO3iIbHOI0 3aTHICTIO
5—7 aHrCTpeMiB, TO TIOTIM SAKICTh miaBUIIMIACS 10 2,8—3,5 anrcTpemiB. OcoOIUBO
BOXJIUBUM OYJIO JOCHIDKCHHS MOJEKYISAPHOI CTPYKTypH KOMIUIEKCIB pHOOCOM
i3 MPHK (caiit «P») ta TPHK (caiit «A» mis aminoamui-TPHK i caiit «E» mis
ButeHOT TPHK mepen ii Buxo0M i3 puO0COMM) 1 BUSABIEHHS IPOCTOPOBOI CTPYKTYpH
KaHaJy, y SKOMY MICTUTBHCS IIIOHHO CHHTE30BAHUN TIPOTETH.

OpHnrM 13 HAWIIKaBIMX Pe3yJbTaTiB OMyONiKOBaHUX poOIT OyB TOH, 1m0 B
AKTUBHOMY IIEHTPI pHOOCOMH, BIIIOBINAaJBLHOMY 3a KaTalliTHYHE (POpPMYyBaHHS
MENTHIHOTO 3B’sI3Ky, He Oyno 3HaiijieHo pubocomanbHUX MpoTeiHiB. [Iporeinn
pub0CcOoM 37e01TBIIOT0 MICTATHCS Ha iIXHIH MOBEPXHI | BAKOHYIOTB POJIb CTa01Ti3aTopa
MPOCTOPOBOI CTPYKTYpH. ToOTO B poIli €H3UMY MENTHAWI-TpaHCHEpa3H BUCTYIIAE
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pubocomansaa PHK! Tak Oymo cnpoctoBano 1ie omHy 3 morM Oioximii: «He Bci
MIPOTETHU € eH3UMaMH, aJIe BC1 eH3MMH € IPOTETHAMI» — 1 IOBEJICHO, 110 €H3UMaTH4HA
AKTUBHICTH BJIACTUBA TaKOXK pHOOHYKIIeiHOBUM KuciotaM. Taki PHK OGynu Ha3BaHi
«pubozumammy. [1o6inbIe, O/1HA 13 CydacHUX TIMOTe3, TIOB  I3aHUX 13 3aPOPKEHHSIM
KUTTS Ha 3eMJTi, CTBEepIKYE, mo came PHK, a ve mporeinan un JIHK Gynu nepmmmu
1 HABAYKJIMBIIIMMHU MaKpOMOJICKYJIaMHU B €BOJIIOLIII, sIKI BOAHOYAC OyiH 1 HOCISIMU
TeHEeTUYHOI iH(pOpMaIlii, 1 eH3MMaMH, aKTUBHICTh SKUX OyJia BUPIMIAIBHOO ITiJT 9ac
CTBOPEHHS i PO3MHOKEHHI TIEPBUHHUX OpraHi3MiB Ha HAIIH TTAaHETI.

3HaHHA TOHKOi CTPYKTypH 1 MeXaHi3MiB (YHKIIIOHYBaHHS pPHOOCOM
0e3mocepeIHbO TIOB’s3aHE 3 MOXKIIMBICTIO PETY/sAIii Ol0CHHTE3y TPOTEiHIB Yy
KIITHHI W pO3B’s3aHHSAM 0ararb0X MEAMYHUX MpoOieM. BumbmiicTh aHTHOIOTHKIB
OyJI0 CTBOPEHO TaKWM YHHOM, 10O BOHM TaJbMyBaJM CHHTE3 OaKTepiaabHHX
MPOTETHIB Ha OaKkTepiaTbHUX PHOOCOMaX 1 HE MEPEIIKOHKAIN CHHTE3y MPOTEiHIB
y KIIITHHAX OpraHi3MiB, e 1 6aktepii MicTAThCS. TakuM 9UHOM, 3pO3YyMiI0, YOMY
MPOTHOAKTEPiitHI aHTHOI0TUKY HE AKTHBHI IPOTH BIPYCIiB: BipyCH HE MAIOTh BIACHUX
pubocoM 1 BIACHOI TMPOTEIH-CHHTE3YBaJIbHOI CHUCTEMH, ajlé BHUKOPHUCTOBYIOThH
pubocoMH KIIITHH TOCTIOAAps, € W PO3BUBAIOTHCS. [laHi MPOCTOPOBOI CTPYKTYpH
(xoH(pOpMarlii) caifTiB puOOCOM, IO BaK JIUBI IS PI3HUX €TaITiB CHHTE3Y MTPOTEIHIB,
JIAI0Th MOYKIMBICTH TIPOBOAMTH CAWT-CHEIM(IYHANA CHHTE3 CIIONYK, IO CTalOTh
1HT10iTOpAaMU MPOIIECIB TPAHCIIALI, @ OTKE, TOTSHI[IHHIMH JIiKaMu.

Bimsnadenns HoOEmiBCBKUMH — TIPEMisIMH  OTMCAHWX BHINE HAYKOBHX
BIJIKPUTTIB — II€ OJTHE CBiAUEHHS BAXKJIMBOCTI TAKUX POOIT JUIS IMi3HAHHS MEXaHI3MiB
KMBOTO, BUKOPUCTAHHS JOCATHEHb HayKH Ha OJaro JIIOACTBA, a TAKOXK TOTO, SIKY
BEJIMKY yBary MpUIUISIOTH Y CBITI CYYaCHUM MEIHMKO-010JIOTIIHIM [0 CITiKSHHSIM.
Jlo 1mporo MOKHA J0AaTH, M0 HemoAaaBHO Oyno Bimkputo «RNA inter ference» —
MPOIIECy «CaiIeHCHHTY» (4u iHTepdepeHIlii) CHHTe3y MpOTEeIHIB Ha pubOOocomMax
Ha OCHOBI JBocmipambHuX «Manmux iHTepdepyrounx» PHK, a6o mikpoPHK. Ile
BiKpuTTS Oyio BimzHauene HobemiBebkoro mpemieto 2006 p. BoHO Takok CTBOpIOE
MOKJIMBOCTI JUISl IUIECTIPSIMOBAHOT PETYJISIil, 30KpeMa TraJbMyBaHHS, CHHTE3Y
OKpEMUX MPOTEIHIB 1 JIIKyBaHHS 0arathoX 3aXBOPIOBAHb JFOIUHU, TBAPHH 1 POCIIHH.

© KOMICAPEHKO Cepeiti Bacunvosuu
ISSN 0372-6436. Bicn. HAH Ykpainu, 2009, Ne 12
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IMYHITET: IIIO 3MYIITYE MOI'0O MPAIITIOBATHA?
(IMMUNITY: WHAT MAKES IT WORK?)

HooeaiBcbka nmpemist 3 ¢isiosorii uyn meauuunu 2011 p.

Hobeniscvrka acambnes npu Kaponincokomy meouunomy incmumymi supiuiuia
npUCyOUmMU HaUNPeCMUdICHIULY 8 HAYKo8omy ceimi npemiio 3 ¢hizionoeii ma meouyu-
Hu 3a 2011 pix mpvom yuenum-imynonoeam. OOHiei nonosunu npemii yoocmoinucs
cninvno bpioc Botimnep i JKione Xogpgpman 3a 6iokpummsl, wjo cmocyromvcsa akmu-
sayii’ 6podiceno2o iMyHimemy, a opyea nonosuna dicmanacs Panvgpy Cmetinmany
3a GIOKpumms OeHOPUMHUX KIIMuH ma ixHvoi poni ¢ HabOymomy imyHimemi. Ha
arcans, npogecop Cmelinman He 00dicu8 00 yici padicHoi nodii: 8in nomep 3a mpu
OHI 00 020N0UIeHHS 1aypeamis.

1o >k HOBOTO 3MOTJIM 3HAWUTH I1i BYEH] B IMYHITETI, IPO SIKMH KOXKEH 3 HAC UYB 3
CaMoro AUTHUHCTBA 1| BUBUCHHSIM SKOTO 3aiiMarOThCs TUCSYl POBIIHUX J1abopaTopiit
CcBITY? SIKIIIO CITPOIIEHO, TO IMYHITET — II€ BIACTUBICTh IMyHHOI CHCTEMH OpraHi3My
JOMUHM 200 TBAPUH PO3MI3HABATH PI3HUIO MIX BIACHUMH 1 y>KUMH CKJIQJIOBUMH
(MakpoMoJIeKyIaMH, KJIITHHAMHU, TKAHUHAMHU 1 OpraHaMH, a TAKOXK BipycamH, OaKTe-
pisiMH TOIIO), SIKI IITYYHO YM MPUPOIHO MOTPAIUIIIOTH B OPraHi3M, abo 3’ IBISIOTh-
Cs1 32 paxXyHOK EPETBOPEHHS CBOTO y OPTraHi3Mi, Ta HPOTUAISTH PO3MOBCIOKEHHIO
«Ty’)KOTO», 00 OCTAaHHE YACTO MOB’s3aHe 13 3aXBoproBaHHsAMU. HaituacTime (aye He
BUKJIFOYHO) IMYHITET CHPSIMOBAaHUI MPOTH YNHHUKIB — ATOTEHIB, IKI BUKIIMKAIOTh
1H(EKIIHI 3aXBOPIOBAHHS, /10 SKUX BIHOCSTH BipycH, OakTepii, maTtoreHHi rpud-
KOB1 MIKPOOpIaHi3MH Ta Mapa3uTH.

B 6iomnorii maibxe 100 pokiB nanyBasio TpaauiiliHe ySBICHHS, C(hOpPMOBaHE I11e
nix BrumBoM poOit I1. Eprnixa ta I. MeunikoBa npo iCHyBaHHS ABOX JIAHOK IMyHIiTe-
Ty: KJIIITHHHOI Ta TyMOPAJIbHO1, SIKi B3a€EMOIIFOTh Mik co0or0. Y 1883 p. [.I.Meuni-
KOB JIMIIIOB BUCHOBKY, 1110 HECIPUIHITINBICTh OPraHi3My 10 ACIKHUX 1H(EKIIHHIX
3aXBOPIOBaHb (IMyHITET) 3a0€31euy€eThesl (ParorMTapHO0 aKTHBHICTIO JIGHKOIIUTIB.
Maiixe B et xe gac [1.Epiixom Oyi10 BCTaHOBIICHO, 10 3aXHCHI BIACTHBOCTI KPOBI
3YMOBJICHI 3IaTHICTIO NIESKUX BHIIB JICHKOIIMTIB y BiJMOBib HA TIPOHUKHEHHS B
opraHi3M 30yJHHKIB 3aXBOPIOBAHHS YTBOPIOBATH MPOTEiHH (IMyHOroOymiHu abo
aHTHUTLIA), IO CIIPSIMOBAHI MPOTH IMX 30yAHUKIB 1 3HEIIKOMXKYIOTH iX. OTXKe, 3a
CBOEIO TIPUPOJIOI0 IMYHITET MOXe OyTH KITHHHUM ((arommuros) i TyMOpalIbHUM
(anTTina). Y 1908 p II. Epnix ta I. MeunikoB oxepkanu HoOeniBcbky mpemito
3 MeMIMHHU Ta (i31010Tii 32 CTBOPEHHS KIITHHHO-TYMOPAJIbHOI TEOpii IMyHITETY.

Cuin 3ayBaXkHTH, 110 1[I0 HAHOLIBII MPECTHXKHY HAYKOBY Haropoay He pas oT-
pUMyBaJIM BYEHI, 110 MpAIfoBaJId B ranmys3i imyHomorii: B 1901 p nepury Hobenis-
ChKy mpeMito orpuMaB Emine Anonsd o bepinr «3a podoty i3 cHpoBaTkoBOi Te-
partii, TOJIOBHMM YMHOM 3a 11 BXKMBAHHS IIPH JIIKyBaHHI AU Tepii, 10 BiIKPHIO HOBI
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JIOPOTH B MEAMYHIN HAYII 1 1aJI0 B PyKH JIIKapiB 3BUTSHKHY 30pOI0 IIPOTH XBOPOOH 1
cmeptin; B 1913 p — Illapne Pime «Ha 3HaK BU3HAHHS HOTO poOIT 1Mo aHadinakcii;
B 1919 p — Xionp bopne «3a BIIKpHUTTS, OB s3aHi 3 IMyHITETOM» (POJIb KOMILIE-
MEHTa, MEXaHI3MH TPENHUITiTaIli, armoTHHaMil Ta iHmL); B 1960 p — Makdapieiin
bepwner, Ilitep MenaBap «3a BiZKpUTTS MITYYHOI iIMyHHOI TOJIEPAHTHOCTI (TIEpeHO-
cumocTi)»; B 1972 p — JIxepansa Enensman, Poxni [lopTep «3a BIZKpHUTTS, 110 CTO-
CYIOThCS XIMIYHOI CTpYKTypH aHTUTL; B 1980 p — Bapyx benaceppad, Kan Jlocce,
Jlxopmx CHeIT «3a BIJKPUTTSI, IO CTOCYIOThCS TEHETHYHO BU3HAYEHUX CTPYKTYP
(aHTHUTEHIB TICTOCYMICHOCTI) Ha KIIITUHHIN TOBEPXHI, PETYIIOIOYNX IMYHHI peak-
uii»; B 1984 p — Hinsc €pne, ['eopr Kronep, Cesap MinbmTeitH «3a BiTKpUTTA 1
PO3pOOKY MIPHUHIIUIIIB OJIep>KaHHS MOHOKJIOHAJIBHUX aHTHUTLI 32 JOMTOMOTOIO T10pH-
nom»; B 1987 p — Cym3ymi ToHeraBa «3a BIAKPUTTS TEHETHYHOTO MPUHIIMAITY IS
reHeparlii pisHoBuIy aHTHTIY; B 1996 p — Ilirep Hoepri, Ponsd [{uukepraremns
«3a BIIKPUTTS B 00J1aCTi IMyHHOT CHCTEMH JIFOMUHH, 30KpeMa ii 3M10HOCTI BUSIBIIATH
KIIITHHH, YpakeHl Bipycom». SIk 6aumMo, JOCATHEHHS BYCHHUX-IMYHOJIOTIB YacTO
BHU3HABAJIMCS] HAWBArOMIIIMMH B TaTy31 METUIIMHH Ta (i310JI0Tii, OCKUIbKH IMyHHA
CUCTEMa € JIy’Ke BKIMBOIO JIJIST OpraHi3My, a BUBUCHHS NMPUHIIMITIB ii PyHKITIOHY-
BaHHS Mae (hyHIaMEHTaJIbHE 3HAYCHHS /IS TPO(UTaKTUKY (BaKIIMHAILIS), T1arHOC-
TUKHU 1 Teparii 6aratboX 3aXBOprOBaHb. [Ipy 4OMy ICHYIOTH 3aXBOPIOBaHHS CaMoi
IMYHHOI CHCTEMH, 3aXBOPIOBAHHS IHIINX OPraHiB Ta TKaHWH, BUKIMKAHUX IOPY-
IICHHSIMH B IMyHHIH CHCTEMI, Ta 3aXBOPIOBAaHHIMH 1HIIIUX OPTaHiB | TKAHWH, aJIe SKi
BHUKJIMKAIOTh 3MiHU B IMyHHIH cucTteMi. [I[pakTHaHO HEMae 3aXBOPIOBaHb, SIKi O TUM
9H IHITUM CITOCOOOM, TIPSMO 200 OTIOCEepEeIKOBAaHO He OyJiv MOB’s3aHi 3 IMyHHOIO
CHCTEMOIO.

BonmHouac mocmiKeHHsS IMyHHOT CHCTEMH Ta ii KOMIIOHEHTIB YKpail Ba)KITUBE
JUTS €KCTIEPUMEHTAJIBHOI 010710T11 pi3HUX PiBHIB (MOJIEKY/ISIPHOI, KIIITUHHOT, OpTaH-
HOI TOIIT0), TOMY IIIO BXKe 0arato pokiB IMyHHa CUCTeMa — ii opranizaris Ta (GyHKIIi-
OHYBAaHHS, ii KOMITOHEHTH — BUKOPUCTOBYIOTHCS SIK YHIKAJIbHI MOJIETI /U1l BUBYCHHS
CTPYKTYpH IPOTETHIB; OpraHi3allii reHiB, 0 KOAYIOTh KOMIIOHEHTH IMYHITETY; BHY-
TPIIHBOKIITHHHOTO Ta MDKKIIITHHHOTO «CHUTHAIIIHTY», CTPYKTYpH 1 POJIi peren-
TOpIB HA TIOBEPXHI IMyHOKOMITETEHTHUX KIIITHH TOIIO. YacTo BIAKPHUTTS B Tairy3i
IMYHOJIOT1i 3MIHIOBaJld HalpsM PO3BUTKY IHIIMX ramys3ed Hayku. Tak, y 1945 p.
k. bimmom 1 E.Tarymom Oyna cdopmyrnboBaHa TinoTesa, sSIKy MOYKHA BHPA3UTH
(hopMyIOI0 «OIUH TeH — OUH (hepMEHT». 3T1IHO 3 II€0 TIMOTEe3010, KOKHA CTaTis
MeTabOIIYHOTO MPOIIECY, IO MPUBOIUTE 10 YTBOPEHHS B OpraHi3Mi (KIITHHI) KO-
TOCh IPONYKTY, KaTalli3yeThCsl MPOTETHOM-(PEpPMEHTOM, 32 CHHTE3 SKOTO BiJIIIOBiTa€e
onuH reH. [li3Hime, ko Oyno Mmoka3zaHo, MO Oarato OUTKIB MarOTh YETBEPTHHHY
CTPYKTYPY, B YTBOPEHHI SKO1 O€pyTh yd4acTh Pi3HI MENTHUIHI JIAHIIOTH, (OopMyIa,
o BijoOpaxkae 3B’SI30K MK T€HOM 1 O3HAKO, Oyima Jemio MmepeTBOpeHa: «OIUH
TeH — OJIH TIOJIIETITHI, a IIe Mi3HIIIe — 715 KOYKHOTO 3 JIAHITIOT1B iIMYHOTIIO0YITi-
HIB — «J[Ba TeHH — OAMH noinentuy. OnHak, Biakputtsa Cynzymi ToreraBoro opra-
Hi3amii CTPYKTYpHHUX T€HIB iIMyHOTIIOOYIIiHIB, Bin3HadueHe HoOemBChKOIO TIpeMi€eio
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y 1987 p, ocTaTo4HO 3MIHIIIO KIIACHYHE YSBICHHS MPO TE, IO KOKHHH OIS THT
KOAYETHCS OJTHUM T€HOM.

BusiBuiioce, mo s KoAyBaHHS TOMIMENTHIHUX JIAHITIOTIB iIMyHOTIIOOY TiHIB
ICHYIOTh JTOCUTH CKJaJIHI T€HETHYHI MEXaHi3MH, IO MPHU3BOIATH 10 CTBOPEHHS
BEJIMYE3HOTO PI3HOMAHITTS aKTHBHHX IEHTPIB aHTUTLI. [€HH, 10 KOMYIOTh MOJi-
MIENTH/IHI JAHIFOTH iIMyHOTIIOOY/IiHIB, pO3TallloBaHi Ha PI3HUX XpOMOCOMax. Y JIro-
JIMHY, HAIPUKJIIAJ, JIOKYC TeHIB IS BCIX KJIaciB BaKKHUX JIAHITIOTIB IMYHOTJIOOYITi-
HIB pO3TalIOBaHUN HAa XpoMOCOMi 14, [Jis JIErKOTO JIaHIoTa K — Ha XPOMOCOMI 2,
JUTSA JIaHIiora A — Ha XpoMocomi 22. KoxHa Tpyrna reHiB IUIsl BaKKUX JIAHIIOTIB
IMyHOTJTOOY/TiHIB MICTHTB iH(MOpMaItito nipo pisHi VH momenn s yTBOpeHHS Be-
JUYE3HOTO PI3HOMAHITTS aHTHUTUI, @ TAKOXK MPO CTPYKTYPH KOHCTAHTHUX JIISTHOK
IMYHOTJTOOYJTIHIB — JIJ1s pi3HUX KJIAciB IMyHOTIIOOYTiHIB. B CBOTO uepry, rpymna retis
JUTS JIETKHX JIAHITIOTIB IMyHOTIIOOY IiHIB Mae iHdopMmartito i pizHux VL moMeHiB i
onHoro 3 CL. PisHomaniTTs VH 10MeHIB Ba)XKUX JIAHITIOTIB IMyHOTIIOOYITiHIB (hop-
MY€ETBCS 37€01TBIIOTO 32 PaXyHOK HMOBIPHICHOT COMaTHYHO1 pekoMOiHarii V (Bapi-
abenpHMX), D (pizHOMaHITHHX) Ta J (00’ €IHYIOYMX) CETMEHTIB I'€HiB, SKi TAHACMHO
po3TaIoBaHi Ha XpoMocoMmi, Ta ixaporo 00’eqHanas y VH ren. Leit VH ren xomye
onHakoBi VH moMeHu yciX aHTHTLI, IO CHHTE3YIOThCS OAHIE0 B-KiiTrHOIO a0o0 11
HAIaJAKaMH, 30KpeMa IUIa3MaTHYHOIO KIIITHHOIO, HE3aJIeKHO BiJl KJIacy CHHTE30Ba-
HOTO Ba)KKOTO JIaHITIOTa IMyHOTJI00y/iHIB. [Ipy epekniodeHHi CHHTE3y OHOTO Kia-
Cy iMyHOTITOOYITiHIB Ha IHIIHI 32 paXyHOK 00’ €qHaHHs Toro  VH reny 3 inmmmM CH
TeHOM (HampuKIaz, npu nepekiaroueHHi 3 [gM Ha IgG kimac) BinOyBarOThCs 3MiHH Y
VH reni 3a paxyHOK comatnyHux Tinepmyramniid. Komo6inamist o6ox: i VH, i VL mo-
MEHIB pOOUTH BHECOK y TIOXOPKEHHS BETMUE3HOT PI3HOMAHITHOCTI crienuigHOCTeH
aHTHTLI, ane, Ha BiaMiHy Big VH reny, VL ren ¢hopMyeThes TUTBKH 32 PaxXyHOK CO-
MatrgHoi pekomOiHartii V i J cermenTis. [Iporsirom XX cT. iIMyHOJIOTis TIepeKHBasIa
OypXJINBHI PO3BUTOK, YHACIIIOK SKOTO HIOWTO BCTAHOBUIIOCS PO3YMIiHHS TOTO, SIK
(YHKITIOHY€E aIaNTUBHUHN IMYHITET (BUKIIMKAaHUN «IYKUMI» aHTH T€HaMH, SIKi PO3-
M3HAIOTHCA aHTUTEH-cienudigHuMu perentopamu B- un T-miMdoruTiB iMyHHOT
CUCTEMH), 0 B-1iMQponnTH BiAMOBIIAIOTH 32 CHHTE3 aHTHTILN, a T-miMdonuTy — 3a
KIIITHHHUH (IATOTOKCUYHUH ) IMYHITET, 1[0 TIOTPiOHA KooTeparlisi IMyHOKOMITETEHT-
HUX KIITHH I peajizaiii 000X TUMIB iMyHITeTy. Ta 3aiuimanocss He3po3yMiIuM,
K (DYHKITIOHY€E CCTeMa IPUPOTHOTO IMYHITETY, SIKUI «HE BUKOPUCTOBYE» CUCTEMY
AHTHUTeH-PO3Mi3HABAIBHUX PEIENTOPiB TOHKOI crerudianocti B- 1 T-mimdoruTis,
a TaKOX YOMY aJIalTHBHHUMA IMYHITET MOYKE CYTTEBO BIAPIZHATHCS 10 CHITI IMyHHOT
BIJIMTOBI/II Ha OTHAKOBI aHTUTEeHHU. Bin3HaueHi HoOemiBChKOIO MPEMI€r0 10 CITiKeH-
Hs1 OyJTM IPUCBSIYCHI BUBYCHHIO CaMe ITNX «HE3PO3yMUTHUX» TPOOIeM.

[TpupomHuii iIMyHITET — €BOJIOIIHHO 3HAYHO CTapIIWi 1 MPUTaMaHHUN Oara-
THOM JKHBHM OpTaHi3MaM, 30KpeMa poclIMHaM, KOMaxaM 1 HaBiTh OakTepisM, sKi
MalOTh 3aXHMCHI MeXaHi3MHU POTH BipyciB-OakTepiodariB. Cnenudiununii (aganTus-
HUH) IMYHITET IpUTaMaHHUH JIMIIIE BUIIAM TBapHHAM — XOPAOBUM, 1 JOCSTAE Hai-
CKJIQJIHINIOI OpraHi3alii y TeIIOKpOBHUX TBapHH (TTaxiB 1 CCaBIliB). Y JIIOAWHU i
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TBapHH MPUPOTHUN IMYHITET, SIKAH JTi€ B TEPIITy Yepry MPOTH MaTOTeHiB, 3a0e31e-
YY€ThCS NIEKITBKOMa PIBHIMH 3aXHUCTY.

[Mepmmit — me mkipa i cim30Bi 0000HKKA. OCTaHHI HE TUTHBKH BUKOHYIOTH
Oap’epHy (QYHKINIO Ha MUIAXYy TPOHUKHEHHS 0araTthoX MaToTeHIB, alie ¥ 37aTHI 10
AKTUBHOTO 3HUIICHHS OUTBIIOCTI 3 HUX, HAPUKJIIA, i Ai€r0 HU3bKuX pH abo 3aB-
JISIKM ICHYBaHHIO HOPMaJIbHOT MIKpOQIIOpH, SIKa acoliifoBaHa 31 BciMa OKpUBaMHU
OpraHi3My.

Jpyruii piBeHb MPUPOTHOTO 3aXUCTY — 1€ ICHYBaHHS B O1OJOTIYHHUX pPiTuHAX
OpraHi3My MakKpOMOJIEKYJI (B TIEpIITy Yepry — €H3UMiB abo iX 1HTiOITOPIB), MO PyHi-
HYIOTh «4yXKi1» MaKpOMOJIEKYIH, Bipycu abo OakTepii (K, HATPUKIIAI, T130IHM IIIKi-
pH, CIIMHU Y| CJIi3, 0 PO3IIEIUTIOE 000JIOHKH OaKTepiid, TpaHceprH, 0 m030aB-
nsie GakTepii HeoOXiHOTO TSI POCTY 3aji3a, iIHTepPEepoHH, SKi TaTbMYIOTh PO3MHO-
KEeHHS BipyciB, hocdominaza A2, MpOTUMIKPOOH] MENTHUIN, KOMITZIEMEHT TOIIIO).

[TaTorenu, M0 YHUKIIM TIEPIIUX TBOX PIBHIB 3aXUCTY 1 MOYMHAIOTH PO3MHOXKY-
BaTUCS, MOXKYTh 3HEIIKO/DKYBATUCS KIITHHAMH MPUPOJHOTO IMYHITETY, 10 SKHX
BITHOCATHCS KIITHHHA-(DAroruTH (Makpodaru, HeuTpodiau, €03MHODLIH), TISHIAPUT-
HI KITITHHA, 6a30()1TH, TydHI KIITHHA Ta PUPOIHI KIIITHHU-KUIEPH, K1 BXOASTH 10
TPETHOTO PIBHS 3aXUCTY.

Peakiiist cicTeMu MPUPOTHOTO IMYHITETY Ha MTOTPATUISIHHS 9Y>KOTO JI0 BHY TPIIII-
HBOTO CEpPE/IOBHIIIA OPraHi3My IPOSIBISIEThCS SK PEakIlisl 3amalieHHs. [0loBHOO
(YHKIIEO 3aMajieHHs € 0OMEKEHHS MOMMPEHHS TI0 OpraHi3My 9y)KOpPiTHUX aHTH-
TeHiB, III0 HEOOX1THO, B PSA/Ii BUITAIKIB, JJIs TIEPBUHHOI JIOKaJi3allii iHPEKIiHHOTO
mporiecy. [ 0JIOBHUM MEXaHi3MOM 3HEIIKODKCHHS aHTUTEHIB (TTATOTeHIB) Y BOTHH-
1l 3anayieHHs € garonuTos, 00yMOBICHHN TEpeBaKHO HeHTpodimamu (y rocTpii
cTamii 3amaneHss) abo makpodaramu (y XpoHIUHIN cTamii 3amaneHHs). Paronutu
3[aTHI BITI3HABATH, MOTJIMHATY Ta PyHHYBAaTH NATOTEHU HaBITh 0€3 y4acTi CHCTEMHU
QIaTITUBHOTO IMYHITeTY. BOHM pO3Mi3HAIOTh HA MOBEPXHI MATOTCHIB NMpHUTaMaHHI
OCTaHHIM MTOBTOPIOBAJIbHI MOTHBH (Tak 3BaHi «regular patterns»), HalpuKIIaI, mMer-
TUAOTITIKAHW, XITHH, TEWXO0EBI KUCIOTH, JIMOMOMIIYKPHUAA TOIIO, 32 JOTIOMOTOIO
pENenTopiB, SKi HA3MBAIOTH PEIENTOPAMH, IO PO3II3HAIOTH 3a 3pa3KoM («pattern
recognition receptors»). [Ipupoaanii IMyHITET Ji€ MIBUIKO, TOMY IO HE 3aJICKHUTh
BiJl KJIOHAJILHOTO PO3MHOKEHHS aHTUTeH-CIIeNU(IYHUX KIITHH, TpPUTAMaHHHX
QIaTITUBHOMY IMYHITETY, 1, SIK TpaBmIo, epekTuBHO. Tomy iH(EKIiitHI 3aXBOPIO-
BaHHS TPAIUIAIOTHCS BITHOCHO PiJIKO, BPaXOBYIOUH TOCTIHHE OTOUEHHS OpraHi3MiB
PI3HEMU MAaTOT€HAMH 3 HaBKOJIUIITHHOTO CEPEIOBHUINA.

KitituHM pUpoaHOTO IMYHITETY BIITPalOTh TAKOXK BAXKIUBY POJb Y adalTHB-
HOMY IMYHITETI — JIesIKi 3 HUX (ICHIPHUTHI KIIITHHU) € aHTUTCH-TIPE3CHTYBAIbHUMHU
KIIITHHAMH, 3JaTHAMU 10 CTUMYJIALII aHTHTeH-CIIen(IYHIX KIITHH aJallTHBHOTO
imynitery (T- i B-mimdorutie). HasBHI Ha TOBEpXHI aHTUTECH-TIPE3CHTYBATBHIX
KIIITHH KOCTUMYJISITOPHI MOJIEKYJTH HEOOX1THI [Isi epeKTHUBHOI iHimiamii crernudiv-
HOT IMYHHOI BiAmoBifi. 3 iHIOTO OOKY, GakTopH crenupigHOi iIMyHHOI BiIMOBIII —
AHTHUTLIA TACHITIOITE (DaroruTo3 Ta iHII MPOsSBU Hecnenudigaoro imynitery. Ha
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KaJTb, PUPOHUHN IMYHITET HE 3aBKIM MOXKE 3HEUIKOJUTH MaTOreH!, a00 KIIITUHU
OpraHi3my, IO CTaJH 3J10sSKiCHUMHU. Ha BimMiHy Bifl aIaliTHUBHOTO IMYHITETY, BIH
HE Ma€ CTPYKTYp (PEIenTopiB) 3 MHOKHHHOIO i TOHKOIO CIEIUQIYHICTIO Ta T03-
OaBieHUI IMYHOJIOTIYHOT Tam’siTi. PeakIiisi cucTeMu TPHUPOTHOTO IMYHITETY Ha
MOTPAIUISTHHS Ty>KOTO JI0 BHYTPIIIHBOTO CEPEIOBHIIA OPTaHi3My MPOSBISETHCS K
peaxiis 3ananeHHs. [ 0oBHO0 (QyHKITIETO 3amaneHHs € 00MeKESHHS TIOMTUPEHHS 110
OpraHi3My 4y>KOPIJHHX aHTUTEHIB, 110 HEOOX1THO, B PsI/Ii BUTIA/IKIB, TSI IEPBUHHOT
JoKasizamii iHpeKIiHHOTOo Tporiecy. [ 0JIOBHUM MeXaHI3MOM 3HEUTKOKEHHS aHTH-
reHiB (IMaTOTeHIB) Y BOTHHMIII 3alajeHHs € (aromuTo3, 0OyMOBICHUH TEepeBaXHO
HenTpodimamu (y TocTpii cranii 3amaneHHs ) abo makpodaramu (y XpoHiUHiHi cTaii
3ananenHs). darouuTH 31aTHI BIII3HABATH, TIOTJIMHATH Ta PYHHYBATH [TaTOTCHU Ha-
BiTh 0€3 yJacTi CHCTEMH aJalTHBHOTO IMyHITETY. BOHM pO3Mi3HAaIOTh Ha TIOBEPXHI
MaTOTEHIB TIpUTaMaHHI OCTaHHIM TOBTOPIOBAIIbHI MOTHBH (TaK 3BaHi «regular pat-
terns»), HaMpUKJIaI, MENTHIOTIIIKAHN, XITHH, TEHX0€B1 KUCIOTH, JITOMOIIYKPHIN
TOIITO, 32 TOTIOMOTOIO PEIETITOPIB, AKi HA3UBAIOTH PEIIENITOPAMH, IO PO3ITI3HAIOTH 32
3paskoM («pattern recognition receptorsy). [IpupoaHuii iIMyHITET i€ MIBUIKO, TOMY
10 HE 3aJIeXKHUThH BiJl KJIOHAIBHOTO PO3MHOXEHHS aHTUTEH-CIIENU(IUHUX KIIITHH,
MPUTAMAaHHUX aJalITUBHOMY IMYHITETY, 1, K IpaBmIIo, e(heKTuBHO. ToMy iH(DeKIIii-
HI 3aXBOPIOBaHHS TPAIISIOTHCS BIIHOCHO PIKO, BPAXOBYIOUH TOCTIHHE OTOUCHHS
OpraHi3MiB Pi3HUMU MTaTOr€HAMH 3 HAaBKOJIMIITHLOTO cepenoBuiia. Kimituau npupos-
HOTO IMYHITETY BiJliTpalOTh TAKOK BAKIIUBY POJIb Y IallTHBHOMY IMYHITETi — JesIKi
3 HUX (IEHAPUTHI KIITHHU) € aHTUTCH-TIPE3CHTYBAUIBHUMHU KIITHHAMH, 3JaTHUMHU
JI0 CTUMYJISIIIIT aHTHTeH-CIIeMUIYHIX KIITHH ananTuBHoro imyHitery (T- 1 B-mim-
¢dommriB). HassBHI Ha MOBEpXHI aHTUTEH-TIPE3CHTYBAIBHUX KIIITHH KOCTHMYJISITOPHI
MOJIEKYJTM HeoOXiHi s e()eKTUBHOI iHIMmiaIii crienndigHoi iMyHHOT BimmoBimi. 3
iHIIOTO OOKY, (haKkTOpH crenu(igHOT IMyHHOI BIIIMOBIAI — aHTUTLIA TiICHIIOIOThH
(baromuTo3 Ta iHIII TPOSBU HECTIEM(DITHOTO IMYHITETY.

Ha >xanb, mpuponHuii IMyHITET HE 3aBKIH MOKE 3HEIIKOIUTH IaTOreHH, abo
KIITHHU OpraHi3My, IO CTaJM 3J10sSKiCHUMHU. Ha BimMiHy Bil aganTHBHOTO iMYHIi-
TETY, BIH HE Ma€ CTPYKTYp (PEIenTopiB) 3 MHOKUHHOIO 1 TOHKOIO CHIETIH(ITHICTIO
Ta mo30aBieHud iMyHOOTiyHOI mam’sTi. Crienndivamii (amanTuBHUN abo Haly-
TUH) IMYHITET Ha3UBAETHCS TaK TOMY, IO PO3BUBAETHCS CHEIU(IYHO Y BiIIOBIIb
Ha TIOTPAIUITHHS 10 OpraHi3My Yy>KOPIIHHX CTPYKTYp i 30epira€Tbcsi TOBTUN Yac
SK «IaM’SITh» TIPO TIOTIEPEIHIN KOHTAKT OpPTraHi3My 3 aHTUTEHOM. B o0CHOBI crieru-
(IYHOCTI IMYHITETY JIKUTh yHIKAJIbHA BIACTHBICTh IMYHHOI CHCTEMH — OHI€T 3
HAWCKJIAHININX 1 HAWBaXJIMBIIIUX CHCTEM OPTaHi3My: MOKJIMBICTH Crienn()igHOTO
MOJICKYJISIPHOTO PO3ITi3HABAHHS UYXKOPITHUX CTPYKTYp 3a JOIOMOTOI0 CreIrudid-
HUX PELEeNTOpiB KIITHH iMyHHOI cuctemH (B- 1 T-miMdoruTiB), a Takok pO3YMHHIX
(hakTOpiB IMyHITETY — QHTHTIJI, K1 SBJISIOTH CO00I0 pO3YHHHY (opMy B-KITiTHHHO-
ro perenTopa. AHTHTLIA 1 perienrtopu B- 1 T-miMdoruTiB MaroTh yHIKaJIBHY OyIOBY
aKTUBHUX IICHTPIB, K1 3a0€3MedyI0Th iM BHOIPKOBY crieli(idHICTh BiTHOCHO €ITi-
TOITiB — TIEBHUX XIMIYHHUX YTPYIIOBaHb y CTPYKTYPi 4y >KOPiTHUX aHTUTEHIB. B ocHO-
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Bi Teopii crienndigHOTO IMYHITETY JISKUTH KIOHAJIBHO-CeNeKIiitHa Teopis . bep-
HETA, 3a KO0 aHTUTEH € CEJICKTUBHIUM YMHHHUKOM, 110 TIPUBOIUTH 110 TIposmidepartii
KJIOHIB CHeNU(pIYHUX 10 HBHOTO JiMdonuTiB. Crenmudiuauiit iMyHITET MOXKe OyTH
HaOyTHI1 aKTUBHO, TTiCJISI KOHTAKTY 3 aHTUTEHOM (BHACIIZIOK KOHTAKTY 31 30yTHUKOM
abo mTy4HO! iMyHi3allii) ab0 macuBHO (IMicIs MEPEHECEHHS KJIITHH IaM’siTi, abo
AQHTHTLI, BiJl OJHOTO OpraHi3My JI0 iHIIOTO0). Sk mpaBmiIO, aKTUBHUHN IMyHITET 30e-
pITaeThCs MPOTATOM OaraThboX POKiB, a MACHBHUHN — NIEKUTbKA THXKHIB. OTXKE, CIICTIH-
¢bigaMit 1 HecriennigHUI IMYHITET — 116 B3a€EMOTIOB SI3aHi JIJAHKH IMyHHOTO 3aXUCTY
OpraHi3my, siKi MOXKYTh aKTUBYBATH OJ[HA OHY Ta B3AEMOJISITH ITiJ] 9aC 3BUIbHEHHS
OpraHi3My BiJ] ITATOTCHY.

VY npec-penizi HoGeniBcrkoi acamOiei mpu KaposmiHChbkOMy METUYHOMY iH-
CTHUTYTI BKa3zaHo, mo Jaypearu 2011 p. kKapauHaIbHO 3MIHWJIM HAIlll ySBICHHS TIPO
IMyHHY CHCTEMY, BUSBUBIIHM KJIFOUOBI MPUHIMIH 11 akTuBarii. Bnpomorx XX cT.
YYCHHUM YIaJocs KPOK 3a KPOKOM TIPOSICHATH Oararo Jetaiell IMyHHUX MeXaHi3MiB.
Ane 10 po0iT, BUKOHAHWX HUHIIIHIMHE JIaypearamu, Oyiio HESICHO, SIK aKTHBY€EThCS
BPOJDKEHUH IMYHITET 1 SIK BiH B3a€MOJII€ 3 HAOYTUM IMYHITETOM.

Hatineprie 3 BigMi9eHUX MTpeMi€ro BiTKpUTTIB 3poouB y 1996 p. Kroab Xodg-
MaH (¢p. Jules Alphonse Hoffmann), BuBdatoun, ik 60peThCs 3 iHPEKITiE0 GpyK-
TOBa Myxa Apo3odina. J[OCTITHUK CTaBUB €KCIIEPUMEHTH Ha MyXaxX-MyTaHTax i
BHSIBHB 30KpeMa, 110 OCOOMHH 3 MYTAIlI€I0 TeHa, M0 KOAy€e 0COOIMBHIA OiJIOK, TaK
3BaHmi ToyuI-onioHmi penentop (TLR), He 3maTHi onmparucs iHdekmii. TLR Hesa-
JIOBTO IO TIHOTO BiTKpHIIa HiMelbka mocigauis Kpucriani HroccnaitH-Donbxap,
aJie BOHA BHSIBWJIA OTO POJIb B eMOpPiOHAIBHOMY PO3BUTKY KoMaxu. XohdmaH xe
MOKa3aB, IO Ieil O1IOK BUKOHYE BAXKIMBY (YHKIIIO 1 B mporeci ineHTudikamii ta
3HEITKOKEHHS MTATOTEHHUX MIKPOOPTaHi3MiB.

Kronv Xogpgpman (1941 p.)
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@paniy3 XK. Xopdman — HaiicTapmmii 3 aypeariB. Bin HapoauBcs 2 ceprHs
1941 p. B JlrokcemOyp3i. Tam ke 3aKiHYHMB IIKOJY 1 YHIBEpCHUTET, a B 1963 p. mepe-
Opascst 1o @pantiii Ta mpogoBKUB 0cBiTY B CTpacOyp3bkoMy yHiBepcuTeTi. Tomi &
BiH mo4aB po0Ooty B HamioHaibHOMY IIEHTpi HAYKOBUX A0CHimkeHs dpaniii — mpo-
BiJIHIN ycTaHOBI Kpaiau y cdepi Hayku. Y 1969 p. Xodhdman 3axucTuB qucepraitito,
IICJIsT 9YOTO JIBa POKH TpompaitoBaB B HimeuunHi B MapOyp3bKoMy YHIBEPCHUTETI.
VY 1978 p. cTaB mpodecopom 300J0Tii Ta 3araiabHOI 0i0JIOTIi Ta OYOJIMB HAYKOBY
pobouy rpymny «IMyHHa BiANOBiZAb 1 PO3BUTOK y KOMax». YUEHHUH KepyBaB IIMMHU
nocinimpkenasamu 10 2005 p. [Mapanensro, 3 1993 mo 2005 pp. BiH TakoX 040JTIOBAB
[HCTUTYT MOJIEKYISPHOT Ta KIITHHHOI Oionorii HamioHambHOTO MEHTPY HAyKOBHX
nocinimpkens @panii B CtpacOypsi. Y 2005-2006 i 2007-2008 pp. Xodbdhman Oys
Mpe3uaeHTOM (ppaHITy3pKOi AKaaemii HayK.

e

bproc boumnep (1957)

Hpyruii naypeat — amepukaneins bproc Boiitiep — Haiimononmmii 3 Tpidku
naypeartiB. Bin Hapoguscs 29 rpynss 1957 p. B Uukaro, mrat LmtiHoiic, aie He3a-
OapoM ciM’s iepeixana Ha miBaeHb KamidopHhii. bproc 3akinunB mkomy B [Tacamini
1 konek Kamidopriiicekoro yHiBepcurety B CaH-/li€ro, mOTiM MOBEpHYBCS B pilHE
Micto i B 1981 p. y Bimti 23 poKiB 3aXUCTHB IUCEPTAIliI0 HA METUIHOMY (DaKyIIbTeTi
yHiBepcuteTy Yukaro. [Ticist mboro BiH 1Ba poKu mporparioBas B [liBaeHHO-3axi1-
HOMY MEIMYHOMY TIeHTpi TexachKoro yHiBepcuTeTy B Jlamiaci, a moTiM Ha TPH pOKH
uixas 10 Heio-Hopka, B Pokdemnnepischkuii yHiBepenter, je cras mpodecopom. Y
1986 p. BiH IOBEpHYBCS Ha MOTIEPEIHE MicCIle POOOTH, JIe TIpoIpaoBaB 14 pokiB i
MIPOBIB Ti TOCIIHKEHHS, 3a sKi ynoctoiBess HoGenmiBebkoi mpemii. 3 2000 p. i mo Te-
nepimHii gac boiTnep npamroe B [HCTUTYTI 6ioMeTMIHAUX TOCTIKEeHD B JIa-Xoiis,
mrar KanmidopHis — crogarky y BiIiIi IMyHOJIOT1, @ 3T0JI0OM OYOJIUB BiIIiJT TEHETH-
ku. bproc boiitiep mykas penenTtop, 31aTHui 3B’ a3yBatH Jinonoricaxapuan (LPS).
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i criomyKu CHHTE3YIOThCSI OaKTepisIMU Ta MOXXYTh BUKIUKATH BKpal TOCTPY
peaxiiito iIMyHHOT CHCTEMH X JI0 CENITUIHOTO MIOKY. Y 1998 p. yueHuii BUSBHUB, 110
y MUIIIEH, pe3ucTeHTHUX 10 LPS, € MyTaiis B TeHi, Iy»e CX0)KOMY Ha TOMH, IO KOITy€e
TOJUT-TIOJIOHUH perienTop B Myxu npo3odinn. Bussunocs, mo came TLR i € penen-
Topamu, mo pearyioTh Ha LPS. 3B’s3ytounce 3 Humu, TLR akTuByIOTH IMyHHY Bij-
IOBI/Ib, III0 BUSIBIISIETHCS B 3arajeHHi a00 — B 0COOIMBO BaKKUX BUMA/IKAX — B CEIl-
THYHOMY TIOKOBI. Tak OyJI0 BIIKPUTO CEHCOPH aKTHBAIlil BPOIKCHOTO IMYHITETY.

Sk e gacro OyBae micis nmpucymkeras HobGemBebKoi mpeMii, Biapasy 3’ saBu-
JIUCS KPUTHYHI CTATTI MO0 HaropomkeHHs bolimiepa. Bin cnpapni mokasas mep-
muM, mo Towi-noaioHi perieniropu (TLR4) 3B’sA3yr0Thes 3 JIiNoOmNoNicaxapuaaMu,
ane me 10 Horo yyacte TLR4 B akTHBaIii mpupomaHOTO iMyHITETY mToKa3anu Yap-
3 JlxeiinBeit Ta fioro yuenb Pycnan MemkuroB. Yapns Ixeiinseit y 1989 p. Bu-
CJIOBUB iICI0 TPO ICHYBAaHHS PEIENTOPIB IS PO3Ii3HABAHHS MMATTEPHIB (ITi3HIIIE
Ha3BaHUX TOUI-TIoAiIOHMMH penenitopamu abo TLR). Pycman MemxkuToB, skuit
3aKiHYMB TalKeHTChKUN ACPKYHIBEPCHUTET 1 acmipaHTypy MOCKOBCBHKOTO JEPKY-
HIBEPCUTETY, BIIKPUB Y JIIOIUHHU MOJEKYISPHUI KacKal, CIPSIMOBAHHNA Ha 3aXHCT
BiJl MaToreHiB, Toai K XopdmaH BIIKPUB MOMIOHHMIA KacKaa y TUIOMOBOI MYIIKH
npo3odinm, a bolitnep — y mumii. Jlo pedi, Baromuii BHECOK B poOoTH j1aboparopii
Botitnepa 3pobus pociiicekuii Buennii Onexcannp [lonropak. Cimin 3a3Ha4UTH, IO
3a THKIIEHB JIO OTOJIONICHHs pimeHHs HoGeniBcbkoro komiteTy MemxutoB, Xodd-
MaH 1 boiiTiep B [oHKOHTY Oysii HaropoIKEeHi 3a BHECOK B IMOSICHEHHSI MEXaHI3MiB
pobotu imyHHOI cuctemu nipemiero [lloy (Shaw prize), siky me Ha3uBarOThH a3iaT-
cpKkot0 HobemmiBChKoI0 MpeMi€ro.

Panvp Cmavinman (1943 -2011)

Tperim naypeatom craB Paab( Creiinman, a6o Panbd Mapeun Craiin-
MaH (aHr1. Ralph Marvin Steinman).. Y 1973 p. BiH BIAKpUB Tak 3BaHi JICHIPHUTHI
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KIITHHU. YUYEHUH BUCIIOBUB TIMOTE3Y, IO IIi KJIITHHY 37aTHI akTuBYBaTH T-mimMdo-
IIUTH, 1110 BiJIITPAOTh KIIFOYOBY poIib Y (hopMyBaHHI HAOyTOTO (aIanTHBHOTO) IMYHi-
TETy Ta IMyHOJIOTi9HOI TTam’Ti. Lo TimoTe3y A0CTiTHUK MATBEPANB y JOCTiIax Ha
KyJbTypax KIiTHH. CHOYaTKy HayKoBa CIIJIBHOTA HE CHPHUITHSIIA UX Pe3ysbTaTiB,
ajie BYCHUI MPOJIEMOHCTPYBAB CKENTHKAM, IO caMe ACHIAPUTHI KITITHHH BOJIOAIIOTh
YHIKaJIbHOIO 3/IaTHICTIO aKTUBYBaTh T-niMoruTa. binkie Toro, 3romom BiH moKa-
3aB, IO JCHAPUTHI KIITHHU OTPUMYIOTh CUTHAJIH BiJI BpO/DKEHOT IMYHHOT CHCTEMHU
1 Ha iXHII OCHOBI 3MIMCHIOIOTH PETYIIAIi0 HA0yTOI IMyHHOT CUCTEMH, BU3HAYAIOUH
IHTCHCHBHICTh IMYHHOI BiJIITOBIiIi.

P. Creiinman nHaponuBcs 14 ciunas 1943 p. B Kanazi, B Monpeauti. Tam ke 3akiH-
9uB KoMy W YHiBepcuteT Makl'iyura, a B 1963 p. mepeixaB y CIIA i mpomoBxuB
OCBITY Ha MeanuHOMY (hakynbreTi ['apBapacekoro yHiBepcuTeTy B boctoni. Uepes
JIBA POKH TicIIs 3aXUCTy B 1968 p. muceprartii MoJoawid yI€HUH TIIIOB MPAIOBATH
B Pokdennepiscrkuii yrisepenter B Hpro-Mopky. 3 1i€io BCecBITHBO BiTOMOIO Ha-
YKOBOIO YCTaHOBOIO, IO CIICIATI3ye€ThCsl HA (YHIAMEHTAIBHUX JTOCHIKCHHAX 3
Oioorii Ta MEIUIIMHY, TIOB’s13aHa BCS MOAaJIbIa AisutbHICTE CTeHMaHa — TyT BiH
BHKOHAB po0oTH, ynoctoeHi HobemiBebkoi npemii, TyT y 1988 p. ctaB mpodecopom,
TyT y 1998 p. ouonus LieHTp iMyHOIOTIT I IMyHHHX XBOPOO.

Ha >xans, Baennii momep 30 Bepecus 2011 p. Bix paky miAnuIyHKOBOT 3aJI03H1 32
TPH JTHI 10 OTOJIONICHHS TIPO TPUCYHKEHHSI TPEMii.

BinkputTs, mo 3poownn BigzHaueHi HoOenmiBChKOIO MpeMiero BUYSHI, BaXIIH-
Bi HE JIMIIIE JIJIS TIOAJIBIIIOTO PO3BUTKY HAyKH, & W I pO3pOOKHA HOBHX ITiTXOIIIB
JI0 JTIKYBaHHS Ta MPO(MITAKTUKH PI3SHOMAHITHUX 3aXBOPIOBaHb. OCKIIBKH BPOIKE-
HUHW IMYHITET BiJliTpa€ BaXXJIUBY POJb B MATOTEHE31 aTepOCKIEPO3y Ta IHIIUX CY-
JMHHUX 3aXBOPIOBaHb, TO HE CTAJIO HECIOIBAHKOIO, IO TOJUI-TIOMIOHI PEeIenTopr
3[aTHI BIUIMBATH Ha TPOIIECH, IO BiAOyBarOThCS MpHU aTepockieposi. [Tomepenni
nociipkeHHs mokasanu, mo pernentopu TLR1, TLR2, TLR4 excnpecyroTscsi B
aTepOCKJICPOTUIHHX OJISIIIKaX MHIIEH 1 JIOMUHHU, a TaKOXK OepyTh y4acTh y IaTo-
reHesi arepockiepo3y B mumei. [logameme pocmimkenas pom TLR B po3BuTKy
aTepoCKIIepo3y M03BOJIUTH PO3POOUTH HOBI Mpenaparu JJs MPOTHUCTOSHHS IIbOMY
3aXBOPIOBAHHIO.

CpOrosiHi aKTUBHO PO3BHBAETHCS HANIPSIMOK CTBOPEHHS BAKIIMH IS BHYTPILI-
HBOIIKIpHOT a00 eMmiKyTaHeO03HOi (TTOBEpXHEBOT MIKipHOT) IMyHi3allii, CIIPSIMOBaHHX
Ha aKTHBAIIO TTEBHUX CyOMOMyIIAIii NeHAPUTHUX KIITHH. BimoMocTi mpo Te, mo
kiiTuHU JlaHTepranca 37aTHi iHimifoBaTd T-KIITHHHY IMYHHY BiATIOBiZb, BiJIKpH-
BalOTh MOKJIMBOCTI JIJIS TACHJICHHS ITi€1 BITOBiI Y BHITQJKy CIPSIMYBaHHS aH-
TUTEHIB JIO PEIETITOPIB €HIOIUTO3Y HA MOBEPXHI WX KIITHH. Takuid miaxima Moxe
JaTh HeaOWsIKi pe3yJIbTaTy B JIIKyBaHHI OHKOJIOTIYHHX Ta 1H(EKIIHHUX 3aXBOPIO-
BaHb PI3HOI €TioNoTii. AHTUTEHN MyXJIMH 9M IHQEKIIHHUX areHTiB MOXYTh OyTH
CIPSIMOBAHI JI0 perenTopiB-MillleHeH Ha TEHAPUTHUX KIITHHAX, Harpukian, CD14
a6o CD36, 31aTHUX MiACHIIOBaTH IMYHHY BiJIITOBIIb.

Ha cporomuimHii AeHp OUTBIIICTH MOCIHIHKEHb €(EKTUBHOCTI 3aCTOCYBaHHS
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[UX MiIXOIIB MPOBOAATH HA MHUIIAYAX EKCIIEPUMEHTAIBHUX MOJIENSX, alie MOCTY-
MTOBO MMOYMHAIOTH 3ATy9aTH 1 JTFOACHKI. [lepmim BaKITHBUM KPOKOM MOMIOHUX JTOC-
JPKEHBb € JeTallbHa XapaKTepPUCTUKA CYOTIOMyYISid IeHAPUTHUX KIITHH MIKIPH,
K1 aKTUBYIOThCS aHTHTUIaMu npotu DEC-205, nanrepuny a0bo iHIIUX aHTUTEHIB,
a KIHIIEBOIO METOIO € BIPOBAHKCHHS OTPUMAHUX PE3YJbTATIB y KIIHIYHY IPAKTHKY
Ta MPOBEICHHS KIIIHIYHUX BUMIPOOYBaHh HOBOTO IMOKOTIHHS BakIH. B YkpaiHi mo-
JOHI TOCIIKEHHS TaKOXK IPOBOSATHCS, Hanpukiad, B [HctutyTi onkomnorii HAMH
VYkpainu. Bonu cripsiMmoBaHi Ha po3poOKy BaKIIMH Ha OCHOBI aHTHTEH-TIPE3CHTYIO-
YUX ACHIPUTHUX KIITHH B IMyHOTeparii XBOpHX 31 370SKICHUMHU Iy XJTHHAMHU.

HaocTaHok X04eThCs BiI3BHAYMTH, IO CBIT YEKA€E BiJ HAYKH HOBUX JIOCSATHEHb,
1 3m00yTi Ha CHOTOMHINIHIN J€Hh 3HAHHS HEBIOB3i CTaHYTh OCHOBOIO MaHOyTHIX
BiZKpHUTTIB. MIMOBIpHO, 1110 came TOCTiPKeHHS B Tary3i iMyHOIOril BifirparoTh BU-
pilaneHy poiib y TIepeMo3i JTIOACTBA Hal iHDEKIIHHIMH, aJepriYHUMHU, aBTOIMYH-
HUMH, OHKOJIOTTYHUMH 3aXBOPIOBAHHSIMH.

C. I. Pomaniok, C. B. Komicapenko

ISSN 0372-6436. Bicn. HAH Vkpainu, 2012, Ne 1
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IO HOBOTI'O B JOCJ/IIIZKEHHI CTOBBYPOBHUX
KJIITUH, ABO YN MO’XKHA 3 KIIITUHU IIKIPHU
OTPUMATHU HOBUM OPTAHI3M?

HoOeaiBcbka npemis 3 ¢isiosorii
yn meauuuuu 2012 p.

L]opiuna yepemonia epyuenns Hobenigcokux npemiti, aKka mpaouyitiHo npo-
xooums 10 epyonss — y 0eHb cmepmi ueedcbkoeo nionpuemys, 6UHaAxioHuka i ¢hi-
naumpona Anvghpeoa Hobena (1833-1896), 3acnosnuxa Hobeniecbkoeo ¢onoy,
npueepmac HeadbusaKy y6azy He auule HAYKOBYI8, a U WUPOKO2O 3a2aly, addice ys
Hazopoda € Oe33anepeunum CEIOUeHHAM GUIHAHHA 3HAUYUWOCMI pOOOMU 6YEHO20
€8iM060I0 HayKoBow cnitbHomor. Hobeniecvky npemito 3 gizionoeii i meouyunu 6
2012 p. 6yn0 npucyodiceHo 3a «BIOKPUMML MONCIUBOCMI NEPeNnpocPaMy8anHs 3pi-
JUX (OugepeHyitiosanux) Kiimun y nilopunomeHmHiy.

KuarouoBi cioBa: cmosbyposi xknimunu, niuopunomenmuicme, iPS-knimunu,
Hobeniscvra npemis.

8 sxoBTHS 2012 p. y CrokroneMi po3novascst 111-i HobeniBcbkuii THKIACHBD, i
TpaJuLiiHO MepmMrMy OyJI0 OToJIOUIEHO JaypeariB npemii 3 ¢i3iosorii 1 MeauIu-
HU — OJIHI€T 3 HAMMpPeCTXHIMINX HAaropoA y ranysi 6ionorii. 3a npasuiamu HoGe-
JIBCBKOTO (POHY, IMEHA MPOBIAHUX CBITOBHX YUEHHX, IO IPETEHIYBAIM Ha IO
IIpeMito, ONPUITIOAHATS Juie yepe3 50 pokiB. BTiM, cepesn npeTeH1eHTIB eKCIepTH
HaszuBanu Yapmnwsa Jlesiga Emmica i Maiikna ['pronmreitna (CILIA), siki 3aiimMaroTh-
Csl BUBYECHHSIM TICTOHIB — MPOTETHIB, 110 BIANOBIIAIOTH 32 TPUBUMIPHY YIAaKOBKY
monekyn JJHK y xpomocomax; Piuapna O. Xaiinca 1 Epkki Pyocmaxri (CILIA) Ta
Macaromn Takeitui (SInoHist), K1 BIAKPUIM MOJIEKYIM KIITUHHOI ajaresii, a Takox
Opanna-Yaspixa Xaptis (Himewunna) i Aprypa [opsiua (CLLHA), sxi gocmianmu
MeXaHi3M YKJIaJaHHsS MOJIEKYJ MPOTEHIB y MEBHY TPUBUMIPHY CTPYKTYpY, HEOO-
ximHy s ix ¢yskiionyBanas. OqHaK HbOTOPIYHUMHE JlaypearamMu HoOemiBebKoi
npemii 3 dizionorii i megumuaE (200-M 1 201-M 32 paxyHKoM) cTanu OpUTaHElb
Jlxon I'epnon (John Bertrand Gurdon) i3 I'epnonieekoro iHctutyTy (Gurdon In
stitute) B KemOpumki Ta simonens Lllinbs SImanaka (Shinya Yamanaka), criiBpo6it-
HuK [HCTUTYTY cepleBO-CyMHHMX 3axBoproBanb [nencroyna (Gladstone Institute
of Car diovas cular Di sease), nmpodecop YuiBepcurery Kioto (Kyoto University).
Sk cka3zaHo B odiniiiHoMy GopmyiaroBaHHI HoOeniBCh KOro KOMITETY, IpeMito MpH-
CY/DKEHO 3a «BiJ] KPUTTS MOXJIUBOCTI IIEPENPOrpaMyBaHHs JU(PepeHIIHOBAHNX KITi-
THH y ITFOPUIIO TEHTHI.
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Jlicon I'epoon (1933)

Cap Mxon I'épuon (anen. Sir John Gurdon) napomues 2 xoBTHs 1933 p. y M.
Hinmenxon (Bemuka bpurawnist). [Ticns HaBuaHHS B ITOHCHKOMY KOJICIDKI BiH BCTY-
B 10 Kpaiict-Uepu xonemxy OKcOpACHKOTo YHIBEPCUTETY, e CIIOYaTKy BHBYAB
AQHTUKO3HABCTBO, aJIe 3TOJIOM 3alikaBuBcs 3oouorieto. [licas 3m00yTTst PhD crynens
JIx. I'epaoH MpoioB KUB HAYKOBY MisUIbHICTE Y KasmihopHIHCEKOMY TEXHOJIOTIYHOMY
iHctutyTi. [Iporsirom 1962—-1971 pp. Bin mpamtoBaB Ha kKadenpi 3oomorii Okcdopa-
ChKOTO yHiBepcuTety, a B 1971-1983 pp. — y JlaGoparopii mosekysnsipHoi Oiosorii
KemOpumxcbkoro yHiBepeutety. 3 1983 p. i JOHUHI BiH € CIIBpOOITHUKOM Kadeapu
300s10rii KeMOpumkcbkoro yHiBepeutety. Y 1989 p. k. ['epnon 3acHyBaB y Kemo0-
pumKi [HCTHTYT KTiTHHHOT Oiosorii Ta oH koJorii i 10 2001 p. o6iiiMaB mocay Horo
KepiBHHKA. YripomoBx 1991-1995 pp. Oys wienom Haddimacekoi paau 3 6ioeTnku, a
B 1994-2002 pp. — marictpom Konemky Marnanenn KeMOpHIKCHKOTO YHIBEPCUTETY.

Awandxa Cin’s (1962)

Ilinbs (Cin’s) SImanaka vapoauscs 4 Bepectst 1962 p. B M. Ocaxa (SInomis).
VY 1987 p. BiH 3700yB BUIly MeAnuHy OCBITY B YHiBepcureTi Kobe 3a crerianb-

109



HICTIO «opTorenis». B 1993 p. — omepkaB CTyIiHb JOKTOpa B ramy3i (hapMakoio-
rii y Bumiit mkoni YaiBepcutery Ocaku. Ympomosxk 1993-1996 pp. L. SAmana-
ka OyB CHiBpOOITHHKOM IHCTHTYTy CEpLIEBO-CYAMHHHMX 3aXBOPIOBaHb [iencToyHa
(Can-®panmumcko, CIIA), B 1996—1999 pp. — Mennunoi mkoiu YHiBepcuteTy Oca-
ki, a B 1999-2005 pp. — [actutyTy Hayku i TexHomnoriit Hapu (Smownis). 3 2005 p.
BiH TpaIfoe B [HCTUTYTI TIepeoBUX MEIMYHUX Hayk B YHiBepcuteTi Kioto (Smo-
His1). Croromni [lines SIManaka — nupextop LleHTpy mociimpkeHHs 1 3acTOCyBaHHS
iPS-kmiTua YHiBepcutety Kioto Ta mpoBimHuil qocmigHuk [HCTHTYTY ceprieBo-Cy-
JMHHUX 3aXBoproBaHb [nencroyna. Y 2009 p. Jixxon I'epaon i lines SImanaka yjio-
cToinucs movyecHoi mpemii Anboepra Jlackepa (11 e HA3UBAIOTH «JIPYTOI0, aMEPHU-
KaHChKOI0, HoOemmiBChKOIO TIpeMi€lo 3 MeTuITMHI») B HoMiHalli Basic. [Ipectmxk-
Hy i3painbcbky mpemiro Bombda 3 memumman JIx. ['epmon orpumar y 1989 p., a
1. SAmanaka — B 2011 p. Kpim Ge3:idi iHmmx nmpemii, onep:kaHux 000Ma BYSHUMH,
1. SImaHaka TakoX € JlaypeaToM MPEeCTHKHOI «TeXHOJIOTigHO» mpemii Millenium.
VY 1995 p. Ixon beprpan I'epmon 3100yB TuTyn numapsi-6akanaspa, a B 2004 p.
KeMOPUDKCHKHHA [HCTUTYT KIITHHHOT 6i00Tii Ta paky mpu OmaromidHux (poHmax
Wellcome Trust i Cancer Research UK Oymo nepelimenoBano B ['epoHIBCEKHIA 1H-
ctutyT. 1Llo > 3a mpopuB y HayIli 3pOOWIIHN I1i BUEHI, SIKI HAJIEKATh IO PI3HUX ITOKO-
JIiHB, 1 IO O3HAYA€E «IepenporpamyBaHHs nuddepeHIiiioBaHuX KITHH Y TLTIOPH-
MTOTEHTHI»?

KoxHwmit opraHi3Mm CKJIaaeThes 3 BETMKOT KUTBKOCTI COMAaTHYHHUX (HECTATeBHX )
KIIITHH, SKIi MOXYTh ICTOTHO PI3HUTHCS 32 MOPQOJIOTI€I0 Ta (YHKIISIMH, HAIIPH-
KJIaJ, KJIITHHA HEPBOBOI Ta IMyHHOI CUCTEM, TICYiHKH, M 5131B, KICTOK, KPOBi, HUPOK,
BOJIOCCS Ta IHIIMX TKAaHWH YM OPTaHiB, — yCi i KJIITHHA Pi3Hi, ajJe MicTATh abco-
JIIOTHO OJTHAKOBY Te€HETWYHY 1H(OpMaIito (MalOTh OHAKOBY IOCIIIOBHICTh OCHOB
y JAHK). Sk ne MmoxnuBo? BUABISETHCS, IO BIAMIHHOCTI MK COMAaTUIHUMH KITi-
TUHAMH Pi3HUX THITIB 3yMOBJICHI THUM, 110 B PI3HUX THITaX KIITHH €KCIIPECYIOTHCS
Pi3HI TeHH. SIK K€ BUHHKAIOTH I1i BIIMIHHOCTI B €KCITpecii reHiB?

[Tin yac eMOpiOHATBHOTO PO3BUTKY 3 KOKHUM TIOAIIOM 3UTOTH — €IMHOI KITi-
THHH, 3 SIKOT PO3BUBAETHCS OATaTOKIITHHHUAN OPTaHi3M, I1i BIIMIHHOCTI CTalOTh yCe
noMiTHIUMH. [TprarHOO 1X BUHUKHEHHS € T€, [0 KIITHHH 3apOKa ONMUHIIOTHCS
B PI3HUX YMOBaXx: MUTBHICTh PI3HUX PEUOBHH Y PI3HUX MUISTHKAX 3UTOTH HEOITHAKO-
Ba, HA KJIITUHU B PI3HUX IUISHKAX 3apojiKa MO-pi3HOMY BIUTHBAIOTH TIEBHI (Di3WUHI
napamMeTpH, 3 4aCOM caMi KJIITUHH IMOYHHAIOTH BIUTMBATH OJJHA HA OJHY, BUIUIAIOUN
Ti 9¥ iHOI1 GiOJIOTIYHO aKTHWBHI pe4oBHUHU. [IOCTYMOBO KIITHHU YTBOPIOIOTH TPHU
Iapy — 30BHIMTHIN (EKTOIEpMY ), CepeIMHHNH (Me30/1epMYy) 1 BHYTPIilTHIH (€HTOIep-
My). [ToTiM 1 B IIMX TPHOX MIapax KIITHHH MMOYUHAIOTH YCE CHIIBHIIIE BIAPI3ZHATUCS
OJTHA Bi/T OTHOT 1 BPEMITIPEIIT YTBOPIOIOTH OPTaHu 1 TKAaHWHU opraHizmy. OTxe, ab-
COJIIOTHO Henmu(epeHIliiioBaHa 3Urora Ja€ movaTok TepMiHaabHO audepeHIiiiioBa-
HUM (TOOTO IITKOBUTO CTIEIiali30BaHUM) KIIITHHAM, SIKi1 BXKE HE MOXKYTh JTITUTHCS 1
3 4aCOM CTapilOTh Ta BiAMHPAIOTh.

Jxepenom HOBUX nudepeHINiioBaHUX KIITHH € TaK 3BaHi CTOBOYpPOBI KIIITH-
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HU — HE3pUIl KJIITHHH, 3[aTHI 0 CAaMOBIHOBIICHHS 1 PO3BUTKY B CIEIliali30BaHi
KIITHHU opraHi3My. Lleit Tepmin y 1909 p. 3ampornoHyBaB BHAATHHH pOCIHCHKUN
yuennit Onexcanap OnexcanapoBnd MakcuMoB. Bid nepen0aqnB icCHYBaHHS TaKUX
KJIITAH KPOBI, IO 37aTHI JaTH TMOYAaTOK KUTBKOM IHIMMM THTIaM KITHH. Y 1960-x
pokax kanammi Jlxeitmc Timn i Epaer MakKamnox, mocmimKyoun mporec reMo-
1moe3y, BIIepIIe BUSBWINA cTOBOypoBi kimiTHH. B 1981 p. amepukancekuii Gioyor
Maprin EBanc ynepiie BUIIHB HeAUPEPEHIIIHOBaHI ITFIOPUIIOTEHTHI CTOBOYPOBI
KIIITHHM 13 3apojka Mui, 3a mo B 2007 p. OyB ynocroennii HobeniBcbkoi mpemii. B
1998 p. amepukanisim [Ixony ['epxapty 1 xerimcy Tomricony Bmamocst ogepkaru
1 pO3MHOXHUTH KYJIbTypH €MOpIOHATHUX CTOBOYPOBUX KIIITHH, 3MaTHUX PO3BHUBA-
THUCS B Pi3HI 3piJTi KIITHHY i opranu. Mix iamuM, nepira B CPCP naykoBa koH(]e-
pEeHIIis, TPUCBIYCHA CTOBOYpOBUM KJIITHHAM, BinOynacs y Kuesiy 1977 p. Ha 6a3i
[actutyTy ipo6iem onkomorii AH YPCP 3a inimiatuBoto akanemikieB AH YPCP
P.€. Kagernpkoro ta 3.A. byTeHko, a o1 3 mepmmx myOsiKallii y cBiTi 3 Mop¢oio-
rii cTOBOYpOBOi KIIITHHH TaKOXK HAJICKAIN YKPaiHCHKUM y4eHuM [ 1, 2].

3anexHO Bia JpKepena oJepKaHHS CTOBOYpOBI KIITHHH MOXKHA PO3MOILIH-
TH Ha TPU TPYIH: eMOpiOHaJBHI, Ki OTPUMYIOTh i3 BHYTPINIHBOI KIITHHHOT Macu
ONacTOIMCTH Ha paHHIA CTaaii PO3BUTKY 3apojka; (heTaiabHi — 3 TIOA0BOTO Mare-
piany micis abopTy, Ta IOCTHATANBHI, 10 € CTOBOYPOBUMH KIIITHHAMH JOPOCIOTO
opranizmy. Bukopucranus eMOpioHIB /15 oiep KaHHs eMOpiOHATBHEX 1 (heTambHIX
CTOBOYPOBHUX KIIITHH OB’ sI3aHE 31 3SHAYHUMH €THYHUMHU MTpodieMamu. ETinanuit ac-
MIEKT 3aCTOCYBaHHS MOCTHATAJIBHUX CTOBOYPOBUX KJIIITHMHU HE BUKIIMKA€E CEPHO3HOI
MOJIEMIKH, aJie BOHH MAlOTh MEHIITY TIOTEHTHICTb.

Haii6inpime cToBOYpOBHX KIIITHH y HOBOHAPODKEHWX HEMOBIIAT; 3 BIKOM iX
YHCIIO MOCTYIOBO 3MEHUIYETHCS, OJJHAK BOHU MPOJOBXKYIOTh (DYHKIIOHYBAaTH Ha-
BiTh y TNIMOOKI# cTapocTi. )i KO)KHOT TKAHWHU iICHY€E JIeTI0 CTOBOYPOBHUX KIIITHH,
iXHSI KUTBKICTh MPOTIOPIIiifHA MBUIKOCTI OHOBJICHHS KJIITHH IIi€l TKAHWHU, TOOTO
CTOBOYPOBHUX KIIITHH IIKipu Habararo Oiyblne, H>K CTOBOYpPOBUX KIIITHH HEPBOBOT
CHCTEMH.

Haii6inem yHiBepcambHi cTOBOYpOBI KIIITHHH, HAPUKIIAI 3UTOTA 1 Oactome-
pU — KJIITHHH, 10 YTBOPWIIMCS i 9ac KUTBKOX MEPIINX MOAUTIB 3UTOTH, MOXYTh
JIaTH TIOYATOK IIIOMY OopraHi3my. Taki KIITHHY Ha3WBalOTh TOTUTIOTEHTHUMH CTOB-
OypOoBUMU KIITHHAMH. MEHIII YHIBEPCATLHUMH € TUTFOPUTIOTEHTHI CTOBOYPOBI KITi-
THHH, 1110 YTBOPIOIOTHCS B IEKUIBKOX HACTYITHUX 3apPOJKOBUX MOJLIAX (IO TOYATKY
TOJTUTY Ha 3aPOJIKOBI JINCTKH), — 3 HUX MOXYTh BUHUKHYTH BCl1 KJIITHHH OpraHi3my,
KpiM 1anenTy. CrieniaaizoBaHi MYJIBTHIIOTEHTHI CTOBOYPOBi KIIITHHH MOXYTh 3a-
MMOYaTKyBaTH KJIITHHU Pi3HHUX THITIB, MpoTe He BCix. [locTymoBe audepenttitoBanHs
HaIIaJIKiB MYJIBTUIIOTEHTHUX KJIITHH MPUBOIUTH IO TIOSBU OJIITONMOTEHTHHUX (THX, 3
SKMX PO3BUBAETHCS JIUIIIEC HEBEJIMKA KIBKICTh THIIIB KIITHH) 1 YHINOTEHTHHX (IO
JIAFOTh ITOYATOK TITHKU OJTHOMY THITY) KJTITHH.

OTXe, B KOKHOMY OpTaHI3Mi ITiJ{ 9ac PO3BUTKY BiOYBAETHCS MPOIIEC MOCTY-
MOBOTO AW(EpPEHITIIOBaHHS KIIITHH 1 BTPaTH IXHBOI IMOMIMOTEHTHOCTI 1, SIK BBa)a-
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TM padime, nusixy Hazan Hemae. Onnak Jxon I'epmon i Lines SImanaka 3aBasku
CBOTH HAITOJICTIIMBIH TpaIli JOBEJH, IO 11e HE TaK, 3a [0 BOHHU BJIACHE ¥ OTpUMaIn
HobGemniBchKy mpemiro.

ExcniepuMenTn B rairy3i KIIoHyBaHHS 1ie B 1914 p. mpoBoaMB HIMEIbKUN yde-
uHuit [anc [Ineman, skuii ynepie nepecaauB SApO 3 OTHIET KIITHHHU 70 iHIIO!. Y
1940-x pokax pociiicekuii emOpiomnor ['eopriit BiktopoBud Jlonamos po3poOuB Me-
TOJ] TIepeCca/PKeHHS KIITUHHUX sIep y SHICKITITHHY ka0, OHAK Y YHCII 1HIIHX
pPaaSTHCHKHUX JOCTITHAKIB BiH 3a3HaB TepecyiayBaHb 3 OOKy BIaad i HE 3MIr MMpo-
JOBXUTH 110 poboty. [[xoH ['epnon ynockonanus meronuky [.B. Jlomamosa i po3-
BHHYB JIOCITIUKCHHS TPAHCIUTAHTAITI] siiep y KIITHHAX OnacTy, nposeneHi P. bpirr-
com i T. Kiarom y 1952 p. PoGora, Bukonana /[x. I'epmorom B Oxcdopacbkomy
yHiBepcureTi B 1958 p. 1 omy6OnikoBana B 1962 p., maBHO BXe CTaja KIACHYHOIO 1
HABOJUTHCS B OyZIb-SKOMY CEpHO3HOMY IMiIPYIHUKY 3 emOpioorii [3].

Mertoro ekcriepuMmenTy [ epioHa Oyio 3°sicyBaTh, 9u Hece sSapo audepeHtIiiio-
BaHOI KJIITHHH OCTaTHRO iH(opMaIlii, o0 JaTu moyaTok HOBOMY opranizmy. Jlis
IHOTO BiH 3pyHHYBaB ONMPOMIHEHHSM SIIPO SIMIEKIITUHU IMITIOPKOBOI kadm (Xeno-
pus laevis) i mepecanuB y Taky SIMIEKIITHHY SApo nudepeHiiifoBaHoi KIiTHHA (3
eMiTeNil0 KUIIeYHNKa myrojoBka). [TomiOHI ekcriepuMeHTH MTPOBOMWIM paHime i
iHII mocmigHuKY, Tipote came JIk. ['epmoHy Boamocs omepKaTH 3 Takol «XUMep-
HOT» SUICKITITHHU 30POBOTO MTyTOJIOBKA. BiIbIlIe TOTO, Y TBOX BiJICOTKaX BUTIAAKIB
IIyTOJIOBKH TIEPETBOPIOBAINCS Ha JOPOCIIHX Kao.

[{um exciepuMeHTOM OYII0 TOBEICHO, IO TEHOM COMATUYHOI KIIITHHH MiCTUTh
ycio iHdopMarito, ska € B SIMIEKIITHHI, a OTXKe, MU(EepPEeHIIOBaHHS KIITHH HE
MOB’s3aHe 3 JIeTpaallic€lo YaCTHHU TeHiB. Pesymbrarn podotu [[x. ['epaona cro-
4aTrKy OyJMu CIPHHHATI 31 CKENITUIIU3MOM, ajie MICHs MiATBEpKEHHS BOHH JOKO-
PIHHO 3MIHWJIM TOTOYACHI YSBJICHHS PO MU(PEPEHIIIOBAHHS KIIITHH: BUSBHIIOCS,
o nudepeHIiifoBaHa KIIiTHHA MOYKE BIIHOBUTH TUTFOPUTIOTEHTHICTH, TOOTO ITpoIiec
nudepeHIitoBana Moxe Oyt obepHeHuM. Binkpurts [Ix. ['epaona cipuanHMIIO
JIAaBUHY JIOCII/DKEHB. 3 I[bOTO €KCIIEPUMEHTY, 30KpeMa, OepyTh IMoYaToK yci poboTH
3 KJIOHYBaHHS TBapuH. Jlo pedi, TEpMiH «KJIOH» yIeplie BUKOPUCTAaB BITHOCHO TBa-
puH Oputanchkuii yueHnuit [xkon XommeiH y 1963 p., ommcyroun pesyasrata Jk.
I'epnona.

[Momanpmi pobdorn Ixona I'epmona Oynu MPUCBSYEHI TOCIHIHKEHHIO MIXKKITi-
TUHHUX CUTHAJBHUX (PAKTOPIB, 3aMisTHUX y MU(EPEHINIFOBaHHI KIIITHH, a TAKOX BH-
BYCHHIO MEXaHI3MiB BiJIHOBJICHHS TUTFOPUIIOTEHTHOCTI B €KCIIEPUMEHTaX 13 TpaH-
CIUTaHTAIlil saep, 30kpeMa, poii metuinyBannsa JIHK B mbomy mporeci.

[{ikaBuM 36iroM € To#t (akT, mo B 1962 p., xomu Jx. ['epmon omyOiikyBaB CBOIO
«HOOETIBChKY» cTarTio, HaponuBcs Lllinbs SImanaka, sikuii gepes 40 pokiB 3poOUB
HACTYITHUH PEBOIOLINHUN KPOK Y TOCITIKSHHSX, po3nodarux k. [epmoHoM.

ExcnepumenTn J»xona I'epmoHa 3 kiioHyBaHHS ka0 1 HapomkeHHS B 1996 p.
BiBIIi Jl0JwTi — epIroro ccapIisd, KIIOHOBAHOTO 31 3pi10i COMaTUYHOI KINITHHU [4], 10-
BEJIH, 1110 COMaTHYHI KIIITHHUA MOJKYTh TIEPETBOPUTHUCS Ha eMOpiOHATBHI CTOBOYPOBI
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B pasi MepeHeCceHHs] TCHETUYHOTO MaTepialy COMaTUYHOI KJIITHHU B HE3aIlUTiTHCHE
siIe, M0 SKUMOCH 3araJKOBUM YHHOM TIOBEPTAE XPOMOCOMH J0 BUXITHOTO CTaHYy,
B SIKOMY BOHHU ITepeOyBalii y IOWHO 3aIuTiTHeHIH sinekTiTHHI. OQHAK 3aJIAIIaIOCs
HEBIJIOMUM, SIKI YMHHUKHA B SHIIl 3yMOBITIOIOTH II€H MPOIIEC 1 UM MOKIIUBO TTEPETIPO-
rpaMmyBaty TUQEpeHITiHoBaHI COMaTUYHI KIITHHHA B TUTFOPUTIOTEHTHI 0€3 BUKOPH-
CTaHHS SULIS.

VY 2006 p. 1II. SImanaka 3ymiB MepeTBOPUTH KIITHHY mKipu (audepentiiiioBa-
HUW Mumagnii ¢idpobiacT) Ha TUTIOPUTIOTEHTHY CTOBOYpOBY KIIITHHY O€3 mepeca-
ToKeHHS siapa [5]. OneprkaHi HUM KIIITMHU HA3BaIM 1HIYKOBAHUMH IUTIOPHIIOTEHT-
HUME cToBOYypoBuMH KimituHamu (1PSC). Ak ke Boamocs 1ie 3pooutn?

3 gaciB ekcriepuMenTiB [epona Oyno po3po0ieH0 METOAHM TeHHOT 1HKeHepii,
0 JaJId 3MOTYy BCTaBJISITH B KIIITHHY T€H, SKMW YCITIITHO B Hill eKCTpecyBaBcs, i
TaKUM YHMHOM BiJIOyBaBCSl CHHTE3 TIPOTETHY, KOJJOBAHOTO 1M reHoM. OTHIM 3i CITo-
co0iB JIOCTaBKH T'eHa B KJIITHHY € BUKOPUCTAHHS BipyCiB (HANPUKIAI, PETPOBIPY-
CiB), y IKHX YaCTHHA T€HETHYHOTO MaTepially 3aMiHeHa Ha TeHN HEOOX1THUX TTPOTe-
iniB. Ilicis 3apaskeHHS KIIITHHYU UM BipyCOM BiIOyBa€eThCs BOYIOBYBaHHS BIpyCHOL
JIHK B reHOM KIIITHHY 1 CHHTE3 BiIMOBIIHUX MPOTEiHIB, 5IKi, Y CBOIO YEPTY, MOXKYTh
BITMBATH HA (i310JIOTIYHI MPOILECH B KIIITHHI W €KCIIPECIO HIINX TeHIB. 3aBIsKU
CTBOPEHHIO TAKMX METOAMK 1 CTaJI0 MOXJINBUM onepxkanus iPSC.

[inps SImanaka 3aiiMaBcs BHBYCHHSIM MEXaHI3MIB MiATPUMAaHHS TUTIOPHUIIO-
TEHTHOCTI B eMOpioHanpHUX cTOBOypoBuX KiiTHHAX (ECK) mumii. Bin BusiBUB 10-
Hag 1000 reHiB, MO XapakTepu3yBaJHCs IMiABUIICHOI akTuBHICTIO B ECK, 1 ms
JOCII/DKEHHS iXHBOI POJIi BUPIIIUB BCTABUTH 1X Y Pi3HUX KOMOIHAISX B nudepeH-
iOBaHI KIITHHA. 3BUYAIHO, TIEPEBIpUTH BCi KOMOIHAII1 OyJ0 HEMOKIMBO, TUM
OiJTbIIIe, IO CIPAIOBAaTH MoTyIa Oymb-sKa 3 HUX. ToMy MONIyK 0OMEeXWIN KUThKOMa
JIECSITKAaMU TeHiB, HAHOLTBII iIMOBIPHUX TEOPETHYHO. | OCh MICIISI TpUBaINX EKC-
nepumenTiB 1. SIManaka m0BiB, IO /IS TIepenporpaMyBaHHs TU(EPEHITIHOBAHOI
KJIITHHYU B TUTIOPUIIOTEHTHY CTOBOYPOBY JOCTaTHBO ITiIBUIIICHHS €KCIIpecii BCHOTO
qotupbox reHiB: Oct3/4, Sox2, Kif4 i c-Myc. Kpim Toro, BiH mokasas, 10 oepskaHi
TUTFOPUITOTEHTHI CTOBOYPOBI KIIITHHU MOYKHA 3MYCHTH 3HOBY TU(EPEHIIIIOBATUCS B
KIITHHY pi3HEX TKaHUH. Y 2007 p. L. SIManaka oTpuMaB OBHICTIO €MIreHETUIHO
nepenporpaMoBaHi iPS-KITiTHHE MHIIT, 3 SKUX BIAIOCS BUPOCTUTH JOPOCIUX OCO-
ouH [6]. Y 2009 p. iHIII TOCITITHUKA ONEpsKall TeTparuioindi iPS-kmiTiuaM, mo 3a
CBOIMH BiacTUBOCTsIME OuTbIie HaraayBaian ECK i Takoxk Oyiu 31aTHI pO3BUHYTHUCH
y Aopociux mutei [7].

[Ticost Toro, sk 1. fImanaka oTpuMaB MO3UTHBHI PE3YJIETATH B €KCTIEPUMEHTAX
3 KIIITHHAMH MHUIIEH, BiH BUPOOYBAaB II0 METOIUKY Jist onepskanHs iPSC i3 kimituH
mKipu moauad. [lapanenbHo Hax miero mpoOiieMoro TpaitoBana rpyma Jxeiimca
Tomcona 3 Bickonciny (Mexicon, CIIA). JlaGopatopii Amanaku i TomcoHa Oymu
MIEPIIUMHU, K1 oxepskanu iPS-xmitnau momgman [8, 9]. s mporo L. Amanaka cko-
pucTaBcs KOMOIHAI€0 3 4 TeHIB, Ky BiH paHiIle 3aCTOCOBYBaB ISl OTPHUMAaHHS
iPS-xmitua Mumm (Myc, Oct4, Sox2 Tta Klf4), tomi six [[x. TomMcon BuKopucCTaB
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nero innry komOinarito (Lin28, Nanog, Oct4 Ta Sox2). [leBHUIT BHECOK Y BUKOHAH-
HS 11i€1 poOOTH 3pOOHB YKpaiHChKUN yueHnd MakcuM BomsiHUK, sIKUH TIpaIlioBaB y
nmaboparopii Jlx. Tomcona. Bin o ymHaB cBOi JOCIIKEHHS 3 MOHOKaHATBPHUX aH-
TUTUT IPOTH (paKTOpa HEKPO3Y IMyXJIUH JIIONUHU B [HCTUTYTI memiarpii, akymepcTaa
ta rine kojorii HAMH VYkpainu.

Binkputts [Ix. ['epnona i L. Simanaku Oyito cripaBKHIM POPUBOM Y pO3yMiH-
HI MeXaHi3My nudepeHIiroBaHHs KIiTHH. BoHO Hamano gociigankaM (haHTacTHIHI
MOKJIMBOCTI Ta BIIKPWJIO 3HAYHI MEPCIIEKTHBH 3acTOCyBaHHA 1PS-xmitnH y Oara-
THOX Tay3sX MEAULUHH. 3BUYANWHO, MEpIle, [0 CIAJae HA TyMKY, — MOXKJIMBICTD
BuKOprcTOBYBaTH iPSC /17151 BITHOBIIEHHS CTapUX Ta YIIKOKCHUX OPTaHiB 1 TKAHHH.
Sxmo Oyne po3poOIeHO METOANKY IITYYHOTO «BHUPOITYBAHHS» TKAHHH JFOJCHKOTO
Tia, BiIOYIETHCS PEBOMIONIS y TPAHCIUIAHTONIOTIT, aJpKe KIIITHHH, ofepxaHi 3 iPSC,
TCHETUYHO 1ICHTUYHI KJIITHHAM TIEBHOTO OPTaHi3MYy 1 HE CIIPUYUHSIOTH IMyHHE BijI-
TOPTHEHHS TPaHCIUTAaHTaTIB. Taki KIITHHH MOYKHA 3aCTOCOBYBAaTH I OOPOTHOU 3
JIeTeHEePaTUBHUMHE 3aXBOPIOBAHHSAMH, HAIIPHUKIIA] 13 XBopoOoro [lapkiHcona i mia-
oerom [ Tumy, mis migBumeHHS e(pEKTUBHOCTI OTEpaliidi Ha CepIli Ta 3 BUIAICHHS
MyXJIMH (30KpeMa, TiANUTYHKOBOT 3aJI03U YH TICYiHKHN) 1, 3BUUANHO, TS JTIKYBaHHS
OITIKiB, KOJIW YCITIIITHA TPaHCIUIAHTAIIS IIKIPH € YM HE €IUHUM IAHCOM Ha TMOps-
TyHOK. KpiM Toro, panime po0ora 3i CTOBOYpOBUMHU KIIITHHAMH JIFOIMHHA BUKJIH-
Kajla eTH4YHI TpoOaemMu 1 B Oarathox Kpainax Oyma abo 3a6opoHeHa, abo 1moB’si3aHa
3 CepHO3HUMH IOPUINYHUMH TPYIHOILIAMU Yepe3 Te, L0 €AWHUM JDKEPEIIOM IHX
KIIITHH OyJH JTFOICHKI eMOpioHH, siki 3uunryBau s uniieras ECK. 1. Smana-
Ka BIIKPHUB CTIOCIO OfiepKaHHS TUTFOPUIIOTEHTHUX CTOBOYPOBHX KIIITHH y Oy/Ib-sIKif
KUTBKOCTI 1 3HSB 11i 0OMexeHHs. OHaK TOKH 10 paHO TOBOPHUTHU PO MPHUITMHEHHS
BukopuctanHs ECK, ockijpku icHye OaraTo mepenrkoi, ki HeoOXiaHO MojoIaTH
Ha NUIAXY 0 TIOBHOTO PO3YMIiHHS SIBUINA TUTIOPUIIOTEHTHOCTI W oTpuMaHHs 1PS-
KITIITUH, TPUIATHUX IS JTIKYBaHHS JIFOICH.

Pig y Tim, 110 ipotieAypH, SIKi BUKOPUCTOBYIOTh TSI TIEPENPOTpaMyBaHHS KITi-
THH, MOJKYTh CITIPHYMHIOBATH MyTaIlii a00 1HII TeHOMHI IMOPYIICHHS, 10 POOUTH 1X
HENPUIATHUMH T KIITHHHOI Teparii. 3 METOI BBEICHHs T'eHIB Y TEHOM KIIITHH
npu onepxaHHi iPSC 3acTOCOBYIOTh PETPOBIpYCH, SIKI BCTABIISAIOTH IIi TGHU HAaB-
MaHHS, 1HOMI 3yMOBJIOIOYM MYTallii, 10 TEPETBOPIOIOTh HOPMAJIbHI KIITHHH Ha
310 sikicHi. OnuH i3 reHiB (c-Myc), skuii Bukopucta 1. SImanaka, HactipaBmi €
reHoM paky. B #oro excriepumentax 20% murielt, mo po3BuHynucs 3 iPS-xiiTus,
3aXBOPLIN Ha pak. ToMy BIIPOJOBXK OCTAHHIX POKiB OyJI0 pO3MOYATO JTOCIIIKSHHS,
K1 B MAaHOyTHHOMY J03BOJISITh 3pOOWTH BUKOPUCTAHHS KIITHH, ofepxkanux 3 iPSC,
Oe3neyHuM i JiKyBaHHS mamienTiB. Y 2008 p. B maboparopii L. SImanaku Oyio
oTpuMaHo iPS-kiiTHHE 6e3 BUKOPUCTaHHS BIPYCHHX BEKTOPIB, 110 IHTETPYIOTHCS B
JHK [10]. Huni TpuBae po3poOiaeHHsT HOBUX METOAMK oiepkaHHs iPS-xmituH 3a
JIOTIOMOTOI0 HE PETPOBIPYCIB, a XIMIYHUX PEaKTHBIB a00 OiIbIIT O3MEYHUX BIPYCIB.

Ha croromni xmituau, orpumani 3 iPSC, me He mpumaTHi U1 3aMiHU YIITKO-
JDKEHUX KJITHH 9M TKaHWH Y TAII€HTIB, OHAK BOHU € 1€aJbHUMH SIK MOJEIIbHA
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CHCTEeMa JIJIsl BUBYCHHS MPUYMH BUHUKHEHHS 3aXBOPIOBAHb, PO3POOICHHS METO/IIB
X JKyBaHHS Ta HOBHX MEIMYHHX IIperapariB. Hanmpukimam, DOCIITHUKA MOXKYTh
onepxaru iPSC 13 KITiTHH ToarHA 3 XBOp0OOI0 AnbIreiiMepa i IepeTBOPUTH 1X Ha
HelpoHu B yani [1eTpi (Takuii miaxiza me Ha3uBarTh «3aXBOPIOBaHHs B yarii [le-
Tpi»). Lle mo3Bosse nociKyBaTy MaToreHes i po3poosaTH METOU MPODITaKTHKH
Ta JIIKyBaHHS IHOTO 3axBOproBaHHA. iPSC MO)KHA Takok BUKOPHCTATH JJIsI TOKCH-
KOJIOTIYHOTO TE€CTYyBaHHS Ta MiABUINEHHS eeKTUBHOCTI JikiB. KpiM TOrO, MOKHA
MIPOBOJIMTH CKPUHIHT JIIKAPCHKUX TIperapariB i oouparn HaOLIbII eQeKTUBHE U
€KOHOMIYHO OOTPYHTOBAHE JIIKYBaHHS ISl KOYKHOTO KOHKPETHOTO IMaIli€HTa.

CporoHi BXKe ofep)KaHO KIITHHHI MOZEI PI3HUX 3aXBOPIOBAHb: aMioTpodid-
HOTO JlaTepasibHOTO cKiieposy (ALS), criinansHOI M’ 30BOi aTpodii (SMA), cimeii-
HOI TiMepXoJieCTEpUHEMIi, ESKUX CEpIIeBO-CYIMHHUX 3aXBOPIOBaHb (HAPUKIIA,
cuaapomy Timoti) [11]. Bukopucranus moneneit, ocHoBaHuX Ha iPS-kimiTHHAX,
JI03BOJISIE 3°SICYBAaTH IPUPOY XBOPOOH HA MOJIEKYIsipHOMY piBHI. Hampukian, Bu-
BYCHHS CIMEHHOI TucayTOHOMIi Ha TaKiid MOJIEINI a0 3MOTY BiIKpUTH HOBHH (hak-
TOp — KIHETHH, SKUW BIJIrpae BayJIMBY POJIb Y BHHUKHEHHI I[LOTO 3aXBOPIOBAHHS
[12]. HocmimkeHHsT OCTaHHIX POKIB CIIPSMOBAHI Ha 3’sCyBaHHS MeXaHI3My Tepe-
nporpaMmyBaHHs coMaTnuHuX KIiTHH B iPSC. [TokazaHo, mo mig 9ac Takoro mepe-
MPOrpaMyBaHHsI BiIOyBAE€ThCSA CTHPAHHS COMATUYHHUX CMIreHEeTUYHMUX TiIMNCIB, SKi
npencranineHi metmnyBanHsaM JIHK a6o Mmomudikaliiero ricToHIB, y JIOKYCI IUTIOPH-
MMOTEHTHOCTI 1 CTBOPEHHS aJIbTEPHATUBHUX CIMIeHETHYHUX MITOK eMOpiOHaThHHUX
CTOBOYpOBHUX KIIITHH. 30KpeMa, OyJI0 BCTaHOBJICHO, 10 s oxepkanns iPSC nBa
¢dakropu, Parpl i Tet2, MaroTh peasizyBaTy Taki emireHeTHaHi MoauQiKkarii B JIOKy-
cax Nanog ta Esrrb [13].

3BUYaliHO, PO3pOOIICHHS €(hEKTUBHUX 1 OE3TMEYHIX METOIUK MIEPETBOPEHHS CO-
MaTHYHUX KIITHH Ha IUTIOPUIIOTEHTHI TOTpeOy€e 3HAUHUX 3yCHIIb 1 MOMATBIINX TPH-
BaJIMX JIOCHIKeHb, OJJHAK pOOOTH OCTAHHIX POKIB MalOTh HAIIIO, IO TOCSITHEHHS
yCHiXy B IbOMY HaIpsiMi € MOKJIMBUM 1 HaBiTh JOCHUTH IIBUIKHM.

WHAT’S NEW IN STEM CELL RESEARCH
OR IS IT POSSIBLE TO GET A NEW ORGANISM
FROM SKIN CELLS?

The annual ceremony of the Nobel Prizes awarding which traditionally
takes place on December 10 — the day when Swedish entrepreneur, inventor and
philanthropist,the founder of Nobel Foundation Alfred Bernhard Nobel (1833—
1896) passed away, usually attracts a lot of attention — of scientific community but
also of general publics.

This happens because the Nobel Prize is by all means the doubtless recognition
of the Prize winner’s contribution into the world science. The Nobel Prize in
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Physiology or Medicine 2012 was awarded «for the discovery that mature cells can
be reprogrammed to become pluripotetnty.

10.

I1.

12.

13.
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HABIIIO MOTPIGHI PEHENTOPHI MPOTEIHU HA
MEMBPAHAX KJIITUH, ABO SIK PI3HI KJIITUHU
OPTAHI3MY CIIPUIIMAIOTH HABKOJIMIITHE
CEPEJIOBMIIIE?

HooGeaiBcbka nmpemis 3 ximii 2012 p.

Jlaypeamamu Hobeniecokoi npemii 3 ximii' 2012 poky cmanu amepukancoKi ye-
ni Pobepm Jlegrosiy i bpatian Kobunka 3a «0ocniodicents peyenmopis, 368 a3aHux
3 G-npomeinamuy (GPCR). GPC-peyenmopu Ha nogepxui cneyianizo8aHux KiimuH
BUKOHYIOMb PO CMPYKMYP PO3NI3HABAHHS CReYUpiuHux cuehanie iz cepedosunya,
wo omouye KiimuHy. Bzaemooiero 3 pisHomanimHumu no3axiimuHHuMuy egpexmopa-
MU 2OpMOHAMU, Hetipomediamopamu, 6ioaKmusHUMU NeRMUOAMU, IOHAMU, TIKAMU
mowo, yi peyenmopu KOHMpONIOMy GEIUKY KLIbKICMb HAO38UYALIHO BAINCTUBUX
0711 QhyHryionysannsa opearnizmy npoyecie. GPCR — ye poouna nodionux 3a cmpyk-
MYpPHOIO opeanizayicio ma QyHKYico peyenmopie MemoOpan eekapiomuyHux Kii-
MUH, SKI MArOMb CiM MpaHCMeMOPaAHHUX OOMeHI8 i nepedaims ycepeouny Kiimunu
cuenan 3ae0axu akmusayii GTP-36 azanux npomeinis (G-npomeinis). OcmarHi ax-
MuUBYIOMsb KACKAO 8HYMPIUHbOKIIMUHHUX peaKyill, HACTIOKOM SAKUX € 8i0N06i0b Kli-
MUHU HA NOOPA3HUK (YU nesHull ¢izionociunuti echexm). [ocnioscenns P. Jlegprogi-
ya i b. Kobunku cmanu ¢ynoamenmanoHum HECKOM )y GU3HAYEHHS. NPOCHOPOBOL
cmpykmypu GPC-peyenmopie ma 6uguenns Mexamnizmie ixnb020 yHKYioOHY8aHHSL.

KarouoBi cioBa: G-npomeinu, peyenmopu GPCR, Hobeniscvka npemis,
Jlegprosiy, Kobunka.

CporozHi HaWIiKaBilll Ta HAWNEPCHEKTHBHILIINI HAyKOBI POOOTH BHUKOHY-
IOThCSI, SIK TIPABUJIO, HA CTUKY a00, MpaBHIIbHIILIE, «HA MEPEKPUTTAX» TPATULIHHIX
IUcLUIUTiH, onHak HoGemniBehKi mpemii 10C1 MPUCYDKYIOTh Y YITKO PO3MEKOBAaHUX
rajy3sx MeIuIMHU 4u (izionorii, ¢pizuku Ta ximii. Hamaratouncs yrpumyBaTucs B
IIUX JKOPCTKUX paMkax, HoOemiBChbKHMI KOMITET yce JacTille NMpU3Hadae MpeMiro 3
XiMii 3a JOCATHEHHS B raiy3i 6ioxiMii, o 6e3nocepeHbO CTOCYIOThCS (hi3ionorii
ta meauuuHu. Tak, 10 sxoBTHS 2012 p. Oyio oronomeHo, o 1poropivyny Hobemis-
CBKY TIpeMito 3 XiMii OTpUMaJH Ba aMepuKaHChKi podecopu — Pobept Jledroniin
3 YuiBepcutery /I’toka B IliBHiunilt Kaponini Ta bpaitan Ko6unka 31 Crendopa-
cpkoro yHiBepcutery B KamidopHii — 3a IOCHIIKEHHS PELenTopiB, 3B’ A3aHUX 3
G-nporeinamu (GPCR — G-protein-coupled re ceptors). OOuaBa BYeHI MalOTh Me-
JIMYHY OCBITY, a 3a BIAKPUTTS Ta BUBYEHHs camMux G-OinkiB y 1994 p. Anbdpeny
I'immany ta Mapriny Pon6emty Gyino npucymkeHo HobeniBebky npemiro 3 ¢izioso-
rii Ta MEIULIUHU.
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Pobepm Jleghxosiy (1943)

PoGept Jedrorin (aner. Robert Lefkowitz) napomuses B 1943 p. y Horo-Hop-
Ky B pOJHHI €BpeichKkuX eMirpanTi 3 [lonbmii. ¥V 1962 p. BiH 3100yB cTymiHb Oaka-
naBpa muctenTB y KomymOilicbkkoMy kosemki nipu KomymOiiicbkoMy YHIBEpCHTETI
Heto-Mopka, a B 1966 p. y Koneki 3aransHoi Teparii Ta Xipyprii mpu Tomy x Yi-
BEPCUTETI — CTyMiHb J0oKTOpa MeauuuHu (MD). 3 1968 no 1970 p. P. Jledxosin mpa
IIOBaB y cucTeMi HallioHambHUX IHCTUTYTIB 370pOB’s Ta B [0JIOBHOMY TocCmiTai
Maccauycercy B boctoni (MGH), y 1973-1976 pp. — B AMepHKaHCBKii KapAaioo-
riuniit acomianii (American Heart Association). 3 1973 p. BiH cniBpoOiTHUK YHi-
Bepcutety J['toka, a 3 1976 p. — Menuunoro incrutyty [oBapaa X’ro3a. Y 2007 p.
P. Jledxogin OyB ynocroenuit Harionansnoi menani nayku (National Medal of Sci-
ence), sIKy Bpy4aroTh 3a yka3om npesuaenta CIIA, i orpuma a3iaTrcbkuii aHAIOT
HoGeniBcrkoi npemii — npemiro Loy (Shaw Prize).

bpaitian Koounxa (1955)

Bbpaiian Koownaka (anen. Brian Kobilka) naponuscs B 1955 p. y mrati Min-
HECOTa B POAMHI 3 HIMELLKO-TTOJBLCHKUM KOpiHHAM. BiH 3100yB cTyninb 6akanaBpa
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3 Giosorii Ta XiMii B MiHHECOTCHKOMY YHIBEPCHUTETI, TIOTIM CTYIIIHB JOKTOpa Me-
muian (MD) Ha MenuaHOMY (akyasreTi €1bchbKoTo yHiBepcuteTy. [licms 3akin-
YeHHsI IHTepHATypu y BammHTITOHCEKOMY YHIBEpCHTETI TpaltoBaB y Jraboparopii
P. Jlepxosita, a B 1987-2003 pp. — y Mennuaomy inctutyTi ['oBapaa X to3a. Huni
b. Kobunka kepye madoparopieto B Crendopacskomy yHiBepcuteti. Y 2007 p. )Kyp-
Hai «Science» Ha3BaB ioro gociimkeHHs cTpykrypu GPCR omHuM i3 mpopuBiB
POKY.

GPC-peneniropn — 1€ mijia pomuHa MOAIOHUX 3a CTPYKTYPHOIO OpTaHi3aIliero
Ta (YHKIIEIO perenTopiB MeMOpaH eBKapiOTHYHUX KITITHH, SKi MalOTh CIM TpaH-
cMeMOpaHHHX O-CIIi pasli30BaHUX JOMEHIB 1 SKi IepeAar0Th yCepenuHy BiIOBITHOT
KIITHHU curHaN 3aBmsiku aktuBamii GTP3B’s3anux npoteiniB (G-mpo TeiHiB), 110
3aITyCKalOTh KacKaJl BHYTPIIIHROKIITHHHUX PEaKIliii, HACIIiJKOM SIKUX € BiIIOBi/Ib
KJIITHHYU Ha TIEBHUI MTOpa3HUK (dun neBHUH ¢izionoriunnii eexr). GPCR HazuBa-
IOTh 1I[e CEPIIEHTHHO BUMH PEIETITOPaMH, OCKIJIPKM Ha CXeMi TIepeT WHAHHS TUIa3-
MatraHoi MeMOpanu kiriTuarn GPCR nporeinamu po3mimenns nomeHiB GPCR mae
«3MienoniOHmi» xapakrep. N-KiH I[eBHI CETMEHT PelenTopa 3HaXOIUTHCS Ha 30B-
HINTHIN CTOPOHI TUTa3MaTHYHOT MeMOpaHu KIITHHH, a C-KiHIIEBHIA — 30pi€HTOBaHUHT
yCcepeauHy KIITHHHU. Y TEeHOMI JIFOMUHU 3HakaeHo 0mu3bko 800 reHiB, 10 KOAYIOTh
pizHi GPCR. ®ynkuis 150 3 HUX 3aIHIIA€THCS HEBIIOMOIO, PEIITa — PO3II3HAIOTH,
TOOTO crienu(igHO B3aEMOMIIOTH 3 PI3HOMAHITHUMH JIITaHAAMH: TOPMOHAMH, HEH-
pomMemiaropamu, 010aKTHBHUMH TIENITHIAMH, 10HAMH TOIIO. 30KpeMa, I1i perenTopu
pearyioTh Ha Taki 010JIOTIYHO aKTHBHI PEUYOBHHHM, K XEMOKIHH, TiCTaMiH, CEpOTO-
HiH, aJipeHaiH, godamiH, omioinu, kaHabinoinu, kodein i Oararo iHmux. Tucsdi
OZIOPaHTHHUX PELENTOpPIB JONOMAaraloTh CCaBISIM po3mi3HaBaTé 3amaxu. OTKe,
GPCR nHa moBepxHi criemiaiizoBaHUuX KIITHH BUKOHYIOTh POJIb CTPYKTYp pO3ITi3Ha-
BaHHS cHeM(IYHUX CUTHAIIIB 13 CEPEIOBUIIIA, III0 OTOYYE KIITHHY.

Benuka KiTbKICTh HAI3BHYAWHO BaXUIMBHX IS (PYHKIIOHYBaHHS OpPTaHi3My
nporieciB kKoHTponmorThes GPCR, Hampukiaa, peryatoBaHHS KPOB'SHOTO THCKY
Ta cepreOnTTs, pearyBaHHs Ha HeOe3IeKy, BiTayTTs 0oito un erdopii, cipuitHsT-
TS 30pOBUX 00pa3iB abo 3amaxiB, eMOpPIOHAIEHUN PO3BUTOK, HABYAHHS 1 TIaM ATh
tomo. [lopymenns y ¢pynkuionyBanHi GPCR croctepirarorbest i yac 6ararbox
TSOKKUX 3aXBOPIOBaHb, TAKUX SK Mia0eT, CIIMOTa, ajepris, Iempecis, cepreBo-Cy-
TUHHI 1edeKTH, Aesiki popmu 3710sKicHOTO pocTy. Ha (hapmaneBTHaHOMY pUHKY Bifl
TPETHHU 70 TIOJIOBHHHM BCIiX JIIKIB CTAHOBJIATH MPENapaTH, Jisl IKAX CIIPSIMOBaHA Ha
GPCR. Tomy nocimimpkeHHsI CTPYKTYPH ITUX PEIETITOPIB 1 MeXaHi3MIB IepenaBaHHs
HUMU CUTHAJIB y KIITHHAX-MIMIEHIX BaYJIHMBI IS TIHOMIOTO PO3yMIiHHS NMPHUYUH
0araTboX 3aXBOPIOBaHb 1 CTBOPEHHS €(DEKTUBHUX JIKIiB 3 MIHIMAJIBHOIO ITOOIYHOIO
T€10.

Bupuennst GPC-penenitopiB posnouanocs me B XIX cr., Tounime B 1870 p.,
KOJIM HIMEUbKHI ydeHui Binmbrensm KroHe BUSBHB 1 BUIUIMB POJOIICHH — PEIIETI-
TOp, 1110 pearye Ha cBiTio. [loganbIne KoCTiHKeHHS] MEXaHI3My peryJIIOBaHHS CKO-
POYEHHS M’SI30BUX KJIITHH ITiJ] BIUINBOM IIE€BHUX PEUOBHUH JaJ0 3MOTY Ha MOYATKY

119



HABIIIO IIOTPIBHI PELENITOPHI ITPOTETHU HA MEMBEPAHAX KJIITUH

70-x pokiB XX CT. MIHTH BUCHOBKY, IO ICHY€ JIesKa pelenTopHa CyOCTaHIIis, sSKa
pearye Ha O3aKJIITHHHI MOJIEKYJIH 1 IepeIa€ CUTHAIIN BCEPEINHY KITITHHH.

Mertoro podotu Pobepra Jledkopima i cTaB momyk i€l pernenTopHoi cyocTaH-
1ii, IS 9O0TO BiH BHKOPHCTAB PaIi0OaKTHBHO MiueHUH anpeHaniH. Ha Toit MoMeHT
PO KIJIITHHHI perentopu Oyio BioMo Bke JocuTh Oararo. Y 1960-x pp. Oyio Bu-
SIBJICHO, IO [is aJpeHaNliHy Ha KIITHHH OTOCEPENKOBYETHCS OCOOIMBHM THIIOM
npoTeiHiB — G-poTreinamu, sIKi 31aTHi rigponizyBaru ryanosuatpudocdar (GTP),
YUM BUKJIMKAIOTHh Y KIIITHHI MEBHI Kackaau peakmiii. OmHak sk came 1ie BinOyBa-
€ThCsI, 3anumianocs: HeBimomuM. Ha modatky 70-x pokiB kinmbka GPC-penenTopis
OyJ10 i1eHTH(HIKOBAHO, MPOTE BUALUTUTH W TOCITIIUTH TXHIO CTPYKTYPY (32 BUHSATKOM
pozoricuHy) Oy10 HEMOXKIIMBO Yepe3 YKpai Mally iX KiJIbKiCTh Ha KIIITHHAX.

[Ticst 10 pokiB pyTHHHHX €KCIIEPUMEHTIB 3 Pa/li0aKTUBHO MiY€HUM aJIpeHalTi-
HOoM y 1980 p. P. Jledkoit i #ioro KomaH 1a 3amponoHyBajii HAWIMOBIPHIIINN MeXa-
HI3M [Tii aJpeHaTiHOBHUX PEIENTOPIB — «TEOPI0 TPIHUACTOr0 KOMIUIEKCY». 3a II€I0
TEOPI€I0, 3 BHYTPIITHLOTO 00Ky MEMOpaHU 10 aJApEHOPEIeTTOpa, IO MICTUTHCS B
MeMOpaHi KITITHHH, npuwisrae G-TipoTeiH, SKUH CKIIATaeThCs 3 TPhOX CYOOIUHUITH —
a, B, vy —13B’s13aHui 3 MoJIeKyoto ryanosunaudocdary (GDP). V pasi 3B’ a3yBaHHs
aJIpeHaNTIHy 3 PEIeNnTOpPOM B OCTaHHBROMY BiTOYBAarOThCS CKJIATHI KOH(OpMAIliiHi
nepeOyJ0BH, IO 3yMOBIIOIOTH CIIOYaTKy MilHE HpueqHaHHS G-poTeiHy, a mo-
TIM HOTO aKTHBaIiO Ta BimokpemieHHs. [1iq gac aktuBaiii MoJeKylia TyaHO3HMH-
mudocdary (GDP) dbochopumoeTses, yTBOPIOIOYN MOJEKYITy TYaHO3HHTPHQOC-
¢dary (GTP), i G-ipotein po3mamaeTsesi Ha nBI 4acTHHU: O-cyoomuHUII—GTP i
B-cyoonuHUIIS—Y-CyOOMMHUIIS, SKI aKTUBYIOTh BTOPHHHI TOCEPEAHUKH 1 BUKITHKA-
FOTh KaCKaJH PEaKiliii, o 3MiHIOITh MeTabomi3M KiiThHU. [loTiM o-cyObomuHuIs
rigponizye GTP mo GDP, neaktuByeThCs, 00’ €qHY€ETBCS 3 B-y-AUMeEpoOM, 1 TN
G-npoTeTH 3HOBY PUEIHYETHCS 0 aIpSHATIHOBOTO PEIenTopa.

Jlist Toro 00 3’SCYBaTH, SIK aIPEHATIIHOBUH PELIENITOP 3B A3YETHCS 3 JIITAHIOM,
K came BinmOyBaeThcsi akTuBallisi G-0inka, moTpiOHO OynO OnmepKaTH perenTop y
3HAYHIA KUIBKOCTI, 3HAWIIOBIIN HOTO TEH 1 KJIOHyBaBIHM Horo. Lle myxe ckimamne
Ha Toif vac 3aBmanHs P. Jledxonin mocraBus nepen bpaitanom KoGwmikoro — moro-
JIMM CHiBpOOITHUKOM CBOE€T staboparopii. B 1986 p. b. Kob6uika pasom 3 koneramu
YaCTHHAMH PO3MH(pyBaB aMiHOKUCIOTHY TTOCIIIOBHICTD B-aJ1 peHOpenenTopa, mo
IMaToYKax 310paB MM TeH, 3MIT HOTO KIIOHYBaTH | HABYMBCS BUAUISTH PEIETITOP
y BEJIMKUX KUTBKOCTSIX.

BusiBunocsi, mo aapeHopenenTop CKIANAEThCS i3 CeMHU TPaHCMEMOpaHHUX
o-cripayieid 1 Iy’ke TMOMIOHUN 0 POMOTICHHY, CTPYKTYpPY SKOTO OYJI0 TOCIHIIKEHO
3aBISKH poOOTaM KUTBKOX J1abopaTopii, 30KkpemMa paasHChKAX YYCHHX Iij] KepiB-
HUITBOM akaaeMika FO.A. OBunHHIKOBA. Lle 103BONMIIO 3pOOUTH TIPUTTYTIIEHHS, IO
3a TIPUHIIAIIOM TPii9acTOro KOMIUIEKCY MPAIfOIOTh HE JIHUIIe [-aapeHopenenTop i
pOIOTICHH, a i OibIlla YacTHHA 1HINNX, BIIOMHUX Ha TOW dYac, pemenTtopiB. Taka Ti-
MoTe3a 3roJIOM IMiITBEPIMIACS, 1 CTAIO0 3pO3YMLI0, IO TIepeIaBaHHs CHTHATIB 3a
noromoroio GPCR € yHiBepcabHUM MEXaHI3MOM «CITITKYBaHHS KIIITHH 3 1HIIAMHA
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KIIITHHAMH Ta HaBKOJIMINIHIM cepenoBuiieM. Han3BuuaiiHa THyUKiCTh pearyBaHHS
KJIITHH Ha 3MIHH HaBKOJIMIITHBOTO CEPEOBHINA (3B’ I3yBaHHS PEIIENITOpa 3 JIraHIoM
MOJKE BUKJIMKATH aOCOFOTHO Pi3HI PEaKIlii) MOSICHIOBAJIACH Pi3HUM CyOOTMHIYHAM
ckianoM G-mpoTeiHiB 1 pi3HUM HAOOPOM BTOPHHHUX ITOCEPETHUKIB.

s BuB4eHHs MexaHisMy poootn GPCR nHeoOximHO Oyo 1o0yTH iHhopMaIltito
Ipo iXHIO MPOCTOPOBY CTPYKTYpPY 3a JOMOMOTOI0 PEHTT€HOCTPYKTYPHOTO aHaIi3y.
OnHak TpUBAJIHI Yac 11e He BAABAIOCSA 3p00OUTH, HE3BAXKAIOUH HA HAIIOJICTIIUBY Ipa-
o Oararbox Jaboparopiit cBiTy, ockieku GPC-penentopu € KUpOpO3UHHHUMHU
1 32 3BHUAHUX YMOB He MmignaroThes Kpuctamizamii. ¥ 2000 p. Kpxxumrod [Tams-
4eBChKUH Ta Horo criBpoOiTHUK Tercyi Okana 3 YHiBepcurery Keiic Becrepn Pe-
3epB (Case Western Reserve University) y Kninenni (CILIA) ycnimmHo 3aificHIIN
PEHTTEHOCTPYKTYPHUN aHaji3 pojorcuny [1], ogHaK CTPYKTYpy aIpeHeprigHOro
peneniropa moauau bpaitany Koo ta Peto CtiBeHCY Branocs oJiepKaTa JIUIIE B
2007 p. [2—4]. Baromuii BHECOK Y 110 poO0TY 3po0uB Bagum Yepe3os i3 maboparo-
pii Pest CriBeHca. Bin onTuMi3yBaB yMOBH ISl KpHUCTAITI3AIII] pelenTopa B i IHIHA
KyOiuHil ¢a3i 3 BUKOpHUCTaHHSIM XojecTepuny. B 2007-2012 pp. y maboparopisx
b. Ko6unku 1 P. CriBenca Oyno BuzHaueHo ctpykrypu 15 pizaux GPCR, y tomy
YHCIII OMIOITHUX PEIENTOpPiB, MO BiIKPUBAIO MOXKIIUBOCTI IS PO3POOIICHHS HO-
BHX JIIKAPCHKUX TIpENapariB: 3HEOOMIOBAIBLHUX 3aC00iB, aHTHUICTIPECAHTIB, JIKIB
Ut 60pOTHOM 3 HAPKO3AIESKHICTIO Ta BiIUyTTsM TpuBoru. OmHak mpieto bpaiiana
KoOunku Oymo 3’scyBaTé CTPYKTYpy KOMIUIEKCY aKTHBOBAHOTO [-all peHOpEIer-
Topa 3 G-IpOTEIHOM Yy MOMEHT HOT0 aKkTHBAIlii, 00 MaTH IMOBHE YSBIICHHS PO
MexaHi3M Aii nporo penenrtopa. I ocs y 2011 p., 3aB IKHu 3aCTOCYBaHHIO METOIIIB
MOJIEKYJISIPHOT 1HKeHepii Ta ctabimizamii nporeiny antuTinamu, b. Kobwii Bxamo-
Csl KpUCTAi3yBaTH CUTHAILHUI KOMITJICKC Mi’K aKTHBOBaHHUM [3-aJpeHOPEIIENTOPOM
i G-mporeinom, a Takox y cmiBmpani 3 Pomkepom Cynaxapa 3 MiduraHChbKOTO
yHiBepcuTeTy B AHH ApOOp BHU3HAYUTH CTPYKTYPY KOMILIEKCY, IO JaJ0 MOXKIIH-
BICTh JIOKJIQJIHIIIE PO3TIITHYTH TPOIEC MepenaBaHHsl CUTHAIY BiJ perenTtopa 1o
G-mporeiny [5].

Taxum unHOM, 3aBIsIKK OararopiganM 3ycmiuisaMm P. Jlegkosina, b. Koowmmku Ta
IHIIMX YYSHMX, JIFOJICTBO JII3HAJIOCS PO iICHYBaHHS YHIKaJIHHOTO CIMEHCTBa perer-
TOpiB, 3B’s13aHUX 3 G-TIPOTETHAMH, SKi KOHTPOJIOIOTH OUTBIIICTD KUTTEBO BAYKIIH-
BHX IIPOIIECIB B OpraHi3mi JtoauHu 1 TBapuH. CTPYKTYpHI ITOCHTIKSHHS OCTaHHIX
1’ SITH POKiB PO3KPHIIH OCOOTMBOCTI pO3ITi3HABAHHS JIITaH/iB IMMH PEIETITOPAMH Ta
nepenaBaHHs curHaiiB 10 G-mporeiniB. OmHak, K 3aBxau OyBa€e B HayIli, BU3HAYHE
BIIKPUTTS, JAIOUW BIITOBib HA OJHE MUTAHHS, MOPYIIYE HU3KY IHIMUX. YUECHUM
11116 HAJICKUTH 3’ SICYBaTH, 3aBISKHA SKUM BIIMIHHOCTSM y OYIOBI IIMX PEHENTOPIB
BOHM 3IaTHI PO3ITi3HABATH Pi3Hi JITaHIH, SIKHMH € OCOOIMBOCTI CHTHAIBHUX KacKa-
JIB BiJ pi3HUX THUIIIB JIIFaHIB, SKE 3HAYCHHS Ma€ JTUMEpH3AIlisi WX PEIenTopiB
tomo. Tomy mo GPCR HuHI mpukyTa yBara 6aratboX JOCIITHHKIB Y BCbOMY CBITI.

Jlaboparopist bpaitana Koounkn BuB4ae (hizionoriday posb i MexaHi3M il pi3-
HUX THUITIB aJpEHEPTIYHNX PEIENTOPIB 3 BAKOPUCTAHHSAM JiHIH HOKAyTHUX MUIIICH,
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HABIIIO IIOTPIBHI PELENITOPHI ITPOTETHU HA MEMBEPAHAX KJIITUH

M030aBIIEHUX MEBHOTO PEIENTOpa BHACIHIIOK IMITYYHOTO BUAAICHHS BiAIOBITHOTO
TeHa, 110 KOAY€E TOW 4M iHmuH Tum perenrtopa. OnepkaHi 1aHi MOXYTh OyTH KO-
PUCHHMH, 30KpeMa I po3pOoOJIeHHS HOBHX ITIIXO/IB Y JIKYBaHHI CEpIIEBOi HEIO-
crarHoCTi B moaunu. Jlaboparopis PoGepra JledroBina BUBYae MeXaHi3MU 3MIiHU
(YHKIIIOHYBaHHS PEIETITOPIB ITiJl BIUTMBOM JIITAH/IIB, 3 SKUMH BOHU B3a€MOJIIOTh
(TopMOHIB, JIIKIB TOIIO), TOOTO MPUPOAY SBHIIA JeCEHCHOLTI3aIlli perenTopiB, sSKe
3YMOBJIIO€ CTIHKICTB 110 Mii MEIUYHHX TIperapariB a00 3HIKEHHsI IXHbO1 e(heKTHB-
HOCTI 3 yacoM. P. JlehkoBir 31 ciBpOOITHUKAMH BIAKPHIN HU3KY IMPOTEIHIB, IO
CIPUYMHIOIOTH JECCHCHOLTI3aIliI0 PEIEeNTOPiB: MO-TepIle, e KiHa3u penenTopis,
3B s3aHuX 3 G-miporeinamu (GRKSs) [6], K1 pochOpmIroroTh aKTHBOBaHI PEIIETITO-
pH, 3MIHIOIOYH TUM CAMHUM IXHIO CTPYKTYpY; MO-JIpyre — apecTHHH, IO 3B’ A3YIOTh
¢dochopriboBaHi PENeNTOpH, MEPEITKOIKAIOYH X HOpMaJIbHOMY (YHKIIIOHYBaH-
Hio [7]. BusBuiocs, 1o 1i mpoTeiHn He JIHIe 3yMOBITIOIOTH JIECECHCHOLTI3AIlI0 pe-
nentopiB (GPCR), a #i BUKOHYIOTh (PyHKIIIi CHTHAJIBHUX MPOTETHIB, 3aITyCKarOun
KacKaJ[ peakilii mig gac 6J0KyBaHHS akTuBailii G-mpoTeiny penentopoM. 3HaueHHS
[IHOTO KacKay Ie MaJoBioMe i OoTpeOy€e MOJaIBIINX A0 CIiKEHb.

Posyminns mexanismy aii apectuniB i GRKs moxe crnpusta po3poOieHHIO
HOBUX JIIKIB 1 HOBUX METOJIB JIKYBaHHS 3aXBOPIOBaHb JOMUHU. CHOTOMHI IS Te-
parii cepreBO-CyIMHHUX 3aXBOPIOBaHb HAWYACTIIIE BUKOPHCTOBYIOTH OJIOKATOpH
neox TumiB GPCR: B-agpeHepriyHuX Ta aHTIOTEH3WHOBHX PEIENITOPIB, SKi 3aIo-
0iraroTh HEOE3IMeUHIN TIMEePCTUMYJIAIT X PEIENTOPIB i BAHUKHEHHIO BHACIIIOK
IFOTO TIMEPTOHi1, CTeHOKapii abo cepieBoi HemocTaTHOCTI. OHAK TaKi OJIoKaTopu
MTOBHICTIO TAIbMYIOTh aKTHBHICTH PEIETITOPIB, IO CIPUYHHIOE HeOakaH1 MOOiIuH1
edextu. HaTtomicTh 3ammyck Kackamy apecTHHIB Ja€ 3MOTY JOCSATTH OUTBIT THYYKOT
perymsiii IXHbOi aKTUBHOCTI.

BinkpurTs, Bigznaueni 2012 poky HobeniBchkuMu mpemisiMu 3 Ximii, a TAKOK 3
¢izionorii Ta MEAMIIMHN, MOYKJIMBO, BXKE B HEAJIEKOMY MaiiOyTHEOMY TTPUBELYTh 10
MTOSIBM METUITMHA HOBOTO TTOKOJIIHHSI, KOJIM O€3TeUHi JIIKK TOOMPaTUMYTh JIJIST KOXK-
HOTO KOHKPETHOTO MAaIli€HTa IMiCJIs TECTyBaHb Ha KIIITHHHUX MOJIETISIX, O/IEPKAHUX 3
IHAYKOBaHUX TUTFOPUTIOTEHTHHX cTOBOypoBuX KiiTHH (iPSC), Ta 3rigHo 3 TeHeTHd-
Hoto iH(OopMarieto ipo oro GPCR. PesynpraT qociimpkeHb HOOEIBCHKHX JIaype-
aTiB al0Th HAIIO HA Te, IO 0araro HEBIJIIKOBHUX Ha CHOTO/IHI 3aXBOPIOBAHb Oy/ie
MEPEMOXKEHO, 1, XTO 3HAE, MOKIIMBO, JaBHS Mpisl JIFOACTBA MIPO BIYHY MOJIOMICTH 1
0e3cMepTs BUSBUTHCS HE TAKOKO BXKE W HE3IHCHEHHOIO.
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RECEPTOR PROTEINS ON CELL MEMBRANE -
WHAT ARE THEY FOR, OR HOW DIFFERENT CELLS
OF THE ORGANISM PERCEIVE THE ENVIRONMENT?

Nobel Prizes 2012 in Chemistry were awarded to two American scientists — Brian
K. Kobilka and Robert J. Lefkowitz for their work on «understanding how G-pro
tein-coupled receptors (GPCR) function». GPC-receptors on the cell surface play
crucial role in specific signals recognition from the cell surrounding environment.
Interacting with various extracellular effecter molecules, as for example: hormones,
neurotransmitters, bioactive peptides, ions, drugs etc, they control extremely large
quantity of the most vital processes in the organism. GPCR is a family of eukaryotic
cell plasma membrane protein receptors, which share common structure (have seven
transmembrane domains) and which transmit a specific signal into the cell, due to
the activation of GTP-binding proteins (G-proteins). The latter activate a cascade
of intracellular signals resulting in cell response to ligand binding to GPCR (or to
the specific physiological effect). B. Kobilka and R. Lefkowitz made fundamental
contribution into the research of GPCR function and conformational structure.
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AK KIIITUHA TPAHCITIOPTYE€ CUHTE30BAHI PEYOBHUHMU,
ABO YA CITPABAI HE MOKHA 3MIHUTHU MICHE I HAC
3YCTPIUI «BHYTPIINIHBOKJIITUHHOT'O BAHTAXKY»

HoOeaiBcbka npemis 3 ¢isiosorii un meanuunu 2013 p.

Jlaypeamamu Hobeniscokoi npemii 6 eanysi ¢hizionoeii i meouyunu 2013 poxy
cmanu amepuxanyi [oc. Pomman i P. Lllexman ma niveys T. 310020 3 ghopmynio-
sannam Hobeniecokoeo komimemy «3a ¢hyHOaMeHmManoHi 8i0KpUMmMs MEXAHI3MY pe-
2VII0BAHHS 8E3UKVIIAPHO20 MPADIKY — OCHOBHOI MPAHCNOPMHOI cucmeMu KIimuH».

KuarwuoBi cnoBa: sesukynapnuii mpagix, Hobeniscoka npemisa, /[c.Pomman,
P. lllexman, T. 310020¢.

112-# HOOeMiBCHKMH TIKACHD y CTOKroMbMi posmodaBcst 7 skoBTHA 2013 p. 3
orosomeHas HobemiBchkuM KomiTeToM mpu KapoiHChKOMY METUIHOMY IHCTHUTYTI
iMeH maypeatiB HoGenmiBcbkoi mpemii 3 (hi3iosorii Ta MEIUIIMHU — HAWIIPECTHKHI-
101 HaropoIu B rary3i Oiosorii. Hanepenoani miei momii kommanis Thompson Reu-
ters Ha OCHOBI aHaITI3y BiacHOi 6a3m maHux Web of Science Buokpemuia Tpu rpymnu
JOCITITHUKIB — IMOBIPHHUX KaH/JIHU/IATiB HAa 3BaHHS HOOCTIBCHKUX JIaypeaTiB.

[To-mrepire, Ha pemiro npererayBamu Xoapa Cemap (Howard Cedar), Aapon
Pazin (Aharon Razin) Ta Anpian bepxa (Adrian P. Bird) 3a po6oTy 3 BUBUEHHS poITi
metmryBaHHs JIHK B perymsimii ekcripecii TeHiB, 1110 BiJIKpUBae HOBI MOYKJITHBOCTI
JUTS TIOZOJTAHHS Pi3HUX 3aXBOPIOBaHb, 30KpeMa 3JI0SKICHOTO POCTY, XBOPOO AJIBII-
reiimepa ta [lapkiHcoHa.

[To-npyre, kangumatamu Ha mnpemiro HaszuBanmm Jleniema Komioncki (Daniel
Klionsky), Ho6opy Mizycima (Noboru Mizushima) i Hocinopi Ocymi (Yoshinori
Ohsumi) 3a ix mociiKeHHS B Tay3i Aerpanarii KJIiTHH i ayTodarii («camoroimnan-
Hs»» KmiTHH). [To-Tpere, HoGenmiBCchKy mpeMito Mir Ou OTpUMaTH XTOCH 13 BUIATHHX
yueHnx-onkonoriB — [lennic Cnemon (Dennis J. Slamon), PoGept Baiin6epr (Rob-
ert A. Weinberg), Jlesin Jleitn (David C. Lane), I[Titep Xomn (Peter Hall), bept ®o-
renpinTeliH (Bert Vogelstein) abo Hanmoneon ®eppapa (Napoleone Ferrara) 3a mo-
CJI[DKCHHS MOJICKYJISIPHUX MEXaHi3MIB BHHUKHEHHS paKy, a Takox J[xozed [llmec-
cimkep (Joseph Schlessinger) 1 Hapis3 Cotiepe (Charles L. Sawyers) 3a cTBopeH-
HSI BUCOKOC(DEKTHBHHUX 1 CIIeITU(IYHUX MPOTUPAKOBHUX TpenapariB «CyHITHHIO» Ta
«Imatuni6» (Glivec). KpiMm TorO, Ha TyMKY €KCHEpTiB, Ha TIPEMII0 3aCIyTOBYBAIN
aBTOPH JOCIIPKEHb 3 BUBUCHHS TICTOHIB — IPOTETHIB, HEOOXITHUX IS TIPABUITHHO-
ro mpocTopoBoro ykiagauaas Moiekyn JJHK; kopoTkux mMonekyn puOOHyKIECTHOBOT
kucnotu (Mikpo-PHK), siki BimirparoTh BaXKJIHMBY POJIb Y PETYISIIil poOOTH TeHIB;
MeXaHi3MiB KOHTPOITIO MTPABMIIBHOTO YKJIaIaHHs O1TKOBHX MOJICKYIT.

Opnnak, ycyneped nmporao3am, HoOemBChbKHiT KOMITET BUPIIIMB YIOCTOITH Ha-
TOPOIM BUEHUX, SKi JOCTIDKYBAIA MEXaHI3MU MUKKIITHHHUX 1 BHYTPIITHBOKII-
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TUHHUX B3aeMoii. [[poropiyammu maypearamu HoOemiBebkoi mpemii 3 iziomorii
Ta METUITMHH CTaIH Tpoe BYeHHUX (202—204 3a mepermikom): ABOE aMEpPUKAHIIIB —
Penni lllexkman (Randy W. Schekman) i JIxeiimc Porman (James E. Rothman) ta
Himers Tomac 3roarod (Thomas C. Siidhof). 3a Tpagumiero, cexperap HobemiBebkoi
acamb6nei npu Kapomiancekomy iHCcTUTYTI B CTOKTONmBMI ['hOopan Xanccon (GoOran
K. Hansson) m’sTbMa MOBaMHU OTOJIOCHB MOTHBAIIIIO IIHOTO pilieHHs. Bueni Oymu
YIOCTOEHI II€T MMPECTIKHOT HAaropoau «3a (yHIaMEHTAIIbHI BIIKPUTTS MEXaHI3My
PETYIIOBaHHS BE3UKYISIPHOTO TpadiKy — OCHOBHOI TPAHCIIOPTHOI CUCTEMH KITITHH
[1]. Po3mip HoGemiBchKoi mpemii IIbOTO POKY CTAaHOBUB 8 MIJIH IIBEICHKUX KPOH
(mpu6mu3Ho 1,1 mutH momapi CIIIA). LlepeMoHist HarOpOIKEHHS JlaypeariB Bia0y-
nacst y Crokronspmi 10 rpyaHs, B I€Hb CMEpPTI 3aCHOBHHKA MTPEMii, IBEICHKOTO TijI-
npueMIs i BuHaxigHuka Anbdpena Hobems (1833—1896).

KypnamicTu, MIpUCyTHI Ha IEPEMOHIi OTOJIOIICHHS JlaypeaTiB, Oyiu IHpo 3/11-
BOBaHi pimeHHssM HoOemiBChKOTO KOMITETY, OCKUIBKH MPAaKTHYHE 3HAYCHHS ITHX
BIZIKPUTTIB HE 3[aBajJOCs JIOCTaTHRO BarOMHM HIMPOKOMY 3araiy. [IpencraBHUKH
HoGeniBchKoro KOMITETY 3BEPHYJIHCS 0 KYPHAIICTIB, HE MPUXOBYIOUH PO3dapy-
BaHHJ 3 IIbOTO TPUBOLY: «BU Haragyere mBEICHKUX CTYICHTIB-TIEPIIOKYPCKHHKIB.
JlMBHO, 10 1I1e HE 3anuTad, 9u Oy/e 111 TemMa Ha icnuti». Hacnipasai HoGemiBebkoro
MPEMI€I0 BII3HAYWIN TUTHHA psia QyHIaMEHTAIbHUX BITKPHUTTIB, SKi JTOTIOMOTIIH
3’CyBaTH, K caMe y KIIITHHI TOCATA€ThCS HEUMOBIPHA TOYHICTh TPAHCIIOPTYBaHHS
MOJIEKYJ y TIEBHE MicCIle i y BU3HAYeHUH 9ac. XTO XK Il JIFOIU — IbOTOPivHI JIaypeaTn
Hob6eniBchKoi mpemii — Ta sKi IX OCHOBHI HAyKOB1 TOCSITHEHHS?

Penoi Beiin [llexman (1948)

65-piunmnii npodecop 6ioximii Kanidopniiicekoro yHiBepcurety B bepkii Penai
Beiin lllekman (anrn. Randy Wayne Schekman) napoauecs 30 rpymas 1948 p. y
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crommuii mraty Miaaecota — micti Cent-Ilon y ponuHi imkeHepa-enekrpuka. Lika-
BO, 110 0abycs P. Illexmana (3 60oky O6arbka) emirpyBana B CILIA 3 )Kuromupchkoi
obmacti Ykpainu, a 6arbku matepi — 3 Pymynii. ¥ 1960 p. Penai 3akinuuB 3axigny
cepenHro mkoiny B AHaxaimi, mrar KamigopHnis. Ille B AuTHHCTBI BiH 3aIlikaBUB-
cs1 010JIOTI€T0, MMICTS TOTO, SIK HOTO cecTpa YeHIi momepia Bix neiikosy. Y 1971 p.
P. [llexman 3100yB CcTymiHb OaKaiaBpa 3a CIemiagTbHICTIO «MOJICKYIISIpHA 010JI0Tis» Y
KamidopnilicekkoMmy yHiBepcuTeTi B JIoc-AHmkeneci, mponoBkuB HapdaHHs y CTeH-
dopacekomy yHiBepcuteTi B KamidopHii, ne B 1974 p. 3axuctuB mucepraiito 3a
cremiabHICTIO «OioximMis». [Ticis BenmbMu HeTpuBaioi pobotu B KamidopHiickko-
My yHiBepcuteti B Can-/liero P. [llekman nepeimioB Ha mocazy npodecopa mose-
KyJISIPHOI Ta KIITHHHOT Oiosorii kadenpu 6ioximii KamigopHiiichkoro yHiBEpCUTETY
B bepxui, ae 1 mpaittoe noruHi. 3 1991 p. BiH € mocimiTHUKOM MeIYHOTO iIHCTUTYTY
I'oBapna Xwro3a (Howard Hughes Medical Institute) — omHi€el 3 HalOUTBIIMX Yy CBITI
oprasizariiii, mo ¢iHaHCYITh OloMenn4Hi mocmimkeHHs, 3 2006 p. — penakTopom
aMEepUKaHCHKOTO HayKoBOTO )KypHaIy Proceedings of the National Academy of Sci-
ences (PNAS), a3 2011 p. — pemakTopoM HayKOBOTO KYPHATY BIIKPUTOTO JOCTYITY
eLife. Perni [llexman onpyxennii 3 Hernci Yoic, mae cuna [[)koerna, BUKIanada My-
3WKH, KIIAPHETUCTA, 1 104Ky JlopeH, ¢inancucra 3a daxom.

[ceiime Eoeapo Pomman (1950)

63-piuanii npodecop OGioMeaUITUHY, 3aBijyBad KadeApyu KIITHHHOI Oioyiorii
Menuunoi mkonu €nbcbkoro yHiBepcutery B Hbro-XeiiBeHi, mrar KoHHEKTHKYT
Jxeiimc Engapa Porman (auen. James Edward Rothman) napoauscs 3 nucromnaja
1950 p. B XeiiBenxisii, mrar Maccauycerc, y poauHi BiqoMmoro nemiarpa. [lpeaku
rioro 6arekiB emirpyBanu B CLIA 3 Pocii, [Toabmi, ABctpii. ¥ 1967 p. Ix. Porman
3aKiHYMB MPUBATHY 1IKOTY B MicTeuky [lomdper, mrar Konnekrukyt; y 1971 p. —
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€IpChKUH KOEK, 3M00yBIIN CTYHiHb OakanaBpa 3 ¢izuku. Y 1971—1973 pp. BiH
OyB cTyneHToM [ apBapncekoi MenuaHO1 mkoau B KemOpumki, mrar Maccadycerc,
a B 1976 p. 3axuctuB mucepramiro 3 0ioximii B 'apBapacbkoMy YHIBEpCHUTETI i
oTpuUMaB CTymiHb foktopa. Y 1976—1978 pp. k. Porman mpamroBaB y Macca-
9yCEeTChKOMY TeX HOJIOTiYHOMY iHCTHTYTI B KemOpumki, B 1978— 1988 pp. OyB
nmpodecopom kadempu 6ioximii y Crendopacekomy yHiBepcuteti B KamidopHii, a
B 1988—1991 pp. npairoBaB Ha kadenpi MmoneKysipHoi 6ionorii [IpuHCTOHCHKOTO
yaiepcutery B Hpio-/lxepci. [lepeixasum 1o Heio-Fopka, Jix. Porman y 1991 p.
3acHyBaB Kadenpy KITHHHOI 0i0Ximii Ta 0io¢i3uku i 001HSIB MMOCaay 3aCTyITHH-
Ka JupeKkTopa MeMopiaabHOTO OHKOJIOTIYHOTO MeHTpY iM. CrioyHa-Kerrepunra, a 3
2004 1o 2008 p. — mparrroBaB podecopom XiMiaHo1 Oiosorii kadenpu ¢izionorii Ta
KIITHHHOI 610¢13uKu KomyMOiiichKoTO yHIBEpPCHUTETY, a TAKOXK AUpeKTopoM LleHTpy
nociipkeHHs renoMy im. Cymmoeprepa.

3 1995 p. [Ixx. PormMan BXOAMB /10 CKJIaAy HAyKOBO-KOHCYJIBTATUBHOT Pajid KOM-
naHii Amersham, a 8 2003 p. micins 3mutTs 3 kommaniero GE Healthcare cras ['omos-
HUM PaJHUKOM 3 IUTaHb HAYKH I1i€l kommanii. [[x. Porman € wienom Hamionans-
Hoi akazgemii Hayk CILHA (3 1993 p.), AMepukaHCHKOi akaaemMii MUCTEITB 1 HayK (3
1994 p.), [ncturyty Mequmman HamionaneHo1 akagemii Hayk (3 1995 p.). Ixeiimc
Porman ompysxenutit 3 [[xoit Xipm, npodecopom rcuxiarpii Ta Helpobioiorii Me-
JIMYHOT KON €IICHKOTO YHIBEPCUTETY, Mae ciHa MeTbhio, (piHaHCHCTA 32 (haXxoM.

Tomac Kpicmian 310020¢ (1950)

58-piunnii npodecop KITUHHOI Ta MOJIeKyIsApHOT ¢izionorii CteHdopackko-
ro yuiBepcutety B Kamidopnii Tomac Kpictian 3roarod (anen. Thomas Christian
Stidhof) naponuscs 22 rpymns 1955 p. B micti ['ertinren y nentpanpHiii Himeuun-
Hi B ciM’i smikapiB. [licns 3akindeHHst Banbdaopchkoi mkoau B [[aHHOBEpI BUBUAB
MeaunuHy B PeliHchko-BecTdhanbchkoMy TEXHIYHOMY YHIBEPCUTETI MicTa AaxeHa,
TapBapacekomy yHiBepcuteti (KemOpumk, mrar MaccadyceTc) Ta Ha MEAUIHOMY
¢dakynwreti [eTTiHreHCHKOTO YHIBepcuTety. B 1982 p. 3axuctuB auceprariito B [H-
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ctutyTi 6i0¢piznanoi Ximii Makca [lnanka B [eTTiHreHi 1, MpoIpaIfoBaBIIz TaMm PiK,
nepeixaB Ha poboty no CIIA y BimmiieHHs MOJIeKy IsIpHOT TeHeTHKH [liBnenHo-3a-
X1THOTO MeanmyHOTO TEeHTpYy Texackkoro yHiBepcutery B Jlammaci. Tam BiH mpa-
moBaB y 1983—1986 pp. mix kepiBannTBom Maiikina bpayna (Michael S. Brown)
ta JIxo3eda [ommmreiina (Joseph L. Goldstein), siki B 1985 p. orpumanu HoGe-
JBCBKY TIpeMito 3 (i3i0I0Tii Ta METUITMHH 32 BUBYCHHS OOMiHY XojecTepuHy. B
1986—1991 pp. T. 3tonrod npamroBaB y Mennaaomy iHctuTyTi [oBapma Xwio3a,
a B 1991— 2008 pp. 6yB mpodecopom kadenpu MoJeKyIsipHOI reHeTukn [1iBaeH-
HO-3aX1JTHOTO MeIMYHOTO eHTpy Texackkoro yHiBepcutety. 3 2008 p. BiH 006iiimMae
nocaay nmpodecopa MOJICKYISIPHOI 1 KIIITUHHOI (i3i0orii, mcuxiaTpii Ta HeBpOJIOTii
Crendopacekoro yHiBepcutety B Kamidopwii. T. Stoarod onpyxenuit 3 Uens Jly,
mpodecopoM MOJEKYIISIPHOT Ta KIITHHHOI (izionorii CTeHPOpACHKOTO YHIBEpPCH-
TETY, Ma€ JBOX MAJICHBKHX JIITEH, a TAKOXK TPHOX TOPOCIUX BiJ MEPIIOTO MLTIO0Y —
Mopina, Copena i Jleanny.

HaykoBi nocsiTHeHHS X YYCHUX Bi3HAYCHO O€3JY4I0 TOYeCHUX MpeMiid, Ha-
npukian npemiero Anpoepra Jlackepa (B 2002 p. Oynmu mHaropomkeni J[x. Porman
i P. Illexman, y 2013 p. — T. 3ronrod pazom i3 P. lllemnepom), a Takok mpemMiero
Kagmi, sixy npucymkye HopBesbka akagemMis Hayk B Tamy3i HeBposorii (B 2010 p.
Jbx. Porman 1 T. 3roarod posmaimanm ii 3 P. [llennepom). Kpim toro, P. [llexman y
2008 p. onmepxaB mpemiro JlikcoHa 3 MenuiuHU [IiTTCOYp3HKOTO YHIBEPCUTETY B
[TencunbBanii, B 2010 p. — nmpemito Meccpi YuiBepcurety IliBnennoi KamidopHii,
a Jlx. Porman y 1996 p. OyB ynocroennii Mixkaapoanoi npemii Kopons ®eticana B
rary3i Haykd, B 1997 p. craB naypearom npemii HarionanpHoi akanemii Hayk CLLA,
a B 2002 p. orpuma mipu3 im. Jlyizu ['pocc-Xopain KomyMOiiichKOTO YHIBEPCHTETY.

Hapg gim ke mpartoBaiy mboropiuHi HOOGTIBCHKI Jiaypeatn BIpomoBk 30 po-
KiB, 1 IO TaKe B3araJii «Be3UKYISPHHUNA Tpadik»?

JloOpe Bigomo, 110 BC1 KHBi OpraHi3MH CKIAIAl0THCS 3 KITHH. Y XO1 €BOJIOI|
Ha 3MiHY OJHOKJIIITHHHUM OpTraHi3MaM MPUAIUTA OaraTOKIITHHHI, SIKi BUHUKIIH 3aB-
ISIKM TOMY, 11O KJIITHHU HaBUWITUCS B3a€MOJISITH OHA 3 OTHOIO, TICTABIIN MOXKIIU-
BICTB JUIA By3bKOi criemtiamizartii. Ll B3aemoist mossrana y nepenaBaHHi BiJ OmHi€l
KJIITHHY 10 1HIIOI CHTHAIB Y BUIVISIMII TIEBHUX OiOJOTIYHO aKTUBHUX PEUOBHH. Y
CKJIQIHAX OaraTOKJIITHHHHUX OpraHi3MaX, TaKUX SIK OpraHi3M JIFOJWHHU, MOCEKYH-
T BiIOYBa€ThCs O€3TI1Y MPOIECiB: EPUTPOIMTH B JICTCHIX HACHUYIOTHCSI KHCHEM,
OpraHd TPaBJICHHS BUIUISIOTH (DEPMEHTH IS TIEPETPABITIOBAHHS %Ki, €HIOKPHUHHI
3aJ103U BUPOOJISIOTH TOPMOHH, IO PETYIIOI0TH OOMIH PEUOBHH, KIITUHU IMyHHOI
CUCTEMH aTaKyloTh 30yIHHKIB 1H()EKIIHHIX 3aXBOpPIOBaHb TOIIO. | Bce 1e BimOy-
Ba€ThCS HIOM aBTOMaTHYHO, 0€3 HAIOi yJacTi, 3aBISKHA TOMY, IO KIIITHHU MOXYTh
«CIILTKYBATUCS MK COOOFO 1 BHPINITYBaTH OUTBIIICTh 3aBIaHb CAaMOCTIHHO, HE Ye-
Karo49M HaKa3y BiJl MO3KY Il CHHTE3Y IOTPIOHOTO MPOTEiHy.

3HAYHOIO TIONI€I0 B €BOJIIOIIT KUBUX OPTaHi3MiB OyJ0 BUHHKHEHHS €yKapio-
TUYHHUX KIIITHH, SIKI BIIPI3HSIMCS BiJ] IPOKAPIOTHYHUX HASBHICTIO B IIMTOTUIA3MI
oprases, OTOYCHUX MeMOpaHaMH, 110 BUKOHYIOTH NeBHI QyHKIii. Hampukmaz, sapo
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30epirae reHeTHYHY iH(OpMaIIit0, MITOXOHIPIT 3a0€3MeUyI0Th KIIITUHY CHEPTi€l0, B
SHIOIUIa3MAaTHYHOMY PETHKYJIyMi Ha pUOOCOMaxX CHHTE3YIOTHCS NMPOTEiHU, B ara-
pari ['onbKi BOHH COPTYIOTHCS, MOAH(DIKYIOThCS, HAOyBatOTh aKTUBHOT (OpMH i
TOTYIOTHCS IO BUAUICHHS 3 KIITHHH TOIO. Takuii (QyHKITIOHATEHUI TIOILT eyKapi-
OTUYHHX KJIITHH HaJaB iM HU3KY TiepeBar, OJHaK 3’ sBWJIACS HEOOXiTHICTh OOMiHY
CUTHAJIaMH HE TUTBKH MK PI3HUMH KIITHHAMH, & i MK OKPEMUMH OpTaHeJIaMH B
MeXax OfHi€l KIIITHHH.

DaKTHYHO )KMBA KIITHHA € MIKPOCKOIIIYHHAM, aJie CKJIAIHUM O010XIMi9HUM 3aBO-
JIOM, IO BHPOOIIsiE HEMMOBIPHY KUTBKICTh MOJICKYIT, YACTHHA SKUX 3aJIUIIAETHCS B
KIIITHHI ¥ IEpEeMINTy€ThCS MiXK PI3SHIMH OpraHeIaMy, a 1HIIIa YaCTHHA — BUIUISIETHCS
Ha30BHI. SIkOW BCi CHHTE30BaHI PEUOBMHH 3HAXOAMIIUCS BCEPEAMHI KIIITHHH Y BiJTb-
HOMY CTaHi, To 1i pyHKIIIOHYBaHHS OyJI0 O HEMOYKJIMBHM Yepe3 XaoOTU9IHI O10XiMiuH1
peaxii Mi>k HUMH. J[7151 TOTO 11100 pEeYOBUHY MPOHUKAIN KPi3h MEMOpaHH OpraHe
1 He B3a€MOJISUTH MK CO00I0, B KJIITHHI iICHY€E CIeIlialbHa TPAHCTIOPTHA CHCTEMA,
110 3/I1HCHIOE 1X TIePEMIIIeHHS BCEPEANHI HEBEIIMKUX MEMOpaHHUX OyIh0aIok, Tak
3BaHMX BE3WKYJ (Big jar. vesicula — OynpOamika). BesukymsapHuii Tpancnopt, abo
Tpadik, € OMHUM 13 OCHOBHUX IPOIIECIB, IKUH YMOMKIIMBITIOE ICHYBaHHS JKUBHUX KITi-
THH. 32 JJOIOMOT'OI0 CHUCTEMH BE3HKYJSIPHOTO TPAHCIIOPTY KIITHHH CHUIKYIOTBHCS
HIOM 32 TOTIOMOTOO «IUISTIIKOBOI TIOIITHY, OOMIHIOIOUMCH BE3UKYJIaMHU 3 010J10Ti4-
HO aKTHBHUMH PEYOBHHAMH, HAPUKIIA] 3 MATAMH 1HYOPMAIIHHUMA MOJIEKYJIaMH
PHK, 3maTHrMHu BIUIMBATH Ha aKTUBHICTH T€HIB 1 PETYJIIOBATH MTPOIIECH B KITITHHI.

V4eHUM JOBro He JaBajio CHOKOIO IMUTAHHS, 5K 32 BEJNYE3HOI KUTBKOCTI MO-
JIEKYJ, SKi MIOMHUTI CHHTE3YIOThCS B KJITHHI, BCI BOHH PO3MOAUISIOTHCS TIEBHUM
YIMHOM 1 BUKOHYIOTH CBOi (pyHKIIii. MaB iCHyBaTH MEXaHi3M, KU peryitoBaB Ou
BE3UKYJSIPHUIN TPAHCIIOPT 1 BU3HAYAB ISl KOXKHOTO BaHTaXy aJpecy, Jac i crocid
JIOCTAaBKH, TOOTO MeXaHi3M, SIKUH cIienn()igHO CIIPSIMOBY€E MOJICKYIIH Ty, /1€ BOHU
MOBUHHI TpaIrroBaTi. Yac 1 Miciie JOCTaBKM 3MIHUTH HE MOXKHA, aKe BiJl I[LOTO
3aJIe)KaTh )KUTTEBO BAYKJIMBI MPOIIECH B OPTaHi3Mi.

To sxwmif ke O10XIMIYHHN MEXaHi3M TapaHTye Oe3MOMUIIKOBE TPAHCIIOPTYBAHHS
KOYKHOI CHHTe30BaHO1 MoJieKymu? CamMe 3a BIJIOBiIb Ha 1€ 3alTUTaHHS i OyJo mpH-
cymxerno B 2013 p. HoGeniBcbky mipeMito 3 (i3iomorii Ta METUITIHH.

[TinrpyHTSAM A7 BIAKPUTTIB IIBOTOPIYHUX HOOENIBCHKHUX JIaypeariB CTaJH TI0-
nepeaHi podoTH Takux OMucKyunx ydeHux, sk Kamimro [ompmxki (Camillo Golgi),
SIKWI BiIKPUB OpPTaHENy, BiJl MEMOpaHH SIKOi BiTOPYHBKOBYIOTHCS TOTOBI 10 BUXOIY
3 KIIITHHH TPAHCIIOPTHI BE3UKYIIH 1 SKY MOTIM Ha3Bam «anaparom [osmki» (Hobe-
niBceka pemist 1906 p.); Ans6ept Knox (Albert Claude), Ixopmk [Mamane (George
Palade) ta Kpicrian ne [ioB (Christian de Duve), siki 3a JOTOMOTOIO €IEKTPOHHOI
MIKPOCKOITIi JOCITIAMIN CTPYKTYPY OpTaHes 1 BCTAHOBWIIH IIUISIX TPAHCIIOPTYBaHHS
CEKPETOPHUX MPOTETHIB yCepeInHI BE3UKYJ, IO BiTOPYHBKOBYIOTECS BiJl MEMOpaHU
OJTHIET OpraHesy 1 3MUBAIOTHCS 3 MeMOpaHoto iHmoi (HobemiBebka pemis 1974 p.),
a takox ['tonTep broGen (Glinter Blobel), sikuit BinkpuB cHUTHaIBHI aMiHOKHCIIOT-
HI TIOCTIIOBHOCTI, IO KOHTPOIIOIOTH TpaHCHopTyBaHHs npoteiHiB (HobemiBchka
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mpemist 1999 p.). OgHak micist BCIX MHUX BIIKPUTTIB 3aJUIIATIOCS HE3PO3YMIIHM,
SIK PEYOBHHH HEMPOTETHOBOT MPUPOIN, HATTPHUKIIA]] TOPMOHHU Ta HEHPOTPAHCMITEPH,
0 HE MAaOTh CUTHAJBHUX aMiHOKHCIIOTHUX IMOCIIZOBHOCTEH, BYACHO MOTparis-
I0Th TY/IH, Ie BOHU He0OXiHi. BiamoBias Ha 11e ckiragHe GyHIaMeHTalbHE TATaHHS
namu came Perni [llexkman, Jxeiimc Porman i Tomac 3roarod.

Penpi Illexman BUpIMUB JOCTIAWTH, SKI T€HU BiAMOBITAIOTH 33 TPAHCIIOPTY-
BaHHS MPOTEiHIB y KIiTHHI. O0’€KTOM TOCIIHKEHB, TOCUTh HE3BUYHAM Ha TOH Jac,
CTaym TeKapcehki ApixmKki (Saccharomyces cerevisiae), OCKUTBKH 3 HUIMH OyJ10 JIeT-
KO TIpaItoBat B naboparopii, a B EI1P ixHiX xmiTHH BigOyBaIocs TITKO3WITyBaHHS
MPOTETHIB, IO 1aBaJi0 3MOTY KOHTPOJIIOBATH Iporiec TpancnopryBaHHs. P. [llekman
BHUJIUTMB IITaMHU APIKIKIB 3 1e(eKTaMu TPaHCIIOPTHOI CHCTEMH 1 32 JTOTIOMOTOIO
TeHEeTHYHOTO aHaJli3y BHSBMB Yy LUX IITaMiB MyTamii B meBHHX reHax. [Ipudyomy
MITYYHE BIATBOPEHHS IMX MYTAIliidl Y BINMOBIAHUX T€HAX HOPMAIBHUX JPIKIKIB
MIPU3BOAMIIO /10 BUHUKHEHHS MOPYIIEHb BHYTPIIIHBOKIITUHHOTO TPAHCTIOPTY HPO-
teiniB. BinkpuTi P. [llekManoM TeHU, IO PETYTIOBAIH TPAHCTIOPT MPOTETHIB y APiK-
JDKiB, Oyimo HazBaHo Secl-23 (Bix aHIvI. secretory — cekperopHmii) [2]. LlikaBo, mo
3aBISIKU 1M jociimkeHHsaM P. [llexkmana ApiXKIKI CTaln aKTUBHO BUKOPHCTOBY-
BaTU B 010TEXHOJIOTIYHOMY BHPOOHUIITBI, 1 CHOTOMHI 3 HUX OJEPXKYIOTH 110 25 %
ycboro incyniny i 100 % Bakuunu Bix renatuty B.

Jxetimc PotmaH o0paB [t AOCTIKEHHS KIIITHHHOTO TPAHCIIOPTY I1HITY MO-
JIeNTb: BiH 1H(IKYBaB KIIITHHU CCaBIIiB (2 caMe — TPU3YHIB) BipyCOM BE3HKYISIPHOTO
cTomaruty, cnenudiganii npotein sxoro VSV-G miairas mIiKO3WIIOBAHHIO B ara-
pari [ompmxki. [Ix. PorMan cTBOpUB 0cOONIHMBY MOZEIH BiITBOPEHHS TPAHCIIOPTHOL
cUCTeMH in Vvitro (y mpo0ipiri), sKa JO3BOJIHIIA PO3MEKYBATH €Tall BHY TPIITHHOKITI-
TUHHOTO TPAHCIIOPTYBaHHS Ta BHIUIMTH B YUCTOMY BUIISZI MPOTEIHH, 110 OEpyTh
Y4acTh y MPOIECi 3MUTTS BE3UKYIL. 3a JOTIOMOTOI0 1boro Tiaxoxy /[x. Porman Bumi-
muB nipotein NSF (Bix anrit. N-ethylmaleimide-sensitive factor — N-etunmaneimin-
gymmBuid pakrop) [3]. JocmimKyroun, siki TpOTeTHH MOXKYTh 3B’ SI3yBaTHCS 3 BUII-
nernM niporeinoM NSF, yuenwnii Buninmus npotein SNAP (Big anri. soluble NSF-at-
tachment protein — pozunaani NSF-3B’s3ytounii ipoTein) [4], a TakoX MpOTEiHU
SNARE (Bix anri. soluble NSF-attachment protein receptors — penenTopu po3unH-
Horo NSF-3B’s3ytodoro mpoteiny). [Iporeinamu SNARE BusBrimucs Bixe Biiomi Ha
Toii wac mpoteinn SNAP2S5 [5], cunTakcun [6] i cuHanroOpeBiH [7]. OxHak came
Jx. Porman 3’sicyBaB iX (yHKIIIIO, TIPOIEMOHCTPYBABIIN BHPIIIAIBHY POJIb ITHX
MPOTETHIB y 3MUTTI TPAHCIIOPTHUX BE3UKYJ 3 IJIa3MaTHIHOI0 MeMOpaHoto. Bin mo-
BiB, IIIO 3JIUTTS BE3UKYJIM 3 MEMOPAHOIO BiIOYBAETHCS JIMIIE 32 YMOBU YTBOPEHHS
MOTPIHHOTO KOMIUIEKCY MK CHHAITTOOPEBIHOM, 1110 3HAXOJUTHCSI B MEMOpPaHi BE3H-
KyJTH, a TaKo)X cHHTakcHOM 1 SNAP25, siki 3HaXOAAThCS B IIa3MaTu4Hiil MemMOpa-
Hi. ['eHianpHO0O 3m0Tankor0 /. Pormana Oyno mpuIyIieHHs, MO0 CHEU(iIHICTh
BE3UKYJISIPHOTO TPAaHCIIOPTY 3a0€3MeUy€eThCS BETUKOIO KIJTBKICTIO PI3HOBHIIB TPO-
teiniB SNARE, ski B3aeMOIif0Th Mi>k COOOIO JIMIIE B IIEBHUX KOoMOiHaIiAx [8]. 3a
teopieto JIx. Pormana, mporeinn SNARE Be3ukynmu Ta mia3MarndHoi MeMOpaHu
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B3a€EMOJIIIOTH SIK JIBi TIOJIOBUHKH 3aCTIOKU-«OIMCKABKIY, IO 3a0€31euye 3JIUTTS Be-
3UKYJIA 3 MEMOPAHOIO B YiTKO BU3HAYEHOMY MICIIi IUISIXOM ITOCITIOBHOTO TIEpediry
TPHOX €TaIiB: CHHANITUYHOI (iKkcarlii, akTusallii Ta BuacHe 3muTTs. [9]. Llg Teopis
HapeITi MOSCHUIIA, IO caMe 3a0e3Iedye B KIITHHI TOCTaBKy BaHTAaKy 3a IIEBHOIO
a/Ipecoro.

OpHak 3a1IuIIanocs He3po3yMUTUM, sIK, HAIPHUKIIAM, PEryIIO€ThCs BUBLIbHEH-
HsI HepoMeIiaTopiB HepoHaMU TIPH TepenaBaHHI CUTHAITY Yepe3 CHHAIC — MicIle
3’€IHAHHS HEHpOHIB. A/DKE B IbOMY BUIAJIKy 3JIUTTS BE3HKYJ Ma€ BiOyBaTHCS 3
BHCOKOIO MIBUAKICTIO. TO 3aBIsKH SKOMY K MEXaHi3My HEHpOMeniaTOpH BUBLIbHSI-
IOTHCSI B IEBHUI MOMEHT 4acy?

Ha mie 3anmuranns BiamosiB Tomac 3roarod, BUBYarOUM €K30IIUTO3 CHHAIITHY-
HUX BE3UKYJI Y HEHPOHAX T'OJIOBHOTO MO3KY HOKayTHUX MHMIIEH, B OPraHi3Mi SIKHX
HE CHHTE3yBaBCSA TOW UM IHIIMK MPOTEiH, T€H SKOro OyJ0 MITyYHO «BUMKHEHOM.
Mertoto nociimkens T. 3roaroda OyB MONTYK BaXKJIMBUX I BUBITLHEHHS HEHpOMe-
JiaTopiB MPOTETHIB, AKiI OyaM O Yy TIIMBUMH JI0 10HIB KJIBIIiI0, OCKLIBKH BXKE OYyJI0
BIJIOMO, IIIO CHUTHAJIOM ISl 3B’S3yBaHHs BE3UKYIH 3 MEMOpPAHOIO € IiABHINCHHS
BHYTPIITHBOKJIITUHHOT KOHIIEHTPAIIi{ 10HIB KaJIbIlif0. ¥ pe3yabTaTi UX TOCIiHKEHb
T. 3roarod BiZKpUB MPOTETH CHHANITOTArMiH, IO CTIENU(IYHO 3B’ SA3Y€E 10HU KAJIBIIIIO
Ta 3aIycKae MpOoIeC 3JMUTTA BE3UKYIH 3 Ia3MaTndHoro MeMmOpanoto [10]. Takox
YYEeHHH MMoKa3aB, mo Kpim mpoteiniB SNARE 1o ckimagy komiuiekcy, HeoOXiTHOTO
JUIS 3TUTTS BE3UKYIH, BXOAWUTS IIIe OWH BUSBICHUH HUM npoTeid — Muncl8-1 (ua3-
BaHUH 3rofioM npoTeiHoM SM), sikuit 3B’ a3y€Thesl 3 cuHTakcuHOM [ 11]. Kpim Toro,
T. 3tonrod BiZKpWB HU3KY 1HIIUX BKIMBHX JJIS 3ITUTTS MPOTEIHIB, 30KpeMa KOMII-
nekcuH [12], oo yrpumye Be3uKylry OiIsl IIa3MaTHdHOi MeMOpaHH, 3armooiraloun
ix cnontanHoMy 3iuTTIO [13], Ta mpoteinn RIM, siki popmytors I'Td-3anexumii
KOMITJIEKC MK CHHAIITUYHOI0 MEMOpPaHOIO Ta BE3WKYIOIO, IO YTPUMYEThCS Oiist
MeMOpanu [14].

TpuBanuii yac BBaXKayy, 10 3 HAOMIMKEHHSIM BE3UKYIHU 10 3aKiHYCHHS HEUPO-
Ha npoteinn SNARE, po3ramoBani Ha iX MeMOpaHax, 3’ €IHYIOTHCS Pa3oM 1 YTBO-
PIOIOTH TOPY, Yepe3 Ky HelpoMmeniaTop BUXOAUTh y CHHANTHYHY miinuny. T. 3rom-
ro¢ nokazas, mo npoteinn SNARE He hopMytoTh mopy, a mATATYIOTh BE3UKYITY
1 MeMOpaHy akcOoHa 3a paxyHOK HAOJMIKEHHS CBOIX TPaHCMEMOpPaHHUX MIUISHOK,
TTICJISl YOTO BE3WKYJIa CIIOHTAHHO 3JIMBAETHCS 3 MeMOpaHoro [ 15]. Yuenuii neraabHO
OIHCaB MOJICKYJISIPHI MEXaHI3MH, SIKi MUTTEBO PEaryloTh Ha TIiIBUINECHHS KOHIICH-
Tparii 10HIB KaJIBIIF0 MOSIBOIO OISl MpEeCHHANTHYHOI MeMOpaH! HEHpOHa TEBHHUX
npoteiHiB SNARE, 1110 BUKJIMKAIOTh 3UTTS BE3UKYJI 3 MEMOPAHOIO Ta BUBLIbHEHHS
HelpomeniaTopa K 3a KoMaH1oto [16].

[Ticst Toro, siK 3’sICyBayiocs, 110 MPOTEiHN ccaBIliB, BuAUIeH] k. PormManoMm, €
aHaJIOTaMU TPOTETHIB IPIKIKIB, TEHU SKUX fociimpkysaB P. [llekman, cTano 3po-
3yM1JIO, IIIO0 BE3WKYJISIPHUI TPAHCTIOPT € YHIBEPCAIBHUM 1 JIy’Ke JaBHIM B €BOJIO-
[IHHOMY BiIHOIIEHHI MEXaHi3MOM, CIUIBHUM JIJISi TCHETUYHO BIITAJICHUX BH/IIB.
[Tpotsrom kimekox aecsatunite Jxeitmc Porman, Penni Illexman i Tomac 3ronrod
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JOCIIDKYBAIH Pi3HI aCMEKTH BE3UKYISIPHOTO TPAHCIIOPTY 3a TOTIOMOTOI0 Pi3HHX
eKCTIEpUMEHTAILHUX MOJIENIEH, ajie ofiepKaHi HUMU Pe3yJIbTaT! CKIAIHCA K MO3a-
iKa, yTBOPUBIIH 3arajibHy KapTHHY PO3yMiHHS YHIBEPCAILHOTO MEXaHi3MYy, IO 3a-
Oe3meuye TpaHCTIOPTYBaHHsI PEYOBHH Y KIIITHHAX YCIX )KMBHX opraHi3MiB. Hameshe,
IO KApTUHY MOXKYTh IOTIOBHUTH PE3YJIBTATH TOCIHIKCHb IMOBIPHUX KaHIUIATIB
Ha HoOeniBcbKy TIpeMir0 HAaCTYITHOTO POKY Ta JiaypeariB mpemii Jlackepa 2012 p.
Maiikna [itia (Michael Sheetz), [lxeitmca Criamiva (James Spudich) ta Ponanbna
Beiina (Ronald Vale), o cTocyroThest pyxy Be3UKYJ Y3I0BXK MIKPOTPYyOOUOK ITUTO-
CKeJleTa 3a JOIOMOT0I0 MOTOPHHUX MPOTEiHIB INHETHY Ta KiHE3UHY.

CucrteMa BE3UKYISIPHOTO TPAHCIIOPTY € YK€ BAXKIMBOIO JIi HOPMAJIBHOTO
(GyHKIIOHYBaHHS 0araThbOX CUCTEM OPTaHiB, MEPEIyCiM ISl CHIOKPHHHOI, HEPBO-
BOI Ta IMyHHOI CHCTEM, poOOTa SIKUX TPYHTYETHCS HA CEKpelii KIITHHAMHA TOPMO-
HIB, HeipoMeIiaTopiB i MUTOKiHIB. ToMy nedekTr Be3UKyIIpHOTO TPAHCTIOPTY CITO-
CTepiraroThest pH AiadeTi, 6araThb0X HEPBOBHX 1 ayTOIMYHHUX MOPYIICHHSX, PEB-
MaTH3Mi, a TaKoK reMo(diTii Ta JesSIKUX CIaIKOBHX 3aXBOpPIOBaHHAX. Hampukian,
BaYXJIUBY POJIb Y BUHUKHEHHI IyKpoBOTO miadety Il Tumy BimirparoTh mopymeHHs
CeKpelii 1HCYJiHy KIITHHAMH ITiIIUTYHKOBOI 3aJ1031, a00 TOPYIICHHS TOCTaBKH
THCYJTIHO3aJIS)KHOTO TPAHCIIOPTEPA TITFOKO3HM Ha IMOBEPXHIO KITHH MEepUPEpUIHIX
TkaHuH [17]. [Ipu 6araThox HeMpoaeTeHEPaTUBHUX 3aXBOPIOBAHHSIX CIIOCTEPIra€Th-
Csl HAKOITMYCHHS B HEWPOHaX arperariB crienn(igHuX MpoTeiHiB, M0 3ryOHO TII0Th
Ha kimituHU. [Tpr xBopoOi [lapkiHCcOoHa B AOTTaMiHOBHX HEWPOHAX HAKOMUIYIOTHCS
arperatu anb(pacHHYKJIEIHY 3aBASKH MOPYIICHHIO BHYTPIIIHbOKIITHHHOTO TpaH-
cnopty nporeiniB 3 EIIP mo amapary lompmxki [18], a Takok TOPYITY€EThCS BE3U-
KYJSIpHHIA TpaHCIIOPT Helipomeniatopa momaminy [19]. LlikaBo, mo mporeinu, siKi
YTBOPIOIOTH arperatd B pa3i TaKuX 3aXBOPIOBaHb, Y HOPMI BUKOHYIOTh y KIITHHI
BayIMBI (PyHKIIIT came B CHCTEMi BE3UKYJSIPHOTO TpaHcmopty. [IpukimamoM 1is0ro
MOXYTh OyTH TIOTIEPETHUK aMiJIOiqHOTO OeTa-nmpoTeiHy Ta MPECHUHILIIH, MO CIPH-
YUHIIOTh BHHUKHEHHS XBOpoOHU Asbireiimepa [20], a Tako)K XaHTIHTTHH, MyTaHTHI
BapiaHTH SKOTO BUKJIHMKAIOTh XBopoOy XantiHrtoHa [21]. Jedextu y TpaHcmop-
TYBaHHI IIUTOKIHIB Ta 1HITUX €()EKTOPHUX MOJEKYT IMyHHOI CHCTEMH TPU3BOISATH
710 TIOPYIIeHb pearizaiii imyHHo1 Binnosimi. Lli gedextn MoxxyTh OyTH OB’ s13aHi,
HaNpUKIad, 3 MyTamisiMu B reHax nporeiniB SNARE a6o ['Td-a3 Rab, mo korTpo-
JOIOTh BE3UKYJSIpHUN TpaHcnopT. Tak, myTamis B reHi RAB27A cnpuynasie cuH-
apom [pictiemti Ipyroro THIY, TIPH SKOMY PO3BHBAETHCS BAKKHHA IMyHOMEDIIUAT
gepe3 MOpYyLIICHHS BHYTPIIIHbOKIITHHHOTO TPAHCHIOPTY HUTOTOKCUYHUX T'PAHYI Y
KIIITHHAX — HATYPaJbHUX KUIEpax 1 B MIUTOTOKCHYHUX T-TiMpormTax, a Takox 3HH-
Ka€ MIrMEeHTAIlis IKIPY Ta BOJIOCCS Yepe3 MOPYIIEHHS TPAHCIIOPTY MEIaHOCOM 0
MeJIaHOIUTIB [22].

Ha poGoTy TpaHCIIOPTHOI CHCTEMHU MOXYTh BIUIMBATH 30yTHUKHU 1H(EKIIIHHIX
3aXBOPIOBAHb, SIKI BAKOPUCTOBYIOTH iX Il MPOHUKHEHHS B KIIITUHH Ta 3aXUCTY BiJl
3HEIITKOPKEHHS IMyHHOIO CHCTEMOI0 a00 BUKITMKAIOTh Y TaKHid CTIOCiO cepito3Hi mo-
pymieHHs QyHKIIA opraHizmy. Hanpukiaz, BHYTpIIIHEOKIITHHHI Tapa3uTH (JTicTe-
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pii, xyamizii, MikoOakTepii, JIeTiOHeHN) 3aTPUMYIOTh JT03piBaHHS €HIAOCOM, Y SKUX
3HAXOJATHCS, YHUKAIOUH TEPETPABICHHS JT130COMAIbHUMU (pepMEHTAMH KIIITHHH,
a TICJIs PO3MHOXKEHHSI BUKOPUCTOBYIOTh TPAHCIIOPTHY CUCTEMY Ul BUXOXY 3 KIIi-
THUHH, 3aMaCKyBaBIIIM CBOIO €HIOCOMY IIiJi CEKPETOpHY Be3ukyny [23]. 30ymHuKH
mpaBid (Clostridium tetani) Ta 6otymnizmy (Clostridium botulinum) BuAiIsArOTE HEW-
POTOKCHHH, SIKI PO3LICTUIIOIOTH KIFOUOBI MPOTEIHN CUCTEMHU BE3HUKYISPHOTO TpaH-
CTIOPTY, OJIOKYIOYM BUBLIBHEHHS HEHpOMeniaTOpiB HEMpOHAMH CIUHHOTO MO3KY.
[IpaBrieBUil TOKCHH PO3MICTIIIOE CHHANITOOPEBIH, OJIOKYIOYM BUBUTLHEHHS TIIIHHY
Ta TaMMa-aMiHOMACIISTHOT KUCJIOTH TaJIbMiBHUMH HEHPOHAMHU, 110 BUKJIMKAE CTIa3M
MyCKynatypH. Pi3Hi THIH OOTYIIIHIYHOTO TOKCHHY PO3IICTUTIOIOTH CHHATOOPEBIH,
SNAP-25 a60 SNAP-25 i cuHTakcHH, OJIOKYIOYM BUBUTLHEHHS alleTHIIXOJIIHY 30Y-
JDKYIOUYMMH HEHpPOHAMH, IO BU KIIMKAa€ po3cialieHHs MYCKYylIaTypH Ta Mapajid.
B 060x BuUmankax 1i TOKCHHU MPU3BOATH A0 CMEPTI BHACIIIOK 3YITUHKA TUXaHHS
[24]. Cnin 3a3HaunTH, o T. 3roarod 3poOuB BaroMuii BHECOK y 3’ SICYBaHHS MOJIe-
KYJISIPHOTO MEXaHi3MYy Jlii HeHPOTOKCHHIB, HAIIPUKIIA, 33 Oro ydacTi Oys10 mokasa-
HO, 110 OOTYIIIHIYHUHI TOKCHH po3meruttoe mpotein SNAP-25 [25].

Binkputts Jxeiimca Pormana, Penni [llekmana i Tomaca 3roaroda B ramysi
BE3UKYJSIPHOTO TPAHCIOPTY JOMOMOIIH Kpalle 3p03yMiTH MpHUpOoAy Oaratbox 3a-
XBOPIOBaHb, BIIKPUBIIIM THM CaMHUM HOBI MOKJIMBOCTI JUIsl BAOCKOHAJICHHS iX Jia-
THOCTHKH Ta JIIKyBaHHS. 3HAHHS MOJIEKYJISIPHOTO MEXaHi3My poOOTH TPaHCIIOPTHOI
CUCTEMH KJIITHH MOXXYTh OyTH BUKOPUCTaHI1 /TSI CTBOPSHHSI HOBHX JIIKiB TTPOTH HU3-
KH 3aXBOPIOBaHb, 30KpeMa Uil PO3pOOICHHS HOBUX MPOTUITYXJIMHHHUX Ipenaparis.
3Ha4YeHHS JOCIIPKEHb ITbOTOPIYHUX HOOENIBCHKHX JIaypeaTiB HEMOKIIUBO IEPE0-
IIHUTH: BOHU BIAKPWJIM IUISAX IO CBIJJOMOTO BTPYYaHHsS B poOOTYy dyXe JaBHBOTO
MeXaHi3My, YHIBEPCAIBHOTO ISl BCiX JKMBUX ICTOT Ha 3emuti. 3’sBHUIIacs peasibHa
MIEPCIIEKTHBA KOHTPOJIFOBATH OOMIH PEYOBHH y KIIITHHI, BUTIPABIISIOUH HOTO MTOPY-
IICHHS TIPU METa0OJIIYHUX Ta CHIOKPHHHUX 3aXBOPIOBAHHAX, a OCOOIHMBO MPH 3a-
XBOPIOBaHHSIX HEPBOBOI CHCTEMH, TaKHX SIK XBOpoOa AnbIreiimepa, mu3oppeHis,
ayTi3M. MIMOBipHO, MicIie i gac 3ycTpiui BaHTaXy BCe 3K TAKM MOKHA 3MiHHTH 3a
OaxxanHsaM sronuHE. CriogiBaeMocs, Mo Il OMucKydi (pyHIaMeHTaIbHI BIAKPHTTS
HEBJIOB31 BTUIATHCS B )KHUTTS: JIFOACTBO OTPUMAE HOBI 3aCO0M B OOPOTHO1 3 TSIKKUMHU
3aXBOPIOBAHHSMH 1 HABITh, MOKIIBO, HABUUTHCS 32 MOTPEOH MUJIECIIPSIMOBAHO 3Mi-
HIOBaTH €(PEKTHBHICTh B3a€EMOIii CBOTX HEHPOHIB, IO CIPUATHME HOBUM HAyKOBUM
3BEPILCHHSM.
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AK KJIITHHA TPAHCIIOPTYE CUHTE30OBAHI PEYHOBHUHU

HOW THE CELL IS TRANSPORTING THE SYNTHESIZED
SUBSTANCES OR IS IT TRUE THAT TIME AND
DESTINATION OF «INTRACELLULAR LOAD»

CANNOT BE CHANGED

The Nobel Prize in Physiology and Medicine 2013 was awarded to James

E. Rothman, Randy W. Schekman, and Thomas C. Siidhof with Nobel Committee
motivation: ‘‘for their discoveries of machinery regulating vesicle traffic, a major
transport system in our cells”.
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SAK KIIITUHAM BJAE€THCA 3BEPEI'TU MOJIEKYJIN THK
HEYIIKOI’KEHUMMU, ABO 3ABJAAKHN YOMY
ICHYE€ KUTTA HA 3EMUJII?

HobeaiBcbka nmpemist 3 ximii 2015 p.

7 oicosmus 2015 p. y cmonuyi Llseyii Cmokeonvmi 6 pamxax nposedenns 114-
20 Hoobeniecokoeo muscnus Hobeniscokum komimemom npu Koponiscokiu axademii
nayk Ileeyii 6 107-1i paz 6yno oeonoweno imena naypeamie Hobeniscokoi npemii
3 ximii: Tomaca Jlinoans (Tomas Lindahl), Tlona Moopuua (Paul Modric) i Aziza
Canooicapa (Aziz Sancar). L nazopoda € 0codoIU60 NPecmMudiCHoO0, OCKLIbKU 3a-
crosHuk Hobeniscokux npemiii — weedcvkuil nionpuemeysb ma 6uHAxXionux Anvgpeo
Hobenw (1833—1896) cam 6ys ximikom i 3apobug c8oi cmamru 3a805Ku BUHAXOOY
ounamimy. Ximisi cmana 0py2or HayKo nicjist Qi3uKu, 32a0aHor HUM Y 3an08Iimi.

Kurouosi cioBa: ywrooocennsn JJHK, cucmemu penapayii' JIHK, Hobeniscoka
npemis

Hanepenomni oronomenss pimenast HoGemBebkoro koMmiteTy Kommanist Thom-
son Reuters Ha3Bana iMeHa JOCHTITHUKIB, 5Ki, Ha iX TyMKY, MOXXYyTh OTPUMATH IO
Haropony. HaiimoBipHimmMEN KaHmuaaramMu BBaxanmcs Emmanyens [llapmantee
(Emmanuelle Charpentier) i Ixennidep Hymaa (Jennifer A. Doudna) 3a po3po-
onennst metoxy CRISPR/cas9 nns «penaryBaHHs» reHOMY KHBOTO OpraHi3My, SIKAH
Moxe OyTH BUKOPUCTAHHUHN JUIs JIIKyBaHHS TeHETHYHUX 3aXBOPIOBaHb JitonuHH. [Ipe-
Mito MoTiTa oTpuMaru Takok Kaponin beprommi (Carolyn R. Bertozzi) 3a BuBueHHs
0100pTOTOHABPHHX PEaAKITiN — XIMIYHUX peakIliid, Mo Big0yBarOThCs O€3MOCEPETHBO
B JKUBIH KITITHHI 1 TO3BOJISAIOTE MOAU(IKyBaTH JIMIIE OAWH ii IEBHUN KOMITOHEHT,
HE TOPYIIYIOUH TIpH IIboMy (DyHKITIOHYBaHHS KHUBO1 cucteMu. Kpim Toro, 3a Bep-
ciero Thomson Reuters, mancu crati HOOETIBCHKUMU Jlaypeatamu Oynu y J[oHa
I'ynenoga (John B. Goodenough) i Ctenimi Yirrinxema (M. Stanley Whittingham),
SIK1 3aKJIAJTA HAYKOBE TIATPYHTS JJIsT pO3pOOTICHHS JITIH-IOHHUX aKyMYJISTOPIB, SKi
3apa3 BUKOPUCTOBYIOTHh MPAKTUYHO B yCiX cydacHuX ramkerax [1]. A 2014 poky
HobGeniBcrky mpemiro 3 ximii Oymmo npucymkeno Epiky bermury (Eric Betzig), Bi-
mesimy Mepaepy (William E. Moerner) i llItedany Xemtro (Stefan W. Hell) 3a po3-
poOIteHHs ITyopeCIeHTHOT MIKPOCKOITIi HAIBUCOKOT PO3ATEHOT 3IAaTHOCTI, SIKa Ja€
3MOTY Bi3yaJli3yBaTd MUISXH OKPEMHX MOJICKYJ yCepEArHI )KUBUX KITITHH.

BinkpuTTsi cydacHOT HayKu BCE YacTillle MArOTh MUKIUCIMILTIHAPHAN Xapak-
tep. Came ToMmy Tpu HoGemiBebKi KomiTeTH (3 hi3uku, Ximii Ta ¢izionorii i Meauim-
HU) TPOBOMATH CIUIBbHI 3acimaHHs 1yt oOpaHHs kaHauaatiB. HaituacTinre HoGemiB-
CBKy TIPEMII0 3 XiMii IPUCYIKYBaJM 32 JOCIiKEHHS B Tamy3i 6ioximii (50 pasis),
opraniuHoi Ximii (43 pasu), pizngnoi ximii (38 pasziB), crpykrypHoi ximii (20 pasiB)
1 smepHoi ximii (13 pasiB).
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Och 1 IbOTO POKY HOOETIBCHKUMHU Jlaypearamu 3 XiMmii (170—172 3a paxyHkom)
cTam Tpoe O010XiIMiIKiB — OpUTaHEb MIBEICHKOTO MOXOmKeHHs Tomac Jlinoans (To-
mas Lindahl), amepukanens [lon Moopuu (Paul Modrich) i amepukaHenb Typelb-
KOTO TIOXOIKeHHS 4313 Canooicap (Aziz Sancar).

3a tpaawmieto, cekperap HobeniBcrkoi acambiei mpu KapomiHcekoMy 1HCTH-
Tyti B CToKTOMBMi Mpodecop Mopan XaHCCOH OroioCHB I’SIThMa MOBAMH MOTH-
BYBaHHS DIIICHHS NP0 HAaropokeHHs. [[poropiunux mnaypeariB Oyio yIOCTOEHO
i€l TPECTIKHOI HATOPOIM 32 «JIOCIIKEHHSI TIPOIIECiB BiTHOBIEHHS (pemaparrii)
nomkopkeHoi JJHK». V' popmymoBanni HoGemBehbKOro KoMiTeTy 3a3HaueHo, 10
Jaypeaty po3poOwin «IHCTpYMEHTapid, KUK JT03BOJISIE HA MOJIEKYJIIPHOMY PiBHI
MOKa3aTH, SIK KIITHHU PeMOHTYIOTh yikomkeny JIHK 1 30epiratote reHeTHYHY iH-
dopmartito» [2]. Ockinbku Tomac Jlingans € aneHoMm HobeniBchkoro komiteTy, Oyimo
OTIPWITIOIHEHO CHeIliaJIbHe MOBIIOMIICHHS PO Te, 1o JliHgane He OpaB ydacTi y
npucympkeHHi cooi HobenmiBebkoi mpemii.

LlepemoHnist HaropoKeHHs JaypeartiB BimOynacs y CrokromeMi 10 rpymss, B
nenb cmepTi Anbdpena Hobemst. Kopons HIBerii Kapm X VI 'yctaB Bpy4us naype-
araM TUTUIOMH 1 30JI0Ti MeIalli, CTBOPEHI MBEACHKUM CKyibrropoM Epikom JliH-
noeprom, a HacTymHOTO qHS HobGemiBchkuii poHI epepaxyBaB Ha ix OaHKIBCHKI pa-
XyHKHU TPOIIOBUH €KBIBAJICHT MpeMii — 8§ MIJTbIOHIB MBEACHKUX KPOH (MIPHOITH3HO
$950 Tuc.). LlikaBo, mo HoGeniBchki Menai 3 ximiil Ta Gi3MKH MarOTh OJHAKOBHUI
nu3aiiH. 3 omHOro OOKY Ha HUX BUKapOyBaHO moprtpetr Anbdpena Hobens, a 3 iH-
moro — 300paxenHs [Ipuponn y BUIIIsAAI OOTHHI, IO MAIAMAETHCS 3 XMap 3 pOTOM
JIOCTAaTKy B pyKax, a aneropis Hayku migHiMae Byaib, mo 3aKpuBae oOmmydst 00-
ruHi. Harmue maruHoro 3 moemu Beprinis «Eneina» Inventas vitam juvat excoluisse
per artes, MO MPUOTU3HO 03HAUYa€: «I Ti, XTO MOIMIIIMIN KATTSA Ha 3eMIIi CBOEIO
HOBO3HAMICHOIO MaliCTEPHICTION.

XTO XK IIi MACTMBYHUKH — IIbOTOPiuHi Jlaypeatn HoGemiBebKoi mpemii 3 Ximii?
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Tomac Jlinoanw (1938)

77-piunmii npodecop 6ioximii Tomac Jlinganas (weseo. Tomas Robert Lindahl)
npaitoe y Benukiit bputanii B [nctutyTi ®@pencica Kpika B Jlonnoni ta B JIabo-
paropii Knep-Xomn y micreuky ITorrepc-bap y rpadersi Xaprdopammup. 3 KBiTHA
2015 p. JIabopatopis Knep-Xomt € ctpykrypHuM migpo3aiiom [Hetutyty @pencica
Kpixka, sikuit micist 3aBepiieHHs pekoHCTpykuii B 2016 p. Mae cratu HaOUIBIIM
O6loMeAMYHUM JOCHITHULBKUM 1eHTpoM B €Bpomi. Tomac Jlinnane napoauscs 28
ciuns 1938 p. na Kynrcxonsmeni (Kungsholmen) — onnomy 3 octpoBiB CTokroiabma
(IlIBewis). Bin nHaBuaBcs B Kaponincekomy iHCcTHTYTI B CTOKrOBMI, e B 1967 p.
3100yB PhD ctyminb, a B 1970 p. — crynine nokropa Meanunux Hayk (MD). ITic-
151 onepkanns crynens PhD Tomac Jlinnane nepeixas no CIIA, ne mpaiioBaB y
[Tpuncroncekomy yHiBepeuteti (mrar Heto-Jxepci) Ta YuiBepcuteri Pokdemnnepa
y Heto-Hopky. 3 1978 1o 1982 p. Bin 06iiimas nocay npodecopa MeauuHoi Ta (i-
3ionoriunoi ximii B YHiBepcurerti I'etebopra (ILBerwis). [Torim yuenuii mepeixas 1o
Benukoi bpuTasnii, ne nouas nparroBaru y Qo1 1ociikeHHs paky B JIonnoHi (Te-
nep — bpuTtancekuil IHCTUTYT JOCTIKEHHS paky), a 3 1986 mo 2005 p. 6ys nepimm
JIMPEKTOPOM CTBOpEHOI mpu il opranizauii Jlaboparopii Knep-Xomn, sika crana
MIPOBIIHUM LIeHTpoM fociikens pernapanii JJHK. ¥V 2009 p. Jlinnans 3akpus cBOIO
nmaboparopiro mytarenesy B JlJabopatopii Knep-Xosmt. 3apa3 BiH € kepiBHUKOM J1a00-
paropii B InctutyTti @pencica Kpika, nouecaum mupexropom Jladoparopii Kiep-Xo-
1, 3 1988 p. — wnenom JIOHAOHCHKOTO KOPOJIIBCHKOTO TOBAapUCTBA, 3 1998 p. — miii-
CHMM wiIeHoM AkajeMii MequuHuX Hayk Benukoi bpurtanii, a Takox wienom LlBen-
cbkoi 1 HopBespkoi akanemiii Hayk. ¥ 2007 p. Jlingans onepxas BiJ JIoHZOHCHKOTO
KOpOJIiBChKOTO TOBapucTBa KopomiBceky menans, y 2010 p. — HaliBUIILy Haropomy
Kopomniscrkoro ToBapuctsa — Memans Ko, a' y 2008 p. — Haropoxy ®paniry3bpkoro
IHCTUTYTY 3710pOB’s Ta MeauuHuX nociikeHs (INSERM Prix Etranger).
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Hon Jloypenc Moopuu (1946)

69-piunmii mpodecop Gioximii Ta mequiau [o Jloypene Moapuy (anen. Paul
L. Modrich) npamoe y CIIIA B Meanunomy inctutyTi ['oBapaa X ro3a y Uesi Ueiisi
(mrrar Mepinenn) ta Meanusiii mkoini npu YHiBepcureti J{roka B [lapemi (mrar
[TiBniuna Kapomina). [Ton Monpuy Hapomuscs y CHIA 13 wepBust 1946 p. y He-
BEJIMYKOMY poOiTHHYOMY MicTeuky Paton (mtar Hpro-Mekcuko) B ciM’1 BUuTeINs
Gioxorii Ta momorocronapku. Moro mpenku no GaTbKiBChKii NiHiil emirpyBamu 10
CIIA 3 Xopsgarii. [1o1 3 TuTHHCTBA 3aX0IUTIOBABCS HAYKOIO, I11€ Y IIKOJI BiH ITOCTIMH-
HO OpaB ydacTh y HayKOBUX Ipoekrax. Came 6aTpko micis BigkpuTTsa PpeHcicoMm
Kpikom i JIxxeiimcom Yorcornom y 1953 p. crpykrypu IHK monas Ilony inero mpo
HEOOX1/IHICTh TOKJIQJHOTO BUBUEHHS Li€l MosieKyu. Y 1964 p. ITon Moxpuu Bety-
nuB 10 MaccauyceTchKoro TeXHOJIOTTYHOTO 1HCTHTYTY, /1€ 3aXOIUBCS MOJICKYIISP-
HOTO TeHETHKOI0. Y 1968 p. BiH 3aKiHYMB IHCTUTYT, OTPHUMAB CTYIiHb OakaiaBpa. B
1973 p. Moapuu 3100yB oKTOpchKUil cTymiHb Y CTeH(OpAChKOMY YHIBEpCHTETI
(mwrrar Kamigopwnis). 3 1976 p. npamroe B [HctuTyTi [foka 3 BUBYCHHS paKy, IO
€ yacTuHO0 MenuuHoi mkonn YHiBepcutery [lroka, a 3 1994 p. — nocnigHuk y
Mennunomy iHcTuTyTi [oBapma X’ro3a. 3 1984 p. BiH € mpodecopom Gioximii, 3
1988 p. — 3aciayxeHum mpodecopom Meauuuay, 3 1993 p. — unenom Harionans-
Hoi akanemii Hayk CLLA, 3 2003 p. — unenom IactutyTy Mequuunau HanionansHoi
akagemii Hayk CILIA, a 3 2004 p. — wieHoM AMEPHUKAaHCHKOT aKajeMii MUCTEUTB i
Hayk. Jlpyxxuna ITona Monpuua Bikepc bepret Takoxk 610XiMiK i1 IIpaIfoe pa3oMm 3
40JI0BIKOM y MeauuHii mkoii YHiBepcuteTy Jlroxa.
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As3iz Canoacap (1946)

69-piunuii mpogecop Gioximii Ta Giodizuku A3iz Canmkap (Typ. Aziz Sancar)
npamroe y CHIA B Mennuniii mxoni npu YuiBepcuteti [liBaiunoi Kaponinu B mi-
cti Yanen Ximn (mrrar ITiBniuaa Kaposina). Bin HaponuBcs 8 BepecHs 1946 p. y
Typeuunni B micteuky CaByp y npoBiHmii Mapain, mo mexye i3 Cupiero. A3iz OyB
CHOMOIO JIMTUHOIO y O1/1HIN apaOoMOBHi# ciM’1 pepmepa. BiH 3pocTaB y 3JIMICHHUX
YMOBAaXx, BUNTHCS JOBOAMIIOCS MPH CBiUKax. baTbku A3i3a He Malli OCBITH, OHAK
yci ix BiciM giTelt 3akiHumim yHiBepcuteTu. A3iz Canmxap MjiaHyBaB CTaTH JiKa-
pem i B 1963 p. BctynuB Ha MenuuHuil akynbTeT CTaMOyIbChKOTO YHIBEPCHUTETY,
ITiJ] Yac HaBYaHHS 3allikaBUBCs Oioximiero. [Ticis 3aKiHYCHHS YHIBEPCUTETY BiH J1Ba
POKH mpairoBaB ciibecbkuM Jikapem. Y 1971 p. Canmxap nepeixas no CILIA i Bcry-
MUB Ha BUIIUICHHS MOJEKYJIsIpHOi Oiosorii Texackkoro yHiBepcuteTy B Jlammaci.
[Micnsa 3akinvenHs yHiBepcurety B 1975 p. 1 OTpUMaHHS JOKTOPCHKOTO CTYIICHS B
1977 p. Canxap nepeiiioB 10 €1bcbkoro yHisepcutery (muratr KonHektukyT). 3
1982 p. Bin npamtoBaB B YHiBepcuteti IliBHiuHOi Kaponinu, ne B 1988 p. 3m00yB
3BaHHs npogecopa Gioximii. 3 2005 p. Aziz Canmxap € unenom HamionansHoi aka-
nemii Hayk CIIA, 3 2006 p. — uneHom Axazaemii Hayk Typeuuunu, 3 2014 p. — no-
YeCHUM 3arpouieHuM npogecopom Kuraiicekoi akagemii Hayk. Y 1984 p. BiH OT-
pumaB npemiro Ilpesunenta CIIA mis monoaux nociignukiB Binx HarionansHoro
HaykoBoro gouay CIIA, B 1995 p. — npemiro HarioHanbHOTO iHCTUTYTY 310pOB’S,
B 2009 p. — mpewmito Texacbkoro yHiBepcutety B Jamnaci. ¥ 1994 p. Aziza Canmxa-
pa Oyno obpano uwienom CaitoBoi akagemii Hayk (The World Academy of Sciences,
TWAS), 3acHoBaHOi HOOeNiBCHKUM JaypearoM 3 ¢izuku Admycom Canamom 3 Ila-
KHCTaHy 3 METOIO MiATPUMKHU HAyKH B KpaiHax MiBAeHHOTO perioHy. CaHmkap cTaB
JPYTUM B icTOpii HOOENIBCHKUM JIaypeaToM TyPeIbKOTo MOXOMKeHHs micis OpxaHa
[Mamyka, sxuit y 2006 p. onepkaB HoOeniBchky mpemito 3 miteparypu. [pyxuna
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Asziza Canmkapa ['BeH Takok € BUITyCKHUIICIO TeXachKOTro YHIBEPCHTETY Ta mpode-
copomM Oioximii 1 6iodizuku YriBepcutety [liBaiun0i Kapomiau. Y 2007 p. moapyx-
xs1 CanmxapiB 3acHyBasio houa Carolina Turk Evi 3 MeToro cripustHHS TypenbKii
KYJBTYpi, @ TAKOXK IS MIATPUMKH TYpeIbKuX cTyneHTiB i BueHux y CIIA.

o x came Biakpuiau mporopivuHi laypearn HoGemiBebkoi mpemii 3 ximii? I mo
B3araJji take pemapartist JJHK?

JHe3oxcupubonykieinosa kuciora (JIHK) € Hociem renetnunoi indopmarii Ta
HaWBa)KJIMBIMIOI MOJIEKYJIOI0 B OpPraHi3Mi, OCKUIBKH BOHA KOHTPOJIIOE HOpPMaJIbHE
(YHKIIIOHYBaHHS Ta TOIUT KIIITHH, PICT 1 pO3MHOKEHHS opraHi3My. [ eHeTnyHa iH-
¢dopmartis 3ammdpoBaHa B MOCHITOBHOCTI 4 THIB HYKJICOTHIIIB — CKJIAJIOBHX Ya-
CTHH IIi€i TTOJIIMEPHOT MOJIEKYJIH, IO BiIPI3HSAIOTHCS 32 TUIIOM a30THCTHUX OCHOB:
MypUHOBHX (a/ICHIHY, TyaHIHY) 1 MPUMIIHHOBUX (TUMIHY, IUTO3HMHY). /[Ba naHII0-
v B moABiiiHIN crmipani monekynn JJHK yrpumyroTbes pazoM 3aBAsKé B3aeMOIii
MIDXK KOMIZIEMEHTapHUMHU HYKJICOTHIAMH Pi3HUX JIAHIIIOTIB: aJIeHIH B3aEMOII€ 3 TH-
MIHOM, TyaHIH — 3 IIATO3UHOM [3].

Monekyna JIHK He € cTiiikoro, BOHa JIETKO PYWHYETBCS 1 BCTYIa€e B XiMidHI
peaxii 3 6ararpma iHmIMAMHU pedoBuHamMu. [lomkomxkenns JIHK BuHMKAaIOTH TOCHTH
9acTo SK i Miero Hi3MIHUX YUHHUKIB (pasialii, ymeTpadionery), Tak i BHACHTIIOK
B3aeMOIi 3 XIMIYHIMH areHTaMu (aKTHBHUMHU PEUOBHHAMH 30BHIIIHBOTO CEPEIO-
BHIIA Y1 MeTabomiTamMu opranizmy). Hanmpuknan, momxkomxkysatu JIHK MoxyTh ak-
TUBHI ()OPMH KHCHIO, III0 YTBOPIOIOTHCS HA MPOMIKHHUX €TalaX CHHTE3y CHePreTH-
HOTO 3aracy KIITHHU — afgeHo3uHTpudochary (ATD) i 4acTkOBO MPOHUKAIOTH 3a
MeXi MiToxoHApii. HaBiTh 3BUYaifHa Boja, sSIKa € TOJIOBHUM KOMITOHEHTOM >KHBHX
oprasi3mis, cipuarHioe Tinponi3 JJHK. Consani npoMeHi i KypiHHS TIOTIOHY TaKOXK
pyinytoth JIHK. Kpim Toro, mig wac moxiny xinituan Gpepmentn JJHK-momimepasu B
MpoIIeci KOMIOBAHHS TeHETUYIHOI 1H(OpMAITil 9acTO MPHUITYCKAIOTHCS TIOMIIIOK [4].

SIKi K TIOMIKOMKEHHS BHHHUKAOTH y MoJekyni JIHK BHacmimox mii BCix mux
ynHHUKIB? JIHK Moke BTpadyaTn HyKJI€OTHUIHM 3 YTBOPEHHIM alypUHOBHUX 1 ammipu-
MiguHOBHX caiTiB (All-caiitiB). Jle3amiHyBaHHS a30TUCTHX OCHOB IPU3BOIUTH 10
MEPETBOPEHHS IUTO3UHY HA YPAIHJI, SIKUHA Y HOPMi MICTUTBCS B pUOOHYKIJICTHOBIH
kucnoti (PHK) 1, Ha BigMiHy BiJ IMTO3MHY, KOMIUIEMEHTapHHA ajieHiHy. Kpim Toro,
aJICHIH MOXKE TEePETBOPIOBATHCS Ha TIMMOKCAHTHH, a TyaHiH — Ha KcaHTuH. [Ipuen-
HaHHS MeTwiIbHOT CH3-Tpynu 110 ByIvIemo y 5-My MOJIOKEHHI [IATO3WHY TIEPETBO-
proe Horo Ha TuMiH. [Ipu B3aemonii 3 akTHBHUMHU (pOopMaMu KUCHIO Ta TiApoTie-
pEKHCaMU YTBOPIOETHCSA THUMIH IJIIKOIb. Takok MOXyTh BuHUKaTH po3puBu JIHK,
MixmonekyisipHi koBaneHTHi 3muBku JJHK/IHK, JIHK-mipotein Ta Gararo iHmmx
BH/IIB TTOIIKO/KCHb. YIIPOJOBXK TOIWHHU B KOKHIN KIIITHHI OpraHi3My JIFOIWHH Bij-
OyBa€eThCs BiJl KIJTBKOX COTEHB JI0 THCs41 omkomkens JJHK [S].

Bynp-axi momkomkenHs un Moaudikanii JJHK 3miaOOTE TeHeTHYHY iH(DOpP-
MaIlito, YHEMOKJIMBITIOIOTH ii 34MTYBaHHS (TPaAHCKPHIIIIIO) a00 Tepeaady J09ipHiM
KIITHHAM (peruTikariiro). 3 oIy Ha Bce 3a3HaUEHE BHIIE, MOXKE 3aTHCS, 0 BH-
koHaHHs Mouiekynoro JIHK cBoei romoBHOT dyHKIIT — nepenadi reHeTHIHOI iH(Op-
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Marlii, siK 1 B3araji iCHyBaHHS JKUATTS Ha 3eMJli, € HEMOKJIUBUM. YoMy K KITITHUHU
pu nocTiitHOMY nomkopkeHH1 JJHK He ruHYyTh 1 MpOIOBKYIOTh CHHTE3yBaTH HOP-
MaJIbHI B CTPYKTYPHOMY 1 (DyHKITIOHATFHOMY BiTHOIIEHHI TpoTeiHn? Sk OiomoriuHi
BHIM MOXKYTh TIEpe/IaBaTH TeHETHUHY 1H()OPMAITiTO 3 TTIOKOJIIHHS B TIOKOJIIHHS TIPaK-
TUYHO B HE3MIHHOMY BHIVISIZI, 30€pirarod CBOIO iHAMBIMyanbHICTH? Hampukian,
a0COITFOTHO HEHMOBIPHUM BUIAETHCS TOW (PaKT, 10 MAJICHBKI paKOMOMiOH] — IUTHI
MPAKTHYHO He 3MiHMIHCS 32 220 MITH pOKIB CBOTO iICHYBaHHS.

XKutts Ha 3emiti giiicHO Oyi10 6 HEMOMIIMBUM y TOMY BUIJISII, SIK BOHO €, SKOU
B KJIITHHAX He OyJI0 MOTYXHO1 (pepMEHTHOT CUCTeMH pernapaitii (BiTHOBICHHS, a00
«pemontyBanHs») JIHK. Besnepepsuuii mpouec nomkomkenHs JJHK cympoBomxy-
€THCSI TAKAM CAaMHM MTOCTIHHUM TIPOIIECOM BiTHOBJICHHS i1 BUXiTHOI CTPYKTYPH, 11O
nae 3Mory 30epirati reneTnany iHGopmariro. 3narHicts JIHK 1o penapartii € yHi-
KaJIbHOIO 1 UM He HalBayJIUBIMIO0 (DyHKITiErO KITITHHU. [[poropiuni HOOEMiBChKI J1a-
ypearu He Oynu nepmoinkpuBadamu penaparitii JIHK, omnak BoHu 3po0Ouim mayxe
BaYKJIMB1 KPOKH JI0 pO3yMiHHS MeXaHI3MiB i1 peasi3arii.

Ictopist mocnimkenns pemaparii JJHK namigye 6mu3pko 70 pokis. [Iporsrom
[FOTO Yacy BEeJHMKA KiJTbKICTh BHJIATHUX YYCHUX POOMIIA CBi BHECOK Y PO3KPHUTTS
ofHi€T 3 HAUOLTBIITNX 3ara oK *KuBOi KiiTHHU [6]. [Tpucymkenns B 1945 p. HoGemnis-
ChKOi mpemii 3 ¢izionorii Ta menuuan Onekcanapy Oneminry, [osapmay Pnopi Ta
Epucry bopucy YeiiHy 3a BiZKpUTTS ¥ OYHIIEHHS MEHIIMIIHY HAIUXHYIO BYCHHX
yCiX KpaiH Ha MOITyKH HOBUX aHTHOIOTHKIB. OHUM i3 THX, XTO B3sBCA 3a IIf0 Oa-
raroo0iIIouy TeMy, OyB MiKpoOioJoT HIMEIIbKOTO moXomkeHHs Anboept KenpHep,
sikuit mparroBaB y JlaGopatopii Komx Crpinr Xap6op (urrar HeioMopk, CIIIA).
Bin BuKOpHCTOBYBaB yinbTpadioieToBe ONMPOMIHEHHS IS OJCpKAHHSI MyTaHTHHX
mITaMiB CTPENTOMIIETIB. B excriepuMenTax Oyio OTpUMaHO TUBHI pe3yibTatu. B
OJTHMX BUTIAJKaX ONMPOMIHEHHS MPUTHITYBAJIO PICT KYJIBTYp, a B IHIINX — MaiKe HE
BIUTMBAJIO. JInie 3aBAsKy NeJaHTUIHOCTI 1 HanoseruBocTi KenbHepy Baanocs BU-
SIBUTH 3aKOHOMIPHICTB: yIbTpadioseT Maiike He BIUIMBAB HA KYJIBTYPH, IO POCIH
Oins1 BikHa. BiH 3p00WB MpUIyIIIEHHS, 1110 IEHHE CBITIIO SIKUMOCH YHHOM JIOTIOMarae
KJIITHHAM BHUITPABUTH ITOMIKODKCHHS, 3aBIaHi yasrpadionerom. Tak y 1949 p. Oymno
BinkpuTO mepmmi pisHoBu permaparii JJHK — dotopeaxtuBariro [7]. Yepes Kiib-
Ka TIKHIB micis KenpHepa i TOBHICTIO HE3aJeKHO BiJl HHOTO (hOTOPEAKTHUBAIIIIO
BIJIKpMB aMEepUKaHCHKHUI BIPYyCOJIOT 1TaliCHKOTO TTOXO/KeHHs PeHarto Jyms0exko
[8], OibIT BiTOMUIT CBOIMU JTOCHIIKEHHSIME OHKOBIpYCiB, IO i OyI10 BiJ3HAUY€HO B
1975 p. HobGeniBchkoro mpemiero 3 (iziomnorii Ta meaunuau. LlikaBo, mo Kenpaep
HanmcaB J{yap0eKKo mpo CBOE BIIKPUTTS, ajie JUCT MPHUHAIIIOB, KOJIM TOH yKe 3aBep-
ITyBaB BJIACHI €KCIIEPUMEHTH 3 OTIPOMiIHEHUMH OakTepiodaramu.

3a ipoHi€0 J0J1 1€ BUAATHE BIAKPHUTTS 3AJHMIIMIOCS HEIOOIIHEHUM, a caM
Kenpaep He craB mmpoko BimomuMm. Ha choromHi mepmioBinkKpuBadiB pemapartii
JHK yxe nemae B xuBux: Anpoept Kenpaep momep y 1994 p., Penarro Jlynn0ek-
ko —y 2012 p. 3amoyarkoBaHWiI HUIMW HOBHH HAIIPSIM JIOCIIDKEHb HAlali aKTHBHO
po3BuBaNH iHII BUeHi. OCKIIBKK 00paTu jaypeariB 3 BEIMUYE3HOT KIJTBKOCTI Tpe-
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TEH/ICHTIB Oyio npobiieMaTnyHo, BpydeHHs1 HoOemiBchKkoi mpemii 3a JoCiipKeHHS
penapartii JIHK Burnsgano manoiimoBipaum. Onnak HoGenmiBCchknil KOMITET yce K
BHPIIIMB BiJ3HAYUTH MaKCHMaJIbHO MOXIIUBY 3a 3amoBiToM Hobemns KUTBbKICTh Ja-
ypeariB — TppOX YUYCHHX, MPUIOMY CaMe «3a IOCIIDKCHHS MEXaHi3MiB peraparii
JHK», a He 3a Biakputts penapaii JJHK.

Yomy x cepen Oaratbox kKamuaariB oopamu came Tomaca Jlingans, [Toma Mo-
npuda Ta Asziza Canmkapa? Lli BUeHI BIAKPHIN i J€TadbHO OMUCAIH MEXaHI3MHU
peamizarii ocHOBHHX croco0iB BigHOBIeHHs cTpykTypu IHK: dortopeakTuBarii,
eKCIM31HOT perapariii HyKJICOTH B, penapallii TOMIJIKOBO CTIApEHNX HYKICOTHIIB
(MicMmeTupermnaparii) Ta eKCIM31HHOT penapailtii a30TUCTHX OCHOB. OepkaHi HUMHU
3HAHHS JTO3BOJIWIIN BiITBOPUTH CKiIamHi mporecu peraparii JJHK y maboparopamnx
yMOBax.

Kap’epa A3ziza Canmxkapa moyanacs caMme 3 BUBYEHHs oTopeakTuBailii. Bery-
muBmK y 1971 p. mo TexachbKoro YHIBEpCHUTETY, BiH MOTpanuB A0 gadopatopii Cre-
Ha Pymepra, sikuit qociipkyBaB MexaHi3Mu (DOTOpeaKTHBAIii 1 BUAUTUB KITFOUOBUH
(dbepMeHT mporo mporecy [9], mi3Himie Ha3BaHUK GoTOoTia3010. BUABISETHCS, IO 1TiT
BITUBOM yibTpadioneToBoro cBitia B JJHK yTBOprOOThCS 3MIMBKU MiX CYCiIHI-
MU OCHOBaMH THMiHY. Taki MUKIO0yTaHOBI MPUMIIHHOBI TUMEPH HE TO3BOJISIOTH
JHK-nomimepasi komiroBaru nomkomkeny nustaky JIHK. Omnak depmeHT doro-
Jia3a po3Ii3HaE 11l MOMKOKEHHS 1, BAKOPUCTOBYIOUN €HEPrit0 BUANMOTO CBITIA, a
came — CUHBOI IUISTHKH CTIEKTPa, PO3IIEILTIOE 3B’ 130K MK THMIHOBUMH OCHOBAMH B
numepi. Jlocoianty MexaHisM (poTopeakTHBaIlii TpUBaIHIA Yac HE BIABAIOCS Iepe-
BaXHO Uepe3 Te, Mo PoTomaza MiCTUTHCS B 0AKTEPIsIX Y Jy’Ke HEBEIUKIH KITbKOCTI.
Azi3 Canmxkap ynepiie kioHyBaB reH (otomiaszu [10] 1 omepkaB pekoMOIHAHTHUT
(dbepMeHT y MOTpiOHUX KUTBKOCTSIX. bararo pokiB ydeHW# JOCTIKyBaB MeXaHi3M
nii doTomiaszu i 3’sgcyBaB HOTO 0 HaWMEHIIUX MOApoOHIb. Bussuiocs, mo npu
(doropeakTuBallii eHepris (OTOHA MOTIMHAETHCS XpoModopom (5,10-mereHinTe-
TParigponTepOINIIIOo JIi TIIyTaMaToM) y ckiaai ¢poTosiasu i yepes3 iHmuil XxpomMohop
(prmaBiHaACHIH-TUHYKICOTH/T) TIEPENAETHCS 0 MUKIO0YTAaHOBOTO TiPUMiTHHOBOTO
numepa [11].

[ToxunyBmM TexachbKuil yHIBEpCUTET Yepe3 MPUITUHEHHS (hiHAHCYBaHHS TOCITi-
JDKeHb oTomiasu, CaHKap MepeiInoB Ha TI0ca Ly TPOCTOTO JIAOOpaHTa B METUIHY
nmaboparopito €TbCHKOTO YHIBEPCUTETY 1 ITOYaB TOCIIHKYBAaTH MEXaHi3M TaK 3BaHOL
«TEMHOBOI» pemapariii, kKoiau OakTepii, OmpoMiHEHI yabTpadioseTOM, BUIIPABIIS-
to1h nomkompkeHHs: JIHK y TempsiBi, ane Habararo mosinpHimIe. Lle sBumie Brepie
Oyio ommcano B 1964 p. Piwapmom Cetnoy ta Yinbsimom Kepiepom [12] 1 maitke
onHowacHo Pigapnom boiicom i [Taymem ['oBapn-®nannepcom [13]. 3aBasgku ixHiM
poboTaM cTajo 3po3yMijo, IO MiJ Yac «TeMHOBOI» pernapailii THMIHOBI JUMEpH,
SIK1 YTBOPIOIOTHCS i Ai€r0 yasTpadionety, Bupizarotbes 3 JJHK. ®iminm XanaBanba
ta Jlein IleTnmkoH TponeMOHCTPYBaH, MO BUPi3aHi JAUISHKA aKTUBHO BiTHOB-
JOI0THCSA 3a paxyHok cuHTe3y HoBoi JIHK [14]. Bumesragani BugatHi BueHi, 0e3
CYMHIBY, TaKOX MO O mipeTeHayBaTi Ha HoGenmiBchKy mpeMiro, omHak came A3i3
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CaHnpkap BCTaHOBHB, SKi (DEPMEHTH 1 B KU CTIOCIO 3MIHCHIOIOTH XIMiUHI peaKilii,
3a0e3reuyoun peaisairo mporo Buay penapamii JJHK.

Ha Toii wac Oyimo BiIoMO TpH Fe¢HH CTIHKOCTI 110 yasTpadioneTy — uvrA, uvrB i
uvrC, 10 BiJNIOBIIAIOTh 32 «TEMHOBY» pernapartiro [15]. Onepskatu ix 611K0Bi mpo-
IYKTH y AOCTAaTHIN /Ul BUBYEHHS KUIBKOCTI JIOBTO HE BIABAJIOCS, aX MoKu Can-
»Kap He BUHAKNIIIOB OpHUTiHAIBHUN METOJ OaKTEePiaIbHUX «MAKCI-KIIITHHY, SKUH 103-
BOJIUB 11e 3po0uTH [16]. YdueHuii BBOAMB IJ1a3Migdy 3 TEHOM IMOTPiOHOTO MPOTETHY B
KIITHHU OakTepiil 3 AedeKkTaMu permapariii, onmpoMiHeH1 yabTpadioneToM. Y Takux
kiituHax BracHa JIHK Oyna momkomkena, i ToMy CHHTE3yBaBCs JIUIIIE TIOTPiOHUH
IUTa3MiJTHUNA TPOTETH, IPUYOMY Y BEITHUKUX KITBKOCTAX. 332 JOMOMOTOI0 IIOTO Me-
toxy CaHpKap MIBUIKO OTPUMAB 1 OXapaKTepU3yBaB O1TKOBI IPOMYKTH TeHIB UVIA,
uvrB i uvrC. Bin Takox 1mokasas, 110 11i O1JIKH yTBOPIOIOTH (PepMEHTATUBHUIN KOMII-
nekc, skuit Bupizae pparment JJHK posmipom 13 map HyKII€OTHIB HABKOJIO THMi-
HoBoro numepa. [lorim JIHK-momimepasa cunte3ye Hopmansuuii pparment JJHK,
a JIHK-mirasa smmBae ¢parmenTn B enunanii nanior JIHK. Takuii Bua pemaparii
Ha3BaJIM €KCITM31HHOIO perapaiic€ro HyKJIeOTH B, a il pepMEHT — eKCIUHYKIIea3010
(Bix anrI1. excise — Bupizarn) [17].

[Tiznime Canmkap BUSBUB, 10 OKPEMi CYOOIMHUII €KCIIMHYKIIea3H MPaIfol0Th
MOETAITHO, 1 JETAIBHO JOCTIINB MEXaHi3M eKCIM31HOI penapailii HyKJIeOTH/IIB Y
JIIOIMHY, B IKOMY 3aJlisTHO He 3, a Oimbr sik 15 nporeinis [18]. 3romom 3’sicyBanocs,
0 eKCIM3iiiHa pernapaltisi HyKJICOTHIIB BiIHOBIIOE HE JIUIIEC TUMIHOBI JUMEPH, a
i iHmi nomkomkeHHs B [IHK. Bona € myke Ba)KIHMBOIO IS JTIFOIMHH, OCKUTBKH Y
JIIOMHY 1 TepeBayKHOT OUTBIIOCTI ccaBIiB (KpiM cymyacTux) (oTomasm Hemae, i
MexaHi3M goropeaktuBallii He mparroe [ 19]. LlikaBo, mo A3i3 Canmxkap BiIKpUB Ta-
KO KPHIITOXPOMH — OLTKH, IO € TOMOJIoTamMu (DOTOITIa3H 1 BiIOBIIal0Th 3a T000BI
6iopur™u y monuau [20].

3ro710M BUSBHIIOCS, 110 ITepeBaskHa OibIIicTh nomkomkeHs y JJHK Bumpasis-
€THCSI IHIIMMHU cCHCTeMaMu perapaiiii. OJHI€I0 3 TAKUX CHCTEM € MiCMeT4-pernapa-
1ist (pemapartisi reTepoayIUIeKCiB, a00 permapartisi IOMIJIKOBO CIIAPSHUX HYKJICOTH-
niB), sika npu cunTe3i JJHK Bunpasise moMuikoBe yTBOPEHHS Map HEKOMIUIEMEH-
TapHUX (HEBIIAMOBIMHUX) HYKJICOTHIIB, HAPUKIIAI, 3aMICTh T'YaHIH-IIUTO3UH a00
aJICHIH-TUMIH 3 SBISEThCA Tapa nuTo3uH-aAeHiH. Llei tun penaparnii JJHK Oymo
BimkpuTo B 1976 p. PoGepTom Baraepom i Metpro Mesensconom [21].

OpnHak 3anumanocs He3po3yMUIHM, SK caMeé MO)KHA BHUSIBUTH TIOMMJIKOBO CIia-
peHI HYKJICOTHIIH, aJUKe iX CTPyKTypa He 3MiHeHa? SIkuil 3 HyKJICOTHIIB y mapi €
MIPABUJILHUM, a KW BKJIFOYCHUH TOMMIIKOBO? JIJist Toro, 06 crcTemMa MicMeTdpe-
mapariii cripamroBaia, Mmarepuacbkuii nanmor JJHK nmoBuHeH Mary siKich MITKH, Ha
BiIMiHY BiJ IIOWHO CHMHTE30BAaHOTO JOYipHBOTO JaHItora. [lom Moapud pazom i3
Mertpto Mesensconom y 1983 p. moBenu, mo Takumu Mitkamu Ha JIHK € metnnbHi
TPYIH, IO MIPUEAHYIOTHCS JIUIIE 10 KOMIUIEMEHTAPHO CHAPEHUX a30THCTUX OCHOB.
BincyTHICTh METHIIBHUX TPYH CIIPUAMAETHCS SIK CHTHAJ JJISI BUIPABICHHS MOMH-
7ok ¢gepmeHTaMu pemnapaitii [22]. YV OGakTepiit MaTepUHCHKUHN JIAHITFOT MapKYEThCS
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JHK-metmmazoro Dam, sika MeTHiTro€ ajieHin y nociigoBHocTsX -GATC-. V monuan
MeXaHi3M PO3Ii3HABaHHS € CKJIAIHIIINAM 1 TIOB’SI3aHUH 3 aCHMETPUIHUM 3B’ SI3yBaH-
HSM JIesTKUX OUTKIB Tipy perutikartii. [Tom Moapud 3°sicyBaB, ik came pO3Mi3HAETHCS Y
Oakrepiit MeTHIbOBaHMI MaTepuHChkuid aHIror JJHK i1 sxy ponb y 1isoMy Bimirpa-
10T MpoAyKTH TeHiB mutH, mutl 1 mutS Ta geskux iHIMX TeHiB, HEOOXITHUX IS
penapartii. Bid 3acTocyBaB ekcriepuMeHTaIIbHY CHCTEMY, OCHOBAaHY Ha YTBOPEHHI ITy-
ruiekciB Mik staniroramu JJIHK 6akxrepiodaris, siki Bipi3HITHUCS Ha ONWH HYKJICOTHI,
1 IPOCTEKUB, IO BiIOYBAETHCS 3 HETPABIIILHUMHU ITapaMy HYKJICOTHIIB Ta OLITKaMu
penapartii B mpo0ipili Ta B KIITHHAX OakTepiid. Y4UeHn! 1moka3as, M0 Bipasy Mics
peruTiKarii 3 MeTHIILHUMHE TpyTniamMu nociigoBHocTel -GATC- MaTreprHCHKOTO JIaH-
mora 3B’ s3yeTbest 6u1ok MutH. OmHOYacHO 3 HEMPAaBWILHOK MApOI0 HYKJICOTHIIB
3B’s3YIOThCS 1BI Mosiekynu Oika MutS. [Torim 6imox MutL nonomarae 6inxy MutH
30m3uTHCS 3 TUMepoM MutS 11t B3aemoii, BHACTIOK sikoi 0itok MutH meperso-
PIOETHCST HA CHIOHYKJIea3y, SiKa PO3IICTIII0E HEMETHILOBAaHUN TOYIpHIN JTaHIIOT Yy
nociigoBHOCTI -GATC- 1 Bupi3zae oro (hparMeHt, MOKK He TOCSATHE HEMPaBHIBHOI
napu ocHOB. [licist poro Bumanennii pparment JJHK cuntesyerbes 3H0BY [23].

HaiiBaxmuBinioro BUsSBHIIACS €KCIIM3iiHA perapailis a30TUCTUX OCHOB (Base
Excision Repair — BER), sixa Bumpasiisie mepeBakHy KUTbKICTh mormkomkerb JJHK,
30Kpema i Ti, 10 BUHUKAIOTH ITiJT JIi€0 BOIM 1 KucHIo. Lleit Bun penapartii Oymo Bija-
KpUTO TPETiM HOOeNiBChkUM JlaypearoM Tomacom Jlinmamem. CriocTepexeHHs 3a
nerpananiero PHK mpu HarpiBanai Bukiankano y JIiHmamxs CyMHIBY II0A0 XiMIYHOT
critikocti JIHK i HamTOBXHYIO Ha i7Ief0 TPO WMOBIpHE iICHYBaHHS SKOICh CHCTEMHU
BimHosnenHs JIHK. ITi3Hime BiH miaTBEpIUB CBOIO ITeHIAIBHY 3I0TAIKy €KCIIEPH-
MEHTaJIBHO, OKa3aBiy, mo B Mosiekyii JIHK BigOyBatoThcst peakiiii BiAmeruieHHs
aJieHiHy a0o TyaHiHY, a TaKOXX J€3aMiHyBaHHs IIUTO3WHY 3 MEPETBOPCHHSIM HOTO
Ha ypauui [24]. Y 1974 p. Jlinnans Bigkpus dpepment yparmi-J{HK-rmiko 3mmazy
(UNG), sixuii BUTIpaBIIsiB TIONTKOKEHHS, BUAJSIFOUN ypamwi [25]. Bussunocs, mo
cnovarky JIHK-Timiko3mmasza po3mi3Hae MOmKoKeHy a30THCTY OCHOBY Ta BHpi3ae il
3 JIHK, notim depmenT amypuHoBa/amipuMignHOBa eHI0HYKIea3a po3puBae JITHK
nopyd 13 momkomkenasM, JIHK-momimepasa BOymoBye onnH a0 KiJlbka HyKJICOTH-
niB, a JIHK-irasa BigHoBmoe miticHicTs daniora JJHK. ITisnime Tomac Jlinmanb
orcas iHMmIi pisHOBUAM JIHK-mmik03mMI1a3, KOKHUH 3 IKUX CHEIIali3y€eThCsI Ha pera-
pariii meBHoro Tuiy nomkomkersb JJHK [26].

3rozoM JOCTiKEHHST BYSHUX TTOKa3aiy, mo penapamis JJHK ve oomexyeTses
JIUIIIEe ONMCAaHUMU BHINE MEXaHI3MaMH, a € W 1HIII CTIOCOOM BUTIPABICHHS TOIIIKO-
mkenb JIHK. Hanpukian, mpu mocTperuiikaTuBHIA penapaiiii BUXigHa MOCIiI0B-
Hicth [IHK MOXe BiTHOBIIOBATHCS MIISIXOM TOMOJIOTIYHOI peKOMOIHAIIT 3 HEToII-
kompkenoro JIHK ixmoi xpomocomu [27]. JInst yCyHEHHSI TBOHHUTKOBUX PO3PHBIB
JHK moxyTh BuKopucTOByBaTHCs pemaparnis JIHK mumssxom HeroMoiorigHoro
3mutTs KiHmiB (Non-Homologous End Joining — NHEJ) [28] a6o penapamis JTHK
IIUISTXOM 3TTUTTS KiHITIB 32 paXyHOK Mikporomosorii (Microhomology-Mediated End
Joining — MME]J) [29]. B ocranabomy Bunanky dactuaa JIHK moxe Brpagarmcs,
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OJIHAK II€ HE Ma€ BEJIMKOTO 3HAUEHHsI, OCKUIbKH BTPAaYeHI JUISHKN 9acTO MPUITIAaa-
10Tk Ha Hekoaytoui pparmentu JIHK. € Takok crucTeMu TOIEPAaHTHOCTI 710 TTOTIIKO-
JDKEHHS, KOJIM KIIITHHA MO)Ke (DYHKITIOHYBAaTH 1 HaBiTh JUTUTHCS, HE3BAKAIOUH Ha
notmko/pkeHHsT TeHoMy. SOS-penapamiro JIHK HasBanm Tak Bix Ha3BM MiKHapO-
Horo curHaiy juxa SOS, OCKIIbKM BOHA BMHKA€THCS, KOJIM HAKOTIMYCHHS BEJIH-
koi KinmpKocTi momkomkenb JIHK 3arpoxye xuttio kinituam. Llel Bun penapartii
Binmkpwm y 1975 p. MupocnaB Paaman [30] i EBenin Bitkin [31]. [TomkomkenHs
JHK crpuuwnnioe aktuBaiito Oinka Rec A (y eykapiotiB Rad51), a Toii, y cBoro
4epry, CTUMYITIOE PO3IICTUICHHS pernpecopHuX OUTKiB Lex A, sKi mepemkopKaTh
TPAHCKPHIIIIi pI3HOMaHITHUX T€HiB, OB’ s13aHuX 3 penapariicro JIHK. Pizna cnopin-
HeHIicTh Oika Lex A Mo omeparopHUX MIISHOK Pi3HUX TeHIB J03BOJISAE MimiOparn
aJICKBaTHY BIAMOBIIb 3aleKHO Bif cTynens nomkomkers JJHK [32]. € i iHmi kiti-
TUHHI CUCTEMH BiAIOBil HAa YITKOMKEHHSI, 1[0 BU3HAYAIOTh, K KIIITHHA BiJpearye
Ha nomkomkennsa JJHK: Oyne mginmutucs, mepecrane MUTUTHCS 1 BITHOBUTH TOIIIKO-
JOKeHHs uu toMpe. J{o pedi, 3a TOCITiIKeHHST CHCTEMH BiJIITOBI/II Ha TIONITKOKEHHS B
2015 p. amepukanmi Credan Ennemx 1 EBenin BiTkin oTpumanu qpyTy 3a mpecTuX-
HicTio Tics HobemiBehkoi — JIackepiBCbKY TIpEeMiro.

[Topymenns B po6oti cuctemu pemnaparii JJHK marots karactpodiuni Hacmia-
KM JUI OpraHi3My. BoHN BUKIIMKAIOTh BaXKi 3aXBOPIOBAHHS, 1110 XapaKTEPU3YIOThCS
PI3HOMaHITHUMH CHMITTOMAaMU: HEBPOJIOTIYHUMH PO3JIaTaMH, iIMyHOACPITUTHIMHA
Ta ayTOIMyHHHUMH CTaHaMH, IepeIYacHUM CTapiHHAM, 3aTPUMKOIO POCTY, I1aTOJIO-
TYHAMH 3MIHAMH IIKipH (CYXIiCTh, pO3IIMPEHHS KaIiJIAPiB, IrMEHTAIIis, YCKIIaTHe-
HE 3arol0BAaHHS PaH), a TAKOX IiIBUIIIEHUM PU3UKOM PO3BUTKY paky. [Ipuxiagamu
TaKUX 3aXBOPIOBaHb MOXKYTh OyTH XBopoOu AubirerimMepa, [lapkincona, ['aHTiHT-
ToHa, JlayHa, TpUXOTIOMUCTPOdis, Mporepis TOPOCIUX 1 JITeH, aTakCis-TeleaHTi-
€KTa3isl, CHCTeMHHI YEpBOHUI BOBYAK, PEBMATOIMHHIA apTPHUT, CKIEPOJACpMis Ta
Oararo iHmux [33].

[TepeBakHa OUTBIIICTH BUITAIKIB 3aXBOPIOBAHHS Ha pak IMOB’s3aHI 3 MOPYIICH-
vy peraparii JJHK. TTopymenns ekciu3iitHHOT penapaiiii HyKJISOTHIIB CIIPUIH-
HIOIOTH IITMEHTHY KCEpOIepMYy, MpH SKii mepeOyBaHHS Ha COHIN MPU3BOAUTH 0
OITIKiB, a 33 KiJIbKa POKIB JKUTTS PO3BUBAETHCSA paK MIKipH. J[JIs TaKWX XBOPHX €
XapaKTepHUM HaBiTh paK KiHYMKa S3WKa, KWW BUHUKAE Yepe3 HE3HAYHE OTPOMi-
HEHHS ITi]T 9ac 00IM3yBaHHs Tiepecoxymx ry0 Ha coHtli [34]. [eHeTnyHi mopymeHHs
MicMeTY-pernapartii 3yMOBIIIOIOTh PO3BUTOK CIIaJIKOBOTO paKy KHIIEYHUKA 1 € Haii-
MOTIMPEHINIO TPUYMHOIO IHOTO 3axBopioBaHHS [35]. [liTh 3 myke cepilo3HUMHU
TCHETUYHUMH TIOPYIICHHSIMH €KCITU31HHOI permapartii a30TUCTHX OCHOB, SIK TIPABH-
JI0, TIPOCTO HE HAPOKYIOTHhCSI. BOHM THHYTH 11e Ha eMOpioHaIbHIl cTaii po3BUT-
Ky. Bimomo, 1o riko3miasu, 3aisHi MpH i penapaiiii, MOXXKyTh MaTH 6araro 130-
(dhopM, sIKi yTBOPIOIOTHCS BHACIIIOK 3aMIHHU OJTHOTO 3 HYKJICOTHIIiB Y TIOCITiJOBHOCTI
ix rena. [leski 3 1ux 130)OpM TakoX TMOB’S3aHI 3 MiABUIIEHAM PHU3UKOM BHHUK-
HEHHS OHKOJIOTIYHHX 3aXBOPIOBaHb [36]. OCcTaHHIM YacOM BHUIAETHCS MTEPCIICKTHB-
HUM JIOKaJIbHE BUKOPUCTaHHS 1HTi0ITOpIB hepmenTiB pemaparii JJHK mist mikyBan-
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HsI OHKOJIOTIYHHMX 3aXBOPIOBaHb, ajuke came penapanis JJHK y pakoBux kimiTHHaxX
MIPOTHJIIE€ XIMiO- Ta pajioTepartii, sKi IIUPOKO 3aCTOCOBYIOTH y JIIKyBaHHI paky. B
2014 p. Oymo 3aTBEepKEHO 3aCTOCYBAaHHS TIPU CEPO3HOMY PaKy SE€YHHKIB TIperapa-
Ty «JliHmap3a» (BupoOHHK — AstraZeneca, Benuka bpuranis), 1if09010 pe4OBHHOIO
sxoro € onanapi6 — iuriditop momi(AdDpu 60 3a)-nomimepasu (PARP), mo 3amisna
B pemapartii JIHK i Buxonye momi-A J1d-pubo 3u moBaHHA TicTOHIB [37].

ImMoBipHO, IO TIOAANbINE JeTaJbHE BUBYCHHS MEXaHI3MIB perapariii 1acTh
3MOTY CTBOPHTHU HiJXOIH JUISL LIJECTIPSIMOBAHOTO BHUIIPABICHHS MEBHUX MYyTAIlii,
K1 CTAHYTh OCHOBOIO HOBHX METO/IIB JIIKyBaHHS 0araThboX TSHYKKUX 1 HEBHJIIKOBHHX
3axBOproBaHb. OCOOIMBO MEPCIIEKTUBHUMU IS TaKO1 MPHUIIIBHOI TeHHOI Tepartii
BHUJIAIOTHCS HAWCy4acHIIII MeTOnu reHeTndHux BumpanieHb (Gene-Editing Tech-
niques), sk, Hanpukian, Mmerogq CRISPR/Cas9, abo CRISPR/CPF1, un ix momndi-
Karii. [{i MeToam 10o3BOJISAIOTE IPENHU3iifHO BHOCUTH 3MiHH B cTpykTypy JAHK [38].
I{ikaBo, 10 KOJH 1151 CTATTs Bxke Oynma rorosa o aApyky, metox CRISPR/Cas9 6ymo
BH3HAHO XYpHAJIOM Science sk HaliBU3HauHiIIe HaykoBe mocsrHeHHs 2015 p. XTo
3Ha€, MOXKIIMBO, BOHO Oyzie Bi3HaueHo i HoOemiBchKoro peMieto.

MOXITUBI HampsiMU TIOAAJBIIOTO PO3BUTKY mMociimpkeHsb perapamii JJHK 006-
roBoproBai Ha koH(pepenmii Tomaca Jlinmans, mo BimOynacs B uepBHi 2015 p. B
Ocio. binmpmricts 3anpormeHux (axiBIliB y il TaTy3i HAYKH CBOTO Yacy MPAIfOBaIN
B JlabGoparopii Knep-Xomr i € yuasmu Jlinmans. [{ikaBo, mo cam Tomac JliHmanb,
mMiA0MBalOYN MMiACYMKH KOH(MepeHilii, 3aKIMKaB KOJIET HaIMIpHO HE 3aXOILUTFOBATHCS
MIPHUKJIAJHAMH acTiekKTaMu BuBdeHHA penapaiii JJHK, «mpurnmauTe TpyiTs mrypiB» y
MOIITyKaX HOBHX JIKiB 1 TIOBEPHYTHCS 10 BUBYCHHS (DyHIAaMEHTAILHUX MMUTAHb, SKi
3JIMINAIOTHCS He3  ICOBaHUMH [39]. A TakuX MUTaHb, BOYEBH/Ib, HeMasio. Oco0auBo,
SIKIIO B3STH 110 yBary, mo (pepmentu pemnaparii JJHK mMoxyTs OyTy 3amisHi i B iH-
IIMX BOKJIMBHX Mporecax. Hampukiiam, BimoMo, o cuctemMa eKCIu3iiHoi penapartii
A30THUCTHX OCHOB Oepe y4acTh B CMIr€HeTUIHUX TPOoIlecax: BOHA 3a0e3medye crpsi-
MoBany Momudikarmito JJHK 3 metoro perymroBanns aktuBHOCTI reHiB [40]. Kpim
TOTO, (PEpPMEHTH pemnaparliii JomoMararTh opranizMy 0opotucs 3 Bipycamu. Harmpu-
knax, cnemiansaui pepment APOBEC 3aminsie y JIHK Bipycy imyHOnmedinuTy Jiro-
JIMHH IIUTO3WH Ha ypamwi, a ypamui-/{HK-Timiko3masa motiM po3meriroe BipycHy
JHK [41]. o peui, yparmmi-JIHK-rniko3nunasza 3amisiHa TakoX y MPOIECi YTBOPEH-
HS PI3HOMAHITHOCTI @HTUTL, IO € JAy’Ke BKIUBUM ISl (HOPMYBaHHS TTOBHOIIIHHOT
iMmyHHOT Bignosizmi [42]. IBuame 3a Bce, MU 1ie 6araro 9oro He 3HAEMO TPO TPH-
3HadeHHs GpepmenTiB pernaparii JJHK, i monepeny Ha Hac yekae Oe3:miy BiAKPUTTIB.

BinkputTs Ta BUBYeHHs MexaHi3MmiB penapanii JJHK cramo omaum i3 HaiiBax-
JUBIMIHX JOCATHEHB 010XiMii 1 MOJEKYIAIpHOi TeHeTHKH. OYEeBUIHO, 10 penaparis
BiJlirpaja KIFUOBY POJIb Y MPOIECi BAHUKHEHHS Ta €BOJIOIIT *KUTTs Ha 3emuti. Ha
KOPHCTB IIbOTO CBimuaTh excriepuMeHTH Aptypa KopuOepra, sikuii TpuBanuii gac
micist BigkputTsa auM JIHK-momimepas He mir BiATBOpUTH B IPOOIpIli CHHTE3 HOP-
MaibHOI cripani JJHK (yrBoproBammces posranykeHi MmojiiMepH), TIOKH HE JI0/IaB
dbepmenTu penaparii [43]. 3aBnsku cuctemi penaparitii 3 Tucsdi momkomkens JTHK
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JIMIIE OJTHE TIPU3BOMUTH 10 MyTarlii. [IpoTaroM >KUTTS Il MyTalii HAKOIIMIYIOTHCS
1 CIIPUYHMHIOIOTh OHKOJIOTIYHI Ta TEHETHYHI 3aXBOPIOBAHHS, CTAPIHHS OpPTraHi3My.
Yomy cucTema perapaliii 3auiiae HeBUIPABICHUMH JEsKi TTOIIKOKESHHS?

Yomy depmentu Giocuntely JHK poOnsaTh moMuiku mpu KOIiFOBaHHI TeHE-
tuaHO1 iH(popMmartii? [lo-nepie, HEMOXKITMBO CTBOPUTH (DEPMEHTH, SIKi O TIpaIroBa-
mm 31 100 %-10 epexruBnictio. [To-npyre, 11e 1 He MOTPiIOHO poOUTH, amKe MyTamii
€ PYIIiTHOIO CHITOI0 eBouroIIii. CaMe BOHM 3a0€31eUy0Th MOYKJIMBICTh BUHUKHEHHS
a0COJIFOTHO HOBHIX PHUC 1 BIACTHBOCTEH OPraHi3MiB, sIKi MOKYTh CTaTH KOPHUCHUMHU
B IIPUCTOCYBaHHI /10 3MiHEHHX YMOB iCHyBaHHsI. Pak i criakoBi 3aXBOprOBaHHS, 110
BHHHUKAIOTh Yepe3 TCHETUYHY HECTaOLTBHICTh, € CBOEPITHOIO TIATOIO 32 TCHETUYHE
PI3HOMaHITTS, HEOOX1/THE JJIs1 BUKWBAHHS BHITY.

HOW CELLS MANAGE TO KEEP DNA MOLECULES
UNDAMAGED OR WHY DOES LIFE EXIST ON EARTH

On October 7, 2015 in Stockholm, the capital of Sweden in the frame of the
114th Nobel Week the Nobel Committee of the Royal Swedish Academy has awarded
the Nobel Prize in Chemistry 2015 to Tomas Lindahl, Paul Modric and Aziz Sancar.
This award is especially prestigious because the Nobel Prize founder was Swedish
entrepreneur and inventor Alfred Nobel (1833—1896) who himself was a chemist
and who got his fortune due to the dynamite invention. Chemistry was second after
physics, which was mentioned in his testament.
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JJI51 HOT'O ITOTPIBHI HUPKA/THI PUTMU, ABO SIK
SMIHUTHU XIJ «BIOJTOI'TYHOI'O 'OAMHHUKA»

Ho0eniBcbka npemist 3 ¢isiosorii yn meguuunu 2017 p.

2 aocosmust Hobeniscokuii komimem npu Kaponincoxomy meouunomy incmumy-
mi oeonocug imena aaypeamie Hobeniscoroi npemii 3 ¢hizionoeii i meouyunu 3a 2017
pik. Humu cmanu mpoe amepuxancoxux yuenux: Jocechppi Xonn (Jeffrey C. Hall),
Maiixn Pocoaw (Michael Rosbash) i Maiikn Ane (Michael W. Young). Hazopooy im
NPUCYOAHCEHO (30 BIOKPUMMS MOLEKYIAPHUX MEXAHI3MIG, WO KOHMPOTIOIOMb YUup-
KAOHULL pumm»y.

[{opiune orosonieHHs 1aypeariB HoOenmiBcbkux mpeMiii 6e3 mepeOiTbIIICHHS €
HaOLIBII OYiKYBaHOIO MOAIEI0 Y HAYKOBOMY CBITI, SIKa 3aBXK/IM IIPUBEpPTAE 10 cede
MUAJIBLHY yBary BChOTO CycHinbcTBa. [[poro poky 116-i1 HOOETIBCHKUI THXICHD Y
CrokronbMi po3novaBcst 2 KOBTHsI 3 oronomeHHs HoOeniBChbKUM KOMITeTOM Hpu
KaponincbkoMy MeIMYHOMY IHCTUTYTI iMeH JaypeatiB HoOeniBchkoi mpemii 3 ¢i-
3iomorii 1 MmeaunuHU. CITIUCOK HOMIHAHTIB Ha TIpeMito MicTuB 361 iM’s BUYCHHX, SIKi
3poOuIM HaliBaromimi BiAKPUTTS B Ll ramy3i. 3a yMOBaMH 3aroBIiTy 3aCHOBHHKA
HoOGeniBchKkoi ipeMii mBeIchKOro MianpueMIls 1 BuHaxigHuKa Anbppena Hobens
(1833—1896) 11e#1 CIMCOK TPUMAETHCS B CEKPETI 1 MOXKe Oy TH OTIPHITFOTHEHHH T1JTb-
ku uepe3 50 pokiB. Hanepenonui oronomenns pimenHs HoOemiBcbkoro komiteTy
BiloMa cBOoiMHU TiporHozamu kommanis Clarivate Analytics, sika HEIIOJaBHO BiJ0-
kpemuitacs Big Thomson Reuters, Ha3Baia HailiMOBIpHIIIKUX TpeTeHACHTIB Ha Ho-
OemiBchKy mpeMito 3 dizionorii Ta Mmeaunmau 2017 p. [To-niepmre, e JIstoic Kenti
(Lewis C. Cantley), nupexrop Llentpy paky Cannpu i Enyapna Metiep npu Me-
muaHiit mxonti Koprenscbkoro yrisepeutery (Weill Cornell Medicine) y Hero-Hop-
Ky (CHIA), sikuii BimkpuB cUrHaibHUM 1UsiX (ocdoinozutua-3-kinasu (PI3K) i
3’siCyBaB HOTO POtk Y pocTi myxunH. [lo-1pyre, IMOBIpHUM KaHIMIATOM Ha IIPEMIIO
HasBanmu Kapna ®@picrona (Karl J. Friston), mpodecopa Llentpy Helipoisyamizartii
Wellcome Trust npu YHiBepcuTeTcbkoMy Komnemxki [1lopiune oromomienns naypearis
HoOGeniBchkux npeMiii 6e3 mepeOUTbIIICHHS € HalOLIbII OYiKyBaHOO TIOIEI0 y Ha-
YKOBOMY CBITi, sIKa 3aBKIH ITPUBEPTAE 10 ceOe MUIbHY yBary BChOTO CYCIITBCTBA.
I{poro poky 116-ii HOOeNMiBChKHIA THOKICHD Y CTOKIOJIBMI PO3IIOYaBCs 2 JKOBTHS 3
orosonieHHss HoOemBchbkuM KomiTeToM Ipu KapoiHChKOMY METUIHOMY iIHCTUTYTI
imen naypeariB HobGemniBebkoi mpemii 3 ¢izionorii i Meauian. CIECOK HOMIHAHTIB
Ha TpeMiro MicTuB 361 iM’sl BUCHUX, sKi 3pOOWIIM HAWBaromiln BIAKPUTTS B il
raysi. 3a yMOBaMH 3amoBITy 3acHOBHHMKa HoOenmiBCchKoi mpemii MIBEIChKOTO ij-
npueMIls 1 BuUHaxigHuka Anbppena Hooens (1833—1896) 1ieit criucok TpuMaeThes
B CEKpETi 1 MOXke OyTH OTPYITFOMHEHHH TiTbKK uepe3 SO poKiB.

Hanepenomni oronomenHs pimeHHs HoOenmiBCbKOTO KOMITETY BiZioMa CBOIMHU
nporHo3amu kommanis Clarivate Analytics, sika HEIIOAaBHO BiJIOKPEMHJIACS BiJl
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Thomson Reuters, Ha3Bama HailiMOBiIpHIIIMX TpeTeHIeHTIB Ha HoOemiBCchKy mpe-
Mito 3 (hiziosorii Ta meaunmau 2017 p. [o-nepme, e JIstoic Kentmi (Lewis C. Cant-
ley), mupexrop LlenTpy paky Canmpu i Exyapma Meitep npu Meauuniit mkomi Kop-
Henbebkoro yHiBepeutery (Weill Cornell Medicine) y Heio-Hopky (CILA), siknit
BIIKpUB CUTHaIBHUH NULIX hochoinozutun-3-kinazu (PI3K) i 3’sicyBaB #oro poib
y pocti nyxsmH. [lo-mpyre, WMOBIpHIM KaHAMIATOM Ha TMpemiro Ha3Bamu Kapia
@picrona (Karl J. Friston), mpodecopa Lleatpy netiposizyamizarii Wellcome Trust
mpu YHiBepcuTeTchbkoMmy Koiemxki Jlonmona (Benuka bputanis) 3a #ioro 3HauHU
BHECOK y METOJIY aHaJIi3y 300pa’keHb MO3KY, B TOMY YHCIIi 300pakeHb, OJCpKAHIX
3a JIOTIOMOTOI0 MarHiTHO-pe3oHaHcHOi Tomorpadii. I[Torpere, HoGemiBebky mpe-
Mmito moru 6 orpumaru FOanp Yan (Yuan Chang) ta 1i gonosik I[larpik Myp (Pat-
rick S. Moore) 3i mkonu meaunuau [litcOyp3pkoro yHiBepcutety (IleHcmibBaHis,
CIIIA) 3a BinkputTs Bipycy reprecy monuau 8 (HHVE abo KSHV), mo Bukimkae
capkomy Karomri — 31mosikicHe HOBOYTBOPEHHS LIKipH, ke TparisieTsest y 40—60 %
mozaeit 31 CHIJom [1].

Kpim toro, 6araro xro, 30Kkpema i aBTOpHW CTaTTi, 04iKyBaB, 10 HoOemiBChKy
MIPEMII0 TaJyTh 3a BIIKPUTTS TEXHOJIOTII penaryBanHs reHomy metonom CRISPR/
Cas. Lleit MeTO BIZKPHUB YHIKAIbHI MOYKJIMBOCTI JIJIs1 TOYHOTO, ITBUIKOTO 1 JIETIIEBO-
TO BHECEHHS 3MiH y TeHOM (gene editing) mpakTU4IHO OyIb-IKHX OpraHi3MiB i, 3po-
3yM1iJI0, MOXe OyTH BUKOPHCTAHUN Y MOJICKYJISIpHIA MeTUIMHI (TeHHi# Teparii) Ta
y cydacHux OioTexHomorisx. [{lumn BueHnMu Mmoriu Oyt Hacammiepen JxeHHidpep
Hynna (Jennifer Doudna) 3 Kamidopsiiicekoro yHiBepcutety B bepkii (CIIA) Ta
¢dpanmy3bka gocniganns Emmanyens Hlaprertee (Emmanuelle Charpentier), sika
npamroe B [HcTuTyTI iHekuiHoi 6iomorii ToBapucTBa Makca [1nanka (bepmin, Hi-
MeuunHa) Ta YHiBepcuteTi Ymeo (LLIBerris).

OpHak i IHOTO POKY MPOTHO3M EKCHepTiB He crpapaummcs. Jlaypearamu 108-
i HoGemniBcrkoi nipemii 3 ¢iziomorii Ta Mmeaumman (212—214 3a paxyHKOM) CTaH
Tpoe amepukanchkux ydeHux: [Lxeddpi Xomn (Jeffrey C. Hall), Maiiki Pocoam
(Michael Rosbash) Ta Maiikn dur (Michael W. Young). Cexperap HobemniBchkoro
KoMiTteTy 3 ¢izionorii Ta menuau Tomac [lepimann (Thomas Perlmann) oromocus
MOTHBYBaHHSI PIIlIEHHS PO HATOPO/KECHHS: BUEHI OYIIH YIOCTOEHI Ii€T PECTHKHOT
Haropojx «3a BIIKPHUTTS MOJEKYIIPHUX MEXaHi3MiB, 1110 KOHTPOJIIOIOTh IUPKATHUN
puTM». 3rigHO 3 0DIMIHHAM TIPEC-PelTi3oM, JIaypeaTH «3MOIVIH IPOHUKHYTH BCepe-
JMHY «010JIOTI9HOTO TOAMHHUKA» Ta BU3HAYUTH BHYTPINIHI MeXaHi3MHU Horo po0o-
TH. IX BiIKPUTTSA PO3KPHUBAIOTE, SK POCIUHM, TBAPMHH Ta TIOIH CHHXPOHI3YIOTh CBOI
OiooriuHi pUTMU 31 3MiHaMH, 1o BigOyBaroThes Ha 3emuti» [2]. LlepemoHnis Haro-
POIDKEHHS JiaypeariB BimOymeThes 3a Tpaauimicro 10 rpyaas y CTOKroasMi B IeHB
cmepti Ansdpena HoGens. Kopons [Benii Kapn XVI I'yctaB Bpy4nTts naypearam
JUTUTOMH Ta 30JI0Ti MeJai, CTBOPEHI MIBEACHKUM CKyabnTopoM Epikom Jlinabep-
rom, a HactynHoro aHg HoOemiBchbkuit GoHT mepekaxke rpomri Ha iXHI OaHKIBCBHKI
paxyHKH. Y 3B’S3Ky 3 MaIiHHAM KypCy IMIBEACHKOT KPOHH OYIIO IPUHHATO PIlICHHS
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mpo 30inbireHHs B 2017 p. po3mipy HoGemiBebkoi ipeMii 3 8 10 9 MITH mIBeIChKHX
kpoH (1,12 ma mon. CIIIA).

XT0 % 11 Jiroan, sskuM 'y 2017 p. motamanuino orpumati HobemiBChKy mpemiro 3
¢izionorii Ta MeaUIIUHA?

ﬂoxecﬁcfpi Xonn (1945)

72-piunnii 3aciyxkeHuil npodecop Oiororii y Biacrasui Ixedpdpi Konnop
Xouu (aurn. Jeffrey Connor Hall) npamoBaB y CIIIA B bpanneiicbkomy yHiBep-
cuteti B Yontemi (mrar Maccauycerc) Ta YHiBepcuteTi Mena B Opono (mrar
Men). Jlxeddpi Xomn Haponues 3 Tpasus 1945 p. y Hero-Hopky B cim’i penop-
Tepa areHTcTBa Associated Press 3 bpykiina, [uTHHCTBO TIPOBIB y nepenMicti Ba-
muHrToHa (okpyr Komymo6ist). ¥V 18 pokiB BiH BCTYIUB 10 AMXEPCTCHKOTO KOJIEHKY
B Maccauycerci, ae 37100yB cTymiHb OakanaBpa. Jxeddpi miaHyBaB MpUCBSITH-
TH cebe MeIMIIMHI, OJHAK T Yac HaBYAaHHS B KOJIE/DKI 3alliIKaBUBCS I€HETUKOIO.
[lepuum #ioro Buntenem 6yB @imin IB3 (Philip Ives), yuens renernka Ansdpena
CrepreBanTta (Alfred Sturtevant). IB3 nepenas Xomny cekpeTu poOoTH 3 1po30di-
JaMU — HaUMOMyJsIpHIIINM MoJeIbHUM 00’ ekToM Tenetuku. Ilizuime [xeddpi
Xou ofeprKaB CTyMiHb MaricTpa y Bammurroncbkomy yHiBepcureti B CieTi (mrar
Bamunrron) 1 6yB pekoMeHA0BaHUM 10 BCTYIy B acHipaHTypy IMpH BiAILTI TeHe-
TUKUA ILOTO YHIBEPCUTETY, JIe MpaloBaB mij kepiBHULTBOM Jlopenca Cenniepa
(Laurence Sandler). ¥ 1971 p. Jlxxeddpi Xon 3aXuUcTUB JUCEpTAIliio i movas mpa-
mroBat B naboparopii Ceitmypa benzepa (Seymour Benzer) B Kanidopniiicbkomy
texHonoriyHomy iHcTUTyTI (ITacamena, mrar Kamidopwnis). 3 1974 p. i no Buxo-
ny Ha nencio y 2008 p. BiH mpamtoBaB y bpanneiicskomy yHiBepcuteTi (Yourem,
mrar Maccauycerc), y 2004—2012 pp. 3a cymicHUIITBOM — B YHiBepcuTeTi MeHa
(Opono, mrar Men). Jlxeddpi Xoim HArOpo/HKEHUH METaII0 AMEPUKAHCHKOTO
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TEeHETUYHOTO TOBApPUCTBA, € wieHoM HamionampHoi akamemii Hayk CIIIA (2003),
Horo Big3HaueHo mpeMieto [pydepa B ramysi Heitpororii (2009), mpemiero Jlyizu
I'pocc Xopgin Konymb6iiicekoro yriBepcutety (2011), mpemiero Meccpi YHiBepcH-
tety IliBnennoi Kamidoprii, MibkHapogHOIO TipeMi€io KaHaachkoro ¢pormy Gairdner
(2012), a Taxox mpemiero [1lao B ramysi Hayku mpo >KATTSA Ta MexuiuHu (2013).
3apa3 Jxeddpi X0t mpoxkuBae y CUIbChKIH MicieBOCTI mraty MeH. Bin 3anmumms
HayKy «depe3 Opak (piHaHCyBaHHS Ta 30UIBIICHHS IHCTUTYIIHHOT Kopyrtii». Kor-
T Bix HoGeniBchkoi mpeMii miaHye nepenaru OnaromiiHii opraHizaiii, sKa paTye
JOMAaIIHIX TBAPHH BiJl IOBEHEH, CIPUYMHEHNX yparaHaMH.

Maiikn Pocoaw (1944)

73-piunanii podecop Maiika Moppic Pocoam (anrn. Michael Morris Ros-
bash) npamtoe y CHIA B bpanneiicekomy yHiBepcuTeTi B Yonrtemi (mrar Maccady-
CETC), a TAKOXK € JoCIiTHIKOM Meauunoro iHCTUTYTY [oBapaa X 103a y Uesi Yeiisi
(trrar Mepinenn). Maiikn PocGamr HapoauBest 7 6epesns 1944 p. B Kanzac-Citi
(mrrat Miccypi) B ciM’1 €BpelichbKHX OIKEHIIIB, K 3aUIIMIN HAUCTChKY Himeu-
yuHy B 1938 p. barbko Maiikna OyB cMHaroraJbHUM KaHTOPOM, @ MaTH — ILIUTO-
natojoroM. Konu XJIOMYMKy BUIIOBHUIIOCS 2 POKHU, pOJIMHA nepeixana 10 bocTtoHa
(mrtatr Maccauycerc), a B 10 pokiB BiH BTpaTuB 06aTbka, IKAi IOMEP BiJl CEPIIEBOTO
Hanaay. Maiikn PocOamn mimaHyBaB cTaT MaTeMaTHKOM, aje Micist Kypey Oioforii
B Kanmigopnilickkomy texnonoriunomy iHctutyTi (Ilacamena, mrar Kanidopnis)
Ta JIITHBOI MpakTHKU B Jaboparopii Hopmana Jlerincona (Norman Davidson) 3mi-
HUB cBOi HaMipu. PocOarmn 3akinuuB KaniopHiiicbkuil TEXHOIOTIYHUNA 1HCTUTYT Y
1965 p. 31 ctynenem 3 xiwmii. 3a paxyHok ctunenii @ynbpaiita BiH YIIPOAOBXK POKY
cTaxkyBaBcsl y Dizuko-ximiuHOMy 1HCTUTYTI Oionorii B [Tapmxki i B 1970 p. 3100yB
ctyninb PhD 3 Giodizuku B MaccauyceTcbkoMy TEXHOJOTTYHOMY iHCTHTYTI. Ilic-
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IS TPHOX POKIB JOKTOPAHTYPH B Tay3i TeHETHKU B EMnHOYp3bKOMY YHIBEPCHUTETI
(Bemuka bpuranis) Poc6am y 1974 p. mouaB mpairoBaT Ha ¢axyinsreTi bpanmeii-
CBKOTO YHIBEpCHTETY, Nie mo3HaiioMuBcs 3 Jxeddpi XommoMm, sIKuil cTaB HE JIHIIE
CIIBaBTOPOM HOTO HAYKOBHX MOCHIIKEHb, a i npyrom. Y 1980-x pokax PocoOam
ONPY’KUBCS 31 cBO€TO acmipanTkoro Hanero A6osud (Nadja Abovich), HuHi Mae 1Box
JopociuX aiTel: moHbKy TaHio Ta macepoumro Ilaymy. Maiikn Pocbam € qupekro-
poM HamioHnanbHOTO IIEHTPY TOBEIIHKOBOT TeHOMIKH bpaHIeichKOTO YHIBEpCHUTETY,
a3 1989 p. — me it mociimankoM Meamanoro iHCTUTYTY [0Bapma X’ 103a y Uei Yeii-
31 (rat Mepinenn). KpiM Toro, BiH € CIiB3aCHOBHHKOM Ta WICHOM HAayKOBO-KOH-
cynbTaTuBHOI paau kommadii Hypnion Inc. — nowipasoi kommawnii Eli Lilly, mo 3a-
HWMa€EThCS pO3pOOJICHHSM JTIKIB MPOTH PO3JIAJIiB IEHTPATHLHOI HEPBOBOI CHCTEMH, a
TaKOX JOKIIIHIYHOIO MEPEBIPKOIO JIKIB MIONO IX 3JaTHOCTI BIUTMBATH HA MPOIECH
CHY, TIOPYIIYBaTH AP KaJIHI PUTMU Ta BUKIMKATH 3BHKaHHA. Maiikn PocOam OyB
HArOpODKCHHI TTPEMI€I0 JUTS PO3BUTKY HayKoBO1 Kap’epu HarioHaapHOTO 1HCTHTY-
Ty 310poB’s (1976—1980), mpemiero 1 BuAaTHUX BUMyCKHUKIB KaidopHilicbko-
ro TeXHOJIOTigyHOTO iHCTUTYTY (2001), mpemiero B ramy3i xporobionorii «IIpaBuio
Amodda» (2008), mpemiero ['pybepa B ramysi Heiiposnorii (2009), mpe miero Jlyizu
I'pocc Xopginy KomymoGiticekoro yHiBepcutety (2011), MibkHapogHOIO TIpEeMi€lo Ka-
Hazachkoro Gouay Gairdner (2012), mpemiero Meccpi YuiBepcutery IliBnennoi Ka-
midopHii (2012), XII mopiunoro mpemicto pormy Wiley B ramy3i 6i0MeTUIHUX HAYK
(2013) Ta mpemieto [lao y ramysi Hayku mpo KHUTTA Ta Meauiuau (2013).

Maiixn Ane (1949

68-piunnii npodecop Maiika Yoppen SIur (aurin. Michael Warren Young) npa-
uroe B Pokdemnepiscskomy yuisepeureti y Heto-Hopky (CILA). Bin Hapoauscst 28
oepesns 1949 p. B Maitsami (turar @opuia). Moro 6areku Oyiu fgaieki Biji HAyKu:
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0aTpKO TPAITIOBAaB y KOMIAHIT 3 IPOIaXy aJIFOMIHIIO0, MaTH — CEKpETapeM B FOPUIIY-
Hiii ¢ipmi. OmHAK BOHM MIATPUMYBAIM IHTEpEC XJIOMUYMKa 0 Haykn. Came 3 KHH-
ru JlapBiHa, mogapoBaHoi Oarbkamu, MalKiI Ji3HABCS MPO ICHYBAaHHS 3araJKOBOTO
«010JTOTIYHOTO TOAMHHUKA)» 1 3aIliKaBUBCS IIE€I0 TEMOO. 3roIoM CiM’s Tiepeixana
B Jlamnmac (mrrar Texac). Y Texacekomy yHiBepcureTi B Octini B 1971 p. Maiikn
Sur 3100yB cTymiHe O6akanaBpa 3 6ionorii, a B 1975 p. — HOKTOPCHKHN CTYIIIHB 3
TeHEeTUKH. 3TroZIoOM BiH TepeimioB 10 Meananoi mkomu CTeHPOPACHKOTO YHIBEp-
cutery (mrar KamidopHis), a yepes nBa poku (y 1978 p.) — no PokdennepiBchkoro
YHIBEPCHUTETY B HB}O-I7IopI<y. Jlesiknii 9ac mpaltoBaB TakoXK Y MeTUIHOMY KOJIEDKi
Eitnmreitna B Heo-Mopky. B 1984 p. oTprMas 3BanHs no1enTa, B 1988 p. — npode-
copa, y 2004 p. #ioro Oyiio mpu3HAYCHO BIlle-TTPE3UACHTOM 3 MUTAaHb aKaJIeMITHIX
cnpaB PokdermrepiBcrkoro yHiBepcutety. Y 2007 p. BiH ctaB wieHoM HamioHasHOT
axagemii Hayk CIIA i AmepukaHchkoi akagemii MikpoOionorii. Matikn SHr Haro-
pomxkenuit crunienaiero @ouny Anape ta bemmu Metiep (1978), npe mieto IliTen-
npira/Amodda Bix ToBapucTBa mocmikeHb Oiomorigaux putMis (2006), peMieio
I'pybepa 3 Heitpororii (2009), npemiero Jlyizu I'pocc Xopsin Komymoitickkoro yHi-
Bepcurety (2011), mpemiero Meccpi YuiBepcurety IliBnennoi Kamidopnii (2012),
MDKHApOIIHOIO TIpeMi€ro KaHaachkoro ¢pouay Gairdner (2012), mpemieto [ao y ra-
Ty3i Hayk# 1po kutTTs Ta Meaumuan (2013), XII mopivnoro npemiero pouxy Wiley
B raiy3i 6iomennuHux Hayk (2013). Ille B Texacbkomy yHiBepcuTeTi Maiiki 3ycTpiB
cBoro MaioyTHIO npyxkuny — Jlopen Exxapar (Laurel Eckhardt), sika 3apas € mpode-
copoM Gioorii B XanTepchkoMy koremki Yuisepentery Horo-Mopka. Boru MaroTh
JIBOX TOHBOK — Harai Ta Apiccy.

[o x came BimkpwiIH IbOropivHi Jaypearn HobemiBcrkoi mpemii 3 diziomorii
Ta MenuiuHU? [ 1110 B3arasi Take MUpPKaTHIN PUTM Ta «O10JI0OTIYHUI TOAMHHUK ?

[Mupkamui putmu (Big jar. circa i diem — «HaBKOJO THS» ab0 «IPOTATOM
JTHS») — T1e TIUKJTIYHI KOJTMBAHHS IHTEHCUBHOCTI O10JIOTIYHHX MPOIIECIB 3 TIEPiOInY-
HICTIO ONMU3BKO 24 T07, sIKa BiAMOBiTaE yacy oOEpTaHHS HAIIOi TUTAHETH HABKOJIO
CBOE€1 OCi Ta IMOB’s13aHa 3 MPOIIeCOM 3MiHM JHA 1 HOdi. [{upkaaHi puT™Mu ipuTaMaHHi
BCIM Oprasizmam, 10 *XKHBYTh Ha IIAHETI 3eMiIst: OakTepisM, TpUOaM, pOCIHHAM,
TBapHHAM 1 JTFOMUHI. SIKII0 oprani3m mo30aBUTH MOKITUBOCTI BiI9yBaTH 3MIiHY JTHS
1 HOYi (B yMOBax €KCIIEpUMEHTAIILHOT JTaboparopii a00 MOISIPHOT HOYi Ta MOJIIPHO-
TO JTHS), BiH Bce OHO Oyze BiATBOPIOBATH MUPKAIHHUA PUTM 3 TI€I CaMOIO TEepio-
JMYHICTIO, 30epirarouu YiTKUHA PEKUM CHY Ta HECIaHHSA. biopuTMu MOXyTh OyTH
OB’ s3aH1 HE JIIIE 3 TOOOBUMH, a i 3 MICTYHIMH Ta CE30HHUMU 3MiHAMU. Y Pi3HI
MOPY POKY TPHBAIICTH CBITIIOBOTO JTHS Pi3HA, IO CIIOHYKa€e OI0OpUTMH 3MIHIOBATH-
cs1, T UTaIITOBYFOYHCH TTiJ] IEBHY TTOpY pOoKy. Hampukian, neski TBapyHH 1 pOCINHA
B3MMKY BITQJal0Th Y CIUITYKY YU aHa0i03.

CdhopmyBanocst ysBICHHS TPO CKIAIHUNA MOJCKYISIPHUA MeXaHi3M — «010-
JIOTIYHUIA TOJVUHHHK», SIKUH Kepye 3MiHaMH pPO3YMOBOi aKTHBHOCTI, IOBEIIHKH,
TEeMIIepaTypH, CEPLEBOTO PUTMY, KPOB’SHOTO THCKY, CKJIaay KpOBi, KOHIIEHTpaLii
TOPMOHIB (30KpeMa, KOPTHU30ITy, IHCYITiHY Ta MEJIaTOHiHY), 0OMiHYy PEYOBHH TOIIO.
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[Tprgomy B pi3HHX OpraHax i CHCTeMaX MaKCHMajbHa aKTHBHICTH CIIOCTEPIra€Th-
cs B pizHUHA wac. Hampuxiran, mik ¢i3ndHOi aKTHBHOCTI Y JIIONWHU TMPHUIANA€E Ha
paHHi# Bedip, a pi3Kuii CTPUOOK KPOB’STHOTO THCKY — Ha paHHIN PaHOK (caMe TOMY
BpaHIIi CepIIeBl HAIMAIU Ta IHCYIBTH TPAIUIFOTHCSI B 2—3 pa3u YacTilie), a TOpMOH
pocTy BUpOOIISIEThCS JTHIIE pa3 Ha 100y, y (a3i HiuHOTO CHY. Ha poboTy 11boro «ro-
JUHHUKA» MOXKYTh BIUIMBATH 30BHIIIHI YUHHUKH, TOJIOBHUM 3 SKHUX € CBiTIO0. CIrift
HarOJIOCUTH, 1110 3aBISKH «O010JOTIYHOMY TOJUHHHKY» JKUBI OPTaHI3MH HE TIPOCTO
pearyroTh Ha CXiJI COHIIA, a 31aTHI nepeadadatu oro [3].

JlromcTBO 3HANO MPO iCHYBaHHS OIOPUTMIB 3 JaBHIX-IaBeH. 3raJKu Mpo Tepi-
OJIMYHICTH SIBHII )KUBOI MPUPOIIN TPAIIISIOTHCS 1€ B poboTax ['inmokpara 1 Apuc-
TOTEJIsI, @ BIEPIIE MPO MUPKAJHI PUTMH y KUBUX OpraHi3MiB 3raJyeThcsi B po0o-
Ti Auapoctena (325 p. 10 H.e.) — BUCHOTO, SKWUH CyNnpoBOmKyBaB OlekcaHapa
MaxkeoHCHKOTO B TIOXOJaX 1 CIIOCTEpIraB 3MiHY IMOJIOKCHHS JIUCTS Y TaMapuH/A,
abo iumiiicekoro ¢inika (Tamarindus indicus), mpotsrom musa. [lepmmii excnepu-
MEHTAJIBbHHUN JI0Ka3 iCHYBaHHS «BIMYYTTS Yacy» y JKHBUX ICTOT OyJ0 OTpUMaHO B
1729 p. dpanmy3skum actpoHoMoM JKan-XKakom ne MepaHoMm, SIKUil criocTepiraB
32 PUTMIYHUAM 3TOPTAHHSAM 1 PO3KPHUTTAM JIHCTS MiMo3u (Mimosa pudica) B ymo-
Bax I11J101000BO1 BiZICYyTHOCTI CBiTiIa, a B 1834 p. Bimomuii mBeWnapchbkuii 00TaHiK
OrrocteH Jlexkanmoms BU3HAYUB, M0 TIEPIO PYXiB JUCTS MIMO3U KOPOTIIHH 3a 00y
i cranoBuTh 22—23 ton. Y 1880 p. Uapns3 [apsin i fioro cua ®@peHcic 3poomn
MPUITYIIEHHS PO CTAKOBY IPUPOLY HUPKATHUX PUTMIB 1 €KCIIEPUMEHTAIBHO J10-
BEJIM HOTO, CXPEIIYF0YH POCIUHYU KBACOII 3 PI3HUMH MIEPi0aMy [IUPKATHIX PUTMIB
(y TiOpuaiB TOBKHHA TIEPiOAy BiApi3HSIIACS Bill JOBKUHH IEPioay B 000X OaThKiB)
[4]. EEmoreHHy npupoay MUPKaTHUX PUTMIB OyJI0 OCTAaTOYHO IiATBEPIKCHO BUe-
HuME 3 Yriepcutery Hpio-Hopka B 1984 p. y mocmizax 3 rpudamu Neurospora
crassa, MpoBEIEHUMH B KOCMOCI [5].

OpHak sIK caMe BJIALITOBAHMH 1€l TOYHUN «TOAMHHUKOBHM MexaHi3m»? Lle 3a-
JIMIIAIOCS 3araKO0 MPOTIToM 0araTboX CTOMITh.

JIume B 1960-x pokax po3noydanocsi aKTUBHE BUBYEHHSI MOJIEKYJISIPHOTO MeXa-
HI3MYy «010JIOTIYHOTO TOXMHHUKaY». ¥ 1969 p. BUeHHI PyMYHCBHKOTO TTOXOKEHHS
®pann Xanbepr (Franz Halberg) 3 MinHecoTchkoro yHIBepcuTeTY B MiHHEamodici
(CIIA) 3amporoHyBaB Ha3BY «XpPOHOOIONOTisH) M1 HAyKH, IO BHBYAE ITUPKATHI
putmH [6], i cTraB omHUM 3 ii GpyHmaropi. Hesmossi, B 1971 p., y miii ramy3i Oyio
3po0IeHO 3HAYHUI MPOPUB, 1 3aiicHnn ioro Ceiimyp bensep (Seymour Benzer) 3
KamidopHniticekoro TexHosorignoro yaiBepcutety B [lacaneni (CLIIA) ta #oro cry-
JISHT clioBarbKkoro noxomkenns Ponanbn Kononka (Ron Konopka). Crocrepiraro-
9H 32 KUTTEBUM LUKIIOM IUIOJIOBUX MYIIOK — Apo30¢in, KoHonka BUSBUB MyTaHT-
HUX MyX 3 MOPYIICHUM IMKJIOM (BKOPOUYEHHUM, MOIOBKEHIUM a00 anepiogudHiM).
JIOCTiAHUKY TIPHITYCTHIIN, TIO IIi TOPYIICHHS] CIPUYMHEHI MYTAIli€l0 B MEBHOMY
reHi period, a0o ckopodeHO per, 1 BUSBWIH 1iei reH B X-xpomocomi [7]. LlikaBo, 1o
Ceiimyp bensep OyB (hi3uKoM 3a OCBITOO i yCITIIITHO TTPAIIOBAB Y TaTy31 HaIliBIIPO-
BIJIHUKIB, aJie, 3alliKaBUBIINCh TEHETUKOI0, B 1950 p. BIIKPHB HOBUI METOI PEKOM-
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Oinarii 6akTepiodaris, a B 1961 p. pazom 3 @pencicom Kpikom 0BiB TPUILIETHICTH
TeHeTUYHOTO Koxay. Ha xainb, Bin momep y 2007 p., Tak i He JOYEKABIINCH HOOEIIB-
CHKOi HArOPOJIH 3a JKOJHE 31 CBOIX BETMKUX BiIKpUTTiB. PoHasn KoHomka momep y
2015 p. i Takox He Mir mpeTeHayBard Ha HobGemBehKy ipeMiro. ToMy 1IbOTOPIYHOIO
npeMiero OyJI0 HarOpOHKEHO BUCHUX, SIKi 3pOOWIIN IPYTHH, TIPOTE HE MEHII BayKJIH-
BHI KPOK Ha IUIAXY 10 PO3KPUTTS TAEMHHII «O10JIOT1YHOTO TOMUHHUKAY.

VY 1984 p. dxeddpi Xomr i Maiikn PocOamr, siki npaitoBanu B bpanaeiicbkomy
yHiBepcuTeTi B YouTemi, KJIOHYyBaJIX TeH period i BU3HAYWIA HOTO HYKJICOTHITHY
mocmiIoBHICTH [8]. Pazom 3 Poransaom Koromkoro 1 koneramu 3 MaccadyceTchKoro
Ta Heto-Mopkchkoro yHiBepcHTETiB BOHH BHALTIIN (QyHKIIOHATBHY YaCTHHY FeHa
per, KIIOHyBaJIH 11 B 0aKTepisiX, a MOTiM BCTABWIIM 32 JOTTOMOTOIO IIJ1a3MiTHUX BEKTO-
piB MyXaM 3 MyTaIlisIMH B T€Hi per. Y pe3yibTari 0yiio OTpuMaHO MyX 3 HOpMaJTbHUM
nupKagHuM puTMoM [9]. HesanmexxHo Bin HEX y ToMy camomy 1984 p. 1ie 3poOuB i
Maiixn ST 3 Pokgennepiscskoro yaiBepeurery Hoio-Fopka [10]. Y 1990 p. yuers
Pocb6ama ITon Xapnin (Paul E. Hardin) moMiTHB IWKIII9HI KOJMBAHHS TPOTITOM
no6u MPHK rena per, siki BitOyBaimcs 3 IEBHUM 3CYBOM Yy 9aci BiTHOCHO KOJIMBaHb
piBHs nporeiny PER, 110 3pocTaB mpoTsroM HOdi (ITPOTETH CHHTE3YBaBCS) Ta 3HH-
’KYBaBCS BIPOIOBXK THS (TPOTEiH pyHHYBaBCS i BIUIMBOM TEBHUX (DaKTOpiB, y
ToMy uucii cBiTia). [le cnocrepeskenHs mo3Bomio Xomty i1 Pocbarnry npumyctutu
ICHYBaHHS TIETJII 3BOPOTHOTO 3B’SI3KY, 3aBISAKH SIKil CHCTEMa PEryioe cama cebe:
komu nipoteiny PER Hakommuyerbest HanTo Oarato, BiH OJIOKY€ aKTHBHICTBH BJlac-
Horo reHa i mpunuHse cuate3 MPHK ta npoteiny PER [11]. Lle Oyno myxe Bax-
JIUBE BIIKPHUTTS, OCKUTBKH, SIK BUSBUIIOCS ITi3HIIIE, HA MPUHIIMITI ITETIIi 3BOPOTHOTO
3B’SI3Ky TPAHCKPHUIIIIT/TPaHCIAIIT MOOYTOBAaHO PETYIAII0 pOOOTH 1HIINX, TOMI II1e
HEBIJTOMUX KOMITOHEHTIB «010JIOTIYHOTO TOJMHHNUKA» Y OLIIBIIIOCTI BHIIIB )KHBHX Op-
rari3miB. Y 1992 p. Xomr i Pocbam oTpumanyu miaTBEpIKSHHS CBOET TIITOTE3H, BH-
SIBUBIIIM 32 JIOTIOMOTOO IMYHOIIUTOXIMIYHIX METOIB Hakomn4deHHs mpoTeiny PER
MIPOTATOM HOYi BCEPEINHI KIIITUHHOTO siapa [12].

Opnak Oyo abCOMOTHO HE3PO3YMLIIO, SIK el MMPOTETH MOTPATUISE B AP0, AIKE
BiH CHHTE3YEThCSI B muToIUIazMi? BiamoBins Ha 1e nutanHs B 1994 p. 3HaimioB
Maiikn SIHT, sIKuit BiIKpUB HOBHUH TeH timeless, MyTallii B SkOMy BIUTHBAJIA Ha J10-
00Bi pUTMHU aKTUBHOCTI Apo3odin [13]. BusBuiocs, mo npoaykrt mporo rera TIM
yTBOpIO€ KomIuieke 3 mpoteinom PER, 3axumiae #ioro Bix pyliHyBaHHS 1 3a0e3meuye
noctaBky B sipo [14]. Kpim Toro, mpotein TIM cam 3mateH pyiHyBaTHCS 1111 BIUIH-
BOM CBITJIa, IO CIIPHSE TMPUCTOCYBAHHIO XKUTTEBOTO ITUKIY 110 3MIHU JTHS 1 HOYI
[15]. Axum >xe yrnrOM niporeinu PER 1 TIM 61okytoTh B siipi reHu?

L1e cTaso 3po3ymisum micist Toro, K y 1998 p. Xomr 1 Pocbam Binkpwmm y npo-
30¢inu reHu TpaHckpuniiitHux dakropis clock [16] 1 cycle [17]. Cmin 3ayBaxuTH,
1o TeH clock BusiBUB y Muti Ha pik panime J[xo3ed Takaxamri (Joseph Takahashi)
[18]. IpomyxTn mux reniB CLK i CYC yTBOPIOIOTh KOMIUICKC, SIKH 3B’ I3y€THCS 3
neBHOO mociinoBHicTIO E-Box (Enhancer Box — CACGTG) y npomoTopax reHiB
period, timeless (i, sk BUSBHIJIOCS Ti3HIIIE, 0ararboX HIIUX MUPKATHUX TEHIB) Ta
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cTuMyITtoe X Tpanckpurmiito. Kom komruieke mpoteiniB PER 1 TIM morpamuise B
A1po, BiH 01okye TpanckpuniiitHi Gpaxropu CLK i CYC, 1o npuBoauTh 10 iHTi0Y-
BaHHS TpaHCKpHUMIIii reHiB period i timeless. [lo pedi, pons mociigoBHOCTEH E-Box
B akTHBarii rena period y 1997 p. 3’sicysas [lon Xapmin [ 19], sskuii Tozi BXKe He mTpa-
mroBaB 3 Pocbamewm, a Bnepmie nociinoBHicTs E-Box BusBum B 1985 p. Cycymy
Tonerasa (Susumu Tonegawa), maypear HobeniBcrkoi mpemii 3 iziomorii i menu-
uuHU 1987 p., AKWii BIAKPUB TEHETUYHUNA TIPUHITUT TTOXOKSHHS Pi3HOMAHITHOCTI
anTHTiI, 1 Bontep I'inbepr (Walter Gilbert), maypear HoGeniBcbkoi mpemii 3 Ximii
1980 p. 3a BimkputTsa Metoxy cexkBenyBanus JJHK [20].

JHK [20]. ¥V 1998 p. Xomn i Pocbamn Takox BIIKpHIN y Apo30Qiin reH cryp-
tochrome, mo xomye mporein goropernentopa CRY, skuii pearye Ha CHHE Ta yilb-
TpadiojeToBe CBITIIO, 320€3MeUyI0YN THM CaMHUM HAJIXOKCHHS B MO30K iH(popMa-
1ii mpo ocBiTieHicTh 1 yac n06m [21]. CRY y mpucyTHOCTI CBiTJIa 3B SI3Y€THCS 3
mpotreiHoM TIM i cripusie #ioro mBuAKii aerpanaiii, ok TIM He moyHEe 3HOBY
Hakonmu4yBaTucs B TeMpsiBi [22]. L{ikaBo, 1[0 MUHYJIOTO pOKY KATAHChKi BUEHI 3a-
SIBHJTH TIPO BIAKPHUTTS Y 1po30¢inu mpoteiny MagR, sikuit B3aemoie 3 MOJIEKylIaMu
CRY, yTBOpIOIOYM MarHiTOYYTJIMBHIA CTPHKHETIOAIOHNN MYIIBTUMEPHUHN KOMILIEKC,
10 OPIEHTYETHCS B MAarHITHOMY TIOJI 3eMJIi IEBHUM YHHOM, SIBJISTFOYM COOOIO BHY-
TPIIHBOKTITHHHUN MarHiTHU# perentop [23].

Y Tomy camomy 1998 p. Maiikn Sur Binkpus red dbt (double-time), mo komye
nmpotein DBT (kazeinkinasy 1), sikuii, sik BusBuiocs, ¢pochopmiroe mpotein PER,
0 CTIpHUsie WOTO Aerpanaltii i 3armodira€ yTBOPEHHIO HAUTUIIKY IIHOTO MPOTEiHYy B
UTOILIa3Mi, a TaKoX 3abe3mnedye cTaOUIbHICTh JOOOBUX PUTMIB MPH MOPYIICHHI
3MIHH JTHS 1 HOY1, KOJHM TIOPYIIY€EThCS MUKIIYHICTh HaIXOMKeHHS ipoteiny TIM y
nutoriazmy. Kpim toro, nmporein DBT ynoBinpHIOE HakommueHHsS nipoteiny PER
JUTS TOTO, 00 «PO3TATHYTH» KOJTUBAILHUHN UK 10 24 Tox [24].

[Ticst bOTO BCi 3pO3yMITH, IO MEXaHI3M «O10JI0TTYHOTO TOMWHHUKAY CKIIaI-
HIIWHA, HIXK 31aBajocs crmodarky. OMuH 3a OHUM TIOYalld BiJKPUBATH HOBI T'€HH,
OB’ sI3aHi 3 MUPKaIHUMU puTMaMu: shaggy (mpoteinkinaza SGG, mo ¢ochopmtioe
TIM i perymtoe #ioro Tpancnopt y szpo) [25], casein kinase 2 (mporeinkinaza CK2,
o pazom 3 DBT docdopumroe PER) [26], vrille Ta PAR domain protein 1 (hak-
topu Tpanckpuniii VRI ta Pdpl, mo perymrorors Tpanckpuniiro CLK) [27, 28],
jetlag (mporein JET, mo 3a6e3neuye nerpanaiito TIM i CRY B mpoteacomi) [29] Ta
. Jlo peui, renu shaggy, vrille i PAR domain protein 1 6yn0 BiZKpuTO 32 y4acTio
nmaboparopii Maiika SHra.

OTxe, BUSBIIIOCS, IO B KOKHINM KIIITHHI OPTaHi3My € BIACHUH, TOCUTH CKJIaJI-
HUH «O10JIOTIYHUHN TOIMHHHKY, KU BIApaxoBye HOOOBUH UK. Ale sk Oararo-
KIIITHHHOMY OpTaHi3My BIA€ThCs MPAIIOBATH 371aropkeHo? SIK yCi i «TOIMHHUKI
CHHXPOHI3YIOTHCS 1 /1€ 3HAXOAUTHCS TOJIOBHUN 3 HUX — TOH, 110 3a/1a€ pUTM?

HecknagHo 3qoranarucs, Mo TOJ0OBHUHN «01070T1YHIM TOAMHHUKY 3HAXOIUTH-
cs y Mo3ky. Ille B 1970-x pokax Oyso BimoMo, IO Cylpaxia3maibHE SIpO TiMo-
TaJaMyca Ma€ CTOCYHOK JI0 Perysisimii CHY, 1 BHCIOBIIOBAJIOCS MPHITYIIEHHS, 10
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ICHYBaHHS Y TBapHH JIBOX ITiKiB aKTUBHOCTI (3paHKy Ta BBEYEpi) MOSICHIOETHCS PO-
0O0TOI0 TBOX OB’ SI3aHUX T€HEPATOPiB KOJMBaHb: paHKOBH reHeparop M (Bix aHIIL.
morning — paHOK) BiZITIOBIJIa€ 3a aKTUBHICTH BPaHIIi 1 TPUCKOPIOETHCS CBITIIOM; BE-
qipHiii rereparop E (Big aHmI. evening — Bedip) 3yMOBIIOE aKTHUBHICTH yBedepi i
cnoBUTbHIOETHCS cBiTIOM [30]. JImme gepe3 30 pokiB Oyi0 BCTAHOBJICHO, 1€ caMe
3HAXOUTHCS IEHTPAIBHUN «O10JIOT1YHUHN TOMUHHUKY 1 SIK BiH TIpaIlioe. SIK BUSBH-
nocsi, reneparop E — e nopcanphi 6iuni Hefiponu LN(d)s cynpaxiazmanbHOTO sapa
rinoraizamyca, a reHepatop M — 11e BiAMoBiHI BeHTpaabHI O0iuHi Hefiporn LN(V)s,
SIK1 € TOJIOBHUMHU 3aBJISIKH 3[IaTHOCTI I ITPAMYBATH IILIO000BUH IIUKIT Y TIOCTIHHIN
TempsiBi Ta cuHTe3yBaTH HeliporenTua PDF (pakrop mucnepcii mirmenTty) [31], o
BiJliTpa€e BaYKJIIMBY POJIb Y MEpelaBaHHI CUTHATY MK PI3HUMHU TpylaMu HEHPOHiB.
Ho peudi, PDF 6yno Bigkpuro y apo3odinm B 1998 p. y mabopatopii Ixeddpi Xomma
[32]. Omun 3 yunis Sura — Ixacria bray (Justin Blau) 3 Yaisepcutery Hoio-Hop-
Ka JTOCITIIUB CympaxiasMalibHe SApO TimoTaiaMyca JIMYMHOK IPo30(diiH, sIKe CKiIa-
JIAETHCS BCHOTO 3 6 HEHPOHIB, 1 TIOKa3aB, M0 M-KIITHHH BpaHIl aKTHBYIOThHCS 3a
yuactio iporeiny TIM i mepenaroTs 1ei CurHaI OJHa OHIH, a OTiM — E-KITiTHHAM.
VYBeuepi akTuBYyrOThCs E-Ki1i THHH, 1 Bce BinOyBaeThes HaBmaku [33].

3a Takoro oOMiHY CHTHaJlaMU «TOAMHHHUKI» B HEWPOHAX CHHXPOHIZYIOTHCS 1
CUTHAJ TIepeAacThCsl MIMIIKOMOMIOH I 3a71031 abo emidisy, sIKuil 1HOII HAa3WBAIOTh
«TPETIM OKOM», OCKUTBKH B ACSKUX puO, aM(iOiii 1 penTuiiii BiH po3TanioBaHui
Ha MaKiBIll 1 MOJKE OTpUMYBaTH iH(GOPMAIIIIO PO OCBITIICHICTh. Y CCaBIlB emidi3
3HAXOIUTHCS BCEPEIAMHI MO3KY, ajieé BCE OJIHO OTPUMYE CHTHAIH MPO OCBITICHICTh
4yepe3 30pOBi HEPBHU BiJl TAaHTIIO3HUX KIIITHUH CITKIBKH, IIO MICTATh (DOTOUYTIUBI
KPUIITOXPOMHI Ta MEJTAHOTICHHOBI perienTopH. [likaBo, o MemaHorcuH XpeOeTHIX
TBApHH 1 JIFOIWHM, KU Oepe ydacTh y peryatoBaHHI J0OOBUX IUKIIIB, AyXKe MOIi0-
HUH 10 pOJIOTICHHY 0e3XpeOeTHHX, SIKU Mae CTOCYHOK 110 30py [34].

Opep:kaBIy CUTHA, emidi3 BUAUISE TOPMOHU MEJIATOHIH 1 CEPOTOHIH, SIKi CHH-
XPOHI3YIOTh IIUPKAIHI PUTMHU B yCiX KJIITHHAX OpTraHi3My. MenaToHiH € TOPMOHOM
CHY 1 CHHTE3Y€EThCS B TEMPSIBI, 2 CEPOTOHIH € TOPMOHOM Pa0CTi, 0aIbOPOCTI Ta Tipa-
[E3IaTHOCTI 1 BUPOOISIETHCS BIEHB, OCOOIIMBO Ha sSICKpaBoMy cBiTii. Jlis 6ararbox
AHTHICTIPECAHTIB IPYHTYETHCS Ha OIIOKyBaHHI 3BOPOTHOTO 3aXOTUICHHS CEPOTOHIHY
HEHpOHaMHU, SKi HOro BUAUIAIOTE. KpiM peryssmii mupKaHuX PUTMIB I1i TOPMOHHU
BHKOHYIOTh B OpraHi3Mi Oararto iHmmx (pyHKIIIH, HAPUKIIAA, MEIATOHIH € IMyHO
CTHUMYJIATOPOM 1 HaWOUTBIT TIOTY)KHUM aHTHOKCHIAHTOM, IO 3aXHINA€ BiJ| YIITKO-
mwkenb JIHK, 3amobiratoun BUHUKHEHHIO PaKy, a CEPOTOHIH PETYJIO€ YyTINBICTh
00JIbOBUX PEIIETITOPIB 1 CTUMYITIOE 3ropTaHHs KpoBi. L{ikaBo, 110 MenaToHiH CHHTe-
3YETHCS 3 CEPOTOHIHY, a CaMe — € OT0 1HI0IBHIM NOX1THUM. ToMy MTOpyIIEHHS CHY,
K1 HaMaraloThCs JIKyBaTH MEJIAaTOHIHOM, 9aCTO CIIPUYMHEHI HECTAYCI0 CEPOTOHIHY.
Crig 3a3HauUTH, IO TOCIHIHKEHHS PO CEPOTOHIHY y (PYHKITIOHYBaHHI TOJOBHO-
ro Mo3Ky mpoBomwitocsi B [HctutyTi Gioximii AH YPCP mie 3a kutts akagemika
O.B. TTamranina, 30kpema, Oymo Temoro nokropebkoi muceprarii M.[l. Kypceskoro
[35]. ¥V perymoBaHHI CHHTE3y MENATOHIHY O€pyTh y4acTh TOPMOHH KOPTH30I, €C-

159



JJIA 9OI'O IIOTPIFHI IIUPKAJIHI PUTMH

TPOTEH 1 TECTOCTEPOH, a JJIs X CHHTE3y HEeOOXiIHUHN XOJECTepHH, IO MiCTUTHCS
B MPOAYKTaX TBAPUHHOTO MOXOKEHHs. TOMy HENOBHOILIHHE XapyyBaHHS TaKOX €
OIHIEO 3 TIPUYMH Oe3CoHHs. Takuii MexaHi3M CHHXPOHI3allii IUPKATHIX PUTMIB €
YHIBEpCAILHUM 1 TIPAIIOE SK Y JIIOAWHHM, TaK 1y Apo3odinu [36]. Tomy HETTOBHOIIIH-
HE XapuyBaHHS TaKOX € OIHI€I0 3 TpUuuH Oe3coHHs. Taknii MexaHi3M CHHXPOHI3a-
1T IMPKAaTHIX PUTMIB € YHIBEPCAILHUM 1 MPAIOE K y JTIOIUHU, TaK 1y Apo3odinn
[36].

binmbmricTs TeHiB, sKi 3a0€3Mey0Th poOOTY «010J0TIYHOTO TOAMHHUKAY Y IPO-
30171, MatOTh TOMOJIOTH Y TEHOMaX YCiX TBapWH, X04a JIETai MEXaHI3MY «TOJIH-
HUKa» Yy Pi3HUX KJIACIB TBAPHH MOXKYTh PI3HUTHCS (HAIPUKJIIAJ, y CCABIIIB € 3 TeHU
period i 2 rern cryptochrome, a romosior CYC mae Hazsy BMAL1) [37]. ¥V pociun
3a poOOTy «0i0JIOTIYHOTO TOAMHHWKA)» BIIIOBIIAIOTH MEPEBAKHO 1HIII MPOTEIHU:
BaXJIUBY POJIb BIJlITpa€ CHCTEMa MPOTEIHIB (ITOXPOMIB, SIKi pearyrTh Ha 3MiHY
CHEKTPAILHOTO CKIIAAY CBITJIA 1 CHTHANI3YIOTh PO Yac 100u Ta mopy poky. OqHak
«O10JTOTIYHUIA TOMMHHUKY» POCITMH TMPAIIOE HA TUX CAMHUX MPUHIIUIIAX PETYISAII,
K1 OyJT BIIKPUTI IIbOTOPIYHUMHU HOOETIBCHKUMU Jlaypearamu [38]. 3aBmsku mum
BIIKPUTTSAM O10JIOTiS MUPKATHUX PUTMIB, a00 XPOHOOI0JIOTIsI, TIEPETBOPHIIACS Ha
HAyKOBY JHCIUILTIHY, SIKa 3apa3 akKTUBHO BUBUAE MEXaHI3MHU PETYIIOBAaHHS «010J10-
TIYHOTO TOAWHHUKA» Y PI3HUX BHIIIB KUBUX OPraHi3MiB i HAMAaraeThCs OACpKaTH
BIJIIOBIIl HA 0€37114 HOBUX 3aITUTaHb.

3’ ABNAETHCS BCe OUTBINE PakTiB HA KOPUCTH TOTO, IO B PETYIIAILii poOoTH «Oi-
OJIOTIYHOTO TOIMHHHUKA» BAXKIMBY POJIb BIAITParOTh MOTIMOPQI3M IUPKAJTHUX Te-
HiB [39], MikpoPHK [40], a Takox emireHeTHYHI poIecH (METUIIYBaHHS Ta are-
tunyBanHs JIHK 1 ricroni) [41]. HasgsBHICT IMpKaJHUX KOJIHMBAaHb B €PUTPOITUTAX
CCaBIIiB, IO B IPOIECI JO3piBaHHS BTPAYAIOTH SAPO, pUOOCOMH Ta MITOXOHJPII,
JI03BOJIMIIA TIPUITYCTUTH ICHYBAHHS 1HIIIOTO MEXaHI3My PeTyJIsIlii «010I0Ti9HOTO TO-
JUHHHUKA» KPIM METENIb 3BOPOTHOTO 3B’ SI3KY TPAHCKpUIIIIii/Tpancisiii [42]. Takum
MEXaHI3MOM MOXYTh OyTH MeTa0OJIiYHI Ta OKHCHO-BITHOBHI ITUKJIA, HAIIPHUKIIAT 32
Y4acTI0O aHTHOKCHIAHTHUX TPOTEiHIB NMEPOKCUPEIOKCHHIB, SKi TICHO TIOB’s3aHi 3
IUPKATHUMU PUTMAMHU 1 MOXKYTh BUSIBUTHCSI HEBIJ] €MHHM €JIEMEHTOM JUIf iX re-
Hepaii [43]. Kpim Toro, 3apa3 akTHBHO BUBYAIOTh, SIK CaMe OpraHi3MHU MPUCTOCO-
BYIOTH CBOT «010JIOT19HI TOMUHHUKW» 10 3MiH HE TUIBKH OCBITJIICHOCTI, a W 1HIIHX
¢axTopiB. BecranoBneHo, M0 NUpKaJHUN JaTYMK TeMIepaTypy 3HAXOIUTHCS HE B
MO3Ky, a Ha nepudepii. BaxxmuBy ponb y nepemadi iHpopmarii mpo temmneparypy
y napo3odinm MOXyTh BimirpaBatu (ocdominaza C, Mo KOMYyETbCS TEHOM NOrpA,
BEJIMKUH TITyTaMiHOaraTvii MpOTeiH 3 HEBIIOMUMH TTOKU 1O (YHKIIISIMH, SIKHH KO-
IYEThCSI TEHOM nocte, 1 perenitop IR25a [44, 45]. TlpumyckaroTh, Mo 3BOPOTHUN
3B’SI30K BiJl MEXaHOCEHCOPHUX 1, 30KpeMa, IMPOIPIONENITUBHUX OPTaHiB MOXKE aJiar-
TYBaTH «010JIOTIYHAN TOMMHHUK» IO BIACHHUX PYXIB 1 Jiii Komaxu [46].

Vxe ne Briepme HoGemiBebka mpemis 3 ¢izionorii Ta Meauiuan (GakTUIHO BU-
SBISIETHCS TIpeMieto 3 Oiomorii. OmHak Bia mpeMii 3 METUITMHH 3aBXKIW YEKaIOTh
SKUXOCh NIEPCIEKTUB BIPOBAHKEHHS B JIIKyBaJIbHY MPAKTUKY. BIIKpUTTS 1ibOTOpid-
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HUX JIaypeariB € 3pa3koM (QyHIaMEHTaJIbHOI HayKH. SIK jke pe3yibTaTH X JTOCITi-
JDKEHb MOYKHA BUKOPHCTATH Ha TIPAKTHIII, X049a O y BifaleHii TepCreKTHRi?

Vike 3apa3 HaMararThCs MiABUIIUTH €(DEKTUBHICTB JIIKIB 1 3MEHIIIUTH X 0014~
HY JIif0, 3aCTOCOBYIOUM MEIMYHI TIperapary B MIeBHUHN Mepio 1001, po3paxoBaHui
Ha OCHOBI IIUPKATHUX PUTMIB mamieHTa. Hampukian, npemaparu ToBacTaTUHY, 110
3HIDKYIOTHh PiBEHBb XOJECTEpUHY, PUHMAIOTh BHOYI, OCKIJIBKM caMe B el Jac pi-
BEHb HOTO (PePMEHTY-«MIIICHI» € HAaWBUIIIMM. Takok XpOHOTEPAIeBTUYHI ITiIXOIH
YCHINIHO BUKOPUCTOBYIOTH TIPH JIIKYBaHHI Pi3HUX BUIIB paKky [47].

BciM BiiomMo, 110 JTFOTH TTOIUISIOTECS HAa «COBY 1 «OKaBOPOHKIBY 3aJIC)KHO BiJl
3MaTHOCTI €(DEeKTUBHO MPAIFOBATH BIAMOBIIHO BBEUEPI UM 3pAHKY. THX, XTO aKTHBHO
MIPAIIOE BIEHB, BYACHO 3aCHMHAE BBEUEPI 1 JICTKO MPOKHUIAETHCS BPAHIIi, HA3UBAIOTh
«romyoammy». YuM 3yMOBIeHHA Takuii oin? MoIIHiBo, 1€ 3BHYKa a00 COBH — ITPO-
CTO nenapi. 3Ae01IBIIOT0 caMe TaxK i €, 1 MOPYIICHHS CHY B TAKHUX JIFOIEH JIETKO BHITI-
KyBaTH JOTPUMAHHAM YiTKOTO pesxuMy. OlHaK y YaCTHHH JIFOJEH poOIeMH 31 CHOM
JIHCHO CIPUYMHEHI TCHETUYHUMHU TOPYIICHHSIMH B POOOTI «010JIOTIYHOTO TOMH-
HuKa». Hanpukian, MyTaris B TeH1 JIIOTUHU per2 3yMOBIIIOE CHHAPOM TepeIdacHoi
¢azu cHy (advanced sleep phase syndrome — ASPS), mpu sikoMy JTrouHa JsTae cra-
TH 3aCBITJIa 1 IPOKUAAETHCS BHOUI, TOOTO € «Tinep:kaiiBopoHKOM» [48]. A myTartis
B T€HI1 JIFOJIMHU per3 BUKIUKAE TPOTHIICKHUN €PeKT — CHHAPOM 3aTPUMKH (a3u CHY
(delayed sleep-phase syndrome — DSPS), konu ironuHa 3acuHae Mi3HO BHOUI 1 (i-
310JIOT1YHO HE 3/IaTHA MPOKUHYTHUCS O ChOMii paHKy. B 1 i3 75 4on0BiK «COBHHUII»
PEKUM CIPUYMHEHHN TeHeTHYHOIo MyTarliero nmporeiny CRY'1 [49]. Inoxi xapro-
Ma BUJIUISIOTH IIIE€ OJHY KaTeropiro JIOACH — «IATIIBY, SKI aKTHBHI Ta 0agpopi B
Oynbsikuit yac 100u. BUSIBIIIE€THCS, IO B IIBOMY JKapTi € JIUIIIE YacTKa KapTy: JIOIH,
SIK1 MaJIo CIUIATh, ajie TIPH I[bOMY BHCHITAIOTHCS, JIMCHO ICHYIOTh. 3’5ICYBajIoCs, 0
(heHOTHTI KOPOTKOTO CHY BUKJIMKaHUH MyTaIlisiMu B reHi ronuau dec2 [50], a TpaH-
ckpurnmiitanii ¢pakrop DEC2, sikuit KomyeTbest IIMM TeHOM, 3B’ s13yeThest 3 BMALIL
(romosorom CLK) i 3yMOBIIIO€ IPUTHIYEHHS aKTUBHOCTI TeHa perl [51].

[HOAI ymIKOPKEHHS MITITHOK MO3KY, BOXKITUBUX I pOOOTH «010JIOTIYHOTO TO-
JTMHHUKA», BUKIMKAIOTH Jy)Ke Cepio3HI 3axBoproBaHHA. Hampukman, myramis B
reHi mpionoBoro nporeiny PRNP mpu3BoauTh 10 yTBOPEHHS aMUTOTTHUX OJISIIOK Y
TaJaMyci Ta pO3BUTKY HEBHJIIKOBHOTO 3aXBOPIOBAHHS, sIKE HA3UBAETHCS (haTaIbHUM
CiMEHHIM OE3COHHSM 1 TIPOSIBIIIETHCS O€3COHHSIM, TATIONUHAIISMH, CJTA00YMCTBOM
Ta CMEPTIO Yepe3 MiBTOpa POKY Bij MEPEBTOMH i aOCOIFOTHOT HE3/IaTHOCTI CIATH.
I{ikaBo, 110 MyTaIis B I[bOMY CaMOMYy T'eHl CIpUYHHIOE cuHApoM Kpeirmdensa-
ta—SK00a — muctpodiune 3axBoproBanus [IHC, sike € mposiBoM mTpioHOBOI XBOPO-
6m, abo ryouaroi ennedanonarii [52].

Jlrony 3maBHA TIOMITHIIH, IO HEY3TOMKEHICTh MIXK CITOCOOOM JKHUTTS 1 «0i10J10-
TYHUM TOJMHHUKOMY» MOXKE MAaTé HETraTHBHI HACTIIKU JUIS 370pOB’s. 3apas mei
(hakT MATBEPIIKEHO €T IeMIOIOTIYHIMHE JOCITIHKEHHIMH 1 Ta00paTOPHUMHE JTOCITi-
namu Ha Mumiax [53]. YeiM BimoMo, 1o B pa3i MIBUAKOI 3MiHH YaCOBOTO MOsCY (Ha-
MIPHUKIIAJ], TIPU TIEPENIbOTAX JITAKOM) JIFOJAMHA TPUBAIHNA dac (TIPUOTU3HO TPOTIATOM
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THKHSI) HE MOXKE TPUCTOCYBATHUCS IO HOBOTO PUTMY JKHTTS 1 TiepedyBae y cTaHi
«KeTary» (BiI aHIVI. jet — peaKTUBHUI JiTak; lag — BizcTaBaHHs, 3MilIeHHS (a3).
Ti, KoMy TOBOIUTHCS Oarato MOAOPOKYBATH, 3MIHIOIOUM YacOBI MOSICH, TTOCTIHO
BXKHMBAIOTh TOPMOHH CHY Ta HECHAaHHS, 110 IIKOAUTH 3/0POB’I0 Yepe3 MPUTHIYCHHS
CUHTE3Y IIMX TOPMOHIB BIIACHUM OpraHi3MOM. [HOII JIfonrHa 3MyIIeHa TIOPYITyBa-
TH TIPUPOIHUNA PUTM «O10JIOTIYHOTO TOMMHHUKAY 1] BIUIMBOM TEBHHUX COIIaTbHIX
(hakTopiB: HEHOPMOBAHUN POOOUMIA IeHh a00 poOoTa y HIUHY 3MiHY, AOTJIST 32 Ma-
JICHPKUMU JIITBMH, SIKi 9aCTO HE CIUIATH YHOYI. B Takomy pa3i BUHHMKa€E 1MOiOHMIA
CTaH «COIIAJIBHOTO [DKETIAry», sIKUil JIIOIUHA NMEPEeHOCUTh JTy’Ke Baxko. Bcei, XT0O
MIPALIOE BHOY1, 3HAIOTH, SIK I1€ CKJIaHO. He KoXHa JfoinHa MOYKe BUTPUMATH TaKUl
PHUTM KUTTSI, X04a 3a poOOTY B HiUHI 3MiHHU 1 TUIATATH OLIbIIIE.

3apa3 aKTUBHO BHBUYAIOTH B3a€EMO3B’ 30K ITUPKATHUX PUTMIB 1 MeTaboImi3My, a
TaKOX MPUYNHU BUHUKHEHHS METa0OJIYHUX MOPYIIEHb y pa3i 30010 «0iomorigHo-
ro ronHHUKa» [54]. XpoHiuHe nepeOyBaHHS y CTaHI «DKETIary» He3aJIeKHO Bill
MPUYHH, 10 HOro BUKJIMKAIH, MOXE MIPU3BECTHU 10 (aTaabHUX HACTIAKIB IS 3710-
POB’S: IPUIIBUIICHHS CTapiHHS, MIOPYIICHHS PENPOAYKTUBHOI QYHKIIIT y KIHOK,
301IBIIICHHST PU3UKY PO3BUTKY OXKHUPIHHSA, IIyKPOBOTO MiadeTy, iHpapKTy MioKkapaa,
IHCYJIBTY 1 HaBiTh paky [55, 56]. Jly:xe HeOe3eUHNM € BIUIMB HA HEPBOBY CHCTE-
My: TIOYMHAIOYH BiJl 3HIKCHHSI TIPOTYKTUBHOCTI TIpaIli Ta Ienpecii 10 MopymeHHs
KOTHITUBHUX (DYHKITIH 1 CEpHO3HUX IMCUXIYHUX PO3Ja/IiB, O HEPIIKO CTAIOTh MPH-
YUHOIO TpariyHux momii [57]. Tak, micismonorosa enpecis y KiHOK, 3yMOBJICHA
TOPMOHATBHOIO TTepeOyIOBOI0 Ta «COIIATBHUM JHKETIArOM», 1HOI MTPU3BOIUTH 10
BOMBCTBa MaTip 10 AUTHHU. HaBiTh pHUpOIHI CE30HHI 3MiHU Y pOOOTi «0i0I0T19HO-
TO TONWHHUKAY 3/1aTHI CIPUYMHATH CE30HHI Aernpecii, HeBpo3u abo mcuxosu. 1106
3MEHIIUTH PO301KHOCTI MK poOOYNM TpadiKoM Ta CBITIOBHM ITHEM, SIKi MOXYTh
BUKJIMKATH y HACEJICHHS BTPATy MpalLe3aTHOCTI, B 0araTtbox KpaiHax (IepeBaskHO
€Bporu Ta [liBHIYHOT AMEpHKH) 1B pa3u HA PiK 3MIHIOIOTh Yac Ha | ToJ — mepexo-
JISITh 3 JIITHROTO Yacy Ha 3MMOBHH 1 HABIIAKH.

XpoHOO10JIOTIYHI TOCTIDKEHHS 3apa3 € aKTyaJbHUMH SIK HIKOJIH, OCKIJIBKHU CY-
CITbCTBA PO3BUHEHHUX KpaiH OXOMHIIAa Kpu3a cHy. [IpiopuTeTom asist cydacHoOi JTo-
JIMHH € poOoTa, Kap’epa, TPpoIlli, a He BIacHe 3710poB’s. binmkine Toro, BiiMoBa Bif
CHY BXE€ CIIPUIMAETHCS K HEOOXIMHUH €JIEMEHT YCITiXy. 3 TOSBOIO EICKTPOHHHUX
TaJDKETIB JIIOMU ITOM000BO MOXYTh TPAIIOBATH, CIUIKYBaTHCS, epeOyBaloTh y
MOCTIHIM TOTOBHOCTI BiAMIOBICTH, TpOpearyBary, a iXaii poOodwii 1eHb HaKTUIHO
HE 3aKIHYY€TbCs HIKOIH. Jly)Ke MIKIAJIMBUM € BUKOPUCTAHHS SICKPABOTO IITYYHOTO
CBITJIa BHOWI, III0 TIOPYIIY€ POOOTY BCiX cHcTeM opraHizMy. OCOOIUBO IIKiTTUBUM €
CHHE CBITJIO CBITJIIOMIOMIB (3 JOBKHHOIO XBHIIi 480 HM), sIKE 4aCTO BUKOPHCTOBYIOTh
y cydacHux npuianax [58]. He muBHO, 110 6€3COHHS Ta 3aXBOPIOBAaHHS, 3yMOBIICHI
MOPYIICHHSM IUPKaJIHUX PUTMIB, HEBIMHHO MOIIUPIOIOTECS. Y KUTAWCHKIH, SITTOH-
CBKil Ta KOPEHCHKiit MOBaX HaBITh 3 BHJIOCS CIEIiaIbHE CIIOBO, SIKUM ITO3HAYAIOTh
CMepTh Ha poOOTI BiJ] MepeBTOMH. B aHTIMICHKIi M yKpaiHChKil MOBAaX, Ha MIACT,
TaKOT'O CJIOBA TOKH 1[0 HEMae, ajie HEBIOB31 BOHO MoxKe 3HagoouTucs [57]. Bunu-
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Ka€ TIUTAHHA: SKIIO HEMOXKJIMBO 3MIHUTH PEXHM POOOTH UM CHOCIO KHUTTS, YOMY
0 HE «IIIKPYTUTH» «OionorigHui TomuHHNK»? Lle myke CroKyciamBa MOXKIIUBICTS,
3BaYKAIOYM HA Te, 110 0araTboM JIIOSIM HE BUCTAYa€ JTHS JUIS BUPIMICHHS BCIX CBOIX
CIpaB, HE KaXXy4H BKe TIPO HEOOXIAHICTh y Mail OyTHROMY aIanTyBaTHCS 10 1HIIOT
TPHUBAJIOCTI T0OM B pa3i KOJIOHI3AIIIi JIFOCTBOM 1HIINX IIAHET 1 MaiOyTHIX KOCMid-
HHX MOAOPOXKEM.

3aBISIKU BIIKPUTTIO MEXaHI3My peryIIOBaHHS [UPKaIHUX PUTMIB MOKHA TOBO-
PUTH TIPO TEOPETHYHY MOMKJIMBICTh CTBOPEHHS TIpEMnapariB, sIKi MOTTIH O BIIKOPH-
T'YBaTH IUKJ. YK€ pO3MOYaBCs MOITYK PEUOBHH, 5IKi O crienndigHo B3aeMOIisIH 3
MPOAYKTaMH MIUPKATHUX TeHiB. Tak, mij yac CKpuHIHTY 0i6miorekn 3 60 THC. MaIHX
MOJIEKYJI 3HAalHCHO PEYOBHHY, sika B3aeMoie 3 CRY [59]. SAx6u Bmanocs po3poou-
TH TIOAIOHI TpenapaTtH, MpoOIeMH 3 HETOCUTIAaHHIM 3aJUIIWIACT O Y MUHYIOMY.
TonoBHe, 00 11iHa, SIKY MM Ma€MO 3aIlUTATUTH TPUPOAL 3a TaKy MOXKJIHMBICTh, HE
BUSIBUJIACS 3aHAJITO BHCOKOIO. OHAK YOMYCh BHJIAIOTHCS MPOPOYMMHU CIIOBA HPO-
BiHOTO HiMeIbKoro xpoHoOionora Timus Pennebepra: «CyMmHiBaroCs, IO XTOCh
3ax04ye CKOpPOUyBAaTH TPHUBATICTH CHY, KOJIM MU TO-CIIPaBXHBOMY 3PO3yMIEMO, ISt
4oro BiH moTpiden» [57].

[TpoTe HacaMKiHEIhb aBTOPH CTATTI MAIOTh 313HATHCS, IO, HA KaJlb, CaMi 3 pi3-
HUX [IPUYHH YaCTO-TYCTO HE TOTPUMYIOThCS ITPABUI TPUBAJIOCTI TOBHOI[IHHOTO CHY.

WHY CIRCADIAN RHYTHMS ARE NEEDED, OR HOW TO
CHANGE THE RATE OF THE “BIOLOGICAL CLOCK”

On October 2, the Nobel Committee at Karolinska Institutet announced the
names of the winners of the Nobel Prize in Physiology or Medicine for 2017. They are
three American scientists Jeffrey C. Hall, Michael Rosbash, and Michael W. Young.
The Prize was awarded to them «for their discoveries of molecular mechanisms
controlling the circadian rhythmy.

IHOCHUJIAHHA

The 2017 Clarivate Citation Laureates. https://clarivate.com/2017-citation-laureates/

2. The Nobel Prize in Physiology or Medicine 2017. Press Release. https://www.nobel-

prize.org/nobel prizes/medicine/laureates/2017/press.html

Circadian rhythm. From Wikipedia. https://en.wikipedia.org/wiki/Circadian_rhythm

4. Circadian rhythm [[{upkamasiid putM.] https://wikivisually.com/lang-ru/wiki/Ilupkan-
HBI_pUTM

5. Sulzman F.M., Ellman D., Fuller C.A., Moore-Ede M.C., Wassmer G. Neurospora cir-
cadian rhythms in space: a reexamination of the endogenous-exogenous question. Sci-
ence. 1984. 225: 232. http://www.jstor.org/stable/1693133

6. Halberg F. Chronobiology. Annu. Rev. Physiol. 1969. 31: 675. https://doi.org/10.1146/

annurev.ph.31.030169.003331

—_—

(98]

163



JJIA 9OI'O IIOTPIFHI IIUPKAJIHI PUTMH

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

164

Konopka R.J., Benzer S. Clock mutants of Drosophila melanogaster. Proc. Nat. Acad.
Sci. USA. 1971. 68(9): 2112. http://dx.doi.org/10.1073/pnas.68.9.2112

Reddy P., Zehring W.A., Wheeler D.A., Pirrotta V., Hadfield C., Hall J.C., Ros-
bash M. Molecular analysis of the period locus in Drosophila melanogaster and iden-
tification of a transcript involved in biological rhythms. Cell. 1984. 38(3): 701. http://
dx.doi.org/10.1016/0092-8674(84)90265-4

Bargiello T.A., Jackson F.R., Young M.W. Restoration of circadian behavioral rhythms
by gene transfer in Drosophila. Nature. 1984. 312(5996): 752.

Zehring W.A., Wheeler D.A., Reddy P., Konopka R.J., Kyriacou C.P., Rosbash M.,
Hall J.C. P-element transformation with period locus DNA restores rhythmicity to
mutant, arrhythmic Drosophila melanogaster. Cell. 1984. 39(2): 369. http://dx.doi.
org/10.1016/0092-8674(84)90015-1

Hardin P.E., Hall J.C., Rosbash M. Feedback of the Drosophila period gene product on
circadian cycling of its messenger RNA levels. Nature. 1990. 343(6258): 536. http://
dx.doi.org/10.1038/343536a0

Liu X., Zwiebel L.J., Hinton D., Benzer S., Hall J.C., Rosbash M.J. The period gene en-
codes a predominantly nuclear protein in adult Drosophila. Neuroscience. 1992. 12(7):
2735.

Sehgal A., Price J.L., Man B., Young M.W. Loss of circadian behavioral rhythms and
per RNA oscillations in the Drosophila mutant timeless. Science. 1994. 263(5153):
1603. http://dx.doi.org/10.1126/science.8128246

Gekakis N., Saez L., Delahaye-Brown A.M., Myers M.P., Sehgal A., Young M.W.,
Weitz C.J. Isolation of timeless by PER protein interaction: defective interaction be-
tween timeless protein and long-period mutant PERL. Science. 1995. 270(5237): 811.
http://dx.doi.org/10.1126/science.270.5237.811

Myers M.P., Wager-Smith K., Rothenfluh-Hilfiker A., Young M.W. Light-induced deg-
radation of TIMELESS and entrainment of the Drosophila circadian clock. Science.
1996. 271(5256): 1736. http://dx.doi.org/10.1126/ science.271.5256.1736

Allada R., White N.E., So W.V,, Hall J.C., Rosbash M. A mutant Drosophila homolog
of mammalian Clock disrupts circadian rhythms and transcription of period and time-
less. Cell. 1998. 93(5): 791. http://dx.doi.org/10.1016/S0092- 8674(00)81440-3n
Rutila J.E., Suri V., Le M., So W.V., Rosbash M., Hall J.C. CYCLE is a second bHLH-
PAS clock protein essential for circadian rhythmicity and transcription of Drosoph-
ila period and timeless. Cell. 1998. 93(5): 805. http://dx.doi. org/10.1016/S0092-
8674(00)81441-5

King D.P., Zhao Y., Sangoram A.M., Wilsbacher L.D., Tanaka M., Antoch M.P.,
Steeves T.D., Vitaterna M.H., Kornhauser J.M., Lowrey P.L., Turek F.W., Taka-
hashi J.S. Positional cloning of the mouse circadian clock gene. Cell. 1997. 89(4): 641.
http://dx.doi.org/10.1016/S0092-8674(00)80245-7

Hao H., Allen D.L., Hardin P.E. A circadian enhancer mediates PER-dependent mRNA
cycling in Drosophila melanogaster. Mol. Cell Biol. 1997. 17(7): 3687. http://dx.doi.
org/10.1128/MCB.17.7.3687

Ephrussi A., Church G.M., Tonegawa S., Gilbert W. B lineage--specific interactions of
an immunoglobulin enhancer with cellular factors in vivo. Science. 1985. 227(4683):
134. http://dx.doi.org/10.1126/science.3917574

Emery P, So W.V., Kaneko M., Hall J.C., Rosbash M. CRY, a Drosophila clock



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

C. I. Pomanioxk, C. B. Komicapenko

and light-regulated cryptochrome, is a major contributor to circadian rhythm reset-
ting and photosensitivity. Cell. 1998. 95(5): 669. http://dx.doi. org/10.1016/S0092-
8674(00)81637-2

Ceriani M.F., Darlington T.K., Staknis D., Mas P., Petti A.A., Weitz C.J.,
Kay S.A. Light-dependent sequestration of TIMELESS by CRYPTOCHROME. Sci-
ence. 1999. 285(5427): 553. http://dx.doi.org/10.1126/ science.285.5427.553

Qin S., Yin H., Yang C., Dou Y., Liu Z., Zhang P., Yu H., Huang Y., Feng J., Hao J.,
Hao J., Deng L., Yan X., Dong X., Zhao Z., Jiang T., Wang H.W., Luo S.J., Xie C. A
magnetic protein biocompass. Nat. Mater. 2016. 15(2): 217. http:// dx.doi.org/10.1038/
nmat4484

Price J.L., Blau J., Rothenfluh A., Abodeely M., Kloss B., Young M.W. Double-time
is a novel Drosophila clock gene that regulates PERIOD protein accumulation. Cell.
1998. 94(1): 83. http://dx.doi.org/10.1016/S0092-8674- (00)81224-6

Martinek S., Inonog S., Manoukian A.S., Young M.W. A role for the segment polarity
gene shaggy/GSK-3 in the Drosophila circadian clock. Cell. 2001. 105(6): 769. http://
dx.doi.org/10.1016/S0092-8674(01)00383-X

Lin J.M., Kilman V.L., Keegan K., Paddock B., Emery-Le M., Rosbash M., Alla-
da R. A role for casein kinase 2alpha in the Drosophila circadian clock. Nature. 2002.
420(6917): 816. http://dx.doi.org/10.1038/nature01235

Blau J., Young M.W. Cycling vrille expression is required for a functional Drosophila
clock. Cell. 1999. 99(6): 661. http://dx.doi.org/10.1016/S0092-8674(00)81554-8
Cyran S.A., Buchsbaum A.M., Reddy K.L., Lin M.C., Glossop N.R., Hardin P.E.,
Young M.W., Storti R.V., Blau J. vrille, Pdp1, and dClock form a second feedback loop
in the Drosophila circadian clock. Cell. 2003. 112(3): 329. http:// dx.doi.org/10.1016/
S0092-8674(03)00074-6

Koh K., Zheng X., Sehgal A. JETLAG resets the Drosophila circadian clock by pro-
moting light-induced degradation of TIMELESS. Science. 2006. 312(5781): 1809.
http://dx.doi.org/10.1126/science.1124951

Pittendrigh C.S., Daan S. A functional analysis of circadian pacemakers in nocturnal
rodents. V. Pacemaker structure: a clock for all seasons. J. Comp. Physiol. 1976. 106(2):
333. http://dx.doi.org/10.1007/BF01417860

Grima B., Chelot E., Xia R., Rouyer F. Morning and evening peaks of activity rely on
different clock neurons of the Drosophila brain. Nature. 2004. 431(7010): 869. http://
dx.doi.org/10.1038/nature02935

Park J.H., Hall J.C. Isolation and chronobiological analysis of a neuropeptide pig-
ment-dispersing factor gene in Drosophila melanogaster. J. Biol. Rhythms. 1998. 13(3):
219. http://dx.doi.org/10.1177/074873098129000066

Collins B., Kane E.A., Reeves D.C., Akabas M.H., Blau J. Balance of activity between
LN(v)s and glutamatergic dorsal clock neurons promotes robust circadian rhythms in
Drosophila. Neuron. 2012. 74(4): 706. http://dx.doi. org/10.1016/j.neuron.2012.02.034
Hankins M.W., Peirson S.N., Foster R.G. Melanopsin: an exciting photopigment.
Trends Neurosci. 2008. 31(1): 27. http://dx.doi.org/10.1016/.tins.2007.11.002

Kursky M.D. The role of 5-hydroxytryptamine (serotonin) in bioenergetic processes:
Ph.D (Biol.) thesis. Kyiv, 1971. [Kypckuii M.JI. Ponb 5-okcutpuntamunaa (CEpOTOHH-
Ha) B OMOdHEPreTHYECKHX Mpoleccax: aproped. Juc. ... 1-pa 6uod. Hayk. Kues, 1971.]

165



JJIA 9OI'O IIOTPIFHI IIUPKAJIHI PUTMH

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

166

Serotonin vs melatonin or balance of nature [CepoTOHWH VS MEJIATOHWH WJIH OaJlaHC
npupobl | https://kactaheda. livejournal.com/168608.html

Lowrey P.L., Takahashi J.S. Genetics of the mammalian circadian system: Photic en-
trainment, circadian pacemaker mechanisms, and posttranslational regulation. Annu.
Rev. Genet. 2000. 34: 533. http://dx.doi.org/10.1146/annurev. genet.34.1.533

Nohales M.A., Kay S.A. Molecular mechanisms at the core of the plant circadian oscil-
lator. Nat. Struct. Mol. Biol. 2016. 23(12): 1061. http://dx.doi.org/10.1038/nsmb.3327
Tauber E., Zordan M., Sandrelli F., Pegoraro M., Osterwalder N., Breda C., Daga A.,
Selmin A., Monger K., Benna C., Rosato E., Kyriacou C.P., Costa R. Natural selec-
tion favors a newly derived timeless allele in Drosophila melanogaster. Science. 2007.
316(5833): 1895. http://dx.doi.org/10.1126/science.1138412

Chacolla-Huaringa R., Moreno-Cuevas J., Trevino V., Scott S.P. Entrainment of Breast
Cell Lines Results in Rhythmic Fluctuations of MicroRNAs. Int. J. Mol. Sci. 2017.
18(7): E1499. http://dx.doi.org/10.3390/ijms 18071499

Feng D., Liu T., Sun Z., Bugge A., Mullican S.E., Alenghat T., Liu X.S., Lazar M.A. A
circadian rhythm orchestrated by histone deacetylase 3 controls hepatic lipid metabo-
lism. Science. 2011. 331(6022): 1315. http://dx.doi.org/10.1126/ science.1198125
O’Neill J.S., Reddy A.B. Circadian clocks in human red blood cells. Nature. 2011.
469(7331): 498. http://dx.doi. org/10.1038/nature09702

Edgar R.S., Green E.W., Zhao Y., van Ooijen G., Olmedo M., Qin X., Xu Y., Pan M.,
Valekunja U.K., Feeney K.A., Maywood E.S., Hastings M.H., Baliga N.S., Merrow M.,
Millar A.J., Johnson C.H., Kyriacou C.P., O’Neill J.S., Reddy A.B. Peroxiredoxins are
conserved markers of circadian rhythms. Nature. 2012. 485(7399): 459. http://dx.doi.
org/10.1038/nature11088

Sehadova H., Glaser F.T., Gentile C., Simoni A., Giesecke A., Albert J.T., Stanews-
ky R. Temperature entrainment of Drosophila’s circadian clock involves the gene nocte
and signaling from peripheral sensory tissues to the brain. Neuron. 2009. 64(2): 251.
http://dx.doi.org/10.1016/j.neuron.2009.08.026

Chen C., Buhl E., Xu M., Croset V., Rees J.S., Lilley K.S., Benton R., Hodge J.J.,
Stanewsky R. Drosophila Ionotropic Receptor 25a mediates circadian clock resetting
by temperature. Nature. 2015. 527(7579): 516. http://dx.doi. org/10.1038/nature16148
Simoni A., Wolfgang W., Topping M.P., Kavlie R.G., Stanewsky R., Albert J.T. A
mechanosensory pathway to the Drosophila circadian clock. Science. 2014. 343(6170):
525. http://dx.doi.org/10.1126/science. 1245710

Ozturk N., Ozturk D., Kavakli .H., Okyar A. Molecular Aspects of Circadian Pharma-
cology and Relevance for Cancer Chronotherapy. Int. J. Mol. Sci. 2017. 18(10): E2168.
http://dx.doi.org/10.3390/ijms 18102168

Toh K.L., Jones C.R., He Y., Eide E.J., Hinz W.A., Virshup D.M., Ptacek L.J.,
Fu Y.H. An hPer2 phosphorylation site mutation in familial advanced sleep phase syn-
drome. Science. 2001. 291(5506): 1040. http://dx.doi.org/10.1126/ science.1057499
Patke A., Murphy PJ., Onat O.E., Krieger A.C., Ozcelik T., Campbell S.S.,
Young M.W. Mutation of the Human Circadian Clock Gene CRY1 in Familial De-
layed Sleep Phase Disorder. Cell. 2017. 169(2): 203. http://dx.doi. org/10.1016/].
cell.2017.03.027

He Y., Jones C.R., Fujiki N., Xu'Y., Guo B., Holder J.L. Jr., Rossner M.J., Nishino S.,



51.

52.

53.

54.

55.

56.

57.

58.

59.

C. I. Pomanioxk, C. B. Komicapenko

Fu Y.H. The transcriptional repressor DEC2 regulates sleep length in mammals. Sci-
ence. 2009. 325(5942): 866. http://dx.doi.org/10.1126/science.1174443

Honma S., Kawamoto T., Takagi Y., Fujimoto K., Sato F., Noshiro M., Kato Y., Hon-
ma K. Decl and Dec2 are regulators of the mammalian molecular clock. Nature. 2002.
419(6909): 841. http://dx.doi.org/10.1016/B978-0-12- 405943-6.00010-5

Goldfarb L.G., Petersen R.B., Tabaton M., Brown P., LeBlanc A.C., Montagna P.,
Cortelli P., Julien J., Vital C., Pendelbury W.W. Fatal familial insomnia and familial
Creutzfeldt-Jakob disease: disease phenotype determined by a DNA polymorphism.
Science. 1992. 258(5083): 806. http://dx.doi.org/10.1126/science.1439789
Roenneberg T., Merrow M. The Circadian Clock and Human Health. Curr. Biol. 2016.
26(10): R432. http://dx.doi. org/10.1016/j.cub.2016.04.011

Panda S. Circadian physiology of metabolism. Science. 2016. 354(6315): 1008. http://
dx.doi.org/10.1126/science. aah4967

Nedeltcheva A.V., Scheer F.A. Metabolic effects of sleep disruption, links to obesity
and diabetes. Curr. Opin. Endocrinol. Diabetes Obes. 2014. 21(4): 293. http://dx.doi.
org/10.1097/MED.0000000000000082

James P., Bertrand K.A., Hart J.E., Schernhammer E.S., Tamimi R.M., Laden F. Out-
door Light at Night and Breast Cancer Incidence in the Nurses’ Health Study II. Envi-
ron. Health Perspect. 2017. 125(8): 087010. http://dx.doi. org/10.1289/EHP935
Huffington A. The Sleep Revolution. Transforming Your Life, One Night at a Time.
(Harmony, 2016). [ Xaddunarton A. PeBomtorus cHa. Kak MEHSITH CBOIO )KH3HB HOYb 32
HOYbt0. M.: Anbriuna [labmumep, 2017.]

Hatori M., Gronfier C., Van Gelder R.N., Bernstein P.S., Carreras J., Panda S., Marks F.,
Sliney D., Hunt C.E., Hirota T., Furukawa T., Tsubota K. Global rise of potential health
hazards caused by blue light-induced circadian disruption in modern aging societies.
NPJ Aging Mech. Dis. 2017. (3): 9. http://dx.doi.org/10.1038/s41514-017-0010-2
Hirota T., Kay S.A. Identification of small-molecule modulators of the circadian clock.
Methods Enzymol. 2015. 551: 267. http://dx.doi.org/10.1016/bs.mie.2014.10.015

C. I. Pomaniok, C. B. Komicapenko
ISSN 1027-3239. Bicn. HAH Ykpainu, 2017, Ne 12

167



HOBA CTPATEI'TSI BOPOTBBHU 3 PAKOM,
ABO SAK IPAIIOIOTH «I'AJIBMA»
CUCTEMU IMYHITETY

HobesiBcbka npemist 3 ¢isiosorii yn meaunuau 2018 poky

Hobeniscoky npemito 3 ¢izionozii ma meouyunu y 2018 p. npucyosiceno 0eom
yuenum-imynonocam — [icetimcy Iampuxy Ennicony (James Patrick Allison) 3 On-
Konoeiunoeo yeumpy im. M.J]. Anoepcona npu Texacvkomy yuisepcumemi (CLLIA)
ma Tacyky Xonosvo (Tasuku Honjo) 3 Kiomcvkoeo ynisepcumemy (Anowis) 3a «8io-
Kpumms mepanii OHKONOCIYHUX 3AX60PIO6AHb UWLISAXOM NPUSHIYEHHS He2amuHol
imynnoi peeynayiiy. Hatinpecmuoichiworo naykosoio Haeopooorw 2018 poxy 6io3na-
YeHO 8MIleHHS 8 MEOUYHY NPAKMUKY Pe3YIbMamis Cy4acHUX IMyHOL02IYHUX OOCTi-
024CeHb, SAKI OCMAHHIMU POKAMU 8IHCe OONOMA2AI0OMb OHKOI02AM YCNIUHO 60pOMUCs
31 3NO0AKICHUMU NYXJIUHAMU.

Ha mouatky >xoBTHs 2018 p. HayKOBHIA CBIT y YeprOBHH pa3 3aBMEp B OYiKyBaH-
Hi TIIopigHOTO OorosyomeHHs: HoGemBebkM KomiTeToM rpu KapoiHchkoMy Memnd-
HOMY IHCTHUTYTI iMeH saypeariB HoGeniBchkux mpemiii: 117-if HoGemiBCchknid THX-
neHb y CTOKToNbMi po3modaBcs 1 KOBTHS 3 OToJIONIeHHS J1aypeariB HoOemBehKoi
mpemii 3 ¢i3i050Tii Ta METUITNHY.

Hanepenonni kommanist Clarivate Analytics, sika mo 2016 p. Oyna BigmiieHHIM
IHTEJIeKTyalTbHOI BIIACHOCTI Ta HayKH Bimomoi koproparttii Thomson Reuters, 3a ana-
J30M KUTBKOCTI UTYBaHb TPAIHUIIIHHO OMPHITIONHMIIA CITUCOK IMOBIPHHX TPETCH-
nentiB Ha HobGemiBcrKy mipemiro 3 ¢izionorii Ta meaunmau 2018 p. [1]. Hacammepen
Oyro Ha3BaHo iM’st Minopy Kanexica (Minoru Kanehisa), npodecopa [HcTutyTy Xi-
MIYHHX JTOCITIHKeHb YHiBepcuTeTy Kioto (SImoHist), sikuii 3p0OWB 3HaYHN BHECOK Y
PO3BUTOK Oi0iH(POpPMATHKH Ta CTBOPeHHS KiOTChKOT €HITMKIIONE i1 TeHIB 1 TEHOMIB.
[HIIIMM MOTeHIIHHUM TTpeTeHeHToM Bu3Haunn Comomona X. CHaiinepa (Solomon
H. Snyder), mpodecopa kadenpu meBpororii, hapmakosorii Ta mcuxiarpii Mennaaoi
ko YHiBepcutety Jlxona Xonkinca y bantumopi (CIIA), 3a BITKpUTTS peren-
TOpIB /7151 0araTh0X HEHPOMENiaToOPiB Ta ICHXOTPOITHUX areHTiB, 30KpeMa PeIernTo-
PiB MO3KY, TTOB’sI3aHUX 3 OIiaTaMH, IO CIPHUSIIO PO3POOICHHIO HU3KH €(PEKTUBHUX
JKapChKUX TperapariB, HaNMpHUKIa 3HeOomoBanbHUX. Kpim Toro, HobemBCchKy
npemiro popokyBasm Hamoneony ®eppapi (Napoleone Ferrara), mpodecopy ka-
¢denpu marosorii YaiBepcutety mrary Kamidopsis B Can-iero (CLIA), skuii Bix-
KpuB dakTop pocty eHaoternito cynud (VEGF), mo namo 3Mory cTBOpHUTH JIiKapChKi
npernapaTy s TaIbMyBaHHS POCTY CYIWH Y 3JIOSKICHHX ITyXJIHMHAX, a TaKOX IS
3armo0iraHHs pO3BUTKY CIINOTH BHACIIIOK BiKOBOI Makymonuctpodii. IlikaBo, mo
nporrosu Clarivate Analytics y meBHOMY CEHCI CIIpaBIFIINCS: iIMCHA HUHIIITHIX JIay-
peariB Oyio mepenbadeHo kommaHie y 2016 p.
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Otxe, maypearamu 109-1 HoGemiBcbKoi mpemii 3 (i31010T11 Ta MEIUIIMHA CTaTN
JBO€ iMyHoOJIOTiB: amepukanenb Jxeiimc [larpuk Emricon (James Patrick Allison)
ta smoHenb Tacyky Xouasbo (Tasuku Honjo). Cekperap HobGenmiBcbkoro xomite-
Ty 3 (iziomorii Ta meaumman Tomac Ilepimann (Thomas Perlmann) oromocus mo-
TUBYBQJIbHY YaCTHUHY PIIIEHHS MPO HArOPODKEHHs: BUCHHUX OYyIIO YIOCTOEHO IIi€i
MIPECTHXKHOT HArOPO/X 32 «BIAKPUTTS Tepartii OHKOJIOTTYHUX 3aXBOPIOBAHb HIISIXOM
MPUTHIYCHHS HETaTUBHOI IMyHHOT PEeryisii». 3rigHo 3 ohiliiHAM Mpec-perizoM,
JlaypeaTH «IoKa3aju, siK Pi3Hi CTpaTerii raJbMyBaHHS IMyHITETY MOXKYTh OyTH BH-
KOpHUCTaH1 JJIs JiKyBaHHs paky. [IpoTupakoBa Teparrisi, po3po0iieHa 3aBIsKA IXHIM
BIIKPUTTSIM, BHSIBHJIACS Bpakarode €()eKTUBHOIO B OOpPOTHOI 3 MM 3aXBOPIOBAH-
HIMY [2].

10 rpymus, B aenb cmepti Anbdpena HoOens, Ha odimiiiHild 1epeMoHii y
Crokronmsmi Kopons HIBerii Kapnm XVI I'ycraB BpyunB naypeatam HoGemiBebkoi
MpeMii TUTUTOMH Ta 30JI0TI MeAalli, Ha peBepci AKUX 300pakeHO KIHKY 3 PO3KPH-
TOIO KHUTOIO Ha KOJIiHAaX, sika yocoOutoe ['eniit meaumman. JKinka 30upae Bomy, 110
JUIETBCS 3 KaMeHs, 100 BTaMyBaTH CIIpary XBOpPOi JIBYMHKH, SIKA CTOITh MOPYY 3
Hero. Po3wmip rporroBoi BuHaroponu B 2018 p. cranoBuB 9 MitH kpoH ($1,02 miH).

Hawm, imyHomoram, npuemHo, o HobemiBchKoto mpemiero 3 diziomorii i menn-
[MHYU YaCcTO BiI3HAYAIOTH POOOTH 3 IMyHOJIOT1i. 30Kpema, BapTO 3ra/iaTH, 1110 Mepiia
HobGeniBcrka mpemist 3 diziornorii Ta mequman Oyina npucymkera Emimto ¢on be-
punry B 1901 p. 3a 60poTe0y 3 mudrepicro 3a 7OMOMOTro0 aHTHAUPTEPiHHOT (IMyH-
HOT) cupoBatku. Y 2018 p. HoGemiBcbkoIO TIpeMi€lo BiI3HAYCHO HE CTUTBKH CaMi
BIIKPUTTS B IMyHOJIOT'11, CKIJTbKY BTIJICHHS B MEAMYHY TIPAKTHUKY PE3YIIBTaTiB Cydac-
HUX IMYHOJIOTIYHHX JTOCIIJDKCHb, SKI BKE MPOTATOM 7 POKIB JOIIOMArarTh OHKO-
JIoTaM YCITITHO OOPOTHCS 31 3MOSKICHUMU TyXJIMHAMH, PATYIOYH KUTTS MAIlI€HTIB.

BopoTr0a 31 370SKICHIM pOCTOM, KU 9acTo (1 He 30BCIM KOPEKTHO) 3arajoMm
HA3MBAIOTh «PaKy», € OHUM 3 HAWBKJIMBIIINX 1 HAUTTIOOATBHIIINX 3aBIaHb K Me-
JUIMHA, TaK 1 BChOTO JIFOACTBA, OCKUIBKH PIBEHb 3aXBOPIOBAHOCTI HA PaK MOCTIHHO
3poctae. BBaxaroTh, 1110 KOKHA TPETS JIFOMHA XBOPI€ HA PakK, 1 KOXKHA MIOCTa — I10-
mupae Bix Hboro [3]. Tomy He nuBHO, o HobGeniBchKy mpemito 3 iziomorii Ta Me-
JMILIMHY BXKE HE BIIEPIIIE MPUCYDKYIOTh 32 METOAN OOPOTHOH 3 ITMM 3aXBOPIOBAHHSIM.
3okpema, y 1966 p. Oyiro Big3HAY€HO aMEPUKAHCHKOTO BUHAX1THUKA TOPMOHAIBHOT
Teparii paky mepenMixypoBoi 3ano3u Yapmp3a Xarridnca (Charles B. Huggins); y
1988 p. — BuHaXigHUKIB XimioTeparii Oputani Jxeitmca brieka (James W. Black)
i amepukanmiB [eptpyny Enaiton (Gertrude B. Elion) Ta JIxopmka XitdmHrca
(George Hitchings); a y 1990 p. — aMepuKaHChKUX YUYEHHX, SIKi 3aIpOTIOHYBAIN
MPOBOJIUTH TPAHCILIAHTAIII] KICTKOBOTO MO3KY TIpH JielikeMisx, J[xo3zeda Mroppes
(Joseph Murray) i EnBapna Tomaca (Edward D. Thomas).

OTxe, mo3HAHOMUMOCS ONIDKYE 3 YUYCHHMH, sKi OyJIM yIOCTOEHI YEeCTi CTaTh
HOOEMBCHhKUMHU JIaypearaMu 3 ¢izionorii Ta meaumman 2018 poky.

70-piunmii  3acimyxenunir npodecop Jbkeiimc I[larpuk Emmicon (James
Patrick Allison) mpamtoe B CIIIA B Onkonorignomy 1ieHtpi iMm. M.J[. Annepcona

169



HOBA CTPATET'IA BOPOTHEU 3 PAKOM

(M.D. Anderson Cancer Center) npu Texacrkomy yHiBepcuteTi. Haponuscs BiH 7
cepras 1948 p. B M. Enic (mrat Texac), OyB HaitMOJIOAIINM 3 TPHOX CHHIB y CIiM’1
Annbepra Mepdi Emmicona i Koncranmii Kamymi (JIinn). Ko Ixefimcy Oymo 11
POKiB, iioro Matu moMepia Bix Jimpomu (3rogom, y 2005 p., fioro Opar Takox Imo-
Mep BiJ paky mepeaMixypoBoi 3ano3u). Cratu BueHUM JKeiiMca HaaguxHYB HOTO
MIKUTPHAR yauTens MateMatuku. Y 1969 p. Jlxeitmc Emricon 3m00yB OakamaBp-
CBKHH CTYTIIHB 3 MikpoOionorii B Texackkomy yHiBepcuteTi B OcTiHi, a B 1973 p. B
TOMy camoMy yHiBepcuteTi mia kepiBHuITBoM J[K. Bappi Kitto (G. Barrie Kitto) —
CTYTiHB J0KTOpa (isocodii 3 Gioorii.

IDiceiime Ennicon (James P. Allison)

VY 1974-1977 pp. Jxeiimc Emnicon npoxonus craxyBaHHs y KiliHiuHOMY 1
nocnigaumnbkomMy ¢ouai Ckpumrc (Scripps Clinic and Research Foundation) y
Can-/liero (mrrar Kamigopnis), noriM, 1o 1984 p., npairoBaB B OHKOJIOTTUHOMY
uenTpi iMm. M.JI. Annepcona npu Texacbkomy yniBepcuteTi. Y 1985 p. [Ixeiimc
Ennicon craB mpodecopom imyHouorii Ta aupekropom HaykoBo-mgocmiaHoi 1abopa-
Topii paky Kanidopniiicekoro yniBepcutery B bepxui (Cancer Research Laboratory
at the University of California, Berkeley). ¥ 2004 p. nepeiitoB no Memopiaiib-
HOTO OHKoOJIOTiyHOTO 1eHTpy iM. CrnoyHna-Kerrepinra (Memorial Sloan-Kettering
Cancer Center) y Horo-Hopky, e ouomoBas JIro/Bir-eHTp 3 OHKOJNOTiUHOT iMYHO-
tepamii (Ludwig Center for Cancer Immunotherapy), kadenpy imyHonorii, a Takox
kadenpy Koxa 3 imyHonoriunux pociimkers. Y 2004-2012 pp. Jxeiimc Emnicon
npamoBaB 'y Meauuniit mkoni Beitna (Weill Cornell Medicine) ta Bumriit mxoni
meanunux Hayk Beitna (Weill Cornell Graduate School of Medical Sciences) npu
KopuemnbchkoMy yHiBepcuTeTi y Hplo-Mopky, a Takok y MequdasoMy iHCTHTYTI
im. ToBapaa X’103a y Uesi Yeisi (mrar Mepinenn). Y 2012 p. BueHHit MoBEpHYBCS
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1o OnkonorigHOTO MEHTPY iM. M.JI. AHIEepcoHa, e CTBOPUB IMYHOTEPAIIEBTUIHY
m1aropMy TSl TOCITIHKSHHS IMyHHOT BIJITIOBi/II y XBOPUX Ha pakK.

Jxetimc Emmicon € wienom Hamionansnoi akamemii Hayk CILIA, Hamionans-
Ho1 MeamuHOi akagemii CIIIA, AmepukaHCHKOi akageMii MikpoOiosorii, AMepHKaH-
CBKOI acoIriarii CupusiHHS Haylll, a TaKOX AUpEeKTopoM HaykoBOi KOHCYIBTaTHBHOT
pamu [HCTHTYTY OHKONOTIWHMX nociimkeHs (Cancer Research Institute). Y munymo-
My OYOJIFOBaB AMEPHKAHCHKY aCOIIaIlii0 iIMyHOJIOTIB.

Brecok [[xeiimca Emmicona B HayKy BiazHadeHo moHaa 60 Haropomamw, ce-
pen skux npemis Skoba Xecens ['a66as 3 6ioTrexHomorii Ta meaumuau (2011), mpe-
Miss AMEepUKaHCHKOI acoliallii iMyHOJIOTIB 3a KUTTeBI qocsrHeHHs (2011), mpemis
Novartis 3 kiiHIgHOT iMyHOJ0TiT (2013), pemist Tan 3 6iodapManeBTHIHOT HAYKH
(2014), mpemis Cent-/lpiiopai 3a mporpec y gociipkeHHi paky HarionansHoi GyH-
Jarlii 10CIiHKeHb OHKOJIOTIYHHUX 3aXBOproBaHb (2014), mpemist kKaHaAChKOTO (hoHTY
I'apnuepa B ramysi Hayk npo xutts (2014), npemis Jlyisu I'pocc Xopgir (2014),
npemist ['apBi [3painbcbkoro TexHomorigHoro iHcTUTyTy (2014), mpewmis Jlacke-
pa-JlebGeiiki 3 KITiHIYHUX MeaundHuX AociimkeHs (2015), mpemis Bonsda 3 memn-
nuau (2017), mpemis banb3ana 3 iMyHOIOTIYHUX TiAXOAiB y Teparmii paky (2017),
Mixnapomnna npemist Kopomns @eiicana 3 menumuan (2018), memans im. xecci
CriBencona Kosanenka (2018), mpemist MequanaoTo ieHTpy OnbaHi 3 MEAWIIMHA Ta
MEIUKO-010JIOTTYHHX A0ociikeHb (2018) Ta iH.

Jxetimce Enicon onpyskenutit 3 [Tagmani [llapma (Padmanee Sharma), mpode-
copoM OnKojOTi9HOTO HEeHTPY iM. M.JI. AHIepcoHa 1HIIHCHKO-TasTHCBKOTO TTOXO0-
JDKEHHS, sIKa Ma€ TPhOX JOHBOK BiJ MEPIIOro MITo0y. BiH 3aX0TTI0ETHCS MYy3HKOIO:
rpae Ha TapMOHIII y Or030Bii TpyIi iMyHOIOTiB Ta oHKooriB Checkpoints Ta y
Micnesii Tpymi Checkmates [4].
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Tacyxy Xonozvo (Tasuku Honjo)

76-piunmii mpodecop Tacyky Xonasbo (Tasuku Honjo) mpairoe B KioTchko-
My yHiBepcuteTi (Kyoto University). Haponuscs HoOeniBcbkHii aypear 27 ciuHs
1942 p. B Kioto. ¥ 1966 p. 3akinuuB meauunuii ¢akyiasrer KioTcpkoro yHiBepcu-
TeTy 1 37100yB CTYIIiHb Marictpa, a'y 1975 p. mia kepiBauirsom fcyromi Hicinsyka
(Yasutomi Nishizuka) i Ocamy Xasici (Osamu Hayaishi) — ctymias gokropa ¢ino-
co(ii B ramy3i MeaHUHOI XiMii.

[Tpucssitutu cede JOCIiHKEHHIM 3705KICHOTO pocTy Tacyky XoHA3b0 BUPILINB
ITiCIIst TOTO, SIK HOTO OJTHOKJIACHUK 3 MeIMYHOT IITKOIM ITOMEP BiJl paKy nuryHka. Ta-
cyky Xona3po mpamtoBaB y CIIIA: B 1971-1973 pp. — y nenapramenTi emOpionorii
Incturyty Kapueri y Bamunrroni (Carnegie Institution of Washington), a B 1973—
1977 pp. — y HamionansHomMy iHcTHTYTI 310poB’st CIIIA (U.S. National Institutes
of Health) B berecni (urar Mepinenn). BuBuaB reHeTHYHI OCHOBU iIMYHHOT BiJIIO-
Biji y HamioHaibHOMY 1HCTHTYTI 3710pOB’s AiTel Ta po3BUTKY roauau (National
Institute of Child Health and Human Development). 3 1992 p. Tacyky XoHI3b0
€ TOCTIHHUM HAayKOBUM CHIBpOOITHHKOM HalioHanbHOTO 1HCTUTYTY 3A0pOB’S
CIIA. Y 1974-1979 pp. BUCHHMIA IEPIOAUIHO TIPAIFOBAB JIOIICHTOM Ha MEIMYHOMY
¢akynsreti Tokilicbkoro yHiBepcutety, B 1979-1984 pp. — npodecopom kadenpu
TeHEeTUKU Ha MenIHOMY ¢akynbreTi YHiBepcutety Ocaku, B 1984-2005 pp. — npo-
(decopom kadenpu MenuyHoi Ximii Ha MeanuHOMY (akysbreTi KioTchkoro yHiBep-
cutery, a 3 2005 p. — mpodecopom kadeapu iIMyHOIIOTIi Ta TEHOMHOI MEIUIIMHU Ha
TOMY camMoMy (haKyJbTeTi.

Y 2012-2017 pp. Tacyky XoH1360 OyB Mpe3uieHTOM Jlep:kaBHOTO YHIBEpCHUTE-
Ty npedexrypu Cinzyoka. Bin iHo3emunii unen HarionansHoi akagemii Hayk CHIA
(32001 p.), unen Anoncekoi akagemii (3 2005 p.), Himerpkoi akaieMii 10CITiTHUKIB
npupoau «Jleormonmpaunaa» (3 2003 p.), mouecHuid WwieH AMEpHUKaHCHKOT acoriarii
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IMYHOJIOT'IB, YICH SITTOHCHKOTO IMYyHOJIOTIYHOTO TOBapHCTBA (K€ BIH OYOIIOBAB Y
1999-2000 pp.). Tacyky XoHA3p0 Ma€ iy HU3KY Haropoxa: npemis Pobepra Koxa
(2012), Opnen kynbTypH Binx immeparopa Akixito (2013), mpemis Tan y ramy3i 6io-
¢dapmaneBTnanoi Hayku (2014), mpemist Binbsma b. Koy (2014), KioTchka npemist
B ramy3i pynnamenTanpaux Hayk (2016), mpemist pouay Boppena Anbniepra (2017)
Ta 1H.

Haii6inpmmm 3axoruierasM Tacyky XOHI3b0 € Tpa B Toibdh [5].

o »k came Biakpuiau Jaypearn HobemiBehKoi mpemii 3 iziomorii Ta Meauim-
Hu? | 10 B3araii Take «HeTaTHBHA IMyHHA PETYIIAIisa»?

CucrteMa iMyHITETY BHKOHYE B OpraHi3Mi Oarato pi3HHX (DyHKIIiH, SKi € Hal-
BKJTMBIMH ITOYMHAIOYH III€ /IO HAPOHKEHHS OpraHi3My i 10 camoi ioro cMepri. 30-
KpeMma, I CHCTEMa PETYJIO€ B3a€MO3B’SI30K MK IUIOJOM Ta Marip’io, BIUIMBAE HA
PO3BHUTOK OpTaHiB i TKAHWH B OHTOTCHE31, 3aXUIIAE OPTaHi3M BiJl BTOPTHEHHS TYKO-
PIIHUX y TEHETHYHOMY (2 OTXe, 1 B aHTUTCHHOMY) TUIaHI 00’€KTiB, HAITPHUKJIIA Ta-
TOTeHHUX OakTepiii, TpHOiB, TEIBMIHTIB, «IyKXUX» TPAHCIUIAHTAHTIB, 3HEIIKOIKYE
BJIACHI KIJIITHHHM, SIKI MICTSTh 9YXKOPiIHI MPOTEiHM (BIPYCHOTO TOXOIKEHHS) a0o
BJIACHI MYTaHTHI MTPOTETHH, IO € 03HAKOIO TPaHCPOPMOBAHUX (ITYyXJIMHHHX ) KITITHH.
Jnis BUKOHAHHS TMX (PYHKIH IMyHHA CHCTEMa Ma€ TIOTYKHY «30pOro»: Mo-TiepIiie,
cnenriyHi IMyHOTTIOOYIiHH (aHTHUTINIA), IO 3B’SIBYIOTHCS 3 UYKOPITHUMH 00’ €K-
TaMH 1 CIPUSIOTH X BHBEICHHIO 3 OpraHizMy a0o TepeTpaBlIeHHIO MakpoQaramm,
a mo-apyre, mutoTokcuuHi T-nmimdonuTt (T-kinepn) Ta MPUPOIHI KIITUHU-KUIEPH
(NK-xmiTiHM), 31aTHI 3HETIKODKYBATH K Iy>KOPiIHI, TaK 1 BIACHI KIIITHHHU, SKIIO
BOHH CTaHOBIISITh 3arpO3y OpraHi3My (HaIlpHKJIaI, IyXJIHHHI KINITHHA). L[5 «30pos» €
HACTLUIHKH MTOTYKHOIO, III0 MOYKE BOUTH CBOTO «TocTiofaps» (1HOMI Tak 1 BiOyBaeThCs
MIPH aBTOIMYHHUX MOPYIICHH:X ). ToMy iIMyHHI KJIITHHA BUKOPUCTOBYIOTh CIICIliaTbHI
MOJICKYJISIPHI MEXaHI3MH JUTS PO3IMTI3HABAHHS «CBOTO» 1 «Iy>KOT0» Ta MArOTh CKJIA-
HY CHUCTeMY peryssimii (GpyHKIIH 3 BEITUKOI KITBKICTIO «3al00KHUKIBY, IO 3a0€3-
regye OajlaHC MK TIO3UTHBHUMH PEaKIisIMU (aTaKyBaHHS) 1 HETAaTHBHUMH PEaKIli-
ssMU (TaJTbMyBaHHS) 3HEITKOKCHHS BIIMOBITHUX KIITHH-«MimeHen». Yomy k Tomi
OakTepianbHy 1H(EKIIII0 OpTaHi3M MOXKE ITOJI0TATH MPOTATOM JIBOX THDKHIB UM HABITh
MEHIIIE, & 3HEITKOANUTH 3JI0SKICHY TYXJIMHY 3/1€0UTHIIIOT0 BUSBISETHCS HE B 3M0317

Hacammepen Bkpail cXxeMaTW4HO PO3MISHEMO, SIK IMyHHa CHCTEMa B3a€MOJII€
3 MyXJIMHOK, 1 9oMy 00poTh0a 3 pakoM € HaJICKIaJHUM 3aBIaHHIM IS OpTaHi3-
My. BHacmimok MyTariii, mo MoXyTh OyTH Pi3HOTO TOXOIKCHHS, 3I0POBI KIITHHU
TpaHCPOPMYIOTHCS B IMyXJIMHHI, SIKi 37aTHI 0 HECTPUMHOTO PO3MHOXKEHHSI 1 9acTO
MICTSTh 3MiHEHI MTPOTETHH, Ty>KOPIIHI IS OTO OpraHi3My. IMyHHa cucTeMa «30-
00B’s13aHa» PO3II3HATH TpaHC(HOPMOBaAHI KIITHHHU Ta 3HUIIMTH iX. BUKOHATH 11O
¢yskmiro T-miMdoruTamM TomOMararTh IEHAPUTHI KIITHHHA, OMUCaHI HIMEIIBKAM
anaromoM [laynem Jlanreprancom me Hanpukiam XIX cT. A OT poiib IEHAPUTHHX
KIITHH Y (hopMyBaHHI crieninpigHOTO iMyHiTeTy Oyno Biakputo y 1973 p. kaHaa-
cpkuM yueHnM Pansdom Craiinmanom (Ralph M. Steinman), 3a mo fiomy B 2011 p.
Oymno mpucymkeHo HobemiBcpKy mpemito 3 (iziosorii Ta MeauiuHA (He3BaXKarouu
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Ha CMEpPTh YYEHOTO 3a TPH JHI JI0 OTOJIONICHHS IMEH JiaypeariB). bimbmricTe neH-
JPUTHUX KIITUH (BOHM X — QHTUTCHIIPE3CHTYIOU1 KIIITUHN) MITPYIOTh TKAHWHAMU
OpraHi3my, OTJIMHAIOYU BC1 IPOTETHH, IO TPAIUISIOTHCS iM Ha MIIAXY, 1 MICISI PO3-
IIeTUICHHS Ha (pparMeHTH TMPE3CHTYIOTh iX Ha CBOIM MOBEPXHI y CKJIAIi 3 TpoTei-
HaMH TOJIOBHOTO KoMIuiekcy ricrocymicHocti (MHC II). ¥V mimdarnanomy By3ii
JCHIPUTHI KIITHHA MOXXYTh aKTHBYBaTH NMPOTUITYXJIHHHY IMyHHY BiJIOBiIb IIO-
HaliMeHIe ABOX TUIiB. [lepmuii — KoM MEeHAPUTHI KIITHHA JEMOHCTPYIOTh €KC-
MMOHOBaHI (PparMeHTH YYKOPITHUX MPOTETHIB MUTOTOKCHYHUM T-miMdoruram, sKi
TICIISL PO3II3HABAHHS «TY>KOT0» aKTUBYIOTHCS, PO3ZMHOXKYIOTHCS Ta BUPYILIAIOTH Ha
MIOITYKH KIITHH-«Mitmerei». L{i T-miMdoruT «mmepeBipsroTh» Ha MOBEPXHI BCIiX
KIITHH (hparMeHTH BHYTPINTHHOKIITUHHUX MPOTEIHIB, IO MPEACTABICHI B KOMII-
nekci 3 mporeiHamu MHC 1. | sxmo ¢gparMeHTH BHYTPIIIHBOKIITHHHUX TPOTEi-
HIB PO3MI3HAIOTHCS K UYXKOPiJHI, TO MUTOTOKCUYHUN T-rmimMdonuT BOMBA€E KIITH-
HY-«MIIICHbY», YTBOPIOIOYH NipKH B ii MeMOpaHi i 3aIyCKalouu B Hill CIEIliaTbHY
mporpamy 3aru0esni — anonTto3. J[pyruii TUIT — akTUBYBaHHS CUHTE3Y CITEITU(ITHIX
AQHTHUTLI TIPOTH aHTUTEHIB, 1110 EKCTIPECOBAaHI Ha TOBEPXHI MyXJIMHHUX KIITHH. Takxi
AQHTHTLIA TTOTIM 3B’ S3YIOTHCS 3 MyXJIMHHAMH KJIITHHAMY 1 aKTHBYIOTh IMTOTOKCHYHI
NK-kmiTiHM, sIKi BOUBAIOTH BIOBIIHI MMyXJIMHHI KIITHHA (TaK 3BaHA aHTHUTIIO3a-
JIe)KHA IIUTOTOKCHYIHICTB).

JleHapuTHI KIITHHH € TIOTYKHAMH aKTHBATOPAMH ITUTOTOKCHIHHX JTIM(OIIUTIB,
1 TOMy BBa)KaJIOCS, III0 BOHU € YU HE TOJIOBHUMH KOMIIOHEHTAMH Y TPOTHITYXJINH-
HOMY imyHiTeTi. OHaK, 3apa3 BiJIOMO, 110 iICHYIOTh Pi3HI MOMYISIMii J€HAPUTHHX
KIIITHH, Cepel IKUX € Taki, o Majgoe(eKTuBHI B 60pOThOi 3 pakoM a00 HaBITh BH-
KJIMKAIOTh IMyHOJIOTI9HY TOJICPAHTHICTb.

B imeani »omHa MyTaHTHA KJTITHHA, IO CTaja MyXJIMHHOIO, HE TIOBHHHA 3aJIH-
MUTHCS KUBOI0. OHAK MyXJIUHHI KIIITHHH BUKOPUCTOBYIOTH 0araro «XHUTPOIIIIBY,
00 YHUKHYTH 3HEIIKO/UKCHHS IMyHHHMH KIIiTHHAMHU. BoHM 3maTHi mpuOuparn
xomriekct MHC 31 cBO€i moBepxHi, BUAUISATH PEYOBUHH, IO MPUTHIYYIOTh aKTHB-
HICTh IMYHHUX KIIITHH, 3HUIIyBaTH MYTaHTHI TPOTETHN 1 HABITh 3JIMBATUCS 3 KIIi-
THHAMH IMyHHOI CHCTEMH, HalpHUKIIa] 3 Makpodaramu [6]. 3’ IBISIOTECS BCE HOBI
1 HOBI MeXaHI3MH «00MaHy» IMyHHOTO 3aXHCTy OpTaHi3My, OCKUJIbKH ITyXJIMHHI
KIJIITHHY TOCTIHHO «HAMAaraloThCs» 3MIHIOBATHUCS, ITIIBUIILYBAaTH CBOE Pi3HOMAHIT-
TSI, KOHKYPYBaTH MK COOOI0 32 BM)KMBAHHS Ta BIOCKOHAIIIOBATUCS B PE3yJIbTATi
eBomonlii. Taka crparerist mpuU3BOANUTE A0 3aruberi 0ararboX MyXJIMHHUX KITITHH,
ase 3a0e3rneuye BUKUBAHHS ITYyXJIMHHU B IIJIOMY Ta IMIBUKY KOJIOHI3AIIO OpTaHi3My.

HatinommpeHiri 10 0CTaHHBOTO Yacy TPaauIliitHi CIOCOOH JTIKyBaHHS OHKOJIO-
TIYHUX 3aXBOPIOBaHb (ITPOMEHEBA TEPaITisi Ta XiIMIOTeparlist) TPYHTYIOThCSI Ha BILIH-
Bi 30BHIIIHIX YUHHHUKIB HA KJIITHHH, SIKi MAlOTh JIB1 TOJIOBHI O3HAKH ITyXJIMHHUX KJTi-
THUH: BOHH aKTHBHO TPOIi(hepyroTh (PO3MHOKYIOTHCS MOIIIOM, ajile OMPOMIHEHHS
nomkopkye JIHK 1 mepemrkomkae mpoMy) Ta € CTIHKUMHA 70 anonTo3y (TOKCHYHI
XIMIYHI TIperapary 37aTHi e yehinHo nonatn). OmHak 3a3Ha4eHi METOIH JIIKyBaH-
HS HEIOCTaTHBO €(PEKTHBHI, OCKUILKH IIKOAATH B OPTaHi3Mi 37I0POBUM KIIITHHAM,
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10 aKTUBHO JUIATHCS, Ta C1a00 BIUIMBAIOTH HA «CIUIAY1» MyXJIMHHI KIITHHH, SIKi €
MaJOaKTUBHUMH. HaciIkoM Takoro JIIKyBaHHS € 3aHAATO TOKKI MOOIUHI edexTH,
OB’ sI3aHi1 3 TIOPYIICHHSIM POOOTH 06ararboX CMCTEM BHYTPIITHIX OpTaHiB.

Tomy ixest imyHoTeparrii, TOOTO O0OPOTEOM 3 OHKOJIOTIYHUMHU 3aXBOPIOBAHHSIMHU
3a OTIOMOTOI0 MOOWTi3aIii BHYTPINIHIX CHJI OpraHi3My (CHCTEMH IMYHITETY), BH-
JIsI/1a€ Ty)Ke TIPUBa0IIMBO, aJKe JIWIIEe IMyHHa cucTeMa 3 ii BUCOKOCTIeTIM(IIHUMHU
MeXaHi3MaMH{ pO3IMi3HaBaHHS MMOTCHINMHO 3/aTHA BIAPI3HUTH MyXJIWHHY KIITHHY
BiJl 310POBOI.

Briepmre imyHoTepaneBTuyHi inei 3’ sBuincs B Himeuunni nanpukiami XIX cr.,
KOJIM XBOPHX Ha PaK iHiIKyBaJu OaKTepisiMu, HAMararodich aKTHBI3yBaTH IXHIH IMy-
HiTeT, ane 6e3ycminrHo [7]. [Ipore 6aThkoM iMyHOTEparii BBAKaIOTh aMEPUKAHCHKO-
ro xipypra Binbsma Komi (William B. Coley), sikuit y 1890 p. 3iTKHYBCS 3 BUTIIKOM,
Koy Omm3bKa oapyra Jona Pokderepa, 17-pidHa niBurHa 3 CAPKOMOIO, IIOMEpIia
BiJl MeTacTa3iB yepe3 10 TIKHIB micis onepartii, a HIMEIIbKHI eMIirpaHT 3 TaKUM ca-
MHUM J1iarHO30M T1030yBCS MyXJIMHU, TIEPEXBOPIBIIN HA iH(EKIIHHE 3aXBOPIOBAHHS
oemmxy (poxy) [8]. Bimessm Komi 3i0paB cBiqueHHS PO BEMKY KUTBKICTh MTOMIOHIX
BHIIQIKIB 1 TTOYaB BBOAWUTH MAIll€HTaM y MyXJIMHY 30yTHHUK OCIINXH, TIEPEHITIOBIIN
3rOJIOM JI0 BHKOPHCTaHHS HEKWBUX OakTepiil. BiH CTBOpWB BakIMHY, BiJIOMY ITiJT
Ha3BOKO «TokcrHM Komi» abo «dimoinu Komi», sika Mictina BOUTI 6aktepii 30y1Hu-
ka Oemmxu Streptococcus pyogenes rpynu A Ta 30yIHHKA TOCHITATBHAX 1HGEKITIH
Serratia marcescens. [{to BakmHy MpoAOBKyBaJIi BUKOPUCTOBYBATH 1 IICIISI CMEPTI
Bimesima Komi y 1936 p., 1 mponaBanu ii go 1962 p. Ilotim nipo BakuuHy 3a0ynn He
CTUTBKH Yepe3 PO3BUTOK XiMiO- Ta pajioTeparnii, CKIJTbKH Yepe3 He3pO3yMUTICTh Ha
TOM "ac Mexani3my ii aii. Jlo pedi, y 2005 p. Bakuuny Ko 6ymo BigrBopeno Kanan-
ChKOIO (hapMarieBTHIHOIO (hipmMoro MBVax, sika 3apa3 poBOANTS 11 KITiHIYHI BHITPO-
oyBanHs1. Kpim Toro, B SAAnonii B 1975 p. micns 30 pokiB BUIpoOyBaHb OyII0 CXBaJICHO
JUTS BAKOPHUCTaHHS aHAIOT Bakiian Kouti — mpenapar minubaH1i, o MiCTUTh OakTe-
pii HemaToreHHOro mTaMy Streptococcus pyogenes rpynu A, cremiaabHO 00poOieHi
JUTSL 3HETKO/PKEHHSI TOKCUHIB 1 T030aBiIeHHs OaKTepii 34aTHOCTI 10 PO3MHOKEHHS
[9]. 3amokymeHTOBaHI pe3yJabTaTH IOCHipkeHb Binbsima Komi 30epermucs 3aBusku
rioro mousii Xeneni Kom Hayte (Helen Coley Nauts), sika Ha rporri Hembcona Pok-
demrepa B 1953 p. 3acHyBana IuctutyT mocmimkenns paky B Hio-Hopky. ImyHo-
TepaneBTUYHI METOH JIIKyBaHHSI OHKOJIOTIYHUX 3aXBOPIOBAaHb, PO3POOIICH] IHIINMU
BUYCHUMHU, HE OyJIM HAATO €PEKTUBHUMH, 1 0 IILOTO CIIOCOOY JIIKYBaHHS TEPECTaN
CTaBUTHCSA cepiio3HO. OHAK BIAKPUTTS, SKE 3p0OMIIM HUHIIIHI HOOCTIBCHKI Jiaypea-
TH 3 (Pi3107I0T11 Ta METUITMHH, 3MYCHIIO TIOBIPUTH B TIEPCTIEKTUBHICTH HOBOTO IMYHO-
TEPaneBTUYHOTO ITiIXOY 0 JIIKYBaHHS PaKY.

IcTopist IbOTO BIAKPUTTS TOYAacs 3 AETATBLHOTO AOCIIKEHHS B3a€MOJIIT ICH-
OpuTHUX KIiTUH 3 T-kmituHamu. BusBuiocs, mo kpiM T-KITITHH HOTO perenTtopa
1 komrekcy imyHoreHHmid nentua-MHC II (pMHC II) y B3aemomniro BCTyTarTh
Oararo iHIIUX MOJIEKYJI Ha TIOBEPXHI IIUX KIIITHH, YTBOPIOIOYH TaK 3BaHWUN IMyHHUH
cunaric. [Tepmmu Oyimo BiZKpUTO KOCTUMYIISTOPHI Mosiekynu: perentop CD28 nHa
noBepxHi T-KITiTHH
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[10] i #ioro mirarm B7 (CD80) na moBepxHi meHaputHuX kmituH [11]. B3ae-
MOJIisl IIUX MOJIEKYJ aKTHBYBaja T-KIITHHHU, CTUMYJIOBaJIA iX MOALI, MPUBOISIYN
IMyHHY cUCTeMy y cTaH 0oioBoi roroBHOCTi. [Ixerimc Emmicon 1 Tacyky XoHI360
HEe3aJIe)KHO OJIMH BiJ] OTHOTO BIAKPHIIN MBI iHT10yI091 MOJIEKYJIH, SIKi TAKOK BXOIATh
710 CKJIa/Ty IMyHHOTO CHHATIICY 1 € «raabMamm» iMyHHUX KkimituH, — CTLA-4 1 PD-1.

Iaridyrouy monexymy CTLA-4 (Bin anri. cytotoxic T-lymphocyte antigen-4 —
aHTHreH 4 uToTOKCHYHNX T-mimdonmtiB), abo CD152, [Ixelimc Emricon Bigkpus
y 1987 p [12]. Bona BusiBisiziacst muire Ha aktuBoBaHuX T-nmiMdorurax. Tomy cro-
YaTKy BBayKaJId, IO II€ e O/lHA KOCTUMY/ISTOPHA MOJIEKyJa, HeoOXiHa /Ui aKTH-
Barlii T-mimdonuTi. [)x. Emuricon 3po0nB HEMMOBIpHE IPUITYIIIEHHS, III0 MOJICKYJIa
CTLA-4 notpibna Ha T-mimdonmrax He 171 TOro, mo0 iX aKTHBYBaTH, a JJIs TOTO,
100 MaTh MOKITUBICTH iX 3ynuHuTH [ 13]. [ToTiM 3’ sicyBainu, mo monekyina CTLA-4
3a CTPYKTyporo myke momioHa mo CD28 [14], 1 oOumBi 11i MOJIEKYIH Ha TIOBEPXHI
T-KJIITHHU KOHKYPYIOTH 3a 3B’sI3yBaHHs 3 MOJIEKYJIOI0 B7 Ha moBepxHi ACHIPUTHOT
KIIITHHY, BUKITUKAIOUYX TIPOTUJICKHI €PeKTH (aKTUBAIii 9u raabMyBaHHs T-mimMdo-
nuta) [13].

V skwmii ke croci® T-miMdoruT poduth BHOIp MiXk arakoro Ta O€3MisITEHICTIO?
BusiBnsieThes, 0 10 CKIIay iIMyHHOTO CHHAIICY BXOJIUTH Oarato monekyn CD28 i
CTLA-4, sxi HamararoThcs 3B’s13aTHCs 3 B7, a KIHIIEBUIA pe3yibTaT 3aJIe)KHUTh BiJl
TOTO, IKMX MOJICKYJ 3B’ si3aocs 3 B7 Gunbie [ 15]. [ikaBo, mo CTLA-4 3B’ s13yeThest
3 B7 cunphimme, Hixk CD28, 10, IMOBIpHO, Ma€ 3HAYCHHS IS 3a1I00ITaHHS PO3BUT-
Ky HaJIMIpHHUX IMyHHUX peakiliii i BHHUKHEHHIO aBTOIMyHHHX 3aXBOPIOBaHb [16].

Hpyry iarioyrouy monekyny PD-1 (Bix anri. programmed death — mporpamo-
BaHa cMepTh), a00 CD279, na moBepxHi T-mimdonuTiB Binkpus Tacyky XoHA3H0 Y
1992 p. [17]. s mMonekyna 3B’si3yBajiacsi 3 perenTopoM Ha MOBEPXHI JCHAPUTHOI
KIITHHY 1 3amyckaia MexaHi3m 3aruoeni T-miMdorura. Y mMumei, mo30aBieHnX
rera PD-1, po3BuBanucst pisHOMaHITHI aBTOIMYHHI YIIIKOIDKCHHsI OpraHiB, HAIIPH-
KJ1a aBToiMyHHA Kapaiomionaris [ 18]. Tomy Tacyky XoHA350 BUCYHYB MPHUITYIIICH-
Hi, o PD-1 cTtpumye T-mimdonuTn Bix yIIKOMKEHHS 3M0POBHX KIIITHH 1 Tepe-
IIKO/KAE aBTOIMYHHIH arpecii. O0’eTHaHUMU 3yCHIIISIMHU KUTBKOX HAyKOBHX TPYII
(3okxpema # rpynu T. XoHm3p0) Oyio 3HaiaeHo perentopu PD-L1

[19] i1 PD-L2 [20] na moBepXHi ACHAPUTHOI KIITHHH, SKi B3a€MOIIIOTH 3 PD-
1. IlixaBo, mo 3a cTpykTyporo monekyna PD-1 BusBunacs momiounoro mo CD28 i
CTLA-4, a monexymna PD-L1 — mo B7, xo4a 11i MOJEKYJI € TOJIOBHUMH KOMITOHEH-
TaMH JIBOX aOCOJIFOTHO HE3aJIe)KHHUX MeXaHI3MiB iHT10yBaHHS IMyHHO! aKTHBHOCTI
[21]. ¥V 2002 p. omrouacHo rpyma Tacyky Xonn3po [22] i rpyma Jlininra Yena [23]
3poOWIIH TIPUITYIICHHS TTPO HasBHICTH perientopiB PD-L Ha myXmTWHHUX KITITHHAX
JUTS IPUTHIYEHHS aKTHBHOCTI T-TiM(OIHMTIB 1 PO MOXIIUBICTH OJIOKYBaHHS pPEIleTI-
topa PD-L 3 MeTor0 J1iKyBaHHS paKy.

3rogom iHriOyroui Monekyan CTLA-4 i PD-1 Ha3Banu iMyHHIMH 9€KTIOTHTaMHU
(Bim anm1. checkpoint — KOHTpoJIbHA TOYKA, a00 Touka nepeBipkn). ToOTO 11e — TOU-
Ka TIPUAHATTS pIllleHHS, B SKili BU3HAYAETHCS IMONAJIbINA JIONS IMyHHOI KIITHHH.
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[ro Ha3By manum 3a QaHAJIOTIEIO 3 KIITHHHUMH YEKIOTHTAMU — KOHTPOJIBHUMH TOY-
KaMH{ KJIITHHHOTO IUKITY, B IKHUX BUPIIIYETHCS, 9H BiAOymeThCs oA KiiTiuaA. 1o
pedi, BIAKPUTTS Ta AOCTIKEHHS KIITHHHUX YEKIOIHTIB aMepuKaHieM Jleranmom
Xapteemiom (Leland Hartwell) i 6puranmsmu Timoti Xantom (Timothy Hunt) Ta
[Tomom Hepcom (Paul M. Nurse) Takoxx Oyio BimzHadeHo HobOemiBChKO0 TpeMi€eio
3 ¢izionorii Ta MmenumaU y 2001 p. Tlicins BIAKpUTTS IMyHHHX YEKIOTHTIB PO3IIO-
YaJIACS TIOMTYKH cIIoco0y iX CTUMYITFOBaHHS 1711 00pOTHOM 3 aBTOIMyHHHMH 3aXBO-
proBanHsAMU [24]. 3aciyroro [Ixeiimca Emmicona i Tacyky XoHI3b0 € Te, 110 BOHH
MTOIUBWITACS HA IMYHHI YEKIIOTHTH ITiJT iHIIAM KyTOM 30pYy Ta 3alpoIroHyBaH (CIIo-
garky JIx. Enmicon [25], a motim 1 T. XoHn3bo [22]), HaBaku, akTUBYBaTH T-KiTi-
TUHU JUIs1 OOpOTHOM 3 pakoM 3a JOMOMOTOI0 crenu(igHuX IHTIOITOpIB IMyHHHX
4eKnoiHTiB (Hanpukiag, anTuTuT mpot CTLA-4 1 PD-1). Taki aHTHTIIA 3aBAKaIH
0 IMyHHHUM YeKITOTHTaM B3aeMOIiSATH 3 MosieKyinamMu B7 1 PD-L1 nenapuTHHX KiTi-
THH, YHACIIITOK 90T0 T-1iM(OIUT, HE OTPUMABIIIH IHTIOYIOUMX CUTHAIIIB, PO3IIOYaB
Ou aKTHBHO aTaKyBaTH MyXJIMHHI KJIITHHA (X092 HEMUHYYE TIOITKOANUB OH 1 30pOBi
KJIITHHY, BUKJINKABIIIN aBTOIMYHHI YCKJIaTHEHHS).

[lepmuii ekcriepuMeHT Ha MUINAxX, ocrapneHuit Jxeitmcom EsticoHom Ha-
npukiHi 1994 p., naB ¢anractuyni pesynprar: antutiia npotn CTLA-4 ctu-
MYJTFOBAJIM IMYHHY BiJIIIOB1JIb 1 T030aBHITN €KCTIEPUMEHTAIBHUX TBAPHH BiJI Iy XJINH
[25]. IIpoTarom TphOX HACTYIHUX POKiB Oyiio mepeBipeHo mito inridiTopa CTLA-4
Ha Pi3HI THIH MyXJIMH: paK MepeIMiXypoBOi 3aJI03H1, PaK MOJIOYHOT 3aJ103H, MEJIaHO-
My. Y 2005 p. rpyma Tacyky Xoua3w0 [26] omHogacHo 3 rpymoro Jliminra Yena [27]
OITyOJTiKyBaJI aHAJIOTIYHI pe3yJbTaTH €KCIIEPUMEHTIB i3 3aCTOCYBaHHIM aHTHTLI
npotu PD-1 sk mpoTumyxmuHHUX 3ac00iB.

OpHaK 1l BIIKPUTTS HE 3aIliKaBIIIA BUPOOHHKIB (hapMaIleBTHUHUX TIPETaparis,
MepeayciM 4epe3 BUCOKHHM PU3UK BOKKHUX MOOIYHUX e(DEKTIiB y BUTVISAII aBTOIMYH-
HUX 3aXBOpIOBaHb. Jlumie 3apasku HamonermuBocTi [xeiimca Emmicona B 1999 p.
MaJieHbKa OioTexHosoriuna komraHis Medarex 3 [Ipuacrona (Hero-Ixepci, CILIA),
sika mi3Hime Oyma nmpuabdana dipmoro Bristol-Myers Squibb, 3a momomororo Tex-
HOJIOT1{ TPAaHCTEeHHUX MHIIEH CTBOPHJIA JIFOICHKE MOHOKJIOHAJIbHE aHTHUTLIO HPO-
™1 CTLA-4, sxe HazBamu imimimyma6 (ipilimumab) [28]. Ilepmie anTHTIO TPOTH
PD-1 — niBommymab (nivolumab) Oyio po3pobaeHo kommnaniero Ono Pharmaceuticals
(ma panHiif ctazgii — y cmiBmpaii 3 Bristol-Myers Squibb). BunpoOyBanus mpermna-
pary Opdivo (HiBomyMa0), po3modari y 2006 p., MpoaeMOHCTpyBaIH 0OHATIHINBI
pe3yJIbTaTH: YCHIMIHICTD JiKyBaHHA cTaHoBMIA 20-25 % y XBOPHUX 3 PaKoM JIeTeHb,
HUPOK 1 METTAHOMOO, TPHIOMY e(peKT OyB TPUBAIHM, a B ISIKHX BUIIAIKaX CIIOCTE-
piraBcsi MOBHUH perpec myxymHu [29].

Jlumre wepe3 15 pokiB micis BIAKPHUTTS iMyHHHX udeknoiHTiB FDA — Ympas-
JIHHS 3 CAHITAPHOTO HAIISAY 3a SIKICTIO XapyOBHX MPOMYKTIB Ta MEIUKAMEHTIB
CIIIA no3BOMIIO BUKOPUCTOBYBATH JIIKM HA OCHOBI iX 1HTI01TOpIB. 3apa3 Ha PUHKY
€ IIICTh TaKuX TpemnapariB. [lepmum mikapchkuM 3acO00M Ha OCHOBI 1HTIOITOPIB
iMyHHHX 4eKnoiHTiB (anTuTin mpotn CTLA-4), cxBamenum y 2011 p. s mikyBaH-
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HSI MEJIAaHOMH, CTaB imisiimymad abo €pBoii (Yervoy). Y 2014 p. Oyito cxBajieHO 11Ba
MperapaT Ha OCHOBI MOHOKJIOHAJIBHHUX aHTHUTLN potu PD-1: HiBomymat (Opdivo)
ta neMOpoiizymad (Keytruda); y 2016 p. — npenapar arezomnizymab (Tecentriq) Ha
ocHoBi aHTUTLI potu PD-L1, a'y 2017 p. — me aBa mpenapaTy Ha OCHOBI aHTHTLI
mpotu PD-L1 — aBemryma6 (Bavencio) i mypBamyma6 (Imfinzi).

[HriGiTOpN IMyHHUX YEKIOTHTIB MPOAEMOHCTPYBAIN €()EKTUBHICT TIPH JIKY-
BaHHI MEJIAHOMH, PO3BHHEHOTO HEIPiOHOKIITHHHOTO paKy JIeT€Hb, PaKy HHUPOK,
piakicHOi popMu paxy MIKipu — KapiuHOMH MepKenst (aHTUTLI0 — aBeyMal), Kap-
IIMHOMH CEYOBOTO Mixypa, TiMmpomu. [Ipuaomy inriditopu B3aemozii PD-1 3 PD-L1
BHUSBIJIUCS OUTHIT €(DEeKTUBHUMH Ta BUKJIMKAIM MEHIIIE YCKIIAJIHEeHb, HIX 1HT101TO-
pu CTLA-4 [30], maGyTh, uyepe3 Te, 1110 BOHHU 3AaTHI OJI0KyBaTH iHT10yr04i CUTHAIH
HE TUTHKY BiJ ACHAPUTHUX KJIITHH, a ¥ BiJl MyXJIMHHUAX KJIITHH, JTiSTH JOKAJIHHO Ta
Oibin BuOipkoBo. llle edexTuBHINIOW BUsBHIIACS KOMOIHOBaHA Teparisi, IpH sIKii
OJIOKYIOTHCSI MEXaHI3MU J1ii 000X iIMyHHHX 4eKIOTHTIB [31].

[TpoTsirom KiTbKOX OCTaHHIX POKIB IMyHOTEpaIIisi cTajia OHUM i3 HOTHPHOX OC-
HOBHHX TI1IXO/IiB JI0 JIIKYBaHHSI OHKOJIOTIYHHX 3aXBOPIOBAHB (Pa3oM i3 XipypridHUM
BTPYYaHHSM, TPOMEHEBOIO TEPAITi€l0 Ta XiMioTeparrieio). HoBi iMyHOTepareBTHIHI
MIperapaTy BpSATYBAIH )KHUTTS O0ararboM OHKOXBOprM. Ceper HIX HalBiTOMITIHIA TTa-
nieHT — naypear HoGemniBerkoi npemii mupy 2002 p., 39-it npesunent CILHA (1977—
1981 pp.) xummi Kaprep, sikomy y Bitti 91 pik Bmajocs MomoiaTd MEJTaHOMY 3
MeTacTa3aMH y MO3Ky Ta TICUiHIIl 3a JOITOMOTOI0 IMPOMEHEBOI Tepartii 1 mpenapary
Kirpyna (Keytruda), abo memOpomizymad, — nepmioro cxpajeroro B CIIIA moHo-
KJIOHaJIbHOTO aHTHTIIa ipot PD-1 [32]. BiwkuBanus 6e3 peruauBis micis 1,5 poky
JiKyBaHHA 1eMOposizyMaboM nmpu MeJlaHOMI 3 MeTacTa3aMu 3apa3 cTaHOBUTH 71 %
[33], xoua 30BCiM HETABHO ISl OLIBIIOCTI MAIIEHTIB TAKUi IlarHO3 03HAYaB CMEPTh
MPOTSITOM 2 POKiB. 3aBISKH IMyHOTEpAITii YCIIITHICTE JIIKYBaHHS TiMPOMHU XOIKKi-
Ha cporonHi ctaHoBUTH 50-90 % [34]. Lli pe3ynbraTi HE MOXYTh HE Bpa)kaTu.

Ha >xanp, 3acTocyBaHHS iHTIOITOPIB IMyHHUX YEKIOTHTIB HE TapaHTYE BYIKU-
BaHHS BCIX XBOPUX Ha PakK, 1 JO MOBHOI IMEPEeMOTH HaJ IIMM 3aXBOPIOBAHHSAM IIIE
nanexo. CripaBa B TOMY, 11O iHTi0iTOpH IMyHHHX YEKIOIHTIB JIiFOTh HE HA BCI THUIH
MTyXJIMH OJJHAKOBO €(heKTHBHO. X04a OCTaHHIM YacoM 3 SIBISIETBCS BCE OLIbINe iH-
¢dopmariii po Te, mo eheKTUBHICTH JIKyBaHHs iHT10iTOpaMU IMyHHHX YEKITOTHTIB
OUTBIIIOI0 MipOIO TIOB’sI3aHA HE 3 THIIOM ITyXJIMHHOI TKAHWHH, & 3 TCHETUIHOIO Xa-
pakTepucTukoro paky [35]. s Toro mob iMmyHOTeparis cripaioBaa, MyXJInHa Mae
OyTH IMyHOTCHHOIO Ta JOCTYITHOIO JIJISl pO3ITi3HABaHHS: BOHA MMOBUHHA IMPEICTaB-
JISITH Ha CBOIM TOBEPXHI 3MIHEHI BJIACHI aHTUTEHH, SIKi MOXKYTh OyTH pO3ITi3HaHI
T-nimponmramu sk «ayxi». Hemapma 9y TimBoro 0 1HTi0ITOpIB IMyHHHX YEKIOiH-
TiB BHSIBHJIACSI MEJIAHOMA, SIKa HAKOTIMYY€ TyXKe 0araro MyTaIlii i € CHIIbHO iMyHO-
TeHHO10. Bimomo, o eeKTHUBHICTH JIIKyBaHHS O€3MMOCepeIHbO OB’ A3aHa 31 3/1aT-
HicTIO T-MiMQOIUTIB MPOHUKATH Beepenuuy MyxymHu (iHGisTpyodi T-mimdorm-
TH) 1 TaM aKTHBYBATHUCS, TPHUOMY Jy’Ke BXKIMBAM € HOPMaJIbHHH TIepe0ir mporecy
poO3mi3HaBaHHS IUTOTOKCHYHUME T-1iMboIMTaMu MyXIMHHUX aHTUTeHIB. MaOyTh,

178



C. I. Pomanioxk, C. B. Komicapenko

TOMYy €(QEeKTUBHICTh il 1HTIOITOPIB YEKMOIHTIB 3aJICKUTH BiJ] TEHOTHUITY TAIli€HTA
(unMm pizHOMaHITHIII Horo monekynmn MHC I, Tum Bumii maHcu Ha ycmix) [36].
OdeBuIHO, 110 Ha KIHIIEBHU pe3yIbTaT IMyHOTEpaIlii MOKYTh BIUTMBATH HE TiTHKU
HaOip MyTaliil y myXJIMHHUX KITITHHAX [35] Ta X BimoOpakeHHS B MPEICTaBICHUX
T-nimponmram aHTHreHaX, a i 1HIII PiI3HOMaHITHI YUHHUKH: TIEPEHECEH] JTIOMUHOIO
iH(ekmii, BakuuHaIis, BB HopModiopu [37] Ta mutokiHiB (Hanpuknan, TGFB
MIPUTHIYY€ POHUKHEHHSI T-KIITHH y myxiuny [38]).

He3sanexxHo Bix pe3ysbpraTy iMyHOTEpAINeBTUYHE JIIKyBaHHS BUKIUKAE CEPH03-
Hi TOOIYHI €()eKTH aBTOIMyHHOTO XapakTepy, SKi MOKYTh OyTH HEOS3NEUHUMU ISt
KUTTS: 3arajeHHs rinodisa, pyiHyBaHHS KOPH HATHUPKOBUX 3aJI03, TTHEBMOHIS
tomro [39]. Tomy mamieHTH, SKi IPOXOATH JTIKYBaHHS 1HT101TOpaMU iIMyHHHX YEKITO-
{HTIB, 9acTO MOTPEOYIOTh MIATPUMYBAIBLHOI Teparii TOPMOHAIBHUMHU Ta TPOTH3A-
NaJBHUMHU TIpernaparamMu. 3apa3 aKTUBHO JOCIIIKYIOThCS MOXIIMBOCTI ITO€THAHHS
1HT10ITOPIB IMyHHHX YEKIOTHTIB 3 iHIIMMH 3ac00aMu JIIKyBaHHS paKy Ta Pi3HUMHU
HiATPUMYBAIBHUMH TIpeniapaTaMu. BaXXJIMBUM HANPsIMOM JIOCII/PKEHb IS TTOJIIT-
IICHHS JTIKYBaHHS MAII€HTIB 1 3HIKSHHSI BUTPAT € TONTYK MapKepiB, 3a SKUMHA MOX-
Ha TiepenoaynTh, 9yu Oyne e(eKTUBHUM IMyHOTEpareBTHYHE JIKyBaHHS KOHKPET-
HOTO TarfieHTa. Takok ay’ke BaXKIMBAMU € TOCIIHKEHHS MeXaHi3My [ii iHT10iTOpiB
IMyHHHX YEKIIOIHTIB, KU 1 TOC1 10 KiHIA He 3po3yMinmid. Hanpukiaz, HeBimomo,
Ha 110 AifoTh iHTiI0ITOpr CTLA-4: Ha uToTOoKCHYHI T-MiM(OIINTH, TEHAPUTHI KITi-
TUHU YU PerynaTopHi T-KIIITHHY, 31aTHI IPUTHIYYBATH 1HIII THIH T-miMdoruTis. |
sK iHTi0iTOpr PD-1 yCminiHo AiF0Th MPOTH Ty XJIMH, SKiI HE MatoTh MoJiekyn PD-L17?

B VYkpaiHi iiKyBaHHS OHKOXBOPHX iHTiIOITOpaMH IMyHHUX YEKITOTHTIB IPOBO-
JSITh TIPOTATOM OCTAaHHIX I STH poKiB. OIHAK, OCKUIBKM B HaIIiid KpaiHi HE Ipa-
IIO€ 3araJIbHOTIPUHHATA B MKHAPOIHIN MpakTHUIll cucteMa peiMOypcarrii (Burnia-
TH JIep’KaBOI0 KOMIIEHCAITii), JO3BOJMTH COO1 Take JIKyBaHHS MOXYTh JAJEKO HE
BCI MaIieHTH (BapTiCTh JIKYBaHHS CTAHOBUTH MPHOIMM3HO 150 THC. TPH HA MiCAIIb,
TPHUBAIICTh — BiJl 2—3 THXKHIB J0 KiTbKOX pokiB). [lo Toro x B YkpaiHi odimiitHO
3apeecTpOBAHO JIMIIE NBa Tpemnaparu: nemOpomizymad (Kirpyma) i aresomizymad
(Tenentpuk) [40]. Bonn € y nmpomaxy nuiie B KibKox antekax Kuesa, a 1miHa Ha
HUX BHINA, HIX 32 KopaoHoM (100—120 tuc. rpH 3a 4 M (100 mr) memOpomizymady
ta 180-220 tuc. rpu 3a 20 M (1,2 r) are3omizymady). FIMOBipHO, MOKITHBOCTI fUTst
IIMPOKOTO BUKOPUCTAHHS B MEIUYHIN MPAKTHUI HAHCYYaCHIIUX TOCSITHEHB CBITO-
BO1 HayKH 3pOCTYTh 13 BBEJICHHSIM 00OB’S3KOBOTO MEIMYHOTO CTpaxyBaHHA. 3apa3s
JUTS OUTBIIIOCTI MAIi€HTIB MIAHC OTPUMATH IMyHOTEparieBTHYHE JIIKyBaHHS, ITPO SKE
WIeThCs B I CTATTI, € JIUIIE B Pa3i y4acTi y KIHIYHUX BUMPOOYBAHHAX 3aKOPIOH-
HUX 1HTIOITOPIB YEKMOIHTIB, SKi MPOBOAATHCS B KHiBCHKOMY MiCBKOMY KITIHIYHO-
My OHKOJIOTIYHOMY IICHTpi, KHIBChbKOMY HallioHaJIbHOMY 1HCTHTYTI paKy, a TaKoX
y LleHTpi MKHApOIHUX KIHIYHUAX TOCIHIKSHD MTPH 4-i MichKii nikapHi JHinpa.

OmHOYaCcHO 3 PO3BUTKOM Teparii Ha OCHOBI iHTiI0ITOpPIB IMyHHUX YEKITOTHTIB
PO3BUBAIOTHLCS 1 1HIIN IMyHOTEpANleBTHYHI HANIPSIMH: TEpaIlis aHTUTCHIIPE3CHTYIO-
YUMU JICHAPUTHUMH KIITHHAMH, IPOTUITYXJIMHHA BAaKIIMHALlIS Ta MEpIIa TeHHA Te-
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paris paKy Ha OCHOBI XuMepHoro aHtureHHoro perenropa T-kimitud (CAR-T, Binx
ann. chimeric antigen receptor T-cell therapy). Po3po0OmnsitoTecst Takoxk aHAJIOTIdHI
IMyHOTEepaneBTHYHI MiIX0IH 13 3aTydeHHsIM npuponuux kinepiB (NK-kmitun) [41].

[Tpu Teparii aHTUTeHNPE3EHTYIOYMMH ICHAPUTHUMH KIIITHHAMH y XBOPOTO BH-
Jy4aroTh 3 KPOBI MOHOITUTH, IPUMYIIIYIOTH iX TU(EPEHITIFOBATUCS B ICHIPUTHI KITi-
THHH, K1 «3HAHOMJISITH)» 3 aHTUTEHAMH, BUJUIEHIMH 3 ITyXJIMHU CaMe IIbOT0 XBOPO-
TO, a TIOTIM TTOBEPTAIOTh A0 OpraHi3my. JIeHAPUTHI KITITHHU MPE3EHTYIOTh aHTUTEH
MUTOTOKCHYHUM T-siMporuTam i akTUBYIOTh iX [UIsi 00poThOH 3 myxiuHO. Llei
METOJ CTaB MEPIIUM IMyHOTEPANIEeBTHYHUM METOJIOM, siKHid Oyio cxBaneHo FDA y
2010 p. i JiKyBaHHS paKky mpocrtaTtu [42].

[TpocTimmM y TeXHIYHOMY CEHCIi 1 JCIIEeBIINM BapiaHTOM TaKOTO JIIKyBaHHS €
MPOTUITYXJIMHHA BaKIMHALIS, KOJIM AaHTUTEHH Iy XJIMHHA BBOAATH B OPTaHi3M, 5K 3BH-
YaifHy BakIMHY, /¢ BOHHU 3aXOIUTIOIOTHCS JICHAPUTHUMHU KIITHHAMH, SIKi, Y CBOIO
4epry, akTUBYIOTh T-miMbonuTh a1 60poThOH 3 MyXJIuHOK0. Taki iHAMBITyaJIbHI
BaKIIMHU (aBTOBAKIIMHK) PO3pOOIISIIOTE 1 B YKpaiHi, B [HCTUTYTI ekcriepuMeHTab-
HOI maToorii, oHKoorii 1 pamiobionorii im. P.€. Kasenrbkoro HAH VYkpainu [43]
3a i7eero, Ky 3ampornoHyBanyu me y 1960—-1970-x pokax wieH-kopecrnonneHT AH
YPCP N.I. 3aryna i nmpodecop M.II. Masypenko. € 6arato METOIUYHHUX ITiJTXO-
JB 710 BUTOTOBJICHHS IPOTUIYXJIMHHUX BaKIMH, 30KpeMa, BUulpodosytoTs JJHK- 1
PHK-Bakmuan. Hampukman, oTpuMaHO MMO3UTHBHI pe3yabTaTH MPH JIIKYBaHHI XBO-
pux Ha Memnanomy PHK-minmomnexcamyu — HaHOYAaCTMHKAMHU 3 HETAaTUBHHUM 3apsi-
JIOM, IIIO MICTATH JIITIHUN HOCIH, KUK 3a0e3redye MPOHUKHEHHS B TKAaHWUHH, Ta
PHK, mo koxye myxnuaHi anTurenu [44]. Taki KOMIUIEKCH CTUMYJTIOBAJIN HE TIJTHKU
T-xniTHHHY IMyHHY BiITIOBi/b, a i BUAUICHHS IEHAPUTHUMH KIIITHHAMH Ta MaKpO-
(haramu 3HaYHOT KITBKOCTI 1HTEp(HEPOHY 0, IO CIIPHSIIO 3HETIKOHKEHHIO Iy XJTHHH.
3 METOI0 TOMIMIIEHHS MPOTUITYXJIMHHOT Tepartii (3MEHIIEHHSI TOKCHIHOCTI TIPOTH-
MyXJTMHHUX TPETapariB Ta MUIbOBOI X TOCTaBKH 10 MyXJIMHHUX KIITHH) Y BiIUTI
MOJIeKyJIsIpHOT iMyHomorii [HctutyTy Gioximii iM. O.B. ITammanina HAH Ykpainu
OyJI0 CTBOPEHO HAHOKOHCTPYKIIIO IMYHOJIITIOCOM, IO CKIIAIAIIACS 3 JIIITOCOM, Ha
MTOBEPXHI AKX 3HAXOAMINCS pekoMOiHaHTHI scFv-anTuTina (Big anri. single chain
fragment variable — omHONaHIFOTOBMI BapiaOenbHUN (PparMeHT), cuerudivni 10
onkomapkepa proHB-EGF (Bix anr. heparin binding epidermal growth factor — like
growth factor — remapuH-3B’s3y10unii (hakTOp POCTY, MOAIOHUH 10 eTTiepMaIbHOTO
(dakTopa pocTy), SIKUil y 3Ha49HIN KIJTBKOCTI €KCIIPECYETHCS Ha MMOBEPXHI MMy XJTHHHUX
KIIiTHH [45].

[Tpu tepamii CAR-T y xBoporo Buiy4aroTh T-miM¢ponuTa 1 MoaudikyrTh ix
Ha TEHETUYHOMY PiBHI, BHACTIOK 40or0 T-TIM(pONNUTH MOYNHAIOTH SKCIIPECyBaTH
Ha MMOBEPXHI XUMEPHHUI aHTUTEHHHUH PELEeNnTop, N0 CKJIAAY SIKOTO BXOAMTH CIICIH-
(igHe 10 MEBHOTO MyXJIMHHOTO aHTHTeHY ScFv-anTuTino, mo 3a OymoBoro Haramgye
aKTUBHUH TEHTp TpupoaHoro antutina. B cepmui 2017 p. y CHIA Bnepmie Oyio
cxBaneHo Tepamito CAR-T mis mikyBanas B-xmituHHOI roctpoi nimpobracTHOT
neiikemii — Tisagenlecleucel (Kymriah), mpu sikiii reHeTnaHa MoAHQiKaIlis YaCTHHA
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T-nimonmTiB XBOPOTO MPUBOAMTH 10 €KCIIPECii Ha HUX XMMEPHOTO aHTUTEH-PO3-
M3HABAJILHOTO PEIETITOPa, YACTUHOIO SKOTO € sScFv-anTuTino mpoTu Mapkepa B-xmi-
tuH CD19. OnHopa3ose BBeaeHHS Takux T-miMdoruTiB komTye 6au3bko S00 TwHC.
non. CIIA. 3apa3 moCTiKYIOTECS Ta MPOXOAATh KIIIHIYHI BHIIPOOYBaHHS MOHAT
300 pizamx BapianTiB Tepamii CAR-T, 3okpema teparis TanCAR 3 Gicnerudiaan-
MU XUMEPHUMHU aHTUTCHHUMH PEleNTOPaMH, SIKi 3am00iraloTh Tak 3BaHiil «BTEUi»
MYXJIMHHOTO aHTHUTEHY BHACHIZIOK MyTalliil; CHCTEMH YHIBEpCAbHUX aHTUTCHHUX
penenropiB (Harmpukian, SUPRA CAR), B IKMX MOKHA JIETKO 3MIHUTH CIIEIU(id-
HicTh scFv-anTHTiNA, a Takoxk Tepamis nanoCAR Ha OCHOBI OIHOTOMEHHHUX HaHO-
AQHTHTLI, SKi 3aBISIKA MaJOMy PO3MIipy BHPINIYIOTh MPOOJIEMH arperarii Ta iMyHO-
reHHocTi scFv [46].

Yac mokaxe, sIKHH MeTOA JIiKyBaHHS (200 KOMOIHAIlisi METOIIB) BUSBHTHCS
Halie()eKTUBHIMINM. A Ha ChOTOIHI PE3yJIBTaTH BUKOPUCTAHHS IHT101TOPIB IMyHHHX
YEeKIOTHTIB CBITYATh, IO PO3POOIICHHS IIHOTO METOLy HeapMa BBKAIOTh HAWO1)Th-
IIMM ITPOPUBOM Y Tepartii myXJIuH 3a octanHi 20 pokiB. O4eBHIIHO, IO MU 1Tepedy-
Ba€MO JIMIIE Ha IMOYATKy BUBUCHHS OMUCAHUX MEXaHI3MiB IMyHOPETYIAIii Ta iMy-
HOTeparii 1 1o, WUMOBIPHO, € IHII IMyHHI YEKIOIiHTH a00 TOTIOMIKHI MOJICKYIIH,
K1 OepyTh y4acTh y MexaHi3Max iHTiOyBaHHS MMPOTUITYXJIMHHOTO iMYyHITETY. SICHO
OJIHE, W0 PaHO YU MI3HO PO3BUTOK (DYHIAMEHTAIBHOI HAYKU IMPUBENE JO IOSIBH
HAJ3BUYAHO €EKTHUBHUX MPENapaTiB i METOIB JIIKYBaHHS paKy — OJHOTO 3 Haii-
KaXITMBIIINX 3aXBOPIOBAHb JIFOIUHH.

ANEW STRATEGY FOR FIGHTING CANCER, OR HOW THE
“BRAKE” OF THE IMMUNE SYSTEM WORKS

The Nobel Prize in Physiology and Medicine in 2018 was awarded to two im-
munologists — James Patrick Allison from the M.D. Anderson Cancer Center at the
University of Texas (USA) and Tasuku Honjo from Kyoto University (Japan) for
“the discovery of cancer therapy through inhibition of negative immune regula-
tion”. The most prestigious scientific award in 2018 celebrated the implementation
of the results of modern immunological research in medical practice, which in re-
cent years has already helped the oncologists successfully fight malignant tumors.
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MEXAHI3MM AJANITAIIT KJITAH JO T'IOKCII,
ABO SIK «ITEPEKPUTHU KMCEHb» 3JIOSKICHIN MY XJIUHI

HobeniBcbka npemis 3 ¢isionorii Ta meauuunn 2019 poxy

Hobeniscvky npemito 3 ¢izionoeii ma meouyunu y 2019 p. npucyoiceno 0eom
amepurkancbkum yuenum — Binvsamy [oc. Keniny-monoowomy (William G. Kaelin,
Jr) 3 Iapsapocvkozo ynisepcumemy ma I pezy JI. Cemensi (Gregg L. Semenza) 3
Vuieepcumemy Jiconca Xonkinca, a maxooc bpumancoromy 0ocrionuxy Ilimepy
Lowc. Pemrnighgpy (Sir Peter J. Ratcliffe) 3 Oxcghopocvkoeo yHisepcumemy 3a «8io-
KpUummst mozo, AK KIimuHu 6i04yearoms i NPUCMOCco8yIomucs 00 HAA8HOCMI KUC-
H10». Pobomu ybo2opiunux HOOENi6CoKUX 1aypeamis 3aKiaiu 0CHO8Y OJisl PO3YMiH-
HSL MO020, SIK PIBEHb KUCHIO GNIUBAE HA KIITMUHHUL Memabonizm ma Qizionoziuni
yuxyii. Ix docnioscenns 6ioKpusaiomy wisx 00 po3pobienHs HOBUX cmpamezitl y
bopomu0i 3 anemicio, pakom ma 6azamoMa IHWUMU XBOPOOAMU.

118-it HoGeniBcbkuii THkaeHb y CToKromsmi posnouascst 7 xoBTHsA 2019 p. 3
oronomeHHs HoGemiBcbkuM KoMiTeToM Tipu KaponiHChKOMY MEIUYHOMY iHCTHTY-
Ti iMeH naypeatiB HoOemiBchkoi mpemii 3 ¢diziomorii Ta meaunuuau. Hanepemonni
xomrianist Clarivate Analytics Bke TpaauIliiHO ONPWITIOAHIIIA CITUCOK YUCHUX, SIKi
3a aHaJI30M KiIBKOCTI IIUTYBaHb € HAWOUIBII iIMOBIDHHUMHU MPETEHIACHTAMH Ha IO
HalnpecTwxkHinTy HaykoBy Haropoay [1]. ITo-nepiue, e 'anc Knesepc (Hans Clev-
ers), mpodecop YTpexrcrkoro yHiBepcurery (Himepnanmu), skuii ZOCTIIUB pOIb
CHUTHAJILHOTO NUIAXy Wnt y cTOBOYpOBHX 1 paKOBHX KIITHHAX, a TAKOXK PO3POOUB
METOJT BUPOIIYBaHHS 31 CTOBOYPOBHX KJIITUH OPraHiB JIOAUHU (KUILIEYHUKA, TIEYiH-
KH, TT1IIITYHKOBOI 3aJ103H), SIKI BAKOPUCTOBYIOTBCS JJIsl TeCTYBaHHs JiKiB. [To-apy-
re, UIMOBIpHUMH KaHAWJIaTaMHu Ha mpemito HazBamu JIxona Y. Kemmiepa (John
W. Kappler) i ®@ininmy Mappak (Philippa Marrack), npogecopis Harionansaoro
eBpeiichKoro neHTpy 310poB’s y Jlensepi (CILIA), 3Baskatoun Ha IXHE BIIKPUTTS Me-
XaHi3MiB popMyBaHHs T-KIITHHHOI TOJIEPAHTHOCTI JI0 KIIITHH BIACHOTO OpraHi3my,
IO CIPUSIIO MIHOIIOMY PO3YMIHHIO PUYMH BUHUKHEHHS aBTOIMYHHHX 3aXBOPIO-
BaHb, TAKHUX K PEBMAaTOITHUI apTpHT, BoBYak i cuHapoM [iema—bappe. [To-TpeTe,
npereHayBati Ha HoGeniBehky npemito mormu 6 Epuet bam6Gepr (Ernst Bamberg),
nmoyecHuil nupekrop IHcTuTyTy Oilodismku iMeHi Makca Ilinanka y ®pankdypri-
Ha-Maiini (Himeuunna), Kapi Jleiiccepor (Karl Deisseroth), mpodecop Crendopa-
cekoro yHiBepcurety (Kamidopnis, CILHA) Ta I'epo Mizen6ek (Gero Miesenbdck),
npodecop Okcopacekoro yHiBepcurety (Benuka bpuranis) 3a BuHaxiz Ta po3Bu-
TOK ONITOTEHETHKH, a caMe, 33 pO3pOOIeHHS METOly BUKOPHCTAHHS CBITIIa ISl CTIO-
CTEPEKEHHS Ta KOHTPOITIO 32 HEPBOBOIO aKTHBHICTIO, IKMI PO3IINPUB HAIlll 3HAHHS
po xBopoOy [TapkiHCcOHA, MeXaHi3MU BIAHOBJICHHS 30Dy, (DOpMyBaHHSI 3aJICKHOCTI
Ta MOPYIIEHHS HACTPOIO.

Opnnak naypearamu 110-1 HoOGeniBchkoi mpemii 3 ¢izionorii Ta MeIUIIUHU
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(217-219-mu 3a JTiKOM) CTaM TPOE TOCIHTITHUKIB: amepukaHers Binbsam Jx. Kenin
(William G. Kaelin Jr.), 6puranens ITitep [Ix. Perkmidd (Sir Peter J. Ratcliffe) ta
amepukanens [per JI. Cemensa (Gregg L. Semenza).

Cekperap HobGeniBcrkoro koMiteTy 3 dizionorii Ta meaumman Tomac [Tepimana
(Thomas Perlmann) orosiocuB MOTHBYBaHHSI PillIeHHsI TIPO HATOPO/HKCHHS: BUCHUX
OyJ10 YIOCTO€EHO i€l MPECTHKHOI HATOPOIH 3a «BIIKPUTTS TOTO, SIK KIITHHH BiJl-
9yBalOTh 1 IPUCTOCOBYIOTHCS IO HASIBHOCTI KUCHIO». 3T1IHO 3 0(iliHAM TIpec-pe-
Ji30M, JIaypeaTH «BU3HAYMIN MOJICKYSIPHUM MEXaHi3M, SIKUH peryiIioe akTUBHICTD
TCeHIB y BiJIMTOBiIb HA Pi3HUHN PIBEHb KUCHIO. BIIKPUTTS IOTOPIYHIX HOOEIBCHKHIX
JlaypeaTiB pO3KPHIIM MEXaHi3M OJHOTO 3 HAHBaKIMBIIIMX aJaNTaliifHAX TMPOIECIB
Y JKHUTTI, CTBOPHIIM OCHOBY JJISl HAIIIOTO PO3YMIHHSI TOTO, SIK PIBEHb KHCHIO BIUTUBAE
Ha KJTITUHHUI 00MiH Ta dizionoriuni gymkmii. Ix BiIKpuTTsS Takoxk MpOKIaIM muisax
JUTS TIEPCTIEKTUBHUX HOBHX CTpaTeTiii 00pOTHOM 3 aHEMi€l0, pakoM Ta Oaratbma iH-
[IUMU 3aXBOPIOBaHHAMI [2].

3a TpaaMiiero EpPeMOHis HAarOpOLKCHHS JaypeaTiB BimOymacs 10 rpymss y
CrokronsMmi B neHb cMeptTi Anbdpena HoGems. Posmip rpomroBoi BuHaroponu B
2019 p. cranosus 9 mun kpoH ($935 000 mosapis).

[To3naitomumocs Okde 3 HOOSTIBCHKUMU JIaypearamu 3 (i3i00rii Ta Menu-
uunu 2019 p.

Binvam [orcopoorc Kenin (1957)

61-piuanii mpodecop memuumuu Binbam xopmk Kemin  (anrn. Wil-
liam George Kaelin Jr). npamoe B CIIA y I'apBapacekomy yHiBepcureti (Harvard
University) B KemOpumki, a Takox B [HctutyTi paky lana-®apoep (Dana-Farber
Cancer Institute) y bocroni (mrar MaccauyceTc).

Binesm Kenin Haponusces 23 nuctonana 1957 p. y neHTpanbHOMY T'ycTOHAcCe-
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neHoMy paitoni J[xameiika Haii6inburoro 6opo Hero-HMopka — KBin3 Ha ocTpoBi
Jlonr-Afinenn B cim’i mogatkoBoro ajgBokara Binmbsima Kemina-crapmoro ta Henci
Kenin (Xoph). ¥ cimM’i Oyi0 m’atepo miTel: YOTHPH XJIOMIUKH Ta OJHA JIBYNHKA.
Barpko cBoro uacy HaBuaBcsi B YHiBepcuteTi [[toka, 9oro 6akaB i BCIM CBOIM JTITSM.
Tomy BiampaBuB ix Ha HaBuaHH: 10 Bumioi mkomm Pomxepa Jlrommosa y @epdimnmi
npu YHiBepcureTi J[foka, a moTiM 10 1HIUX IIKiT (FOPUANYHOT, METMYHO1) Y CTPYK-
Typi IIBOTO X YHIBEpCHUTETY. BisibsiM BCTynuB 10 MeanyHOI KON YHIBEPCUTETY
Hroka, ne 3m00yB CTymiHb OakanzaBpa 3 MaTeMaTHKHU Ta XiMii, a B 1982 p 3akiHunB
JOKTOPAHTYPY, OTPUMABILH CTYIMiHb JJOKTOpa MEAULIMHH. BiH MpoimoB craxyBaH-
HS 3 BHYTpIIIHBOI MenuiuHu B YHiBepcurteti Jxona Xomkinca (Johns Hopkins
University) B bantumopi (mrar MepineHa) Ta OTpuMaB CTHICHII0 B [HCTUTYTI
paky lana-®ap6ep (IPAD).

VY cryneHTChKi poku BinmbsM OyB BIIeBHEHUH, 10 Y HHOTO HEMae 3Mi0HOCTEH
JI0 HAyKOBO1 poOOTH, OJTHAK BiH JOCAT 3HAYHUX YCITXIB y TOCIHIKEHHI peTHHOOIa-
ctomu B naboparopii [esina JliBinrcrona B IPI®, ne mouas mpairroBatu 3 1987 p.
VY 1992 p. B. Kenin ctBopus B IP[I® BacHy maboparopito (IToBepXxoM HIDKYE 1a00-
paropii JIiBiHrcTOHA), B SIKiif JOCTIKYBaB CHaIKOBI (hOPMHU PaKy, Taki K XBOpooOa
¢on limmens—Jlirmay. B 2002 p. Binmesm Kenin ctaB mpodecopom 'apapacbkoi
MeangHoi mKoid, B 2008 p. — 3aCTYymHUKOM JupekTopa 3 GyHIaMEHTAIbHUX HayK
y PakoBomy nentpi [lana-®apbep/I'apBapa (DanaFarber/Harvard Cancer Center)
npu [P1®D.

HayxoBo-nocminni po6otu Binbsma Kenina ¢inancyBanmucs HarionansHIM iH-
CTUTYTOM 3/10pOB’sl, AMEPHKaHCHKUM NPOTHPAKOBUM TOBAPHCTBOM, brmaromiitHum
¢donrmom [opuc rok Tomo. Bin € wieHoMm paan qupekTopiB GpapMareBTUIHOI KOM-
nanii Eli Lilly Ta HaykoBO-m0paggoro KomiTeTy OnaromiiHOi MpOTHPAKOBOI MPO-
rpamu @onpy iHmycTpii poszBar Stand Up To Cancer, a TakoX WICHOM PEIKOJIETIi
HaykoBoro xypHainy Molecular and Cellular Biology, nocmigaukom MemmaHoro
iHCTHTYTY iM. [0Bapma X’to3a (1998), unenom HarmionanpHOI akageMii MeIUIIMHA
CIIIA (2007), Hamtionansnoi akagemii Hayk CILIA (2010), AMeprKaHCHKOTO TOBa-
pUCTBa KIIHIYHUX gociimkerb (2014) 1 Akagemii aMepuKaHCHKOI acoriarii pako-
BHX JoCHiKeHb (2014).

Binesima Kemina Bif3HaYeHO YHCICHHUMH HAyKOBUMH HATOPOJAMH: TPEMIEI0
nikapsi-paeHoro (Physician-Scientist Award) HarioHaapHOTO iHCTUTYTY 370pOB’S
CIIA (1990); mpemiero Tlayns Mapkca (Paul Marks Prize) 3a nocmimpkeHHsT paky
(2001); mpemiero @ouny Pivapma ta Xinau Pozentans (Richard and Hinda Rosen-
thal Foundation Award) (2006); mpemiero [Jopuc ok BU3HAUHOMY KIIHIYHOMY
nocnigauky (Doris Duke Distinguished Clinical Investigator Award) (2006); mpe-
Mi€ero MennaHoi mkonu YHiBepcuteTy Jlfoka BusHagHOMY BHUIycKHUKY (Duke Uni-
versity School of Medicine Distinguished Alumni Award) (2007); mMi>kHapOZHOIO
npemiero Kanaacekoro ¢onmy ['apnaepa (Canada Gairdner International Award) B
rary3i Hayk mpo xutts (2010); npemieto Anbdpena Kayncona (Alfred Knudson
Award) 3 renetnku paky HarionansHoro iHCTUTYTY paky (2011); mpemiero Crerti
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k. Kopemeepa (Stanley J. Korsmeyer Award) AMeprukaHCBKOTO TOBapHUCTBA KITi-
HigHUX gociimkens (2012); rpan-nipi HaykoBoro ¢ouny Jledymon/lenananae (The
Scientific Grand Prize of the Lefoulon-Delalande Foundation) Inctutyty ®panmii
(2012); mpemiero CriBena K. bipunra (Steven C. Beering Award) Menn4aHoi mkomu
[aniancekoro yHiBepcurety (2014); npemiero Baiini (Wiley Prize) B ramy3i Giome-
mnaHuX Hayk (2014); mpemiero Science of Oncology AMepHKaHCHKOTO TOBApHUCTBA
KIIiHI9HOI oHKoJorii (2016); mpewmieto mpunniecn Takamamy (Princess Takamatsu
Award) AMepHrKaHCHKOT acoriaiii pakoBux qociimpkens (2016); mpemiero Anbpoepra
Jlackepa (Albert Lasker Award) 3a dynmameHTanbHi MenndHi qociimpkernHs (2016);
npemiero Meccpi (Massry Prize) (2018) [3].

3 1988 p. Binssam Kenin 6yB onpysxenuit 3 Kepounin Kenin (Scerbo) — Bimomum
Xipyprom 3 paky MOJIOYHOT 3aJ103H, sika mpaitoBana B [P/I®, 3acayBana LlenTp 3m0-
poB’s Tpynelt y bpirxemi Ta xiHouy mikapaio B boctoni. Y 2001 p. Bona yBiiinuia
JI0 CITUCKY 15 KIHOK HOBOTO CTONITTS 3a Bepciero ypHaimy Newsweek. JliarHoc-
TyBaBIIK y cebe pak MoiouHoi 3amo3u y 2003 p., Kepomnin nepenecna 6arato ore-
partiii, BHaCIIiOK SKUX BTpaTHJIa Yy TIMBICTh MAJBIIIB 1 Oyia 3MyIleHa MPUITHHUTH
xipypriuny kap’epy. ¥ 2010 p. y Hel BUSIBHIIA paK TOJIOBHOTO MO3KY, BiJI TKOTO BOHA
ICIs S poKiB OOPOTHOM 13 3aXBOPIOBAHHSAM IOMEpIIa Y Billi 54 pOKiB, 3aJUIIMBIIN
Binesmy nBox miteit: crapury mouky Kerpin I'pefic 1 cura Binmbsama (Tpinma), siki
Ha TOW MOMEHT OyJin cTylneHTaMu €IhChKOTO yHIBepcuTeTy. 3apa3 Kerpin mpairioe
Ha ropuanaHoMy (akynereti Okcdopacbkoro yHiBepcutery y Bemmkiii bpuranii
(11 poboTa MoB’s3aHa 31 CIIPUHHATTSAM MHCTEITBA Y KPUMIHAIIEHOMY CEpEIOBHIIII),
Tpinm € acipanToMm ["apBapACHKOTO YHIBEPCUTETY 1 3aiiMA€THCS KOM 11’10 T€p HUM
nzanHoM [4].

R

Ilimep Pemxnipgh (1954)

65-piunnii npodecop Ilitep d:kon Perkiidgd (anmn. Peter John Ratcliffe) €
aupekropoM [HeTUTyTy BiTkpuTTa «™mimeHei» (Target Discovery Institute) npu Ha-
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b dinacekiit kadhenpi mequman Oxcdopacbkoro yHiBepcutety (Bemnka bpuranis),
MpaKTHKyo9nM KiiHincToM y Jlikapui /xona Petxiidda B Oxcdopai Ta qupek-
TOPOM 3 KIIIHIYHHUX AociimkeHb [HetutyTy @pencuca Kpika (Francis Crick Insti-
tute) y JIonmoHi.

[Titep Perxmidd napomuscs 14 tpaBusa 1954 p. y Mopxkawmi (rpadetBo Jlanka-
mp, Bennka bpuranis) B poguni @penepika Binbsima ta Enmic Mapraper Petkri-
¢diB. bareko IliTepa OyB Gibmiorekapem y KeMOpHIKCHKOMY YHIBEpPCHUTETI, MaB
TUTYJI KOMaHIOpa opaeHa bpuraHncekoi iMmiepii Ta HayKOBHH CTYIiHB JOKTOpa (hi-
nocodii. TuturctBo IliTepa npoiinuio y miBHiuHOMY Jlankammpi, e BiH 3 1965 p.
HaBuaBcs y KopomiBewkiii riMHazii Jlankactepa. Bupyarn mMeaunuHy BiH TOYaB y
1972 p. B omHOMY 3 HaiicTapimux i Hal3aMOXKHIMIMX KoJjemkiB KemMOpumKchKoro
yHiBepcurety — Konemki ['onsinst 1 Ketoca (Gonville and Caius College). Kiminiuny
MTOTOBKY TIPOUIIOB y HaicTapimii jikapai Jlonmona — l'ocmitam Cearoro Bap-
domomis.

VY 1978 p. Iitep Perknidd 3m00yB cTyninp OakamaBpa 3 MEIWIIMHA 32 CIICIIi-
AIBHICTIO «XIpyprisi», TpaitoBaB y JIOHIOHCHKUX acIipaHTChKuUX JikapHax (Lon-
don postgraduate hospitals), morim niepeixas 1o Okcdopra, 1e BUBIaB HEDPOIOTIIO
1 MontekyIsipHy Oiosorito, a B 1990 p., orpumanmu ctunieHairo Bix pouay Wellcome
Trust, 3acayBaB nipu [HcTUTYTI MOTNIeKy sipHOT Memuian Besepomma (MRC Weath-
erall Institute of Molecular Medicine) B Oxcdopmi 1aboparopiro 6i1010Tii TimokKcii,
Ky odoitoBaB oHan 20 pokiB. Y 1987 p. Ilitep Perkmidd 3100yB cTymiab qokropa
Meaunan B KemOpumkcprkoMy yHiIBepcuTeTi, y 1996 p. ctaB mpodecopom, a 3 2004
o 2016 p. owomoBaB Haddinaceky kadenpy meaumman B OKchopAachKOMY YHIBEp-
cuteti. 3 2016 p. BiH € qupekropoM [HCTHTYTY BIIKpHUTTS «MmimeHei» B Okcdopi,
a TaKOXX JUPEKTOPOM 3 KIIIHIYHHX J0CTiKeHb [HeTuTyTy @pencuca Kpika.

[Titep Petkmidd € wnenom JlongoHchKOTO HayKOBOTO ToBapucTBa (2002), Aka-
nemii meanuHux Hayk Bemukoi bpuranii (2002), €Bponeiichkoi opraHizaiii Mose-
KynsipHOi 6iosorii — EMBO (2006), iHO3eMHIM MTOYECHUM YICHOM AMEPUKaHCHKOT
akazgemii muctenTs i Hayk (2007), [acturyTy Jlronsira 3 mocmimkens paky (Ludwig
Institute for Cancer Research) (2013), Haropo/pkeHUH TUTYIIOM JTUTIAaps-OaKanaBpa
3a MOCIYTH KIiHIYHIA MeaummHi (2014).

HaykoBy misutbHicTs [liTepa Petkmidda Bim3HadeHo OararbMa Haropomamu:
npemiero pouxy MinsHe-Myepke (Milne-Muerke Foundation Award) (1991); mipe-
Mieto ['pessima Bymna (Graham Bull Prize) (1998); mpemiero MiHapoIHOTO TOBApH-
cTBa 3 ounnieHHs KpoBi (International Society for Blood Purification Award) (2002);
KpyHniancbkoro mMenmammo Ta Jekiiero JIOHTIOHCHKOTO KOPOIBCHKOTO TOBapHCTBA
(2006); mpemiero Jlyica XKentera (Louis-Jeantet Prize) 3 meguuuuu (2009); mix-
HapoaHoto npemiero Kanancekoro oy 'apaaepa (Canada Gairdner International
Award) B ramy3i Hayk mpo xutts (2010); menamtio beim (Baly Medal) Kopoumi-
cpKoi koserii sikapiB Jlonmona (2011); mpemieto honmy Podepra i Knep Ilacapos
(Pasarow Award) 3a BU3HAUYHUI BHECOK Y TOCIIKCHHS CEPIIEBOCYAMHHOT CHCTEMHU
(2012); rpan-nipi HaykoBoro doumy Jledymnon-/lenananae (Scientific Grand Prize

190



C. I. Pomanioxk, C. B. Komicapenko

of the Lefoulon-Delalande Foundation) Iactutyty ®panii (2012); npemieto Sko-
6a Xepsa (Jakob-Herz-Preis) nimenpkoro YuiBepcutety Epmanrena—HiopaOepra
(2013); mpemiero Baiimi (Wiley Prize) (2014); npemieto Anpbepra Jlackepa (Albert
Lasker Award) 3a ¢pynmamenTanpHi MmequaHi qociimkenns (2016); menamto bage-
HeH (Buchanan Medal) JlongoHCchKOTO KOpOItiBcbkoro ToBapucTBa (2017); mpeMieio
Meccpi (Massry Prize) (2018) ta in.

[Titep Petxmidd 3 1983 p. onpyxenuii 3 @ionoro Mepi Maxayran (Fiona Mary
MacDougall), mae qBox cuniB [5].

I'pee Cemensa (1956)

63-piunnii mpodecop neniaTpii, MpoMeHEeBOi OHKOJIOTI1, 610JI0T14HOT XiMii, Me-
muiad Ta onkosorii I'per Jleonapa Cemen3a (anrn. Gregg Leonard Semenza)
npaioe B Menuuniii mkoni yHiBepcurery xona Xonkinca (Johns Hopkins Uni-
versity School of Medicine) B bantumopi (mrat Mepinenn, CILIA). I'per Cemensa
Hapoauscs 1 mumus 1956 p. y Mik popaiioni ®nammar 6opo Kain3 y Heio-HMopky.
Bin OyB nepioro TUTHHOIO B POAMHI, 3TOIOM 3’sI BH JICS Ha CBIT HOr0 Tpoe OpariB
1 cectpa. JutunctBo ['pera mpoiinuio B okpy3i Bectuecrep mrary Heto-Hopk. V
1974 p. I'per Cemensa 3akinuuB Bumry mkony cenuma Conna Jlomuna 6111 Mi-
creuka Maynt-I1ne3anT Ta Bctynus 110 ['apBapacekoro yHiBepcurety. [lomtoBxom
710 F0T0 3aXOIJICHHS MEAIaTPUYHOI0 TeHETUKOI0 CTajl0 HApOKEHHA y Apyra ciM’i
quThHU 3 cuHapomoM Jlayna. [lucepraitiiiny po6orty, siky I. CeMeH3a BUKOHYBaB y
[lencunbBancbkoMy yHiBepcuteTi y Dinagensdii, Oy0 MPUCBIYEHO CEKBEHYBaH-
HIO T€HIB, MOB’S3aHUX 3 PELIECUBHUM T'€HETUYHHUM PO3JIaZOoM — OeTa-TalaceMielo.
3100yBIIN TOKTOPCHKU CTyMiHb, [ per CeMeH3a MpoiIoB neaiaTpuiHe CTaKyBaH-
Hs B MennuHomy neHTpi YuiBepcutety Jroka (Duke University Medical Center) B
Hropewmi (mrrat [liBniuyna Kapomnina). ¥V 1990 p. nepeiimon 1o YuiBepcurety J[>xoHa
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XomkiHca 3317151 JOKTOPAHTYPH 3 MEANYHOT TeHETHKH, /1€ CTaB 3aCHOBHUKOM CY/IUH-
HO1 mporpamu [HCTHTYTY KiniTHHOT iHkeHepii (Institute for Cell Engineering). Tyt
BiH IMO3HAHOMHBCA 31 CBOEKD MaiOyTHROIO ApykuHOIO — Jlayporo KamCemensoro
(Laura Kasch-Semenza), sika nipaittoe B [HCTHTYTI TeHeTHYHOT Mequiman MakKy-
cika— Haranca mpu MennuHiii mikomi YHiBepcurety Jl>kona XomKiHca 1 3aiiMaeThCst
reHoTuIryBaHHAM. [lonpyoKs Mae TphOX ITiTEH.

I'per Cemensa € aBTopom nonaz 400 mociqHUIIBKUX POOIT Ta PO3MIUTIB Y KHU-
rax, ski oymo nporroBano nmoxaa 130 000 pasis. Bin 4neH pemakmiiHuX KoJeriid
KUTbKOX HayKOBHIX BHJIaHb, 30kpeMa xypHaiiB Molecular and Cellular Biology Ta
Cancer Research, a Takox 3acTymHuK roioBHOTO pemakropa Journal of Clinical In-
vestigation Ta romoBHUI penaktop Journal of Molecular Medicine. I'per Cemen-
3a — 4ieH AMEPHKAaHCHKOTO TOBApHCTBA KIIHIYHUX JociipkeHsb (1995), Amepu-
KaHCHKOTO TOBapHCTBA TEMIaTPUYHHUX ITOCHTIKeHb, HamioHanpHOI akameMii Hayk
CIIIA, Acoriarii amepukaHchkuXx Jikapis (2008), HarionansHOT akagemii Meauim-
au CHIA (2012), mpodecop-nocmigHIK AMEPUKAHCHKOTO OHKOJIOTI9HOTO TOBaPH-
ctBa (2012-2016). Moro mocImikeH s HEOMHOPA30BO MiATPUMYBAINCS IPAHTAMH
AMepHUKaHCHKOT Kapi0JI0TI9HOT acortiarii.

HayxoBi 3mo0yTku ['pera CeMeH3H BiI3HAYEHO YUCIICHHUMHU HarOpOJIaMu: Tipe-
Mieto Jlrocims I1. Mapki HaykoBOMY CIiBpOOITHHUKY B Tairy3i Oiomenuiuau GoHmIy
Markey Trust (1989); mpemiero XKana 1 Hikonaca Jleone (Jean and Nicholas Le-
one Award) @oHIy TUTSYUX MyXJIHMH TOJIOBHOTO MO3KY (1999); mpemiero E. Mina
Ixorcona (E. Mead Johnson Award) 3a mocmimkeHHs B memiarpii ToBapucTBa
nemiarpuaHuX fociimkers (2000); kaHAICHKOI MiKHAPOMHOIO Tpemicto DoHmy
I'apnuepa (Gairdner Foundation International Award) (2010); rpan-tipi HaykoBoro
¢douny Jle ¢y non-Zlenamanne (Scientific Grand Prize of the Lefoulon-Delalande
Foundation) [actutyty ®@panmii; npemieto Cteni k. Kopemeepa (Stanley J. Kors-
meyer Award) AMeprUKaHCHKOTO TOBAPHUCTBA KIIIHIYHUX JA0CTiKeHb (2012); mpemi-
eto Baiini (Wiley Prize) B ramy3i 6iomennunux Hayk (2014); nmpemiero AnbOepra
Jlackepa (Albert Lasker Award) 3a dynmameHTanbHi MenndHi qociimpkenas (2016);
npemiero Meccpi (Massry Prize) (2018) [6].

[lo x came BimkpwiIH IbOropivHi Naypearn HobemiBcrkoi mpemii 3 diziomorii
Ta MEJUIUHU?

[xHE BiKPUTTS CTOCYETHCS OHOTO 3 KITFOUOBHX MPOIECIB, MO POOUTH KUTTS
MOXIIUBUM, — IIPOLIECY TUXaHHs. B 0CHOBI TMXaHHS JIEKHUTH MPOLIEC OKUCHEHHS (32
JIOTIOMOTOI0 KHCHIO TIOBITPSI) OPTaHIYHUX PEYOBHH (1Ki) 3 BUBUILHEHHSIM €HEPTii,
sika 3amacaetbes y ¢opmi aneHosuHTprudochary (ATD) i BUKOPUCTOBYETHCS B 1H-
IIMX TpOoIecax KXUTTEMISUTBHOCTI oprani3mMy. Ha KiIiTHHHOMY piB Hi TIPOIEC TUXaH-
HS BiIOYBA€THCS Y MITOXOHIPISX 1 SIBJIsIE COOOIO CKIIATHUI OaraTtoeTamHuii mporec,
B SIKOMY Oepe ydJacTh 3HaYHA KUTbKICTh (DepMEHTIB. Y pe3yibTaTi OKUCHEHHS ONHI€T
MOJIEKYJIH TITFOKO3U YTBOPIO€eThCs 38 Monekyn AT®. [Ipu rinpomnizi AT® neperso-
proeThes Ha aneHo3uHauGochar (AAD) i oprodocdar abo Ha ameHO3MHMOHOOC-
¢dar (AM®) i mipodocdar 3 BUAUICHHIM BEIHKOI KiTbKOCTI eHeprii. Ll enepris
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MOJKe OyTH BUKOPHCTaHA B IHIINX O10XIMIYHUX PEAKIISX, sIKi 3a0€3MeUyI0Th MpoIie-
CH POCTY, PYXY, BIATBOPEHHS TOIIIO.

Jlronu 3maBHA 3HANH, 10 O€3 MOBITPS KUTTS HEMOXKIIMBE. | JTUIIIe HAPUKIHITI
XVIII cr. (y 1774— 1777 pp.) 3aBnsku ekcniepuMeHnTam mBeaa Kapna Binmerensma
leene, anrmiiimiB ['enpi KaBenauma ta [xo3zeda [picti, ppaniry3a Antyana Jlo-
pana JlaBya3wse Oys0 BCTAHOBJICHO, IO MIATPUMYBATH KHUTTS 1 TOPIHHS 37]aT€H ra3
(«BOoTHEBE, 3HE3apakeHe Yn 0e3(IIOTICTOHHE TOBITPS»), KUK 3aiiMae PHUOIN3HO
YBEpTh y CKJIaai moBiTps. Llei ras3, skuii Mu 3apa3 Ha3uBaeMo KHCHeM, y 1774 p.
OyJ10 BIIKPUTO TIiJ Yac HarpiBaHHS okcumy pryTi Jxozedom [picTmi, sskuii Takox
BIJIKpUB BYIJICKUCIINHN Ta3 1 (HOTOCHHTE3. Y YHCTOMY BUINISAI KUCEHBb (OKCUTEH) Y
1777 p. BuninmuB Antyan JlaByasbe, Kl 3aBISKH TTOOYIOBaHI HUM KOHCTPYKITiT
3 BeJIMYE3HUMU JIiH3aMH (110 1,3 M) MOCIIiTMB OKUCHEHHS 32 BUCOKUX TEMIIEpaTyp
0araTbOX peuOBHH, 30KpeMa TepeTBOpeHHs anMasiB Ha rpadit. Ha xanb, JlaByasbe
Oyso TimpioTHHOBAaHO Yy 1794 p. mig yac PpaHiry3bK0i PEBOMIOIIT 32 3BUHYBa4YCH-
HSIM Y «3MOBI 3 Boporamu @paHIlii 3 METOI0 BUKPAICHHS Y HaIlii BETUYE3HUX CYyM»,
X0u4a i yepe3 1Ba pOKH peadiTiTOBaHO MOCMEPTHO.

Maike 100 pokiB moromy, B 1858 p., Bumatauii ¢panmy3pkuii yaenuit Jlyi
[TacTep BcTaHOBUB, 10 KHCEHb HETAaTUBHO BIUIMBAE Ha MPOIeC OpOmiHHS (Tak 3Ba-
Hu#t epexr [Tacrepa). 3rogom BiH OBIB, IO OaKTepii, SIKi CIPUYUHSIIOTH OPOIIHHS
(HarpuKIIal, MacITHOKUCII OakTepii), MOKYTh PO3BUBATHCS TUTHKH B O€3KUCHEBO-
My CEpEIOBHIII, TOOTO BOHU € aHAEPOOHWMH OpTaHi3MaMH, 3JaTHUMHU IO SKUTTS
0e3 nmuxanHs. Jlocmimkyroun OakTepii, 3MaTHI K 10 OpOMiHHS, TaK 1 10 TUXaHHS,
[TacTep ymepie mokasas, 1m0 KJIITHHA MOXKYTh TIPUCTOCOBYBATHUCS IO PI3HOTO BMiC-
Ty KHCHIO B CEPEJIOBHIII Ta BUKOPUCTOBYBATH Pi3HI META0OMIYHI MUISIXU IS ONIep-
»aHHs eHeprii. KpiM Toro, BiH OBIB, 10 aHaepoOHE KUTTS € MEHII €()eKTUBHUM
MTOPIBHSHO 3 aePOOHUM.

VY nacrynHomy ctomiTTi (1920-1940 pp.) mocmimKeHHs, OB’ A3aHi 3 BUBYCH-
HSIM TIPOIIeCy AMXaHHS Ta PI3HUX METAOONIYHHUX NUIAXIB OTPUMaHHS eHeprii, Oyso
BiJI3HAYCHO KiTbKoMa HoOenmiBchbkumu mpemisiMu 3 (i3ionorii Ta Meauiuad. Tak, y
1922 p. mpemiero Oyi10 HArOPOIKEHO OPUTAHCHKOTO AOCTiAHNKa Apurnbanbaa [inna
(Archibald Vivian Hill) 3a BinkpuTTs B Taimy3i TETUIOYTBOPEHHS Y M 5131 Ta HIMEIIb-
koro BaeHoro Otro Meeproda (Otto Fritz Meyerhof) 3a BimkpuTTs TiCHOTO B3aeMO-
3B’SI3Ky MiJK TIPOIIECOM TOTTIMHAHHS KHCHIO Ta METa00Ii3MOM MOJIOYHOT KUCIOTH Y
M’s131; y 1931 p. HOOENiBCHKHMM J1aypeaToM cTaB HiMenbkuil 6ioximik OTTo BapOypr
(Otto Heinrich Warburg) 3a BiIKpuTTS IPUPOIN Ta MEXaHI3MY il TUXaabHOTO (ep-
MEHTY (IIUTOXPOM C-OKCHJIa3H), IKUW MICTUTHCS Y BHYTPIIIHII MeMOpaHi MiTOXOH-
npiit, a 'y 1938 p. Haropomy Oyso npucymkeHo OemnbriiickkoMy diziomory Kopaero
I'eitmancy (Corneille Jean Francois Heymans) 3a BiIKpUTTS poJii CHHYCHOTO i aop-
TaJHHOTO MEXaHI3MIB y peTyisiii auxaHss [7].

3HaYHOIO TOAI€r0 B icTOpii Oioximii ctamo BinkpuTts AT® y 1929 p. Himenb-
kumu BaeHUME OTTO Meeprodom i Kapnom Jlomanom (Karl Lohmann). Criogarky
BBaKaiH, 0 AT® cuHTE3yeThCS B IPOIIEC] TITIKOIII3Y Ta HEOOXiTHA JIUIIIe IS M’ sI-
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30BOTO CKOPOUYEHHs. 3HAYHMM KPOKOM Ha NUIAXY 0 3’ACYBaHHS MOJEKYJISPHOTO
MeXaHi3My quxaHHs Oyso BctaHOBIEHHS y 1939-1941 pp. nentpanbHoi poni ATO B
oOMiHi eHeprii B O10JI0TIYHUX CHCTEMaX, a TaKOX 3B’ 53Ky dochoprmroBanas AJ[D
3 IMXaHHSIM 1 aepOOHUM JT00yBaHHs €HEprii 3 TOXUBHUX PEUOBUH. BaxImBy poib
Y BCTaHOBJICHHI IIUX (DAKTiB Biirpajy pOOOTH aMEePUKAHCHKUX JOCIITHAKIB: HIMIIS
3a moxomkeHHsM @Dpina Jlinmana (Fritz Albert Lipmann) (1941) i manns ['epmana
Kampkapa (Herman Moritz Kalckar) (1939), a takox pansHchkoro Oioximika Bo-
nogumupa beminepa (1939), sxuit mepmmM y CBiTI BU3HAYHB, IO TTiJ1 YaC OKHCHIO-
BaJIBHOTO (ochopriToBaHHS CUHTE3YIOThCS TpU MosieKymu AT® y nepepaxyHKy Ha
OJTHY MOJIEKYJTy MOTJIMHEHOTO KUCHIO [8].

o peui, Bomonumup Onekcanapoud berninep yrnpomosxk 44 pokiB mpairoBaB
B [HCTHTYTI GioXimii B KueBi (y 1944 p. Ha 3anpomenns akagemika O.B. [Mammami-
Ha BiH mepeixaB 10 Kuesa 3 MockBH, J1e MPOBOAMB JOCITIKEHHS Y Bececoroznomy
THCTHUTYTI ekcriepuMeHTanbHOi Meauian iM. O.M. T'opekoro). B [acTuTyTi 6i0Xi-
Mmii AH YPCP (auni — [HcTHTYT 6ioXiMmii iM. O.B. [Nammanina HAH VYkpaian) BiH
CTBOPHB J1a00PATOPit0 3 BUBYCHHS BIIACTUBOCTEH MPOTETHIB, siKa Ha modaTky 1960-x
POKIB TepeTBOpIIIACS HA BIJIUT CTPYKTypH Ta GyHKIii Oinka. Y 1957 p. B.O. be-
minepa Oymo oopano akagemikom AH YPCP, a 3 1969 mo 1972 p. BiH o4omroBaB
[actutyT 6ioximii im. O.B. ITammamina. IikaBo, mo ['epman Kambkap, sikock npu-
ixaBmm o Pagsachkoro Corosy, cka3as, mo B KueBi HOTo IiKaBIsATh ABa 00’ €KTH:
KueBo-Ileuepcrka naBpa i Bonmogumup beminep, 3 stkum i Oymo Tozi opraHizoBaHO
Horo 3ycTpid.

VY 1945 p. crano 3po3ymino, sk AT® BuBiIbHsIE KIiTHHHY eHepriio: . Jlimvan
BHJIUTMB 3 MEYIHKH rony0a KopepMeHT A — MOCEPEIHHK, 3MaTHUN TIEPEHOCUTH Ta
MIPUETHYBATH KUCIIOTHI 3aJIMIIKH 32 forioMororo eHeprii AT®. 3a Bigkputts kodep-
MEHTY A Ta Horo 3Ha4eHHS /IS MPOMDKHHX cTafiil Metabomizmy B 1953 p. @pina
Jlinmana Gyno Big3HaueHO HoOemiBehkoro mpemiero 3 (i3iosorii Ta MeIuIuHe pa-
3oMm 3 ['arcom Kpedcom (Hans Adolf Krebs), sikuii BiIKpyB UK TUMOHHOT KHCIIOTH
(KT TpuKapOOHOBUX KHCTIOT, abo kit Kpebca).

[Ticst Toro, sik OyIio 3’sSICOBaHO MeXaHi3M KJIITHHHOTO ITWXaHHS, BYCHI 30Cepe-
JIMJIA yBary Ha JOCIIDKCHHI MEXaHI3MiB aJanTaiii opraHi3My 10 HU3BKOTO PIiBHS
KHCHIO B CepeloBHIII (ITpH iepeOyBaHHI Ha 3HAYHII BUCOTI, (DI3MIHUX HABAHTAKCH-
HiAX Tomlo). L{poMy cripusio oxep>kaHHS amepuKaHIsIMH €BreHom [onnBaccepom
(Eugene Goldwasser) i Yapme3om Kynrowm (Charles K.-H. Kung) y 1977 p. ropmony
epUTPONOETHHY [9] — IIIKONPOTEiHY, IKMI BUAUIAETHCS MIEPEBAKHO KIITHHAMU HU-
POK (B MEHIIIN KUIBKOCTI — KJIITHHAMY TIEYiHKH 1 MO3KY) Ta CTHMYJTIO€ (hOpMyBaH-
Hs epuTporuTiB. Y 1986—1987 pp. Oyito mokaszaHo, 1110 MPOIYKIlis EPUTPOIIOETHHY
pi3Ko 3pocTae y BiamoBiap Ha Aedinut kucHio [10], a hakt 301IbIICHAS KiTBKOCTI
EpUTPOLIUTIB i Yac mepeOyBaHHs HA 3Ha4YHIM BucoTi me y 1882 p. onmcas ¢pan-
my3ekuii ¢izionor [Tayme bept (Paul Bert).

OpHak TpUBAIUi Yac 3aJIMIIATIOCS HE3PO3yMUINM, SIK caMme KIITHHH BU3HA4a-
IOTh KUTBKICTh KHCHIO Ta SIKI MEXaHI3MH JIeKaTh B OCHOBI KJIITUHHOI BiJINOBIiI Ha
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rinokciro. Came BiIMOBiAb HA IIe MUTAHHSI MU W OTPUMAJH 3aBISKH BIAKPHTTIM
BOTOPIYHMX JIaypeariB HobOemiBchKkoi pemii 3 (i3ioorii Ta MeTUITMHH.

o mouarky 1990-x poxkiB Bimesm Kemin, Ilitep Petxmidpd i I'per Cemensa
MpAIOBAIA KOXKHUHM Y CBOIHM Taiy3i, ajie 3 pi3HUX MPUYUH BCi BOHH 3aIliKaBUJIH-
Csl TOCHIDKSHHSIM MOJISKYJISIPHHX 1 KIITHHHAX MEXaHi3MIB aJamnTailii opraHiamy
1o rinokcii. Bimesm Kenin 3aliMaBcst mocmiukeHHsAM cuHapomy [inmens—Jlinmay
3 ayTOCOMHOJOMIHAHTHUM THIIOM YCIAAKyBaHHS, IO BUPAXKAETHCS Y IiABHIIE-
HOMY PH3HMKY BUHHKHEHHS paKy (HaiyacTille yTBOPIOIOTHCS IyXJIHMHU TOJOBHOTO
a00 CITMHHOTO MO3KY, CITKIBKH, HUPOK). Y 1988 p. Oyno BCTaHOBJIECHO, IO MPUYHU-
HOTO 3axBoproBaHHs € myTarlii B reni VHL (Big anrn. von Hippel— Lindau disease).
3rogom 3’scyBanocs, mo nporein VHL Mae Ge3nocepeHiil CTOCYHOK 10 BiAIOBI-
Il KTITHH Ha 3MIHM KOHIICHTpaIii KUCHIO B cepenoBuiii. [litep Petkmidd BuBuaB
XBOpPOOW HHUPOK, 30KpeMa iX imeMivuHy marojorito. OCKiTbKH HUPKHA BUPOOIISIOTH
€PUTPOTIOETHH Yy BIAMOBIAL Ha Tinokcito, [litep Perkmidd Bupimms pozidparucs
B MEXaHi3Max peryJsllii eKcrpecii reHa epuTporoeTHHY B Jaboparopii 6ioiorii Ti-
MoKcii, siky 3acHyBaB B Okcdopaiy 1990 p. ['per CemeHsa Toi T0CTIKyBaB 3aXBO-
PIOBaHHS, 3yMOBJICHI OPYIICHHSIMH €pUTPOIIOE3y, 30KpeMa Tanacemiro. TemaTnka
HOTO MOCIIHKEHD 3MIHWIIACS IMICTIS BITKPUTTS HUM KJIFOYOBOTO (haKkTopa, 0 pery-
JIFOE €KCIPECiI0 ePUTPOTIOCTHHY.

OpHak IbOMY BiIIKPUTTIO TIEpeyBajia KpoIiTka podoTa 3 MONIyKy peryisiTop-
HUX TUISTHOK TeHa eputporoeThHy. B 1989-1991 pp. I'per Cemensa omyOIikyBaB
KiJIbKa poOIT 3 pe3ysIbTaTaMy eKCIIEPUMEHTIB Ha TPAHCTEHHUX MUIIAX, IO eKCITpe-
CyBaJIi €pUTPOIIOCTHH JIFOIUHH, B IKHUX [T0KA3aB, 110 EKCIPECis TeHa epUTPOTIOCTH-
HY PeTyIIIO€THCS KITbKOMa TKaHUHHO-CIIEITU(IIHUMH PETYAATOPHUMH (PaKTOpaMH, Ta
BUSIBHB JIUISTHKY Ha 3’-KiHII TeHa epUTPOTIOCTHHY, SIKa BiAMOBINaNA 32 T ABUIIECHHS
excrpecii epuTpornoeTnHy B ymoBax Tinokcii [11]. Oxrouacuo Ilitep Petkiidd Ta
Ixeiim Kapo (Jaime Caro) B eKcriepuMeHTax Ha KJIITHHAX TEMaTOMHM, 10 MiCTHIIN
T'€H ePUTPOIIOCTUHY JIFONMHH 3 TIEBHUMHU JEJCIisIMUA, BU3HAUYMIINA PO3TAIITYBAaHHS €H-
xaHcepy (TmiacuiroBada) B mii airsHI [12].

3pemroro ['per CemeH3a BUSBUB JEKibKa TPAHCKPUMIIIHHUX (AKTOPiB, 110
3B’SI3YIOTHCS 3 CHXAHCEPOM Te€Ha EPUTPOTIOCTUHY, Ta Yy 1992 p. BiZKpuB roJI0BHUN
(dakTop, KM aKTUBYE EKCIIPECII0 TeHA EPUTPOTIOCTHHY B YMOBax rimokcii, — HIF
(Bim anm. hypoxia inducible factor — dakrop, iHmykoBanuit rinmokciero) [13]. Tlitep
Penxmidd 1 I'per Cemensa BcranoBuiy, mo HIF dyHKIioHye HE muiie B KIIiTHHAX,
10 TIPOIYKYIOTh €PUTPOIIOCTHH, a i B 1HIINUX KIITHHAX OPTraHi3My i, HMOBIpHO, €
YaCTHHOIO YHIBEPCAIBHOI KIIITUHHOI CHCTEMH pearyBaHHs Ha 3MiHU PiBHS KHUCHIO
[14, 15]. 3romom I'per Cemensa BuninuB HIF, BcTaHOBUB 1HOTO aMiHOKHCIIOTHY IT0-
CJIITOBHICTH 1 TIOKa3aB, M0 GaKTop CKIAAaeThes 3 MBOX cybonuuuis: HIF-1a i HIF-
1B [16]. BusBumnocs, mo xkommoneHT HIF-1f cuaTe3yBaBCs B KIITHHAX MMOCTIHHO,
HE3aJIe)KHO BiJl pIBHS KUCHIO, MIT YTBOPIOBATH TETEPOJUMEPH 3 IHIIMMH (paKTopa-
MU 1 parime Bxe OyB ommcanuii sk ARNT (Aryl Hydrocarbon Receptor Nuclear
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Translocator). Kommonent HIF-10 excripecyBaBcst jiniie 3a yMOB TIITOKCIT 1 came BiH
BIJIMTOBI/IaB 32 TPAHCKPHITIIKHY BIJIOBIIb KIITUHU HA 3HIKEHHS PiBHS KHCHIO [ 17].

Y 1997 p. gotupu pi3Hi TPyNH BYCHUX OTHOYACHO BITKPWIIA CIIOPITHEHHH 3
HIF-10 mporein 3 ananoriuanmu BiactuBocTsiMu — HIF-2a, a6o EPAS1 (Endotheli-
al PAS domain protein 1) [18— 21]. BusiBmocs, mo pi3Hi i3opopmu HIF Bignosina-
IOTh 3a Pi3Hi TMTOKCHYHI PeaKilii, HampuKiIal, 3a epUTPOTIOE3 BiAMOBIIAE TIEPEBAK-
Ho EPASI [22]. ITitep Petkmmidd Ta iHIII TOCTI THUKHA BCTAHOBUIIH, 1110 TTPH T1ITOKCIT
kimbkicte HIF-1a 3pocTae He 3aBmsku 30UTBIIEHHIO HOTO €KCTpecii, a BHACIIIOK
3MEHIIeHHs Horo aerpanaiii. Kpim Toro, Oyno Bimkputo crmimsauil as HIF-1a i
EPAS1 nomen ODD, mo BignoBiznae 3a yOiKBITHH-IIPOTEAaCOMHY JeTpajallifo, 3a-
TIeKHY BiJ piBHS KHCHIO [23-25].

Ha nactymHOMy eTami 3HaA4HOIO MipOr0 3aBISKH 3ycwuisiM Bimesma Kemina
Oys10 BUSIBIICHO 3B’5130K M aerpanartiero HIF-1a i cynpecopom myxmua VHL. ¥V
1995 p. B. Kenin ony6mikyBaB nociinoBaicte reHa VHL [26], 3romom y cmiBmparti
3 Mapkom [onmnoeprom (Mark Goldberg) Bin mokasaB, 10 HA3Ka Te€HIB-«MIIIEHEH»
HIF excripecyBanucst Ha BUCOKOMY piBHI B KiniTHHaX 3 myTanTHUM VHL [27]. Kpim
Toro, rpynu Bimssima Kenina i Piwapna Knaycuepa (Richard Klausner) omrouacHo
ineaTudixyBamu enonrian B 1 C — TpaHCKpUMIIiiHI (aKTOPH eTOHTAIIIT, sIKi B3a€EMO-
nitoth 3 VHL [28, 29], a yepe3 aBa poku Kiraycuep BusiBuB, a Kernin miarepaus, o
VHL 3B’s3yeThes e i 3 kyninoM-2 (Cul-2), skuii 6epe ydacTs B yOIKBITHHYBaHHI
[30, 31].

OpHak 3a7uImanocs He3po3yMUTHM, sK iHTi0yeThes nerpamamis HIF-1o 1 EPAS1
nipu rinokcii. Y 1999 p. Iitep Penkiidd 3poOuB BaxmBe BiIKPUTTS: BiH IMOKa3aB,
o komruieke VHL 3 enonrinamu B 1 C Ta Cul-2 BuKoHY€ QYHKIIFO po3MTi3HaBaHHS
yOikBiTHH-TiTa3u E3 1 B Takwii crioci6 cipuuunnsie nerpagamiro HIF-1a [32].

SIKuM Ke YMHOM TIPOIIeC 3aJIeKUTh Bif HasBHOCTI kucHIO? Y 2001 p. mabopa-
Topii Petxmmidda i Kenina oqHO9acHO M0OBENH, IO 3aJI€KHE BiJl KUCHIO 4-T1ApOKCH-
JIIOBaHHS IBOX 3UIMIIKIB Tpostiny B tomeni ODD mpoteiny HIF-1a 36inbmye adin-
HIiCTh 3B’si3yBaHHs KoMiuiekcy VHL 3 tpanckpummiitium dakrtopom HIF [33, 34].
3a BigcyTHOCTI KucHIO TinpokcrtoBanHs HIF-1o ve BinOyBaeThes, Tomy VHL He
posmiznae HIF-1a, B cBoto uepry HIF-1a He yOiKBITHHYETBCS, 110 3armobdirae Horo
Jierpaialii B mpoTeacoMi Ta 3aIlyCKae MporpaMy eKCrpecii reHiB, siKi IHIYKYIOThCS
TIITOKCI€lO.

I'pymu [Titepa Petximidda, Criena Makknaiita (Steven L. McKnight) y 2001 p.
i Bimpsima Kenina B 2002 p. He3aneXHO OJHA BT OMHOI 11eHTU(IKYBaIHA T€HH MTPO-
ninrigpokcmnas (PHD) [35— 37], mo 3miiicHo0Th TigpokcwioBanHs HIF-1a ta
EPASI1 3a 6e3nocepenHboi ydacTi KHCHIO y TPUCYTHOCTI 10HIB 3aj1i3a Ta aCKOpOiHO-
BO1 KucnoTH. L5 momist BiAKpHiia mepcrneKTUBy CTBOPEHHS crieliu(igHUX iHT10iTOpIB
PO ApoKcHa3 s miaBumeHHs aktuBHOCTI HIF 1 migBuImeHHs piBHS epUTpO-
MOCTHHY Y TarlieHTiB 3 aneMieo. Y 2001 p. Oyiio BIIKPUTO THIIHIA 3aJI€KHANA BiJl
KHCHIO MEXaHi3M, MOB’si3aHuil He 3 aerpanaiiero HIF-1a, a 3 iHTi0yBaHHAM HOTO aK-
TUBHOCTI SIK TpaHCKpHIIiHHOTO (akTopa. ['per Cemensa ta iforo rpyma Oyinu mep-
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mMH, XTo BusBuB npotein FIH-1 (Bix anrm. factor inhibiting HIF — ¢axrop, mo
iaTi0ye HIF-10) [38]. 3’sicyBanocs, 1o 1eil pakTop TaKoXK € 3aJIeKHOI0 Bl KHCHIO
T1IPOKCHIIA3010, sIKa TIIPOKCUITIOE 3aJIMIIOK acrapariny Ha N-KiHIIEBOMY aKTHBa-
uiinomy npomeri (NTAD) nporeiniB HIF-1a i EPASI, mo nepemkomkae B3aeMotii
UX TPOTETHIB 3 TpaHCKpHMIiHHUMHU KoakTHBatopamu (CBP a6o p300) Ta 3HMKYE
piBEHB aKTHBAIIl TPAHCKPHITIIi TeHIB-«MireHe» [39].

€ Oararto croco0iB CTpUMYBAHHS HAIMIpPHOTO PO3BUTKY KJIITHHHOI BiAIIOBIII
Ha TpHUBaJy Tinmokcito. Hanpukian, cepen rexis, mo aktuBytotbes HIF, € renn rin-
pOKcHIIa3, sIKi CpUsIOThH Aerpanaiii camoro npoteiny HIF. Cynpecop myxmun p53
Moke koHkypyBatu 3 HIFa 3a 3B’s13yBanHs 3 KoakTuBaTopHUMH mpoteinamu CBP i
p300, a Takox 3B’ s3yBatHcs 3 HIFa i B komrmutekci 3 mpoteinom Mdm?2 npus3BoguTu
710 oro yOIKBITHHYBaHHS Ta rporeacoMHuoi aerpanaiii [40]. VHL Takox 3natHuit
onokysatu (ynkionyBanas HIF o, 3aimy4aroun 10 HOTO MPOTETHU-PENIPECOPH, IIIO
MEPEITKOKAIOTh aKTUBAIIIl TPAHCKPHIIIIi TeHiB- «Mmimenei» [41]. IcHyBaHHS 110-
TIOHMX 3armoOKHUKIB 1 TOHKa peryisiis aktuBHOcTi HIF-1o cBimuars mpo Bemuki
MOKJTMBOCTI CHCTEMH aJIanTallii KJIITHH J0 3MiHU PiBHS KHCHIO B HAaBKOJHUIITHHOMY
CEPEIOBHIII Ta HaJ[3BUUAKHY ii BaXJIMBICTh I OPTaHi3My.

HIF BrumBae Ha eKCTpeciio BETMKOI KUTBKOCTI T'eHiB (IMTOHAX TPhOX COTEHB) i
PETYIIoe pi3HI MPOIIECH, CIIPSIMOBaHI Ha MATPUMAHHS PETYIISIPHOTO 3a0e3MeYeHHS
KIIITHH KUCHEM, 3aXHUCT KIJIITHH BiJI IIKIUTMBOTO BIUTMBY TIMOKCIi Ta CTUMYTIOBAaHHS
MIPOIIECIB BITHOBJIICHHS y pa3i, SKIIO MOIIKOMKEHHS Bce K BimOymocs [42]. Tomy
MIPH TIMOKCii BiAOyBa€ThCS CTUMYITIOBAHHS €PHUTPOIOE3y (IUITXOM IiABUIICHHS
CHUHTE3y EpHUTPOIIOCTHHY), aHTiOTeHe3y (IUIAXOM TiIBHINEHHS CHHTE3y (hakropa
pocty enpoternito cymuH — VEGF), ayTtodarii (meperpaBieHHs KIITHHOIO CTapuX
a00 MOMIKOKEHUX KOMITOHEHTIB), MITparlii KJIITHH, [0 BiTHOBJTIOIOTH ITOIIKOKECH-
Hs1, HAITPUKJIA] Mirparii HelpoOIacTiB y MicIle iMIeMigHOTO TIONITKOKEHHS MO3KY
ITi]] BILTABOM €PUTPOIIOCTHHY, KW BUAUIAETHCS acTpouuTamu [43], a Takox Bij-
OyBa€eThCs ONTUMI3AIlisl CHCTEMH €Hepro3ade3edeHHs KIIITHHU: TIePeXiT Ha albTep-
HaTHBHHIA crioci0 mpoaykyBaHHS AT® MUIIXOM CTUMYIIIOBAHHS PEAKIIH TITIKOIIZY
(po3mIerIeHHs TTFOKO3H 10 MOJIOYHOT KUCIIOTH), TPUTHIYCHHS HAJIMipHO €HEPTOBHU-
TPaTHUX MPOIECIB TOIIO.

OCKUTbKH KHCEHb € KPUTHYHO BaKJIMBHUM ISl MIATPUMAHHS BCIX JKUTTEBUX
MPOIIECiB B OpraHi3Mi, HE TUBHO, IO HU3KA 3aXBOPIOBAHb 1 MATOJIOTIYHUX CTaHIB
OB’ sI3aH1 3 TOPYIICHHSIMH TIOCTa9aHHsI TKAHWH KUCHEM 1 BIJIITOBITIO OpTaHi3My Ha
rinokciro. [1oB’s3aHi 3 TIMOKCi€l0 MATOJIOTIYHI CTAaHW MOKYTh BUHUKATH HE TIJTBKU
MIPH TPUBAJIOMY ITepeOyBaHHI BUCOKO y TOPAX Y 3aHYPECHHI Ha 3HAYHY ITHOuHY. [ 1-
TTOKCisl TKAHWH 1 OpraHiB (imeMist) BAHUKAE TTPH MOPYIIEHHIX JUXaHH, aTePOCKIIe-
po3i cyauH, TimepToHii Ta aHemii. [ iIMOKCUYHI yMOBY BUHHKAIOTh TAKOXK B OCEPEIKY
3arajeHHs], 0 PO3BHBAETHCSA NPU 3arO€HHI paH, BIATOPTHEHHI TPAHCILIAHTATIB,
00poTHO1 3 MPOHUKHEHHSIM 1H(QEKIIHHNX areHTiB. 3a TaKUX CTaHIB € JOIIbHUM
CTHMYJTIOBATH BiIOBIIH OpraHi3My Ha rinokciro ta akruyBaru HIF. 3 miero metoro
PO3pOOIAIOTECS MpenaparH, 1o € iHriditopamu rigpokcunaz PHD i VHL. Bei Boan
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BHECEHI JI0 CIIUCKY 3a00pOHEHUX IS CIOPTCMEHIB JOMiHT-TIpenapartiB. Roxadustat
(po3poonenuit FibroGen y criBmpari 3 Astellas Ta AstraZeneca) Oyno cxBajeHO B
Kwurai nanpukiami 2018 p. i B SAnonii y 2019 p. ans mikyBaHHS aHeMil y TaIli€H-
TiB Ha Jiai3i 3 XpOHIYHUMHU 3aXBOpIOBaHHSAMHU HUPOK. A B 2019 p. y Kurai neit
Tperapar ofiep>kaB CXBaJICHH 1 T JIIKYBaHHS HE3aJIC)KHUX BiJT AlalTi3y TAIli€HTIB,
HE3BKAIOYM HA T, IO BIiH MOXE BUKJIMKATH JIETEHEBY TIMEPTEH3I0 Ta CHPUATH
30imbIIeHH0 KimbkocTi ipoteiny VEGF, sikuit aktuBye pict myxumH. [ iHTi01TO-
pu rigpoxcunas (Desidustat, Daprodustat, Molidustat, Vadadustat) nepeGyBatoTs Ha
1 cranii kniHiYHEX BUMPoOyBaHb [44]. [lepcrieKTHBHUM BHIAETHCS PO3POOICHUIH
y 2016 p. inari6itop VHL, sxwuit 3amo6irae B3aemonii VHL 3 HIF1a, — VH298, mo
aKTUBYE BIAMOBIIb HA TIMIOKCiO, ajJie HE Ma€ 3HAYHUX CTOPOHHIX edekris [45].

OpHak ciixg 3 00EpeXHICTIO 3aCTOCOBYBATH IIpETapard, sSIKi CTUMYJIOIOTh
BIJIMIOBIIb HA TIMOKCit0, OcKiIbKH Tinepekcnpecis HIF-1a Moxe marn HU3KY He-
raruBHUX HachiakiB. HIF-1a Gepe ygacTh y mporecax pocty, mudepeHIitoBaHHS,
KOHTPOJTIO anornTo3y. ToMy BiH € KpUTHYHO BaXKJIMBUM, HAIIPHUKIIAM, IS PO3BUTKY
eMOpioHa abo K I yTBOPEHHA Ta pocTy myxiuH. [linBumena akruBaicTh HIF-10
B IIyXJIMHHUX KIIITHHAX MOYKe OyTH OB’ si3aHa 3 MyTallisiMu B reHax nporeiny HIFa
a00 ¥MOro peryisiaTopiB 4M 3yMOBJIEHA HEAOCTAaTHIM TOCTYNOM KHCHIO BHACIIJIOK
Jye MIBHIKOTO POCTY IMyXJIUHHU. ToMy po3po0iseThCs i IHINI KIac Ipernaparis,
10 MPUTHIYYIOTh KJIITUHHY BiATOBIIH HA TIMOKCIIO, MTEPEIIKOKAIOTh IHTEHCUBHO-
My POCTY CYOWH y MyXJIMHI Ta YHOBUILHIOWOTS ii picT. [lpurnivenns ¢ynkmii HIF
MOKE BHSIBUTHICS TOIUTBHUM TIPH JIIKYBaHHI HE TUTBKM OHKOJIOTIYHHX 3aXBOPIO-
BaHb, a 1 IHCYJIBTIB, CEPIIEBUX HAIAJiB Ta JIETEHEBOI TinmepTen3ii, koiu piBeb HIF
€ TIBUIICHUM. 31aTHICTh 10 npurHideHHs HIF BusiBiIeHO y ceprieBoro miiko3umy
nurokcuny 3 HanepcetsHka (Digitalis lanata) Ta iioro anamoriB (IUTUTOKCHHY, yaba-
iHy) [46], ane 3aCTOCYyBaHHS IIUX CIOJYK MPOTH ITyXJIUH Oy10 0OMEKEHO BUCOKOIO
TOKCHYHICTIO TEPANeBTUYHUX /103 [47]. 3apa3 mpoxonsaTh TOKITiHIYHI BUIIPOOYBaHHS
CUHTETWYHI (MEHIII TOKCHYHI) aHAJIOTH CEPIIEBHUX IIIKO3HIIB, B TOMY YHCIII Y CKJIAIi
30BHINTHROKIITHHHUX iMyHOKOH 'foratiB (EDC) BupoOuumTBa Centrose (CIIA), siki
HE MiUIATaloTh IHTEpHANI3aIii Ta Aerpanaiii i BOMBaIOTh pakoBi KIIITHHH 32 MeXa-
HI3MOM, IO Haramaye HeKpo3 [48].

Binkputts nporeiniB VHL Ta HIF-1a mo3Bonmino BUKOpHCTaTH iX IUISI CTBO-
penns Hooro nokomiaHS PROTAC (Bin anr. proteolysis targeting chimera) — re-
TepOo(YHKITIOHATHPHUX MOJICKYJI, III0 BUKJINKAIOTh BUOIPKOBHIA BHYTPIIITHbOKITITHH-
HUH TIpoTeoi3 meBHOro 1iboBoro npoteiny. PROTAC ckimamaeTbes 3 IBOX MaIHX
MOJIEKYJI, 3’ €MHAHUX JIIHKEPOM, IPUIOMY OJTHA MOJIEKYa CIenn(igHO 3B’ I3y €THCS
3 yOikBiTHH-Jra3or E3, a iHma — 3 nmporeiHoM-«wmimeHHo». [le mpu3BoauTs 10
yOIKBITHHYBaHHS IUJTLOBOTO MPOTETHY Ta HOTO Aerpanaitii nporeacomoro. Huzpko-
monekyssipHi miraaan VHL a6o mentuam HIF-1a — LAP(OH) YI a6o ALAP(OH)
YIP, mo 3narni B3aemomisitu 3 VHL, Oymo BBeneno o ckiaxy PROTAC sk komrio-
HEHTH JJ1s 3B’ si3yBaHHA 3 yOikBiTHH-TIra3o0 E3. binmemricte PROTAC cripsimoBani
MPOTH EMITeHETUYHUX «MiIllIeHEeH», KiHa3 ad0 perenTopiB sSAepHUX TOPMOHIB [49].
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VY 2019 p. po3noyanucst KIiHIYHI BUIPOOYBaHHS TpenapaTy Ui JIIKyBaHHS paKy
nepeamixypoBoi 3aimo3u PROTAC ARV 110, o cipuduHsie AerpanaIiito aHIporeH-
HuX penentopis (Arvinas, CIIIA) [50]. Po3po6neno HaBith PROTAC, mio siBnsie co-
60to romomumep JiraaniB VHL 1 mpu3BoauTh 10 pyldHYBaHHS YOIKBITUH-JIITa3HUM
komriekcom VHL camoro ce6e [51]. OctanHiM yacoM 3HaYHHI iHTepeC BUKIMKA-
1oTb PROTAC mist 3HeIIKOIKeHHST OpoMonoMeny Brd4, sikuii posmi3Hae aleTHiIb0-
BaHI 3QJIMIIKY JII3UHY Ha XPOMATHHI 1 PETyITto€ eKCIpecito 6ararbox OHKOTEHIB [52].
Po3pobmnsitoTeest Takok OpoMOIOMEHHI Ta eKcTpaTepMiHanbHi iHTiOITopH (BETI),
110 BUSIBIISIIOTH MPOTHITYXIMHHUHN €(PeKT 3a paxyHOK eMireHeTHIHOTO MPUTHIYSHHS
PETYIBOBAHUX TIMOKCI€I0 TEHIB, HAIIPHUKIIA]] TeHIB Byriekucioi anriapasu 9 (CA9)
Ta ¢akropa pocty eanorenito cynua A (VEGF-A) [53].

[TepeBaramu JikiB Ha ocHOBI Manux Mosiekyal PROTAC mopiBHSHO 3 pekoM-
O1HaHTHUMH NPOTEIHAMH YU MOHOKJIOHAJIbHUMHU aHTUTLIAMU € X BHCOKA IPOHUK-
HIiCTh, HU3bKa MiHa ($700 Ha mamieHTa B pik nmpotu $15000 BianosigHO) Ta 30epe-
KCHHSI €(P)EKTUBHOCTI IPH TIOSAB1 MyTaIlill UM ITiIBUIIICHHI EKCTIPECii MPOTETHY-«Mi-
meri» [54]. Y 2019 p. kxomnanis Arvinas (ctBopena 'y 2013 p. mpu €1bcbKoMy yHI-
BepcureTi, CIIA) ykiana kontpakt Ha $685 muH 3 kommnanieto Bayer (Himequnna)
1010 BiKpUTTA criibHOTO mignpueMcTBa OerthBio 3 po3poonenns PROTAC mns
JIKYBaHHS paKy, CEpPIeBO-CyANHHHUX Ta THEKOJIOTTYHUX 3aXBOPIOBAHb, & TAKOXK IS
00poTHOM 31 mIKiTHUKAMU Ta Oyp’ssHaMu [55].

JlocmipkeHHST OCTaHHIX POKIB MOKa3aJd, 0 MEXaHI3MH aJlalTarii 10 TimoKcii
TICHO TIOB’si3aHi 3 O6ararbMa PEryISITOPHAMHU CHCTEMaMHU OpTaHi3My, 30KpeMa erri-
TCHETHYHIMH MEXaHI3MaMH PETYIIOBaHHS €KCIIpecii TeHiB, M0 Peali3yloThCs Tie-
PEBAXHO UITXOM METHIFOBaHHS TicToHiB, JJHK Ta amermmroBanHs ricToHiB. 3a Ti-
MOKCI1 BiTOyBa€ThCSI pEMOICIIOBAHHS CTPYKTYPH XpOMAaTHHY Ta MOAH(DiKatisi TicTo-
HiB, mo mojermrye TpaHckpummiro HIF-3anexxaux reHiB. Tak, B yMOBaX TiloOKCii
IHAYKYIOTBCS KUTbKA TICTOHOBHX Ji3MHOBUX Aemernia3 (KDM), mo 3anexars Bi
2-0KCOTIIyTapary, a OTKe, 3aJIeXKAaTh BiJ] KUCHIO 1 MOXKYTh JISITH SIK JATYMKH MOJIEKY-
JIIPHOTO KUCHIO B KITITHHI, SIK1 TOCHITIOIOTH €KCIIPECIT0 TE€HIB BIIMOBIII Ha TIOKCIfO,
B3a€EMOJIIFOTH 3 TIMOKCUYHUMH MTPOTETHAMH 1 CIIPHSIFOTH POCTY IyXJIMH [56].

BusiBieHO HOBI CBiTYCHHS TOTO, IO TIMOKCIsI PETryIIIO€ eKCIIPECito Pi3HUX Kila-
ciB Hexkonyrounx PHK (mro cranosnsats 98 % TpanckpuntoMy JIIOAMHN), SIKi, B CBOIO
4epry, BIUTMBAIOTh Ha eKcIpecito Ta ctabimpHicTh HIF, Momymiotoun picT KiIiTHH,
MeTabomi3m, anriorenes tomo. [Ipu rinokcii HIF a6o iamri gaktopu, Taki sik Oct-4,
3HIDKYIOTH piBeHh MiRNA 3a J01TOMOT0r0 MPUTHIYEHHS NUISIXY 11 010TeHe3y, 1110 BH-
kiukae 30iumpmenHs pias HIF BHacimok 6e3mocepeqHhoro BIUTMBY Ha €KCIIPECIT0
HIF a6o omocepenkoBaHOTO BIUTMBY Ha €KCIpeECito perynsTopHux mpoteiniB (VHL
a6o PHD). Kpim toro, HIF 3a momomoroto enireHeTHIHOi MOIYJISIIIT PEeryIItoe eKc-
npecito moBrux Hekoayounx PHK (IncRNA) mosxkunoro monan 200 HyKJI€OTHIIIB,
SIK1 TAKOK MOXYTB TPSIMO YH OITOCEPETKOBAHO PETYITIOBATH piBeHb a00 cTabimizyBa-
i HIF. [Iponiecu 3a yuactio Hekomyrounx PHK BimirpatoTs BayKIMBYy poJib y maTore-
He31 OHKOJIOTIYHUX 3aXBOPIOBaHb, OCKIJIbKYA BOHH 3/IaTHI BIUTUBATH HA METa0O0III3M,
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PICT MyXJIMHU Ta YTBOPEHHSI METAcTa3iB B YMOBax Timokcii. HermomaBHo BUSBIECHO
HOBI kiacu rinokcndaux Hekoayrounx PHK (snRNAs, piwiRNAs, tRNAs Ta mup-
kymsipai PHK), BrmiB sikux Ha MeTa®oImi3M KIIITHHY e cItif 3°sacyBatu [S7].

MexaHni3Mu aganTamnii 10 TinoKcii TICHO Mo B’ 32 Hi TAKOX 13 CHCTEMOIO MIXKKJTi-
TUHHOI B3a€MO/IIi 32 TOTIOMOTOI0 BE3HKYII (ek30coM 1 MikpoBe3uky:n). HIF perymioe
eKCTpecito 0ararb0X MEMOpPaHHHUX PEIENTOpPiB, Y TOMY YHCI TpaHCTIOpTEpa IIT0-
ko3u (GLUT-1), pententopa TpancepuHy Ta perenTopa emiaepMaibHoro (hakTo-
pa pocty (EGFR), i BBaska€eThCs, 110 MOCHIICHA EKCITPECist PelenTOPiB BUKIUKAE 1X
aKTHUBAIIIO Ta IHTEpHATI3AIIiIO0, a OTKE, IHAYKYE CHIOIMTO3 1 CIIPUS€ BUBLTLHEHHIO
eK30coM. BMiCT ex30CcoM, IO IHAYKYIOTBCS 32 TIMOKCii, MOXKe OyTH pi3HUM 3aJIeK-
HO BiJI ITOXOPKEHHS KIIITHH 1 MOJKE BKITFOYATH CUTHAJIBHI TIEpETBOPIOBadi, (hakTopu
Tpanckpuriii, Gpepmentu, mimian, MPHK Ta nHexomyroui PHK, sxi BrumBatoTs Ha
TOME0CTa3 ITFOKO3H, MITOXOHIpiaIbHE TUXaHHS, PETYISIIIO TeHIB TIIFOKOHEOTCHE3Y
Ta OKuCHOTO cTpecy [58]. KiiTuHHI BE3WKYNH, MO0 CEKPETYIOTHCS MPH TIllOKCIi B
MIKPOCEPEIOBHII ITyXJIUHU, OEPYTh Y4acTh B YTBOPEHHI BHYTPINTHHOITYXJIMHHOI
TeTepPOTeHHOCTI, IPUTHIYEHH]I IMyHHHUX peakKiliii, iHAyKyBaHHI TIOB’I3aHUX 3 PAKOM
¢$i6pobnactiB, MeTabONIYHOMY TEpeTnporpaMyBaHHi Ta CHPHUSHHI aHTIOTEHE3y Ta
MeTacTa3aM [59]. Hampukian, Timokcis iHIyKy€e CeKperito KIIITHHAMA PaKy MOJIOY-
HOT 3aJI031 €K30COM, SIKi eKCTIPECyIOTh IMyHOCYITPECHBHI IIUTOKIHU, Taki sk TGF-3
ta IL-10 [60]. Kpim TorO0, MyX/IMHHI KJIITUHY 3 TIMOKCi1 BUIUISIOTh MiKPOBE3UKYIIH,
10 TPUTHIYYIOTh QYHKIIIFO puponHuX KiepiB (NK) 1 3HIKYIOTh TPOTUITYXJTHHHY
IMyHHY BiZlIOBi1b yepe3 3HmkeHHs ekcrpecii NKG2D mix BrumBoM dakTopy pocTy
myxauan TGF-B1 [61].

BusiBritocst, mo MexaHi3MH afanTarii 10 Timokcil Tako)K TICHO MOB’sA3aHi 3
MUPKAJTHAMU PUTMaMH, OCKUTbKH O10JIOTIYHUN «TOAWHHHUKY» 3[aTHUH PETryITIOBaTH
MIPOIIECH aJanTaIlii 10 MepiogAMIHOTO HAIXOKCHHS B OPTaHi3M MOKUBHUX PEIOBUH
1 kucHio. Hemapma Oyito momideHo, 110 OPYIIeHHS B POOOTI 010JI0TIYHOTO «TOIHH-
HUKa» HEraTHMBHO BIUIMBAIOTH HA 3/0pOB’S JIIOMUHH Ta MPHU3BOIATH 10 PO3BUTKY
OHKOJIOTIYHHX 3aXBOPIOBaHb [62]. BIuB rimokcii Ha mUpKa HI pUTMU 3HAYHOO Mi-
poro onocepenkoBannii HIF 10, skuii B3aemozie 3 mupkagaumu nporeinamu PER1
[63], BMAL1/MOP3 ta CLOCK [64], a TakoX peTyIIoe eKCTpecito 0aratbox mup-
kagHux reHiB (sax 1 HIF-2a) [65].

Binomo, mo mupkanai rean PER2 ta CRY'1 iHTi0yt0Th aKTUBHICTH TIPOMOTOPY
VEGF, sixnii aktuByeThCs Tinmokcieto. Tomy ekcripecis rena VEGF BusiBisie mupkani-
HI KOJMBAHHS 3a Tinmokcii [66]. locmimpkeHHs oKa3and, Mo 1py iHpapkTi 6ioio-
TIYHAN «TOIUHHHKY 3aXHINAE CEpIe BiJl TIMOKCii, CIPUYMHEHOT 3arH0eIUTI0 KIIITHH
[67]. IMOBipHO, 1110 KOMIIOHEHTH GiONOTiYHOTO «OXMHHHKA» MOXKYTh BHKOPHCTO-
BYBATHUCS JIJIS JTIKYBaHHS 3aXBOPIOBAHb, OB’ I3aHUX 3 TIMTOKCIEIO.

3’scyBaHHS podli emireHeTHkH, Hekonyrounx PHK, nupkagaux putmiB Ta mo-
3aKJIITUHHUX BE3UKYJI IPH TIMOKCIi CIPUATHME TIIHOIIOMY pPO3YMIHHIO MEXaHI3MiB
ajanTarii KJITHH 0 HU3bKOTO BMICTY KHUCHIO 1 JIO3BOJIUTH PO3POOUTH HU3KY HOBHX
TEpareBTUYHUX 3ac00iB, HAIIEHUX Ha KOHKPETHI MOJEKYIsIpHi «mimeHi». [Ipo
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MEPCIIEKTUBHICTh IIOTO HAYKOBOTO HANpPSMYy CBITYHTH Xoda O TOW (hakT, mio i€l
BecHH KommaHito Peloton Therapeutics, B sikiii Binmbsm Kenin npaitoBaB HayKOBUM
panHuKoM, npuadaB GapmarneBTiHuHmid rirant Merck 3a $1,05 miipna (3 00insHKOO
Burutaty me $1,15 mipa y pasi yCminHoro BIpOBaKSHHS ) 3aBISKU iX po3poOI —
MaiauM MoJekyinam, HamieHuMm Ha HIF (3oxkpema PT2977 — inribitopy HIF-2a),
0 Jaf0Th OOHAMIWINBI Pe3yJIbTaTH MPH JIKyBaHHI MIEBHUX OHKOJIOTIYHHX 3aXBO-
proBanb [68].

Tematuka rporopianoi HobeniBebkoi mpeMii 3 i3i01orii Ta MeAUIIMHN HE JTHIIE
BUJA€THCS HA3BUYAWHO BayKJIMBOIO IIMPOKOMY 3arairy, a i 3MiHIO€ MOTVISIIN JeSIKHX
nmpoBigHuX yueHux. Tak, crartio [litepa Petkmidda mpo reHeTndHy BiAMOBIAL HA
TITIOKCII0 CBOTO Yacy OyJI0 BIIXHMIIEHO PEIEH3EHTOM BiJOMOTO HAYKOBOTO JKypHAITY
Nature K «HEIOCTaTHBO MPOCYHYTY B PO3YMiHHI MEXaHi3MiB T€HETHYHOI peaKiii
Ha TIMOKCIIo». 3apa3 *KypHaJl, 3BUYaifHO, BU3HAB CBOIO OMMIIKY. CITifl BifmaTy Ha-
JIe)KHE BUCHUM, SIKi, HE3BaYKAIOUM HA TOIIOHI TIEPEIIOHH, HAIOJICTIIMBO TPOIOBKY-
FOTh CBOIO POOOTY 1 BiJICTOIOIOTH BIIACHI TIEPEKOHAHHS. 3aBISIKH PEe3yIbTaTaM, OTPH-
MaHUM [bOTOPIYHUMH HOOETIBCHKUMU JlaypeaTaMu, BIAIOCS BIAKPUTH HE TIPOCTO
OCHOBH MEXaHi3My NPUCTOCYBAaHHS KIIITHH 10 HU3BKOTO PiBHS KUCHIO, a i yHIBEp-
CaJIbHY JJISl BCIX TBapHH, €BOJIIOLIIITHO KOHCEPBATUBHY, a OTXKE, BKPall BaXKIUBY IS
BIDKUBAHHS, CHCTEMY PETYJIIOBAaHHS OCHOBHHUX JKUTTEBHX IPOIECIB HA PiBHI KIIi-
THH, TKAHWH 1 OPTaHI3MYy B IIJIOMY, sIKa TICHO TTOB’s13aHa 3 IHIIMMH PETYISITOPHUMHA
cucremMamu. JlerampHe BUBUCHHS ITUX 3B’ SI3KiB BIJIKPHUBA€E MIMPOKI MOXKIIMUBOCTI JIJISt
PO3pOOICHHST HOBUX TIpenapartiB Ui JIKyBaHHsS 0araTboX 3aXBOPIOBaHb JIFOIUHM,
30KpeMa paxy, aHemii, XBopoO cepIist, MaKyJIsIpHOI IereHepartii TomIo.

Crix TakoK 3a3HaYMTH, 10 HE BapTO HEMOOLIHIOBATH (DYyHIAMEHTAIIbHI TOCITi-
JUKEHHS, IKi POCYBAIOTHCS JIMIIE 3aBIAKH IiKABOCTI BUEHHUX. X pe3ylnbTaTH 4acTo
OTPUMYIOTh HECIOIBaHE MPAKTUYHE 3aCTOCYBaHHS. MOXINBO, HaMsCKpaBiIUM
MIPUKIIAIOM 3B’ 3Ky MK (yHIaMEHTAJIbHUMHU AOCTIDKEHHSAMH Ta iX MpaKTHYHH-
MU HaclikaMH € BiIKpHUTTs MaszepiB (Ta masepiB) Y. Tayncom, M.I. bacoum i
O.M. IIpoxoposum. Jlazepis, sKi 3apa3 MOBCIOAM Yy HAIIOMY JKUTTI — BiJl YKa30K,
3uuTyBadiB CD Ta mMTPUX-KOMIB 10 MEIUIIMHH, PAKeT i aCTPOHOMIYHUX BHUMIpIO-
BaJbHUX mpuiafiB. [likaBo, mo HaBiTH Taki BumatHi (izuku, sk Himee bop 1 me
onuH HOOemBCchkuil aypear Icumop Pali, mepekonyBanu Y. TayHca B ToMy, 11O
HOTO JTOCHIKEHHSI Ma3epiB HE MalOTh JKOJHHUX MEPCTICKTHB 1 HA HUX HE BapTO BH-
tpadaru yac! Tomy Hemapma Binbsm Kemin y cBoiii Jiekiiii, Ky BiH MPOYUTAB MMiCIs
orosomieHass HoOemiBChkUM KOMITETOM iMEH JIaypeariB, BIyYHO 3ayBaxuB: « BueHi
HE 3aBXKIU MOXYTh Iepen0auuTH, KyIu IMOBee iX Iopora, i He 3aBKIH MOXYTb
nepenoaYnTh, SKUMHU OyIyTh TUTOU IXHBOT Tparli. Ajie Mu aOCOTIOTHO TIEPEKOHAHI,
10 caMe TaK 1 BiJIOYBa€THCSI CIIPaBKHINA IPOTPECH.
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MECHANISMS OF CELL ADAPTATION TO HYPOXIA,
OR HOW TO “BLOCK OXYGEN” TO A MALIGNANT TUMOR

The 2019 Nobel Prize in Physiology or Medicine was awarded to two American
scientists — William G. Kaelin, Jr. from Harvard University and Gregg L. Semenza
from Johns Hopkins University — and British researcher Sir Peter J. Ratcliffe of
Oxford University “for their discoveries of how cells sense and adapt to oxygen
availability.” The work of this year'’s Nobel laureates laid the groundwork for
understanding how oxygen levels affect cellular metabolism and physiological
functions. Their research paves the way for new strategies to fight anemia, cancer
and many other diseases.
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HAPOJI’KEHI B YKPATHI: JIAYPEATH HOBEJIIBCHKOI
MPEMII U111 MEYHUKOB, 3EJIbMAH BAKCMAH,
POAJIL TOPDPMAH I ’KOPK IIAPITAK

Hawa kpaina we ne ompumana eusnannsa 6io Hobeniscokozo komimemy, npome
Oesiki naypeamu Hobeniecokoi npemii Hapoounucs na mepumopii, KA HALEeHCUMb
cyuacnin Yxpaini. Ceped Hux 6amvko KITMUHHO2O 8PO0dNCeH020 imyHimemy Luis
Meunuxos, gioomuil mixpodionoe i bioximik 3envman Baxcman, uui’ 0ocaioxcenms
npusenu 00 GIOKPUMMsL CMPEenmomMiyury,; suoamHull Ximix, noem i opamamype Po-
ano Toghgpman i cnasemnuil gpizux Kopowe Ilapnaxk, sxuii po3pobus i 600CKOHANUG
0emexkmopu enemMeHmapHux 4acmuHoK, 30Kkpema 6a2amoopomosy nponopyitiHy Ka-
Mmepy. V Oaniii cmammi npedcmasieno KOpomxull 02150 OCHOBHUX emanié ixHvoi
HAYKOBOT OiSIbHOCHIL.

Knwowuosi cnoea: Hobeniecoka npemis, Yxpaina, gacoyumos, imynimem,
cmpenmomiyum, Xio XiMiuHux peaxyii, 6a2amoopomosa Kamepa.

BORN IN UKRAINE: NOBEL PRIZE WINNERS ILYA
MECHNIKOYV, SELMAN WAKSMAN, ROALD HOFFMANN,
AND GEORGES CHARPAK

Our country has not yet gained recognition from a Nobel Committee, however
some Nobel Prize winners were born in the territory, which belongs to present-day
Ukraine. Among them are the father of cellular innate immunity Ilya Mechnikov,
the famous microbiologist and biochemist Selman Waksman, whose studies had
led to the discovery of streptomycin, the outstanding chemist, poet and playwright
Roald Hoffmann, and the prominent physicist Georges Charpak who invented and
developed particle detectors, in particular the multiwire proportional chamber. This
paper aims to outline briefly the main stages of their scientific activity.

Keywords: The Nobel Prize, Ukraine, phagocytosis, immunity, streptomycin,
the course of chemical reactions, multiwire chamber.

Contemporary science is to be understood within a new perspective of the mul-
tidimensional vision of its history. History of science is a colorful spectrum of the
options for the development of humanity. Each of them has its advantages and dis-
advantages, and none is perfect. The history of science is not just a ladder that let
humanity go up, but shining peaks of a mountain chain that complement each other
and form a magnificent panorama. The outstanding achievements in science win the
most prestigious science award — The Nobel Prize in Physics, Chemistry, Physiol-
ogy or Medicine, Literature, and for Peace [1, 2]. The Prize in Economic Sciences
in memory of Alfred Nobel was established by Sweden’s central bank in 1968. 908
Laureates and 27 organizations have been awarded the Nobel Prize between 1901
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and 2018 [3], and none of them was a representative of Ukrainian science. Howev-
er, the land of Ukraine gave the world a constellation of Nobel Prize winners who
revealed their great potential in the other countries.

ILYA MECHNIKOV

y

Ilya Mechnikov (photo from the Nobel Foundation archive)

Ilya Ilich Mechnikov, or Elie Metchnikoff (1845—1916)—an outstanding micro-
biologist, cytologist, embryologist, immunologist, physiologist, and pathologist. He
was born in the village of Ivanovka, not far from Kharkov (present-day Ukraine),
in the family of Ilya Ivanovich Mechnikov, the retired officer and land-owner, and
Emilia Lvovna (née Nevahnovich), the daughter of the famous Jewish publicist and
enlightener Leo Nikolaevich Nevahovich (Yehuda Leib ben Noach).

Ilya’s mother encouraged him to pursue a scientific career in the field of life
sciences. In 1856, Ilya Mechnikov enrolled at the Lycée Kharkov. Here at the age
of fifteen, he first encountered a microscope and started studying cells and structure
of tissues. In 1863, Ilya became a student of the University of Kharkov. Completing
a four-year course in two years, he continued his education in Germany and Italy.

In Giessen (Germany) he made his first scientific discovery on the intracellular
digestion of flatworms. Exploring the development of invertebrate model organisms,
Ilya Mechnikov tried to shed light on the origin of multicellular organisms and the
mechanisms of tissue differentiation. He established a new field of science known as
comparative embryology. In 1867, Ilya earned his doctorate and both with his friend
Alexander Kovalevsky shared the first Karl Ernst von Baer Prize [4]. Mechnikov
was appointed Associate Professor at Odessa University. After a conflict with his
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colleagues, he had left to St. Petersburg, but in 1870 he returned back to Odessa as
a Titular Professor of Zoology and Comparative Anatomy [5].

In 1882 due to political turmoil in the Russian Empire, Ilya Mechnikov left
the university and went to Messina (Italy), where he made the most important
discovery —phagocytosis. During his further work, he proved the role of phagocytosis
in protecting the body from infections [6]. He was not the first to observe the process
of phagocytosis, however, he was the first to state that phagocytosis served as a
natural immune system.

In 1885, a scientist returned to Odessa where he stayed for one year. Then
he left his homeland forever — he went to Paris where he headed the Department
of Comparative Morphology of Microorganisms at the Pasteur Institute. Later he
became a Deputy Director of this famous foundation. “During his years at the Pasteur
Institute, Mechnikov authored treatises on the topics of senescence, disease, and
death. In his 1903 Etudes sur la nature humaine: Essai de philosophie optimiste (The
Nature of Man: Studies in Optimistic Philosophy), he argued that science, rather
than religion or philosophy, can lead to meaningful optimism, despite the apparent
disharmony between humans and their environment. According to Mechnikov,
science could, and would continue to, suppress disease and regulate proper hygiene,
thereby contributing to the progress of civilization” [5].

For Ilya Mechnikov, France became the second motherland. In 1908, he was
awarded, together with Paul Ehrlich, the Nobel Prize in Physiology or Medicine “in
recognition of their work on immunity” [7].

Ilya Mechnikov is considered the father of innate cellular immunity. The promi-
nent scientist received an honorary degree from the University of Cambridge and the
Copley Medal of the Royal Society. He had honorary memberships in the Academy
of Medicine in Paris and the Academy of Sciences and Medicine in St. Petersburg [5].
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In 1986 on behalf of the Academy of Sciences of Ukrainian Soviet Socialist
Republic, the monument to I. Mechnikov was installed in front of the Department
of Immunology named after I. Mechnikov at the Pasteur Institute, Paris, France.
This monument was inspired by Prof. S. Komisarenko and created by a famous
Ukrainian sculptor V. Znoba.

SELMAN WAKSMAN

Selman Waksman (photo from the Nobel Foundation archive)

The other prominent scientist — microbiologist and biochemist Selman
Abraham Waksman (1888— 1972) — was born and raised in the rural town of
Novaya Priluka (present-day Ukraine). The fertile soil of his region inspired his
thought, and this curiosity had a great impact on his future field of research [8].
He was the only child of Fradia London, a textile merchant, and a former soldier
and landlord Jacob Waksman. His family was Jewish, so his early education was
of religious nature: Selman studied the Jewish texts and history. Growing older, he
became less interested in religion. In 1910, he obtained his matriculation diploma
from the Fifth Gymnasium in Odessa. However, he was faced with the problem of
quotas on the number of Jewish students into universities. Following some of his
relatives, he migrated to the United States where he enrolled at Rutgers College. In
1916 after performing research in soil bacteriology at the New Jersey Agricultural
Experiment Station, he was awarded M.Sc. degree. This year he was appointed a
Research Fellow at the University of California. The move to California was also
his wedding trip: he married to Deborah Mitnik, a vocalist and artist from his
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hometown and the future mother of his son Byron Halsted Waksman — an American
neuroimmunologist, experimental pathologist, educator, and medical association
administrator who was born in 1919. In 1918, Selman Waksman earned his Doctor
of Philosophy Degree in Biochemistry. He joined the faculty at Rutgers University
(the Department of Biochemistry and Microbiology). In 1925, he was appointed
Associate Professor and in 1930 — Professor.

In 1940, he headed the Department of Microbiology. He became Director of the
Institute of Microbiology in 1949 [9, 10].

In 1923, Selman Waksman and his student Robert Starkey discovered that
actinomycetes colonies growing in soil killed many common soil bacteria [11].
Inspired by the discovery of Rene Dubois and Oswald Avery who isolated a soil
bacterium that could attack the capsular polysaccharide of Streptococcus pneumoniae,
Waksman started searching for more antibacterial organisms in soil samples [8].
Waksman’s team discovered four bacteria-killing chemicals: actinomycin, clavacin,
fumigacin, and streptothricin [12]. Unfortunately, all appeared to be toxic to
animals and thus of little therapeutic value. Later, he identified more than 20 new
natural inhibitory substances, including streptomycin and neomycin. It was Selman
Waksman who coined the word “antibiotic” to describe them.

-

HO
HN—CH N
3 >/NH2
HoN
Streptomycin

In 1952, Selman Abraham Waksman was awarded the Nobel Prize in Physiology
or Medicine “for his discovery of streptomycin, the first antibiotic effective against
tuberculosis™ [14].

An American biochemist R. D. Hotchkiss in his biographical memoir “Selman
Abraham Waksman (1888-1973)” stated: “For Waksman the discovery of
streptomycin in 1944 and its effect on the tubercle bacillus accomplished with the
collaboration of A. Schatz and confirmation by E. Bugie was a rich and satisfying
fulfillment of many of his personal and altruistic aims. Ever practical, he established
effective and congenial relations with Merck and Company, which developed liquid
culture methods for production of bulk quantities of the microbial products during
World War II. Patenting and licensing the promising ones, notably streptomycin,
provided funds, 80 percent of which was assigned to Rutgers University to support
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research and eventually an associated Institute of Microbiology. He also soon
arranged to have animal tests and clinical trials carried out at the Mayo Clinic to
expedite the possible use in treating tuberculosis. Of the 20 percent of license funds
accruing in his own name, one half was later consigned to a foundation for research
support” [13, p. 9]. For his tremendous work, Selman Waksman received the Albert
Lasker Award for Basic Medical Research (1948), French Legion Honor (1950),
Leeuwenhoek Medal (1950). Since 1968, every two years, the National Academy
of Sciences has awarded the Selman A. Waksman Award in Microbiology for
“excellence in the field of microbiology™ [12].

Selman Waksman always remembered his hometown in Ukraine. Travelling
with his wife in Europe in 1924, they were welcomed to visit their native Ukraine.
They were shocked at a depressing decay in conditions there. In five years, they
visited Novaya Priluka together with their son.

Selman Waksman — Father of Antibiotics — died in 1973 in Woods Hole,
Massachusetts.

Selman Waksman was an extraordinary scholar — he was the author and coauthor
of over 400 scientific papers and 28 books, among which is his autobiography “My
Life with the Microbes”.

ROALD HOFFMANN

Roald Hoffmann (photo from the Nobel Foundation archive)

The fate of Roald Hoffmann (born 1937) —the Nobel Prize winner in Chemistry —
is amazing. Hoffmann (birth name — Roald Safran) was born in Ztoczéw, Poland
(now Zolochiv, Lviv region, present-day Ukraine) in the Jewish family. His mother
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Clara Safran (née Rosen) was a teacher and his father Hillel Safran was a civil
engineer graduated from Lviv (Lemberg) Polytechnic.

During World War II, Hoffmann’s family was placed in a labor camp. As many
prisoners were transferred to extermination camps, Roald’s father helped him and
his mother to escape from the camp. Together with three family members, they
found a shelter in the Ukrainian village of Univ. Ukrainian teacher Mykola Dyuk
and his wife Maria hid them in the school attic, where they remained for fifteen
months. As Hoffman stated, the Dyuk family saved them at the incredible risks to
their lives [15]. Contact with the Dyuk family was maintained over the years.

Many years later, Roald Hoffmann said, “I am very happy to have been born in
the Ukraine. If I had remained, it could be that I would be a very good psychiatrist... It
was not my fate. [ am here. I am not unhappy... I have had a good career.  have a good
family. [ am happy. I am eternally grateful to the Dyuk family because I would not be
here, because if it were not for the good deeds of Mykola and Maria Dyuk” [15].

, L5 f " 1 ‘u'. é 5
Photos of Mykola and Maria Dyuk (personal archive of Prof. R. Hoffman) [16]

In 2007, Roald Hoffman and his sister Elinor turned to Yad Vashem and asked
to recognize Mykola and Maria Dyuk as Righteous Among the Nations and on
September 23,2007, “the commission for the Designation of the Righteous conferred
upon Mykola and Maria Dyuk the title of the Righteous Among the Nations™” [17].

In 1944, Red Army liberated the prisoners from the camps. Roald and his family
moved to Krakow (Poland), where the boy started attending school. His mother
married Paul Hoffmann who became a very good step-father to Roald.

In 1949, they relocated to the United States of America. In 1955, Roald graduated
from Stuyvesant High School, became a U.S. citizen and took his stepfather’s last
name. He enrolled at Columbia University in New York City in 1955. In 1958,
Roald Hoffmann received his Bachelor of Arts Degree in Chemistry at Columbia
College, in 1960 — Master of Arts Degree in Physics, and his Doctor of Philosophy
Degree in Chemical Physics in 1962, both from Harvard University [18].
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In 1960, he married Eva Borjesson whom he met attending a summer program in
quantum chemistry at the University of Uppsala in Sweden. They had two children —
a son, Hillel Jan, and a daughter, Ingrid Helena. Hoffmann continued research in
applied theoretical chemistry at Harvard. In 1964, he began to work with Robert
Burns Woodward. Accepting a position as Associate Professor of Chemistry at Cornell
University in Ithaca, New York, in 1965, he continued his work with Woodward. They
discovered that many reactions involving the formation or breaking of rings of atoms
take courses that depend on an identifiable symmetry in the mathematical descriptions
of the molecular orbitals that undergo the most change [19, 20]. They formulated the
WoodwardHoftmann rule describing the principle of preserving orbital symmetry in
synchronic reactions. In 1968, Hoffmann was promoted to Full Professor at Cornell.
From 1974 to 1996 he was John A. Newman Professor of Physical Sciences.

In 1981, Roald Hoffmann received the Nobel Prize in Chemistry, which he
shared with Kenichi Fukui — a Japanese chemist — “for their theories, developed
independently, concerning the course of chemical reactions”. Independently of one
another, Roald Hoffmann and Kenichi Fukui demonstrated how the symmetrical
properties of electron orbitals explain the course of chemical reactions [21].

Roald Hoffmann summarized his contribution to science: “My first major
contribution was the development of the extended Huckel method, a molecular
orbital scheme which allowed the calculation of the approximate sigma- and pie-
electronic structure of molecules, and which gave reasonable predictions of molecular
conformations and simple potential surfaces... My second major contribution
was a two-pronged exploration of the electronic structure of transition states and
intermediates in organic reactions” [22].

Roald Hoffmann has received many awards and distinctions, including
Priestley Medal; Arthur C. Cope Award in Organic Chemistry; Organic Chemistry
Award (American Chemical Society), 1969; Inorganic Chemistry Award (American
Chemical Society), 1982; Pimentel Award in Chemical Education (1996); Award in
Pure Chemistry; Monsanto Award; National Medal of Science; National Academy of
Sciences; American Academy of Arts and Sciences Fellow; American Philosophical
Society Fellow; Foreign Member, Royal Society; Member of the Royal Swedish
Academy of Sciences; Harvard Centennial Medalist; James T. Grady-James H. Stack
Award for Interpreting Chemistry [23].

Hoffmann’s interests are more than just pure science. As he emphasizes, the world
of the arts and literature just opened up to him in his college days [24]. He is also a
writer, “carving out for himself a land between poetry, philosophy and science” [18].

He has written about a wide variety of topics, such as chemistry’s relationship
to philosophy, literature, and the arts, including the nature of chemical reasoning,
the role of symbolism and writing in science, and the relationship between art,
craft, and science [25, 26]. Since 1996, Roald Hoffman is a Frank H.T. Rhodes
Professor of Humane Letters, Emeritus at Cornell University. His interest in poetry
was stimulated by Mark Van Doren at Columbia. He is the author of “The Metamict
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State” (1987); “Gaps and Verges” (1990); “Memory Effects” (1999); “Soliton”
(2002); “Catalista: Poemas Escogidos” (2002), “Roald Hoffmann. Izbrannie
Stichotvorenia” (2010) [27]. He has also co-written a play entitled “Oxygen”, and
two by himself, “Should’ve” and “Something that Belongs to You”, which is about
the Jewish family saved by the Ukrainian family during World War II.

In his interview, Roald Hoffmann strongly advocates for art: “We need the
arts, for they address the problems that are capable of no solution, only infinite
paraphrasing, infinite resolutions. There is room for the million-third poem about
the end of love, for there is no strict calculus of that loss. The humanities also temper
the dictates of politics and reason, they make you understand that things are never
black or white, but shades of gray in which fallible men and women strive to be good
to others and to themselves. Something is not right about a major university (mine!)
into which there come annually 400 million dollars in federal support, of which
385 go for science and engineering, and less than 1 million for the humanities. No
reason to blame the government or the university — people need to change too” [28].
In 2017, Zolochiv, the hometown of Roald Hoffman, held an event to commemorate
Hoffmann’s 80th birthday. Zolochiv has named a street after him, and Ukraine
issued a postage stamp on his birthday [24].

GEORGES CHARPAK

3 N

Georges Charpak (photo from the Nobel Foundation archive)

One of the most prominent scientists of our time — Georges Charpak (1924—
2010) — is our fellow countryman too. He was born in Dabrowica in Poland (now
Dubrovytsia, Rivne region, present-day Ukraine) to the Jewish family of Anna (née
Szapiro) and Maurice Charpak. When he was seven years old, their family moved to
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Paris, France. During World War II, Georges Charpak joined the French Resistance
and helped French partisans. In 1943, he was imprisoned by Vichy authorities and
later deported to the Nazi concentration camp in Dachau. In 1945, the camp was
liberated, and the next year Georges Charpak became a French citizen.

In 1945, he enrolled at one of the most prestigious engineering schools in
France — Ecole des Mines, from which he graduated in 1948 earning the Degree of
Civil Engineer of Mines. Georges realized that he was interested in physics more than
in engineering and in 1949 he became a pupil of Frédéric Joliot Curie at the College
de France and obtained a research position at the National Centre for Scientific
Research (CNRS). He received his Doctor of Philosophy Degree in Nuclear Physics
in 1954. His thesis was on the subject of very low radiation associated with the
disintegration of nuclei [30]. In 1953, Georges Charpak married Dominique Vidal,
and the couple had two sons, Yves and Serge, and a daughter, Nathalie.

In 1959, Georges Charpak joined the staff of CERN in Geneva, where he
focused on the development of new techniques for particle physics detectors [31].
He worked first in the Synchro-cyclotron division, then in the Nuclear Physics
division (1961), and the Experimental Physics division (1976). After his retirement
from CERN, he continued to work in the Particle Physics Experiment division,
the Accelerator Technology division, and the Large Hadron Collider division [32].
He worked mainly on the development of new techniques for particle detection.
In 1968, he built his first multiwire proportional tracking chamber. Largely due
to his work, particle physicists have been able to focus their interest on very rare
particle interactions, which often reveal the secrets of the inner parts of matter.
His invention revolutionized particle detection bringing it into the new level — the
electronic age. In his chamber, Charpak used modern electronics and connected the
detector directly to a computer. His fundamental idea has been developed, and for
many years Georges Charpak has been at the forefront of this development [33]. The
speed and precision of the multiwire chamber and its descendants, the drift chamber
and the time projection chamber, revolutionized highenergy physics [34].

-

Georges Charpak and a particle detector, 1973 [35]
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In 1985, Charpak was elected to the French Academy of Sciences and received
many honors and awards.

In 1992, he won the Nobel Prize in Physics “for his invention and development
of particle detectors, in particular the multiwire proportional chamber” [36]. Georges
Charpak in his Nobel Lecture emphasized that multiwire chambers “gave rise to
further developments in the art of detectors, of which some are highly innovative.
Most high-energy physics experiments make use of these methods, but their
application has extended to widely differing fields such as biology, medicine, and
industrial radiology” [37]. Indeed, physicist’s work led to a significant improvement
in medical radiography making it possible to reduce patients’ exposure to radiation.

At the time Georges Charpak received the Nobel Prize, John Peoples Jr., then-
director of the Fermi National Accelerator Laboratory in Illinois, said: “If you were
to remove everything Charpak invented from all the particle detectors at all the big
accelerator laboratories, you would simply not have anything left” [38].

Georges Charpak is the founder of the SOS committee at CERN, which helps
those imprisoned, as he was, by repressive governments. In 2001, he received the
European Grand Prix for Innovation Award in medical and biological engineering
[39]. He published numerous scientific papers and books. In 2001, Georges Charpak
and his co-author, American Enrico Fermi Award-winner Richard L. Garwin,
analyzed nuclear issues and their potential impacts on the environment, economy,
public health, and world peace in their book “Megawatts and Megatons: A Turning
Point in the Nuclear Age?” [40].

Georges Charpak was also a devoted teacher. He set up La Main a la Pate (Hands
On) movement, which promotes experimental sciences in elementary schools and
encourages pupils to investigate scientific problems on a practical level. He was
deeply committed to the educational process [31, 41]. Our famous fellowman
Georges Charpak went down in history as a prominent physicist of the 20th century.

Our country has not yet gained recognition from a Nobel Committee, however
many Nobel Prize winners were born, began their scientific journey or worked for a
while in the territory, which belongs to present-day Ukraine: Shmuel Yosef Agnon
(in Literature, 1966), Svetlana Alexievich (in Literature, 2015), Simon Smith
Kuznets (in Economic Sciences, 1971), Igor Tamm (in Physics, 1958), Lev Landau
(in Physics, 1962). The roots of some Nobel Prize winners, who were born in the
other countries, Georges Charpak and a particle detector, 1973 [35] are traced back
to the Ukrainian lands, which have always been ethnically and culturally diverse:
César Milstein (in Physiology or Medicine, 1984), Eric Kandel (in Physiology or
Medicine, 2000), Ralph M. Steinman (in Physiology or Medicine, 2011), Herbert
Charles Brown (in Chemistry, 1979), Dan Shechtman (in Chemistry, 2011),
Murray Gell-Mann (in Physics, 1969), David Jonathan Gross (in Physics, 2004),
Serge Haroche (in Physics, 2012), Boris Pasternak (in Literature, 1958). A bright
constellation of thinkers received the highest international distinction as the citizens
of the other countries.

218



T.V. Danylova, S. V. Komisarenko

Unfortunately, the lack of proper conditions for scientific research, poor science
funding, beggarly salaries and pensions, the lack of interest in the new investigations
and projects among Ukrainian authorities and Ukrainian society make Ukrainian
scientists uncompetitive on the world “scientific market”, inhibit the rise of modern
science in Ukraine, cause brain drain to the highly developed countries with better
living and working conditions. Today, the development of Ukrainian science, which
is inextricably linked to the economic, political, social, and cultural spheres of
society, should become a priority for both our state and society. It is not a private
matter, but one of the most urgent problems, which can only be addressed at the
state level. And then the future Ukrainian Nobel Prize winners will contribute to the
world scientific and art treasury and multiply the spiritual and cultural heritage of
humankind.
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I xoua yxpaincvka nayka He Oana ceimogi Hobeniscvkoeo naypeama, 6yoe-

MO cnoodieamucs i 8ipumu, Wo PAaHo Yu Ni3HO VKPAIHCLKI 6UeHi i30umumyms 00
Cmoxkeonvma 3a Halguwo10 HayKo8olo Npemicio, 60 60HU MO20 3ACHY208)I0Mb 3d
bacamovma 00CACHEeHHAMU, K] 8 CEIMI 3ANUULAIOMbCS HEOOOYIHEHUMU, 8 MOMY YUCTT
i 3a805KU «1H0OCHKOMY aKmopy».
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3AMICTH HICIAMOBH
HOTATKU 3 ETUKU B HAVYIII,

a00 Y4 MOKYTh BIAKPUTTS OyTH 3aIJIAHOBAHUMH
i IK 3100y TKH APYroi HAyKOBOI PeBOJIIONIl JONIOMOKYTh
BIKMTH YKpaiHCcbKiil Hayni

(INSTEAD OF AN AFTERWORD:
NOTES ON ETHICS IN SCIENCE,
or whether discoveries can be scheduled, and how
the advances of the second scientific revolution will help Ukrainian
science survive)

«...NO2AHO, KONU NONTMUKU GUKPUBTIAIOMb HAVKY,
ane 3HaAYHO-3HAYHO 2ipuie,KOau 6OHU i1 I2HOPYIOMb...»

Hes3Baxkatoun Ha Te, IO JUCKYCis 3 MPUBOAY HNPUYMH 3aHENaay YKpaiHCHKOL
HayKH Ta Croco0iB MMO0IaHHs KpU3HU TpuBae noHaa 20 pokiB, CUTyallis B IiH ramy3i
posoBXKye noripiryBarucs. Cepes YUCICHHUX IMyOMiKaliil Ha II0 TEMY, 4acTo Cy-
NePeYIMBHX, IPOTUIICIKHUX 32 TyMKOIO, MOKHA HaBECTH JIeKiibKa [ 1—4].

[Tepenycim, Ha cTaH HayKd HETaTUBHO BIUIMBAIOTH (PAKTOPH ITIMOOKOI €KOHO-
MIYHOT KPHU3H — HEZ0CTaTHE (hiHAHCYBAHHS, BIIIUINB «Mi3KiB» 3a KOPIOH, HU3bKHH
IIOTIUT Ha Pe3yNbTaTH HayKOBOTEXHIUHOI MISUIBHOCTI 1 T.iH. OJIHaK 3HAYHOIO MIpOIO
MOTIPIIEHHS CIIOCTEPIraeThesl yepe3 3ryOHI HACHTIIKU «KEPIBHUITBAa» HAyKOIO, Ha-
MaraHHs BIIaJH «IiJBUIIUTH €(PEeKTUBHICTH» HAyKOBOTO IPOLECY, HE PO3YyMIIOUU
CyTI Cy4acHO1 HayKH, HEXTYI04H ii moTpedaMu Ta MOKIMBOCTAMHU. Cepell TOTIOBHUX
HETaTMBHUX CTPATEriyHMX 1 TAKTHYHUX YNHHUKIB HA CHOTO/IHI MOYKHA HAa3BaTH TaKi:
CTPYKTypa YIpaBJliHHS HAyKOIO Ha BUIIIOMY PiBHI € Hee()eKTUBHOIO; Ha MaTepialy,
PEaKTUBU Ta YCTAaTKyBaHHS HE BUALISIOTHCS OFO/PKETHI KOIITH, L0 3HUIIYE €KCIe-
PUMEHTAJIbHY HayKy; ApaMaTH4YHEe MaJiHHSA Kypcy T'PHUBHI YHEMOXIINBIIIOE 3aKyIIiB-
JII0 IMIIOPTHUX PEaKTHBIB 1 HaBITh HEJIOPOTOr0 YCTATKyBaHHS; yepe3 3MiHHU B I10-
JIATKOBOMY KOJIEKC1 3HUKJIM YKPAiHChKI TEXHOMAPKH; )KOPCTKI BUMOTH IPOBECHHS
TEHJIEPHUX 3aKYIIiBeNb YCKJIaIHIOIOTh BUKOHAHHS HAyKOBHX IPOEKTIB 3a IPAaHTAMU;
Ha MUTHHMII CTBOPEHO 3HA4YHI MEPEIIKOIM JJIs OJlepKaHHs O1arofiiHoi 10MOMOTU
BiJl 3aKOPJIOHHUX KOJIET y BUIVISINI OOJIaIHAHHS, peakTHBiB i KHUT. [1[00 BrxuTH,
HAyKOBl YCTQHOBHU IIYKAaIOTh JOJATKOBI juKepesa (iHaHCyBaHHS (POSUITI, OpeHaa,
TPaHTH TOIIO), OJHAK IIi T03a0IOKETHI KOIITH 3apaxOBYIOTHCS 10 TaK 3BAHOTO
«CTEeNOI0KETY», 3BIAKM HUMHU HE MOXXHA CKOPHCTATHUCS Yepe3 IOCTiHHI mepemno-
Hu KasnaueiicTBa. B ocTaHHI pokM BUTpaTH Ha HayKy B YKpaiHi 3MEHIIMIUCS 10
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0,4 % BBII, mo Bignosigae piBHIO C1a00PO3BUHEHHX KpaiH [1], y moTounomMy porti
BOHHM BUSBWIHCS 1ie MeHIIUMH — 10 0,27 %, a ocranHiil cexBectp Oromkery HAH
VYKpaiHu — TOJIOBHOI HAyKOBOi YCTAHOBHM KpaiHM — Ta 3alpOBaKEHHS 00MEXEHb
Ha BWIUIATH 3apIUiaT y3araji CTaBIATH IMiJ{ CyMHIB TOAAJIBITY JIOJIO BITYU3HIHOI
HayKH, X049a WIETHCS MPO TyXKe He3HAYHI CyMH T OrokeTy Kpainn. Heznauni e
1 3 OISy HA pesIbHUH 1 MOTCHIIMHNN BHECOK YYCHHX B €KOHOMIKY, KYJIBTYpy Ta
CYCITLJTbHE KUTTS YKpaiHu.

HeomHopa3oBi 3BepHEHHST HAyKOBIIB JIO TPE3WICHTIB YKpaiHU 1 KepiBHUKIB
VYpsiny, Ha Kaib, 3anAmanucs 0e3 Bianoini. O4eBHIHO, IEXTO HAropi BBaxkas (200
BBa)KA€) HayKy HEMOTPIOHMM «TsATapem» i JACpKaBH 1 HE MPOTH 3HAWTH iHIIIE
3aCTOCYBaHHS 3eMJli, MaifHy Ta cmiBpoOiTHHKaM Akanemii. [TomiOHi imei Bxke pe-
am3ytotbes B Pocii, me BiiTky 2013 p., HE3BaXkaloun Ha MPOTECTH BUYCHUX, OYyII0
MIPUIHATO 3aKOHOMPOEKT Mpo pedopmy Pociiickkoi akagemii HayK, YHACTIIOK SIKOT
BOHA BTpPAaTHJIa CBOIO HE3AJICKHICTh 1 MOXKIIMBICTh PO3MOPSIKATHCS MaHOM CBOIX
iacTuTyTiB [5]. [lomii €BpomMaiinany B YkpaiHi, 0OpaHHS HOBHX KEPIBHHUX OpTaHiB
JiepKaBU 3yMOBWIIA KapIMHAIBHI 3MiHH y BJIaJIi Ta CYCIIBCTBI, IO Ja€ HAM HAJIIO
Ha JIOKOPiHHI 3MiHU B TIOJNITHII YIPABIIHHS BITYN3HIHOIO HAYKOIO Ta BUPIIMICHHS ii
HAOOIITHX TTPOOIIEM.

Opnak mpoOsieMu YKpaiHChKOI HAYKH HE OOMEKYIOThCSI JIUIIE HEJJOCTATHICTIO
(hiHaHCYBaHHS Ta HEJIOCKOHAJIICTIO 3aKOHOABCTBA. [ OCTPO CTOITH TakoXk mpodiieMa
SKOCTI BUKOHYBaHUX HAayKOBHX PoOIT. OTHUM 13 MOKJIMBHUX HUIAXIB 11 MOMOIAHHS
MOKe OyTH PO3IOia OIOMKETHOTO (hiHAHCYBaHHS MK HAYKOBUMH yCTaHOBaMH Ta
OKpEeMUMH J1a00paTOPisIMU y HiTKiH BiINMOBIIHOCTI IO HAYKOBOi 3HAYYIOCTI BUKO-
HaHUX HUMH poOiT. [IpoTe mocrae muTaHHs: K caMe OIiHIOBAaTH BAXKIIMBICTH Ti€i 4n
1HIIOT poOOTH IJIs1 HAYKOBOTO TIporpecy? JlesKki BUeHI 3aKIMKaIOTh BBECTH B YKpaiHi
JIOCHUTH TIOITUPEHY Y CBITI CHCTEMY OIIIHIOBaHHS 32 HU3KOKO KUTBKICHUX TIOKa3HH-
KiB, TAaKWX SIK 1HACKC IUTYBaHH:, CYMapHAN IMITaKT(aKTop MyOsiKamii 3a MeBHUAN
nepiox vacy, ingekc Xipma. 3aranbHHNA 1HAEKC IUTYBaHHS Ta iMITAaKT(aKTop OyII0
po3pobaeno [Hcruryrom HaykoBoi iHopmaii (ISI) (Pimanensdist, CHIA) — HuHIII-
HiM migpo3aiiom Thomson Reuters. 3aransHuil iHIEKC IMTYBaHHS MTOKa3y€e CyMap-
HYy KUTBKICTh TMOCHJIaHb Ha MyOITiKaiii BIeHOTo, a iMIakT-pakTop — 1e KiTbKiCHUN
MMOKa3HUK SKOCTI JKypHaITy, IKHi PO3PaxOBYIOTh IMIOPOKY SIK BIIHOIICHHS KiJIBKO-
CTl IUTYBaHb CTATEH JKypHaIy, OIMyOITiKOBAaHUX 3a 2 TIONIEPETHI POKH, 0 3araIbHOT
KUTBKOCTI IIUX cTarei. [mest po3paxyHKy iMmakT-gpakTopa Hanexutb HOmxuny ['ap-
¢binmy — 3acHOBHUKY Ta KepiBHHKY [SI [6]. I[Hmekc Xipma (h), 3anpormoHoBanuii y
2005 p. amepukanchkuM (izukom [[xopmrem Xipmiem 3 yHiBepcutery Can-Jliero
(Kamidopsis, CIIA), mokasye, siIKy KiTbKICTh MyOITiKamiid yaeHoro h mpomutoBano
He MeHIe Hix h pasis [7].

OI1iHIOBaHHST HAYKOBOI JIsUTBHOCTI 32 KIJTbKICHUMH MTOKa3HUKaMH, 0€3yMOBHO,
cimiz Oparty 10 yBaru, aje JIMIIe Sk Mpuoan3Huil Kputepiid. Ls cucrema oriHroBaHHS
Mae 6araro MPOTHBHHMKIB, 1 HE TUIBKH Cepell YICHHX, Y SKUX IIi IOKa3HUKH € HU3b-
KAUMH. AJDKe aOCOTIOTHO HE3PO3YMiNIO, SIK KUTBKICTh IIUTYBaHb TIOB’3aHA 3 SIKICTIO
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myOumikarii Ta ik OyTH 3 HAyKOBIISIMH, SIKi TIPAITIOIOTH 32 «3aKPUTOI0Y» TEMATHKOIO 91
3aliMarOThCs MEPEBAYKHO MPUKIATHUMHU TOCIIIHKEHHAMU. YacTo BEMUKY KUTBKICTh
[UTYBaHb MAIOTh CTATTI HA MOMYJISAPHI TEMH, a TAKOXK CTATTi, IO MICTATH HECIIO-
JliBaH1 BUCHOBKH 200 CyTepedsnBi YU HaBITh IOMUIJIKOBI pe3yabratu. Pi3Hi ramysi
HayKHd MOXYTb ICTOTHO PI3HUTHUCS 32 CEPEAHBOIO KUTbKICTIO IUTYBaHb, HAIPUKJIIA,
MaTeMaTH4YHI CTAaTTi 3a3BMYail MalOTh MEHIIIEC ITUTYBaHb, HDK MenudHi. J[o Toro x
90 % nuTyBaHB MaTEMaTHYHHX CTATeH 3’ SIBISETHCS Yepe3 ABa i OLIbIIe POKIB MicCIs
myOmikarii [8]. Jlocmimkenns, Hexal 1 Ty)Ke BaKJIUBI, 3 TAK 3BAaHUX HAIlOHATHHHUX
po0JieM MOXYTh OyTH aOCONIOTHO HEIIKaBUMH JIJIsl BUSHUX IHIHMX KpaiH 1 TOMYy
He nuTyBatucs. JKypHaiu, mo myOIiKylOTh OIISIIOBI CTATTi, YaCTO MAlOTh 3HAYHO
BHIIM IMITAaKT(HaKTOP, HIXK TIPECTHKHI, aJie BY3bKOCIIEIiaTi30BaHI HAyKOBI YaCOTIH-
cu. BiTHOCHICTB 3arajibHOTO 1HAEKCY ITUTYBAaHHS [l OIIHIOBAaHHS HAyKOBOT pOOOTH
MOJKHA TIPOUTIOCTPYBATH THUM, IO OJHA 3 HAWBIJOMIIIMX Yy CBITI HAYKOBUX CTaTei
JIx. Yorcona i @. Kpika, onmyOrikoBana 25 xBitHs 1953 p. B s)xypHamni Nature i mpu-
cBsiueHa pociimkeHaro ctpykrypu JIHK, 3a mo ii aBropu orpumanu HobGernmiBebky
mpemiro (1962), He moTpanwiIa HaBiTH 10 MEPIIOi COTHI HAMOLIBIIT IIUTOBAaHUX Ha-
YKOBHX CTaTei, Tak camo, SIK 1 BIIKPUTTS BHCOKOTEMIIEpaTyPHOI HAAPOBIAHOCTI 1
TOrO (haKTy, IO PO3MIMPEHHS HAamoro BeecBiTy mpuckoproeTses [9].

OcTaHHIM 9acoM y4eHi 31 CBITOBUM iM’SIM yC€ YacTillle BUCIOBIIOIOTh CyMHIi-
BH IIOJI0 JOIUIBHOCTI ITi€1 HAYKOMETPUYHOI cucteMu. Tak, jmaypear HobemiBehKoi
mpemii 3 diziomorii Ta megumman 2013 p. Penai [llexman 3a00poHHUB CHIBPOOIT-
HUKaM CBO€i Jtaboparopii myOmiKyBaTHCS B HAWBIIOMIIMINX HAYKOBUX JKypHAIax 3
BHCOKMM iMmakT-(hakropom — Science, Nature, Cell — i mimoB 3 mocaay roixoBHO-
r0 peaaKTopa BiZJOMOTO aMepHKaHChKOro kypHaity PNAS s toro, mob ouonutu
BeO-KypHai Bimkputoro nocrymy e-Life [10]. Ille Ginbmr BiABEpTO BHUCIOBUB CBOI
nyMku B Nature Bimomuid kutaichknid XiMik Nai-Xing Wang [11]: «Skmto Bucokuit
IMIIaKT-PaKTop — €MHA METa TOCIIHKSHb Y XiMil, TO XiMisl OUTBIIE HE € HAYKOIOY.
Ha mepmmit mormisin, Taki BACHOBKM BUAAIOTHCS MpUHAWMHI AUBHUMHU. OJHAK 1€
JIAIIE HA TIEPIIAN MOTIIA. . .

P. lllexmaH, sk i 6araTo HOro KoJer y BChbOMY CBIiTi, BOaua€e B HasBHil cUCTEMI
OIIIHIOBaHHS HAyKOBHUX POOIT BEJIMKY HEOE3IeKy TSl HayKh. AJDKe OCTaHHIM 4acoM
Y4EeHI Aenaii OuTbIle JyMaroTh HE PO 3100y TTS HOBUX 3HAHD HA KOPHUCTB JIFOICTRY,
a Mpo BJIIACHUH YCHiX 1 Kap’epy, OACpKaHHS TPAHTIB, MPECTIKHUX MPEMii 1 Haro-
poI, MIISX 0 SAKUX JISKHUTh Yepe3 CeHCallilHI MmyOmikallii y BiIOMUX KypHallax.
Li sxypHamu 3aBkau Oyinu yocOOJICHHSIM BHCOKOI SIKOCTI Ta HAYKOBOI 3HAYYIIOCTI
JOCITI/DKEHB, ajleé HAaCTIpaBi 0 APYKYy B HUX 3apa3 MPUUMAIOTh MepeayciM podo-
TH 3 HECIMOJiBaHUMH (1HOI TTOMUJIKOBUMH) BUCHOBKaMH, TOMY III0O BOHH MOXYTh
BUKJIMKATH 3HAYHUN CYCHUIBHUHN pe3oHaHc. HaykoBi xypHaim, sK 1 Oyab-saki 3MI,
HacamIepe/] HaIliJIeHI Ha 301TbIIIEHHS MPOJaKiB, a HE Ha MM ITPUMKY HABarOMiIIHX
nociipkeHb. Hamararoduch MiIBUIIATH CBI PEHTHHT, BOHU CTBOPIOIOTH a)KiOTaX,
MITYYHO OOMEXYIOUHM KUTBKICTh ITyONiKaIlii, MATPUMYIOYH OKpEeMi «MOIHI» Hay-
KoBi HanpsmMu. [[yke gacto omyOsikoBaHI «OMUCKYd1» AOCTIKEHHS HE MAlOTh Hi-
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SIKO1 KOPUCT1 JJIl HAyKH, @ «MOJHD» HAIPSIMU 3 YaCOM BUSIBIISIOTHCSI TYMHKOBUMH.
VY NpoBiAHUX HAYKOBUX KypHAJIaX HEOTHOPA30BO 3 SBJISUIMCS CTAaTTi, CYMHIBHI 3a
CBOIM HayKOBHM 3MIiCTOM a00 BiIBEpPTO TICEBIOHAYKOBI. Hampukiam, moBimomIIsio-
Csl TIPO yCTIIIHE KIOHYBaHHS €MOPIOHIB JIFOAMHHU, BUSBICHHS CHCIU(IYHAX TCHIB
JIOBTOXKHTENIB 1 BIAKPUTTS Mikpoopranizmis, y JIHK skux docdop 3amineHmit Ha
v’ sk [10].

Pemakiiii )xypHaJiB po3movasyd aKTUBHY isTIBHICTH, CIIPSMOBAHY Ha IITy4YHE
TIBUIICHHS IMITaKT-()aKTopa, BCUISIKO 3a0X0YYIOYH aBTOPIB IMOCHIIATUCS HA CTATTI
OCTaHHIX JIBOX POKIB, JPYKYIOUH OIVISIIM 3a MarepiajiaMy IUX CTaTredl TOmIo. 3BU-
YaiiHUM SIBUILEM JJIs1 HAYKOBHX JKyPHAIIB CTaja PO3CHIIKA PEKJIAMHUX OTOJIOUICHb
Ha KIITaJIT oroyionieHHs BuaasHuITea World Scientific, mo Bumae xxypaan Interna-
tional Journal of Algebra and Computation (IJAC): «Immakr-akrop IJAC Bupic 3
0,414 y 2007 p. mo 0,421 y 2008 p.! Bitaemo penakiuiiiny pamy i aBropiB [JAC». ¥
[IOMY BHITaJIKy 3pOcTaHHs iMmakT-hakropa Ha 0,007 03Ha4aIIO MOSBY OJTHOTO J10-
JIATKOBOTO TIOCHUJIAHHS Ha OAHY 31 145 cTarei, ormyOIiKoBaHMX 3a 2 TIOTIEPEIHI POKU
[8]. HefimoBipHO, ayte iMItakT-(hakTop MePEeTBOPUBCS 3 OCHOBHOTO KiJIBKICHOTO IT0-
Ka3HHMKA SKOCTI KypHATy Ha IHCTPYMEHT OIIIHIOBAaHHS HE JIMIIE SKOCTI HaJpyKOBa-
HUX y HhOMY CTaTeii, a i aBTOPIB 1 HABITh OpraHizalii, y SKUX IIi aBTOPH MPAIIO-
10Th. TparseThbes, M0 BYCHI y CIIUCKY CBOIX IMyOJTiKaIliii BKa3yrOTh IMITaKT-(hakTop
JUI KOOKHOT 3 HHUX 3 TOYHICTIO JI0 TPHOX JIECATKOBUX 3HAKIB, a B JICAKHUX KpaiHax
myOumiKarisi B )KypHasax 3 iMImakTgakTopom, HxKIuM 3a 5,0, odimiitHo He Mae Ko-
HOTO 3HAYCHHA. 3aKOH, BIIKpUTHI ekoHOMicToM Yapnp3om ['yaxaprom y 1975 p.,
SKHAWKpaIe OIMHUCYE CHUTYaIiro 3 iMmakT-(pakropom: «Koim MOCATHEHHS NESKOTo
MOKa3HUKa CTa€ METOI0, BiH MepecTae OyTH XOPOIIUM TTOKazHUKOMY [ 12].

B ymoBax mocTtiitHOi KOHKypeHIIii Ta 60poThOM 3a (piHaHCYBaHHS HAyKOBHX
JOCII/DKEHb YU€HI 3MyIIeH] MisTh 3a mpuHiunoM: «[lyOmikyBaTucs 4 3aruHy TH»
[13]. ToGTO, 06 OTpUMYBATH TPAHTH, TI0CATN, HATOPOIH, BUSHUI TIOBHHEH ITOCTIH-
HO ITyOTiKyBaTHCs B )KypHaJIaX 3 BUCOKUM iMmakTdakTopom. Came myOumikartii, a He
HAyKOBI1 BITKPUTTS, CTJI TOJIOBHOIO METOXO BUCHUX, 1 3apajIil IBUIKOTO JOCATHEH-
HS Ii€] METH TIPUHECEHO B )KEPTBY SIKICTH 1 3aBEpIIEHICTh poOiT. be3 mockoHambHOI
MEPEBIPKH pe3yabTaTIB HAIBUAKYPYY 3p0OJICHI BUCHOBKH YaCTO BHSBIISIOTHCS T10-
MUJIKOBUMH. Ha 11i poO0TH CiparoThes iHII BYCHI Y CBOIX JOCTIIKEHHSX, 1 JTaBH-
Ha TIOMMJIKOBUX PEe3yJbTaTiB HapocTae GpaHTacTUYHUMHU Temramu. «llomoBanHm»
32 BUCOKMMH HAayKOMETPUYHUMH TOKa3HHUKAMU Ma€ e OAMH HeOe3meuyHWi s
HayKH HACTIIOK: YYeHI BTPa4ar0Th CBOOOY Y BHOOpI HANIPSIMY OCIIKECHb. [CHY-
F09a CHCTEMa OIIHIOBAHHS 32 KUIBKICTIO IIUTYBaHb POOUTH BUTIIHUM JOCIIKEHHS
B MOMYJISIPHUX TaTy3AX HAayKd, B SIKMX IpAIfoe 0araro iHIINX BYCHHX, 1 CTPUMYE
MIPOBEJICHHS PU3UKOBAHUX 1 HOBAaTOPCHKUX POOIT, OCKIIBKH ITiJT 9ac X BUKOHAHHS
myOumikamiii Moyke He OyTH BIIPOIOBXK TPHUBAJIOTO Tiepiony. BHACIIIOK 1IbOTO IyXKe
HebaraTo BYSHUX HACMUTIOIOTHCS IIPAIIOBATH B HOBHUX raly3sX JOCIIIKEeHb, a OTXKE,
MaTH MOXKJTUBICTB 3pOOUTH IIOCH IPUHITNTIOBO HOBE [ 14]. Kpim TOT0, mmpoke 3acto-
CYBaHHS KUIbKICHUX KPUTEPIiB OIIHIOBAaHHS HAyKOBUX POOIT MPU3BOAMTH JIO CBOE-
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PIAHOTO MITYYHOTO BiOOPY HAYKOBIIIB MIEBHOTO TUITY: CHEPTIMHMUX, arpECUBHUX, 3
T IPUEMHUIIBKOIO XBaTKOIO, @ CIIOKIMHI JIFOAH, CXWJIBHI 10 PO3IyMiB 1 TBOPYOCTI,
CTalOTh ayTcainepamMu. 3 UM TOB’si3aHa TCHIEHIIIST OCTaHHIX POKIB: 0i0JOTIYHY
HayKy 3aJIMIIAI0Th TAJJAHOBHTI KIHKH-BUEHI, 1[0 HE OA)KAIOTh MyCKaTH IMHJ B 04l Ta
OOpOTHCS 32 BIJKUBaHHS 3apajJii OTPUMAHHS I'paHTiB [15].

[HOAI BUEHI, HAMArarOYKCh MiABUIIUTH CBOI TOKa3HUKH, HE BUTPUMYIOTh TICH-
XOJIOT1YHOTO MPECHUHTY 1 CBIIOMO HAYTh Ha HOPYIIEHHS €THYHUX HOPM: BOHHU ITOCH-
JIAIOTHCS HA BEJIMKY KIJIBKICTh BIACHUX CTaTel (Xouya 3apa3 caMOLIMTYBAaHHS HE Bpa-
XOBYIOTb), JOMOBIISIFOTECS 3 KOJIETaMU PO OOMiH IIUTYBaHHSMH, IIPOBOJISATH TICEB-
JIOHAYKOBI1 JJOCITI/KEHHS a00 HaBITh MiAPOOISIOTH Pe3yIbTaTH A0CDKEHb. Y3arai
BBA)XKA€THCSI, 10 HABITH ABTOPUTETHI HAYKOBI KypHaIU MicTATh 1—2 % cdabpu-
KOBaHHX pE3yJIbTaTiB, a 3a naHuMU BeOcaiTy Retraction Watch, KimbKIiCTh cTaTeid,
SIK1 TICIIS My OTiKaIii moTiM BiIKJIMKAIOTh, TOCTIHHO 3pocTae. OIuH 13 aBTOPIB i€l
crarti mix gac BiapsmkenHs 1o CIIIA B 1981 p. cTaB cBiIKOM HaCIIiIKiB TYYHOTO
CKaHJaly B €KCIIEPUMEHTAIbHIN MEIMIINHI, 32 MarepiallaMu SKOTO OyJ0 omyOti-
koBaHo kaury The Patchwork Mouse i 3HaTO XynoxHii ¢ineM. Yderb npodecopa
PoGepra I'yaa — oHOTO 3 HAHTATAHOBUTIIINX aMEPUKAHCHKUX MEIUKIB, akaaeMika
Harmionansnoi akagemii Hayk CILIA, nupexTopa Hbm-ﬁopKCLKoro MIPOTHUPAKOBOTO
neHTpy iM. Crnoan-Kerrepinra — HIONTO BHHAWIIOB NMUIAX MOJOJAHHS TKAaHUHHOI
HECYMICHOCTI 1 IEMOHCTPYBaB MOT0 Ha Mozeli nepecaaku mkipu. [lepmri myOmi-
Kallii BUKJIMKAIA BEJIMYE3HUH 1HTEpPEC cepell IMyHOJIOTiB. YUeHU OTpUMaB IPaHT
Ha PO3IIMPEHHSI CBOIX €KCIIEPHUMEHTIB, aJie He 3MIT BIITBOPUTH PE3yJIbTaTH, i TOII
MoYaRB I IMaTbOBYBAaTH YOPHIUM MapKepoM TepecapKeH] MIITHKY MKIpy Ha OLTHX
muiax. [1laxpaiicTBo BUKpHIN, BACHOTO 3BIIBHUIM 3 «BOBYMM KBUTKOMY, a Pobep-
Ty ['yny nosenocs nmokunytu CrnoaH-KeTTepiHriBChKHIA TICHTp, X04a BiH HIYOTO HE
3HAaB PO «BUTIBKW» CBOTO CITIBPOOITHHKA.

Tpaaumiitao 6arato danbcudikamiii ciocTepiraeTbes B rairy3i 010710Tii po3BHT-
KY, OCKUIBKH YCIIXH PETeHEePaTUBHOI METUITMHH OOIISIOTh BEJIUKY TOIMYJISPHICTH
1 3HauHe 30araueHHs. OfHA 3 TaKUX iCTOPIH, sika HaOyla MUPOKOTO PO3roJIOCy Ta
mie i 3aKkiHumiacs tparigHo, cramacs y 2014 p. XKypnan Nature omyOmikyBaB 1Bi
CTaTTi 3 HEMMOBIPHUMH PE3yJIbTaTaMH, SIKi JTOBOIIIN, IO KIITHHU KPOBI MOXKYTh
MOBEpHYTHCA 110 peHoTumy ctoBOypoBux KIiTHH (STAP) micns inkyOartii B M’ sKo-
My posduHi KucinoTH. Lli myOmikarii Bigpa3y 3po0niiv 3 HAMEHUTHM iX TOJIOBHOTO aB-
Topa — 30-piuny mocmigauiro Xapyko O6okara 3 soHchKoro LleHTpy 6iomorii po3-
BuTKy RIKEN y wmicti KoGe. Yepes Kiibka MicAIIiB MICIsI HEBAAIUX CIPOO 1HIIHX
JOCIITHUKIB BIATBOPUTH PE3YJIBTATH 3’ sICyBaNoCs, M0 naHi Oyno chadpukoBaHO.
Jlo TOrO X BUSBMIJIOCH, IIIO B CTATTi OyJI0 BUKOPUCTAHO LTFOCTpAIlii 3 TOKTOPCHKOI
muceprarii O6okara. Xypran Nature BigkimmkaB i ctarti, O6okara Oyia 3MyIieHa
3BimBHUTHCA, a i HacTaBHUK i criiBaBrop Momiki Cacai BunHIB camory6eTso [16].

Bumagku danpcudikariii TparusiFoThCs 1 B IHITNX TaTy35X HAYKH. SHAMCHUTHI
(3apa3 yxe cymHO3BicHHI) HiMernpkuii ¢izuk AAn Xenapik Lo — cniBpoOiTHHK
Bell Laboratories y CIIIA, maypeat 6ararbox mpemiii, iMoBipHHA KaHauaat Ha Ho-
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OemiBChKY TpeMito 3 (i3uKH, SIKUH HIOWTO BiIKPUB MEPIINH Y CBITI TUIACTHKOBUN
Ja3ep Ta HAWMEHIIUH TPaH3UCTOP 3 ONMHIET MOJEKYIH, «IPOCIABUBCS» THUM, IO
BHKOPHCTOBYBAB OJMH 1 TOW camuii Tpadik y 6ararbox pi3HUX CTATTAX, MPUCBIYC-
HUX BUBUCHHIO HAHOMETPOBHX TPAH3UCTOPIB 1 HaampoBinHocTi. Haykosi nani Slna
[lona my6mikyBanmucs B )xypHanax Nature Ta Science. 3pemToro, miapoOku Oyio
BUsBIIeHO, 1 [lloHa mMo30aBMIIM TOKTOPCHKOTO CTyMeHs YHiBepcuTeTy B KoHcTaH-
mi. Bimomwuii mokazamMu ckaHIAIBHHUX TEOPIid comiabHUi rcuxoror 3 Hinepianmis
Hinepuk Cramens 3a necaTok pokiB chabpukyBaB maHi 61au3pko 30 HAyKOBUX ITy-
Omikarii i 14 KaHIUAATCHKUX TUCEpPTaIliii, BAKOHAHMX ITiJ{ HOTO KePIBHUIITBOM. Y
2011 p. »xypnan Science omy0ikyBaB ctaTTio CTarmerns, sika JOBOHIIA 3B’ 30K MikK
3axapamieHiCTIO MIChKUX BYJIHIb 1 CTEPEOTUITHICTIO MUCJICHHS TIEPECIYHIX TpoMa-
JISTH, TII0 TIPOSIBIISIIIACS B TUCKPHUMIHAIIT MO0 Ti€l 9M 1HIIOI comianbHOi rpymu [17].

IcTopist maxpaiicTBa OpuTaHchkoro BueHoro EHnpro Yeiikdinma, mo «BiaKpuB»
3B’SI30K MK ayTHU3MOM 1 BaKIIMHOIO MPOTH Kopy, mapoTuty Ta kpacHyxu (KIIK),
po3ropTanacs BOPOIOBXK 15 pokiB i Maia cepiio3Hi HACTIIKH IS OaraTboX JIFOACH
1 kpaiam B mizomy. [TyOmikamis Yeikdinma ta criBaBTopiB y *ypHam The Lancet
y 1998 p. noBoamia, mo meruienns: KIIK cnpuunnioe 3ananeHHs: KUIIEYHUKA, SIKe
MPU3BOIUTH 10 TIOPYIICHHS Horo Oap’epHOi (DyHKIN, MOTpAIUITHHS B KPOBOOOIr
O1JIKiB, IO BUKJIMKAIOTH €HIle(dasomnarTito i B moganbmomMy ayTusM. Lli pobotu rpyH-
TyBaJIUCSl Ha 00CTeXeHHI 12 miTeld i3 3aTpuMKaMu PO3BUTKY HEPBOBOI CHCTEMH, & 3
SKUX CTpaknaiaw Ha ayTu3M. OIHaK BUSBUIOCA, IO pe3yibTaT 0yio chanbcudi-
KOBAHO, TOCIIDKeHHs Yelkdinga (inaHcyBamy aiBOKaTH, SKUX 3aydaiud O0aThbKu
WX JITeH NI y9acTi B CYIOBUX IT030BaX MPOTH KOMIIaHI — BUPOOHUKIB BaKIIHH,
a cam Yelkdina, SK aBTOp NMATEHTY Ha aJbTEPHATHBHY BaKIMHY TPOTH KOpY, OyB
3amikaBienuit y Bimmosi Bin Bakmuau KIIK. Barato poxiB y 3MI Ta cymax Tpu-
Baja CIIpaBKHS BiifHA MK MPUXUIBHUKAMH Ta MPOTUBHUKaMH YeWkdinga. YV nei
KOH(ITIKT BTATHYJIM HaBIiTh IpeM’ep-MiHicTpa Benmukoi bpuranii Toni briepa, sxomy
3aKU/1aJH, 10 BiH Haue0TO He BakIuHye cBoro cuHa BakiuHo KITK. PR-kammanis
npotu mereHds KITK npussena mo Toro, mo y 2006 p. iMyHHH# IpOIIapoK 3HH-
3uBcs 110 78,9 %, 1o Bciii KpaiHi BUHUKIIM CHIAJIaXH KOpy 1 Bepiue 3a 14 pokis Oyio
3aiKCOBaHO JIETATHHUI BUMAIOK IHOTO 3aXBOPIOBAHHS — 1omep 13-piuHuit XJom-
gnk. He3Bakarounm Ha pe3ysbTaTh KypHATICTCHKOTO PO3CIIiyBaHHS, CTATT] 1HITHX
JOCIITHHKIB, K1 HE 3MOTJIA BIATBOPUTH PE3yJbTATH, BIIMOBY BiJl ITUX ITyOJiKaIlii
OibIIOCTI criBaBTOPIB, )KypHaI The Lancet 1o ocTtaHHBOTO 3axuinaB Yeikdinma
i ume B 2010 p. Bu3HAB CBOXO MOMIIIKY. Cepiio3He 3aHETIOKOEHHS BUKJIMKAE TOH
(hakT, MO0 BUKPUTTS IBOTO MaxpaicTBa BigOymocs 3aasku 3MI, a 30BciM He BHAC-
J0K MAIBHOCTI HAyKOBOTO CITiBTOBapucTBa [ 18].

Pa3zom 3 TM, HEKOMIIETEHTHI 4 3aaHra)xoBaHi 3MI Ta «ex3aibpTOBaHI» Mpel-
CTaBHUKHU TPOMAJICHKOCTI BHOCSTH CBiil Herarus. Tak, 3pOCTarounii y CyCIiJIBCTBI
€KOJIOTIYHUHN PyX 3pOOUB «MOTHUMM» JOCIIKEHHS, SIKi O TOBOIMIIH IIKiJTUBICTh
BaKIMHAIIi, pTOPYBaHHS BOAH, CTBOPEHHS TCHETUYHO MOJAM(IKOBAHUX POCIHH, 3a-
XOpOHEHHSI SIEPHUX BiAXOMIB. | HABITH SIKIIO pe3yJbTaTH TAKUX POOIT IMiIpoOIeHO,
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BYCHI-IITaxpai BCE OJJHO CTalOTh TePOSIMH, a 00pa3 HayKH B CYCITIIILCTBI CIIOTBOPIO-
eTbesl. Jleski 11 ramy3i rpoMaIchKiCTh TOYMHAE BBKATH TOTEHITIITHO HEOe3MTeTHUMHU
1 HaBiTh 3JIOYMHHUMHU, HAMPUKIIA] TEHETHYHY 1H)KEHEPi0, CHHTETUYHY XIMII0 49U
AaepHy (i3HKY, IO Ty’Ke 3aIIKOKYE TPOTPECy 1 HEe Ja€ MOKIMBOCTI BUPINTyBaTH
HaraibHI Ipoo6aemu mroncTsa [19].

Hai6inpm ryqHuMu i CKaHIaIbHUMHE MTPUKIIaIaMi HEeTHYHOT MTOBETIHKH CTa-
I0Th BUMAJIKH, 110 TPAIUISIOTHCSA CEepe]] JOCBIAUCHUX YUYCHHUX 3 BUCOKOIO pemyTalli-
€ro. Yomy 3k ydeHi, SKi IEPEeBaYKHO € JIOIbMHU PO3YMHUMH, BiJIBAXKYIOTHCS Ha IIIa-
XpaicTBO, 0OOMaHIOIOTh CBOIX KOJIET, PEIIEH3EHTIB HAYKOBHX KYPHAIIIB 1, 3PEIITOIO,
CYCIIBCTBO? AJIKE HAyKOBE TOCIIIHKEHHS HIYOTO HE BapTe, AKIIO HOTO pe3ylbTaTh
HE MOKHA BiITBOpUTH. YacTo Ha MigpoOIeHHs Pe3yNbTaTiB YYCHHX CIIOHYKAIOTh
OYiKyBaHHS CYCITJIBCTBA, MOJITUYHA aKTyaJbHICTh 1 «TUCK JKUTTS HayKoBIIsD». Lo
11e, OCTaHHE, 03HAYAE B TIOCTPATHCHKOMY MPOCTOpi? SIKIIO A7 He HAyKOBLS Hay-
KOBHH CTYTIIHb YW HAyKOBE 3BaHHS — CIIpaBa IMPECTUKY, KpacHBa JIOBIYHA €TUKETKA,
TO /ISl BUCHHX 1 BUKJIQJaqiB — I1e 000B’SI3KOBUI eTamn Kap’epHOro pocty. B Hamrii
KpaiHi He MOXHa 00iiMaTH MEBHI IMOCaaN, HE MAlOYH BiIIOBITHUX HAYKOBHX CTY-
TIEHIB YM HAyKOBOTO 3BaHHA. KpiM TOTO, TpOIIIi 3a CTyTEHi 1 3BaHHS TOJAIOTHCS 10
3aprutati. OHAK OTpUMATH CTYIEHI W 3BaHHS MO)KHA, JIUIIE MAlO4d HEOOXiTHY
KUTBKICTh TyOUTiKamiid, Hexai 1 Hu3bKoi sKocTi. Lle cTBOproe BiANOBIMHUI THCK Ha
HAYKOBIIIB 1 3yMOBJIIO€ MacOBY TIOSIBY «IyTHX» ITyOiKaIii, KaHIUIATIB 1 JOKTOPIiB
HayK, TOIIEHTIB 1 podecopiB, a TAKOXK MMTOBXY€E BAABATUCS 110 TUIATiaTy, 0COoOIH-
BO B rajy3i CyCIJIbHUX HayK.

OTxe, BUHUKAE CIYIIHE 3aIUTAHHS, Y € 3ra/IaHi BUMAIKU HACIIKAMHU CHCTe-
MU OpTaHi3amii TOCHTiKeHb 1 MyOITiKalii, 9d e 0COOIMBOCTI MEHTAITETY OKpe-
MUX yd9eHuX? Binmosiap, HaneBHe, OJATAE Y IOEAHAHHI 000X YMHHUKIB. Bumaaku
danpcudikarii un myOrikaIlii HermepeBipeHNX JaHUX TPATULIITUCS 3aBK/IU 1 Tparuis-
TUMYTbCS, MaOyTh, Hafaumi. [I0OBHICTIO BUKOPIHUTH HAyKOBE MIAXPalCTBO Ta IUIariat
BKpail Ba)KKO, X0ua ChOTO/IHI € 6araro KOMIT IOTEpPHUX MPOrpam, 1o J0IOMAararoTh
BIJIIITYKaTH CJIiu Tuiariary. [Ipore HaykoBa rpoMaiCcbKiCTh Ma€ MOCTIHHO 1 MAJIBHO
CTEeXHTHU 3a TOSBOIO IICEBIOHAYKOBHX TEHJEHIH, MEPEIKOHKAI0UN 1X PO3BUTKY.
A 1715 IOTO TOTPIOHO YITKO YCBITOMITIOBATH MPUYMHH MOIMTUPEHHS IHOTO SBHINA
1 IUTSIXW 1Woro TojoanHs. HaiOiap ni€eBUM € He CTUTBKH HeOe3MeKa MmoKapaHHs,
CKIJIBKH MiATPUMAaHHS TPaJNII HAYKOBOI €TUKH, IIOYNHAIOYH 31 CTYIEHTCHKOI JIaBH,
1 mommpeHHs iHpopMaIlii Mpo eTUYHI MPUHIIAIIY B HAYII Cepell IIMPOKOTO 3araly.

[HmMM THCKOM Ha HayKy, IKAWA 9acTO MPU3BOAUTH IO IIAXPaNCTBa, € TUCK IO-
JITAYHOT BIaAM 1 rpomreld. HaykoBe mociipKeHHs iHOMI MOTparvise B 30HY Oi3He-
COBHX Ta BJIQJHHUX IHTEPECiB, HAINICHUX HAa BUKOPHCTAHHS HAyKH SK YEProBOTO
THCTpYMEHTY UTsl BimMuBaHHs Tpomieii. Hanpukman, y 2010 p. coikep depxaymu
Pociiiceroi @eneparnii bopuc ['pusinoB piszko po3kpuTukyBaB podoty komicii PAH
3 OOpOTHOM 3 TICEBIOHAYKOIO, HA3BABIIHU 11 «CEPEIHHOBIYHOIO IHKBIZUITIEIO», SKa
BHHUIIY€ MTAPOCTKH BCHOTO HOBOTO. BHSBHIIOCS, 10 KOMICisl CTasia Ha 3aBajii Mpo-
CYBaHHIO 0araTOMUTBSIpIHO1 AepKIporpaMu «Uuctast Bomay, 3TiHO 3 KOO IUIaHy-

228



C. I. Pomanioxk, C. B. Komicapenko

BaJIOCS IEPETBOPIOBATH PATi0AKTUBHI CTOKH HA TIUTHY BOLY 32 CYMHIBHOIO METOIH-
koro Bikropa Ilerpuka, mo Oyna 3amareHTOBaHa y CIIBaBTOPCTBI 31 criikepom [20].

3 METoI0 ONep’KaHHS 3HAYHWUX 1HBECTHIl HAyKOBI MPOEKTH YACTO IITYYHO
«PO3KpYyuyIOThCs» B 3MI, a 3rooM BHUSIBISIOTHCS IPOCTO «MHIJIBHUMH Oysb0arika-
mu». Tak, BapTo 3rajjaTu CKaHal HaBKOJIO IaHCHKOTO HayKOBO-IOCIIIHOTO EHTPY
OPUS mpu VYuiBepcureri Konenrarena, sikuii mpoiB MacmtabHy PR-kammaniro,
CTIPSIMOBaHY Ha MOIMYJISIPU3AIIIIO0 IPOEKTY 3 BITHOBJICHHS JaHCHKOT KyTIHAPHOT KYJIb-
TYpH i CTBOPEHHSI CIIET[IaJIbHOT MIBHIYHO A1€TH, OCHOBAHOT Ha MICIIEBHX IMPOTYKTaX
1 Ha9e0TO KOPHUCHOI IS 3MOPOB’sI JaHINB. Yce O HIYOTO, OHAK IMIMPOKOMACIITAa0-
Hy iHGOpMAIIITHOPONAraHUCTChKY MisTTBHICTh PO3TOPHYIIH 3aJI0BTO JI0 ITyOImiKa-
1ii pe3ybTaTiB MPOEKTY, YOMY CIIPHUsIIa €eKOHOMIYHA 3aIliKaBJICHICTh y TIPOCYBaHHI
MPOEKTy MICIEBUX BUPOOHHKIB MPOIYKTIB, OAHH 3 sIKuX — Kiayc Meiiepuc — BXo-
B 110 pamu nupektopiB neHtpy OPUS. PerenmsHo pospoOiieHa memia-cTpareris
BHaBaa OakaHe 3a JiHCHE 1 CTBOpIOBaJia a)KiOTaX y CYCHUIBCTBI, IO JT03BOJIAIIO
neHTpy OPUS 006iiiTH KOHKYpEHTIB 1 OTpUMaTH TpaHT y 13 MITH €BpO BiJl TaHCHKOTO
npuBatHoro (poHmy Nordea. I komn y BepecHi 2013 p. oquH 31 CTiBpOOITHHUKIB TICH-
TPy ONPHJIIONHHUB PE3YJAbTaTH OMUTYBAHHS CIIOXKHMBAdiB, SKI CBIAYMIN PO HENO-
TBHICT PO3POOJICHOT AI€TH, CTABCS TIOBHUH MPOBAJ MPOEKTY 1 B Mpeci 3MIHHIBCS
ry4yHui ckanjan [21].

[Ile omHMM YMHHHUKOM, SIKHM CIIPHsSE€ 3pOCTAHHIO KITBKOCTI NCEBIOHAYKOBUX
1 chanpcudikoBaHUX MyOMiKaIii, € PO3BUTOK CYYaCHHUX KOMIT FOTEPHHUX TEXHOJIO-
Tii, 110 3HAYHO TTOJICTTIIYE TPOIIEC HAYKOBOTO OOPOOIICHHS TOKYMEHTIB. SIcKpaBUM
MIPHUKJIAJIOM I[bOTO € HEIIONaBHIA BUIAIOK 13 BIIYYCHHAM 3 0a3 MaHWX JBOX Haii-
BioMimux BuAaBIliB HaykoBoi Jiteparypu — IEEE i Springer — 120 aGcomoTHO
abCcypIHUX cTaTel, HaMMCAaHUX 3a JOTOMOTOI0 mporpaMHoro 3abesnedenHs SCI-
gen Il KOMIT FOTePHOI TeHeparlii BUITaJKOBUX TEKCTIB HAyKOBO-IOCIITHUX POOIT.
dopmankHO 1M1 poOOTH MPOUTITN He3aJIeKHE PeIleH3yBaHH 1 OyiH omyOITlikKoBaHi y
CIpaBXHIX MaTepiajax KOH(EpeHIlil, monpaBaa MepeBakHO KUTaHChKUX KOH(pe-
peHIIii 3 MamMHOOYIyBaHHS 1 KOMIT FOTEPHHUX TEXHOJIOTIH, 1, MOXKIIUBO, TIpobiIema
CTOCYETBCS SIKOCTI OpraHizaiii X HayKOBUX (opyMiB. Y Oymb-sKOMY pasi, BCi IIi
CTaTTi CIIOKIHO MPOWUIIUTA HETIOMIY€HUMH KPi3b CHCTEMY ITyOIIiKyBaHHS, X04a Ih0-
ro He Mayio crtarucs. [lomiOHI BUIMagKKM CBiMYATh MPO TMOSIBY HOBOTO BUAY CIIamy,
KUTBKICTh SIKOTO B HayKOBiil mpeci 3pocTae (haHTaCTUIHUMHU TEMITaMH. 3BHYANHO,
MOJKHA 3aCTOCOBYBATH CIICIliajbHI KOMIT IOTEpHI MPOTpaMu IS TOIIYKY ¥ BHIa-
JICHHSI aBTOMaTHYHO CTBOPEHMX CTaTeH, Iuiariaty, BTiM, [Ie HE BUPIIIyE PpodIemMy
KapauHaibHo [13].

3pocTaHHs KITBKOCTI BUIIAKIB HEETUYHOI TIOBEIIHKNA CEpell YUeHUX Ma€ J0-
cuTh Baromi Hacminku. [lo-nepie, e GopMye HeTaTHBHY TPOMAACHKY JTYMKY TIPO
BUYCHHX 1 HayKy B3araii. [lo-mpyre, BHHHKAIOTh CYMHIBH IIOIO TOTO, SIKi I[IHHOCTI
MaloTh OyTH 3aKJIaJIcHI B OCHOBY HayKOBO-TEXHIYHOT MOJITHKH, aJIKE BUCHI € TPO-
JTYKTOM CHCTEMH OCBITH 1 KyJIBTYPHHUX LIHHOCTEH, 0 CHJIBHO BIUIMBAIOTh HA IXHIO
MOBEIHKY. 3apa3 COIIOJIOTH 1 ICUXOJIOTH HaMaraloThCs JOCTIANTH, YOMY OJTHA Ya-
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CTHHA BYCHHX JIOTPUMYETHCS IPUHIIMITIB IMTOPSTHOCTI, YECHOCTI, BIIKPUTOCTI y Ha-
YKOBHX JOCTIPKEHHSX, a iHIIa — BECh CBil pO3yM 1 BUHAXIUIUBICTh CIIPSIMOBY€E Ha
Te, o6 mpuxosary maxpaiicto. HemonasHo Haddinaceka panga 3 6ioetnxu (Be-
nuka bpuTanis) 3amponoHyBaia MpoBECTH AOCITiKEHHS, SKi O 1ajau BiIIOBiIb HA
MUTAHHSA: SIK KYJIbTYpa Cy4aCHUX YYCHUX BIIMBA€E HA SKICTh HAYKOBUX JOCII/IKECHb
Ta CTaH HayKH 3arajiom [22].

JlexTo 3 MoJiTHKIB, TPOMAICHKUX MisYiB 1 HABITh HAyKOBIIIB BBaXKae€, Mo (yH-
JaMEeHTaJIbHA HayKa He Mae€ IMOabIIO] MEPCIIEKTHBH 1 HEBIOB31 Maibke 3iiiie Ha-
HIBEIlb, OCKUTBKH CYCHUIBCTBO BXKE TOTOHYJIO Y BEIIMYE3HOMY MAacHBI 3HaHb, SKi
HE MarOTh BEJIMKOTO 3HA4YCHHsI IS Mporpecy oncTea. HiduTo meTa HaykoBOi i-
STTBHOCTI 3BOJUTHCS IO TOTO, 00 BiIITyKaTH HEBEJIUKY TEMAaTHYHY HIITy 1 IPOBO-
JTUTH AOCTiKeHHS B ii Mexkax. He 000B’3K0BO BUPIMIUTH sIKECh (pyHIaMEHTab-
HE MMHUTaHHS, TOJIOBHE — IyOTIKYBaTH CTaTTi 32 00OpPaHOI0 TEMaTHKOIO, OTPUMYBATH
[UTYBaHHS BiJ KOJIET Ta TPOII Ha IMOMAJbII AOCTIKEHHS 1 3aiTydeHHs Moo, |
KOJIY I1i MOJIOJII BYEHI BHPOCTAIOTHh Y TAKMX YMOBAX, CTAOTh CTapIINMH HAyKOBH-
MU CIiBPOOITHUKAMH, BOHU TIPOCATH 1€ OiIbINe TPOIIeH, 1 T.1... A 110 K HACIpaB-
Il Tae CycHibCTBY (yHIaMeHTalbHa Hayka? Un He HAacTaB 4ac 30CEPEeIUTHCS Ha
MpUKIaaHIA Hayi? HarmeBHe, MOKHA 3HANUTH TIPHUKIIAIH, IO MIATBEPIKYIOTh TaKi
MOTVISIN, ajie 1€ MIBHU/IIE BUHATKH, HDK 3arajibHe npaBmuiio. JlocUTh 3rajaTu OJuH,
MOJKJTMBO, HAaHsCKPaBIIIMIA TPUKIIAT TOTO, K (yHIaMEHTaIbHI JOCIiKEHHS TTPH-
BEJIM JI0 PEBOIIOMIMHNAX 3MiH y IPOMHCIIOBOCTI 1 Hamomy moOyTi. 27 Ci4HS I[bOTO
POKY TpUHTILIA 3BICTKA PO CMEPTh BUIATHOTO aMepuKaHChKoro (izuka Yapmsa Ta-
yHca — aypeara HoOGemniBcbkoi ipemii 3 ¢izuku (1964) 3a dynnamenTansHi podo-
TH B Tajy3l KBaHTOBOI E€JEKTPOHIKH, SIKY BiH PO3IUIMB 3 PAASTHCHBKUMH BYCHUMHU
Murxosnoro bacosum 1 Onekcanapom [Tpoxoposum. Tomi HaBiTH Tagky 1mie HE OYII0,
SK J1a3epu, MPUHIIMI il SKUX PO3POOHIH I1i BYCHI, MOXKYTh BIUIMHYTH Ha HaIlle
MTOBCSIKICHHE JKUTTSA. A CHOTONHI JIa3epHI TEXHOJIOTIi TIOBCIOAM — BiJ MOOYTYy 10
kocmocy. Ciif Takox migkpeciuty, mo B CPCP Bunaxin na3epis Oyino BUKOpUCTa-
HO Maiike BUKITIOUHO B iHTepecax BIIK, a B ychoMy CBITi BOHH CTajIl OCHOBOIO JIJIS
YHCICHHUX TEXHOJIOTiH, BIPOBAKEHHS SKUX JaJI0 KOPUCTh CYCIJILCTBY 1 IPUHEC-
JI0 BEITMYE3HI IOXOIU TIPOMHCIIOBOCTI.

3a 3aKkOHAMU KaIliTani3my, JJIs YCIIIIHOI AisUTbHOCTI HAYKOBI YCTAHOBH MAIOTh
MOCTIIHO 3pocTary i moTpedyBaru nexaii Outbmoro ¢inancyBaHHs. Komm iHBec-
THUIIIT B HAyKy JOCATAIOTh MEX1 MOKIIMBOTO, Kpr3a HIONTO cTae HeMUHy4or0. HuHi
Hai0araTi KpaiHu mparHyTh iHBecTyBaTH On3bko 3 % BBII y HaykoBi nocimkeH-
HS 1 po3po0KkH, 3 sikux noHaxa 20 % npumnanae Ha pyHIaMeHTanbHy HayKy. OHaK 11e
neprxaBHi KormTr. He MeHii, a iHKOJM 1 OUTBIIN KOIITH BKJIaaa€e Oi3HEC, HATPHUKIIAT
¢dapmaneBTiyHi Ta [T-kommanii. [Toka3zHuk nepskaBHOTO (piHAHCYBaHHS B a0COIIOT-
HUX IUQpax MOCTIHHO 30UTBITYBABCS MPOTITOM OCTAaHHIX KUTBKOX MECATHIITH, 1,
MOKJIMBO, B HAHOMIKIOMY MallOyTHROMY 1HBECTHIIT JOCSITHYTHh MEXi, IiCIIs 40TO
HAyKOBI LIEHTPU MOYHYTh 3aKpUBATUCS. Y CyYaCHHX O3HAKAX KPU3U B Taily3i Hay-
KH JIeXTO HaBiTh BOAYa€e MPUKMETH 3arajibHOTO 3aHENaly €BPONEHCHKOI KyIbTYpPH,
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KW e Ha moyarky XX cT. npopounB OcBanbn Llnenriep y kau3i «3axin €Bpo-
i [23]. MaOyTs, ofiOHI ependadeH st € HaaTo MEeCUMICTUIHUMU, OJHAK TT000-
FOBaHHS 0ararb0OX y4eHHUX 100 MOJAIIBINO T0JIi HAYKH He € Oe3miacTaBHUMHA. K
K€ MOJKHA 3amo0IrTH 17100abHii KpU3i CBITOBOI HAyKH?

[To-miepire, MOTPiOHO TPHUINHMHUTH IMUPOKE BUKOPUCTAHHS CHCTEMH OIlIHIO-
BaHHS HAyKOBOI JISTTPHOCTI BUKJIFOYHO 32 KUTbKICHUMU ITOKa3HUKAMH, SIKa TTiITPH-
MY€ETBCS 11 arpeCUBHUMH 1 9acTO 3alliKaBICHUMHU MpUXmiIbHUKamMu. Lli mokazHuKH
000B’SI3KOBO IMOBMHHI BpaXxOBYBaTHCS, aJie JIUIIIE SIK TOTIOMIKHI KpuTepii. HaykoBi
JOCITI/DKEHHS € TOBOJTI CKJIaTHOIO CIIPABOIO, OO OIIHIOBATH X 32 JOMOMOTOFO TiJTh-
KH OJTHOTO TTPUMITHBHOTO 3aCO0Y.

B miit cutyanii ciin mociyxarucst mopaau Anbbepra EiHmreilina: «Yce mae
OyTH MaKCUMaJbHO MPOCTUM, HACKUIBKH 116 MOXIIUBO, ajie HE 3aHAJTO MPOCTHM»
[24]. Y rpynHi 2012 p. Ha 3’1311 AMEPUKAHCHKOTO TOBAPHUCTBA KIIITHHHOT 010JI0Tii Yy
Can-®pan1ucko 0yi10 IPUHHATO JEKIapallito Mpo OIiHIOBAHHS HAYKOBOI JiSUTBHOCTI
DORA (Declaration on Research Assessment), sika 3aKJIMKaia BeCb HAyKOBHH CBIT
BiIMOBUTHCS BiJ] BAKOPUCTAHHSI IMIIAKT-(PaKTopa JJIs OI[iHIOBAaHHS 1HIUBITyaThHIX
pOOIT OKpEeMOTo HAyKOBIISA. YUEHI WU BUCHOBKY MPO HEOOXiAHICTh 3HUKCHHS
BHMOT IIIOJI0 MIPECTHKHOCTI Ta KUTBKOCTI MyOJTiKaIliid, 3MiHEHHSI CUCTEMH ITyOJTiKYy-
BaHHS TakK, MO0 MPUIUIATHA OUTBIIE yBard SKOCTI Ta MUTICHOCTI pOOIT, 1 MPUHHATTS
pIIIEHb HA OCHOBI 3/I0POBOTO T3y Ta €KCIIEPTH3W BHOpaHHUX pOOIT JOCIITHUKA
[14]. O4eBuaHO, IO TUTHKK EKCTIEPTHA OIIIHKA (haXiBIiB MOXKE 00’ €KTUBHO OI[IHUTH
pobory. [IpoTe, sik OyTH 3 TOPIBHAHHSIM PE3yJbTaTiB pOOIT, BHKOHAHUX y PI3HUX Ta-
my3sX QyHIaMEHTAIbHOT HAyKH, 1 9M B3araji MOYJIMBE TaKe MOPIBHIHHS, 0COOIHBO
y ¢ikcoBaHH TPOMDKOK Hacy?

[To-mpyre, cmig po3poOHUTH HITKy CHCTEMY BHSBICHHS 1 IMOKapaHHS HayKOB-
miB-mraxpaiB. BUABIATH iX MO)KHaA 3a JOMOMOTOIO CIIEIiaIbHUX KOMIT FOTEPHHX
Mporpam, siKi 3iCTaBJISIOTh BUXITHI Ta CTATHCTUYHO 00poOieHi maHi. Bapro opra-
HI30BYBAaTH BIIKPUTI CIIyXaHHS Ta 0OTOBOPEHHS HAYKOBO-TOCIITHIX poOiT. OCKiIb-
KM Iaxpai, K MpaBuio, JiF0Th CAMOCTIHHO, TO 1HIII WieHH J1aboparopii abo kose-
T'H-CITIBaBTOPU MOTIIH O TOMITUTH (hanmbcudikallito, xoda Ha MPAKTHII TaKe TParuIsi-
€THCSI PIAKO, aJKEe BUCHI OOATHCS BTPATUTH JIPY>KHI 3B’ SI3KH Ta PEITyTaIlif0, ITOO0I0-
I0ThCs cTat 00’ €KTOM TTOMCTH. OCTaHHIM 9acoM IMOMYJIIPHOIO CTaE 1/1es ICUXO0JI0-
TIYHOT MATOTOBKH MOJIOJUX yUEHUX, sika O JOMOMOIIA iM YCBIIOMHUTH O0OB’S3KH
HAyKOBIISI TTEpe CYCIIJILCTBOM 1 aIanTyBaTHCS 10 YMOB IOCTIHHOTO THUCKY OO
301BIICHHST KUTBKOCTI TyOJIiKaIliii Ta HeoOXiJHOCTI MOCTIHO MIYKAaTH JOMaTKOBE
¢dinancyBanns [23].

[To-Tpete, moTpiOHO edexTuBHO criBrpamoBaru 31 3MI 3 MeToI0 CTBOpeHHS
MO3UTHUBHOI TPOMAJICHKOI JYMKH PO BYCHHUX 1 MPo HayKy. OCTaHHIMHU JIECATHIIT-
TssMu 3MI aKTUBHO «pO3KpydyBam» CKaHAAJIBHI ICTOPil PO HAYKOBIIIB IIaXpaiB
Ta HETaTHWBHI HACIIJKU HAyKOBHX JOCITI/KEHb, BUXOAIYH 3 MPHUHIUITY «3 XOPOIIOi
icTopii moOpoi HOBHHM HE 3poOmID». Tak MOCTYmOBO OyJ0 CTBOPEHO CTEPEOTHI
HEOXaHOTO, HEI0AI0r0 UM HaBITh OOKEBUIHHOTO HAYKOBIIS, SKHH 3apaayd CBOIX
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JOCII/PKEHb TOTOBHHU IMITH Ha Oy[Ib-sSKWW 3JI04MH TPOTH JtoacTBa. | Takuii oOpas
3HAWIIOB BiIOOpaXeHHS y XyHOXKHIH JIiTepaTypi, KiHemarorpadi, Ha TenebadeHH1
1 HaBiTh y KoMikcaxX. /[yt Toro mo0 3MIHUTH CHUTYAIliO 1 MOMIUPHUTH B CYCITIITLCTBI
ORI TTOBa)KHE CTaBJICHHSI 0 HAYKH, BUCHI MAIOTh BIAKPUTO OOTOBOPIOBATH ITPO-
Onemu 1 mparHeHHs HayKH, TIOMYJISIPHO 1 IlikaBo BUCBITIIIOBaTH B 3MI cBOi HayKoBi
mocsTHeHHS [25].

[TpoekTu, cpsiMOBaHi Ha PO3BUTOK MPAKTUKU BiIKPUTOTO JOCTYITY Ta OOMiHY
HAayKOBHMH JaHUMH, TIOJIETITYIOTh IEPEBIPKY pe3yabTaTiB iIHIIMMHA BYCHUMH 1 B Ta-
KHii crioci0 crpusitoTh BUSBICHHIO (panbcudikamiii. Hampukman, Be6-xypran PLoS
One, mo Bumaetses 3 2003 p. [Tyomigroro HaykoBoro OibmioTekoto (Public Library
of Science), siBisie 00010 apXiB cTarel 3 BIIKPUTHM JOCTYIIOM, Y SIKOMY CTaTTi
My OMIKYIOTHCS Ha KOIITH aBTOPIB IMICIIS 3arajbHOTO CXBAJICHHS PEIIEH3EHTaMH 1 MO-
KYTh OTPUMYBAaTH KOMEHTapi Bi/I iHmMMX yueHux. [lle oqHM mpukitagoM € HaiiO11b-
IV cepBep MPENpHUHTIB arXiv, akuil GpyHkiionye 3 1991 p. i 3apa3 miaTpumMyeThCs
Kopuenbcbknm yriBepcuteTom CIIA. Lleit cepBep myOmikye THCAY1 €IEKTPOHHUX
Bepciii crarelt (mepeBakHO 3 Qi3WKH i MaTeMaTHKH) O€3 peIieH3yBaHHS Ta KOMCH-
TapiB MO0 iX HAYKOBOI 3HAYYIIOCTI. 3 METOO 3ar00ITaHHS TOSIB1 TICEBIOHAYKOBHX
crareit Ui myOumikamii moTpiOHe miATBEPIHKSHHS TIOPYIHUTENS — BACHOTO 3 BU3SHAHOT
aKaJeMiuHoi ycTaHOBH. J[JIs1 3pydHOCTI YUTadiB CTATTi 3 aHOTAIIIMA MOXKYTh HaJl-
CUJIATHCS HA €JIEKTPOHHY MOIITY [26].

Tennenmis no mmobamizallii HAYyKOBUX JOCHIDKCHb CIpHUsia TOsSBI B OCTaHHI
POKH 0araTboX COIliaIbHUX MEpEeK, OyoriB, mopraiis, Ha kmTant Global Research
Report, sxi HamarOTh MUPOKI MOKITUBOCTI IS CITIJIKYBaHHS BYCHHUX, OOTOBOPEHHS
pe3ysbTaTiB HAyKOBUX JOCIIKEHB 1 MOIIYKYy MapTHEPIB y iHMUX KpaiHax. Tak, y
2008 p. 3’ssBUIIHCS TaKi BiZOMI COIIiaJIbHI MEpeKi JUIsl BUeHUX, sk ResearchGate Ta
Academia.edu. Le Gymo moB’s3aH0 31 cripo6oro npuitasT B CIIA 3akoH, 1m0 oome-
’KyBaB MOKJIMBOCTI OOMiHY HAyKOBHUMH CTaTTSIMH, SKI MICTSTh pe3yJabTaTH JOCIi-
JDKEHB, TPOBEJICHHX 3a TPOII TUIATHHUKIB monaTkiB. Mepexy ResearchGate 3acHo-
BaHO B bepmini mikapem-Bipycosorom Ismom MeinreM Ta oro koieramu Ha TpoIi
bimna l'eiirca Ta iHIMX iHBECTOPIB, 110 BKJIAIH B Hel 35 MutH f01. Y gepBHi 2013 p.
B IIiif Mepexi Bike OyJI0 3apeecTpoBaHO MOHA 3 MITH HayKoBIIiB 31 193 kpaiH cBiTy
[27]. CroromHi akTUBHO (DYHKITIOHYIOTH 1 OaraTo iHIINX HayKOBHX Mepex — Eperni-
cus, Graduate Junction, Laboratree, LabSpaces, Methodspace, Nature Network, Ol-
ogeez, Social Science Research Network. Hait0imp1r momyisipHIMA Mi>KHAPOTHUMHA
nocnigaubkumMu omoramu € OpenWetWare, Science 2.0, ScienceBlogs, Scientific
Blogging, Wordpress [28]. 1]o6 3amo0irti miIyTaHWHI BHACTIIOK y9acTi OJHUX 1
TUX CaMHX YYCHHMX Yy KUIBKOX comiaabHuX Mepexkax, y 2008 p. Thomson Reuters
CTBOPHB TIepCOHANBHUN ineHTH]iKaTop yaeHoro ResearcherlD, moB’s3anuii 3 cuc-
Temoro Web of Science [29]. Takox y 2008 p. B [HTepHeTi 3’ siBH1acs 6€3K0MTOBHA
nporpama Mendeley nis ynpasiiaas 6i0miorpadivgHoro iHbOpMaIli€ro, ka 1ae 3M0-
ry 30epiraty i nmepernisigaTy AOCTiTHALBKI mpami y ¢opmati PDF, a Takox BigbHO
0OMIHIOBAaTHCSI HUMU B COlianbHIN Mepexi BaeHnx. Omuak y 2013 p. HayKkoBHiA BU-
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nasanuanii 1iM Elsevier mpun6aB Mendeley 3a 65 MITH 10J1., TII0 BUKJIMKAJIO 3HAYHUN
pesoHaHc y HaykoBuX konax i 3MI, ockinbku Elsevier 3arikaBiennii B 00MeKeHHI
noctymny ao myomikamii [30]. e Oinpmmii pe3oHaHC y CidHI I[bOTO POKY BUKJIH-
KaJio MOBIJOMJICHHS PO Te, 1o BumaBHUIITBO Macmillan Science and Education
(Bmacauku Nature Ta Scientific American) 00’ €THy€TbCS 3 BUIABHUIITBOM Springer
Science+Business [31]. HoBocTBOpeHwmii cymeprirant pazom 3 Elsevier Mmoxke moB-
HICTIO B3SITH TIiJ] KOHTPOJIb OUTBIIICTh HAyKOBUX MyOMikaIiid y cBiti. Ha i mux
HOBHH TO3UTHUBOM cTajo pimenHs Pynnarii biuta 1 Meninau [efitc po ¢inan-
cyBaHHs mmyOumikaii (6u3pko 1400 Ha piK) y «KMUTTEBUX 1 BITKpUTHX» (immediate
open-access) JKypHalax THX YUeHHX, SIKi BAKOHYIOTh JOCIIKSHHS 32 YACICHHUMH
rpanTamu Qysmamii [32].

V3araii, B HAayKOBOMY CEPEIOBHIIII ITOIIMPIOETHCS TyMKa, [0 CHCTEMa PELeH-
3yBaHHS CTaTei mepen iX JAPYKOM 3acrapijiia i CIijf MepexOAnuTH 0 OIiHIOBAaHHS
crareit micisa myOumikamii B immediate open-access-)KypHaiax, KOJIW 3 HUMHU O3Ha-
HOMHTBHCS HE OOMEXEHe, a MMUPOKE KOJIO eKCIepTiB. Takwii miaxXia T03BOJIUTH BH-
SIBIISITH TIOMWJIKK 49¥ (haibcudikallii 3HaYHO MBUIIIE W ePEKTUBHIIIE, 0COOTHBO
3a JIOTIIOMOTOI0 coliagbHuX Mepexk. Ll{ompasna, onuTyBaHHS TTOKa3aly, IO 3apas3
ycboro 10—20 % nocnigHuKIB y CBOiM mpodeciiiHiil MisIbHOCTI BUKOPHCTOBY-
IOTh COIIANTbHI MEpeXki Ta OJIoTH, 1, IK IPABIIIO, 1€ MOJIoAl BueHi. OHAK KUTBKICTh
KOPHUCTYBauiB TaKUX MEPEX MOCTIiHO 3pocTae. ComiaabHi Mepexi y cdepi HayKu
3HAYHO TIJABHUIIMIA PiBEHB CIIBIpAIll 1 TEMIH TOCITIKCHb, a TAKOX 3aKJIaJId OC-
HOBY HOBOI KYJIBTYpPH, SIKa CIIOHyKa€ BUCHHX HE KOHKYPYBaTH, a 00’€IHyBaTHCS,
0OMIHIOBATHCS TOCBIZOM, JTOTIOMaraT onuH ogHoMy. CorianbHi MEpexi CIPUSIIOTh
00’emHanHI0 Hayky Ha Cxofi Ta 3axoi 1 BIIKPUBAIOTh HOBI TMIEPCIIEKTUBH TSI Kpa-
iH 3 HemocTaTHIM (iHaHCYBaHHIM, 30KpeMa st Ykpainu. llle oxgniero mepeBaroio
COIIaJIbHUX MEPEX 3 MONNISAY IICUXOJIOTII € Te, 10 BOHH HAaJJaI0Th HAYKOBIFO MOXK-
JUBICTh TIPUBEPHYTH 110 ceOe yBary CBITOBOTO CIiBTOBAapHCTBA, HE BIAIOUUCH IO
maxpaicTpa. PemyTariisi B4eHOTO B COIIaIbBHAX MEPEKax CTa€ OHUM 13 HAMBayKIIH-
BiuX ()aKTOPiB BIUIMBY Ha MIPUIHATTS PIIICHB IIOI0 Kap €PHOTO POCTY Ta MiI00py
xoner muis criBmpami [33]. Y 2012 p. KoponiBceke ToBapucTBo bpuranii Ha3zBaio
JPYTOI0 HAYKOBOIO PEBOIIIOIIEI0 3MIHH B HAyIIl, CIIPHYWHEH] PO3BUTKOM U(DPOBHUX
TexHounorii. Lls peBosromisi 03HaMEeHyBaja MOYaToK HOBOI €pH BIIKPHUTOI HAYKH,
sIKa HaJa€ BICHUM MOXKIIUBOCTI JIJISl BUTHHOTO Ta B3a€EMOBUTITHOTO OOMiHY OITyOTi-
KOBaHUMH pOOOTaMH, €KCIIEPUMEHTAIFHIMHU JaHUMHU Ta iJesIMU. 3aBISKH CHUCTe-
MaM BiIKPUTOTO JIOCTYITY B IIEHTPI HAYKOBOI TisSUTBHOCTI ONTMHWIIACS HE EKOHOMIUHA
CKJIaJIOBA, a 37IaTHICT JIFOACH IO CIIKYBaHHS Ta criBmparti [34].

besnepeuno, mosiBa comialbHIX MEPEX BIUIMHYIIA 1 HA 3B’S30K HAYKH 3 TPOMaJI-
CBKICTIO. AJDKE BIIKPUTICTh HAYKH € BAKIMBOIO HE JIMIIE JUISI HAYKOBIIIB, a W JIJIs
BCIX IHIIMX JIFOEH, OCKUTBKA BOHA MOXKE IMMPUCKOPHUTH TTOMOJIAHHS TaKUX IT100aTh-
HUX TIPOOJIEM JIIOICTBA, SIK eHEPreTUIHA KpH3a, 1e(IIUT MPOJ0BOIBCTBA, CMEPTEITh-
Hi XBopoOu. ChoroHi Oyib-sKa JIFOAMHA Ma€ JOCTYT J0 TPAKTUIHO HEOOMEKEHOTO
MacuBy iHpopmartii.
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HaykoBwii moTeHIIiaI IIHOTO TPOMAJICEKOTO PO3yMY TOTPiIOHO BUKOPHUCTOBYBATH
Ha Onaro Hayku Ta oacta. Huai €C po3noda (hiHaHCYBaHHS MPOEKTY Socientize,
OpIEHTOBAHOTO Ha CTBOPEHHS TaK 3BaHOI TPOMASTHCHKOT HayKu. Llei mpoekT crpu-
sI€ y9acTi TPOMaJIsTH y BUPIMICHHI TII0O0ATBHUX MPOOJIEM IUIIXOM Ha/IaHHS HEBEJIH-
Koi (piHAaHCOBOT MIATPUMKHY B OOMiH Ha iHHOBamiiHi 11ei [35]. OqHak Takui miaxis
MIOKH I1Ie CIPUIMAETHCS HAyKOBOIO CIUTBHOTOIO HEOHO3HAYHO.

HaBkonmo mwTaHHA B3a€MOBIIHOCHMH TPOMAJICHKOCTI 1 HAyKH OCTAHHIM dYa-
COM TOUHMTKCS Oararto AMCKYCid. SIKOI0 MipoI0 TPOMaJCHKICTh Ma€ OpaTH y4acTh B
YIpaBJIiHHI HAYKOIO, Y MMOBUHHA HayKa OyTH aBTOHOMHOIO, BUTBHOIO 1 CAMOCTIHHO
oOuparu HampsMu AociimpkeHs? ONUTyBaHHS CBig4aTh, IO BYCHI 3arajioM ITO3U-
THUBHO CTaBJIATHCSA /IO TICHUX 3B SI3KiB 3 TPOMAJICHKICTIO, a/Ke 0013HAHICTh CYCITiTb-
CTBa LIO/I0 IUTAaHb HAYKH CIIPHSIE MO3UTHBHOMY CTABJICHHIO JIFOACH 70 i€l ramysi.
Opnnak 6arato BYEHUX JOTPUMYIOTHCS JYMKH, IO ONPHUIIIOJHIOBATH PE3ylIbTaTh
JOCII/PKEHb MOJKHA JIUIIIE TMicIs iX OmyOJiKyBaHHS B HayKOBOMY >KypHaii. Kpim
TOTO, B OUTBIIIOCTI BHITAIKIB HAYKOBII BBAYKAIOTHh IPOMAJICEKICTh HEOCTaTHRO KBa-
Ti(hiKOBaHOIO, MO0 BU3HAYATH TONITHKY YIPABIiHHS HAYKOBHUMH JIOCIIKCHHIMH.
Bucnosmtorouncsk 00pa3Ho, Hayka Mae OyTH BiJIMEKOBaHa BiJ] TPOMAaJICEKOCTI «IIpO-
30pHM TTApKaHOM», TOOTO TPOMAJICHKICTh MOXe OyTH CriocTepiradem, aie He 6e3mo-
cepeHIM Y4aCHUKOM HayKOBOTO Tporecy. BTim, SIKIIo BpaxyBarTH, 110 HayKa 9acTo
nepeOyBae ITiJi THCKOM TIOITHYHOI BIaau Ta (iHAHCOBUX IHTEPECIB, TO B3aEMOIis
3 TPOMAJICHKICTIO MOJKE CIIPUSATH TIOM SIKIIICHHIO IIHOTO BIUTUBY [36]. € Ge3miu mpu-
KJIAJIB TOTO, SIK BJIAIHI CTPYKTYPH HaMararoThCs BIUIMHYTH Ha HAyKy Ta OCBITY 1
HaBITh BUKOPUCTATH HAYKOBI PE3yJIbTaTH y CBOIX iHTepecax. Tak, BimoMuil )KypHaI
Bulletin of the Atomic Scientists omyOsikyBaB cTarTio «Koiu MOMITHKA BHKPHUB-
JSI0TH HAyKy», €, Cepell 1HIIoro, Huurocs mpo Te, mo kanauaar y [Ipesunentn
CIIA, rybepnarop Texacy pecmyOmikanens Pik [leppi myOmigHO cTaBUB mig cyM-
HIB HayKOBi JlaHi 1momno 3miH kmiMary, Jpxkumwmi Kaprep GesmiacraBHO 00imsB, 110
y 2000 p. 20 % eneprii B CLLIA BupoOnsiTuMEThCS 3 aIbTEPHATUBHUX JKepen, Po-
Haba Peliran HamMaraBcs 3alpOBaINTH BHKIJIAJAHHS KPealioHi3My B TIKoJIax, bimt
KrninTon HakazaB 6omOapayBatu XiMiuHui 3aB0oj] Ha Cepeqapomy Cxomi HIOUTO Ha
TMiJICTaBl HAYKOBHUX JTaHUX, SKUX HE Oyno, a xopmk By HamonsraB Ha TOMYy, 110
Ipak Mae GiomorigHy 30por0 MacoBOTO 3HHIEHHS [37]. ABTOpH 3aBEPIIUIHA CBOIO
CTATTIO OYEBHHUM BHCHOBKOM: IOTAHO, KOJIU MOJIITHKH BUKPHUBIISIOTH HAYKY, ajle
3HAYHO-3HAYHO TipIIie, KOJIU BOHU i1 iIrHOPYIOTb.

VYkpaiHChbKa HayKa MOBHUHHA MPOUTH JOBIHHA NUIAX pedopM, 1mo0 BUPIIATH
rocTpi mpobsemu chorofeHHs. HeoOxigHo 3a0e3neunT 00’ €KTHBHY CHCTEMY OIIi-
HIOBAaHHS TPOEKTIB, CIIPaBEIJIMBUI PO3IOIIT KOIITIB, 3aXUCTUTH 1HTEICKTYaTbHY
BJIACHICTb, TIIBUIIUTH MPECTIK HAYKH, HAJITATOTUTH B3aEMOJIIF0 MIXK HAyKOIO, OCBi-
TOXO, CyCITUTECTBOM, KEPIBHUIITBOM KpaiHH TOIIO0. 3M00YTKH IPpyTrol HAyKOBOi pEBO-
JIOITIT CTBOPIOIOTH CIPUSATIIMBI YMOBH IS ITHOTO, TIPOTIOHYIOUH CTIOCIO €eKTUBHOL
B3a€MOJIIi MK YYCHUMH, TOTITHKAMH Ta TPOMAACHKiCTIO. OMHAK IJIs yCIITHOTO
HOTO BTIJICHHS B JKUTTS MOTPiOHO, OO YMHOBHUKH, SIKI KEPYIOTh YKPaiHCHKOIO Ha-
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VKO0, TIaM’sITaJTd, 10 HayKa i cB0OoIa Hepo3auTbHI. HeMOXKITUBO IPUITHSITH 3aKOH,
SKHUI OW 3MyITyBaB €(pEeKTUBHO 3aiiMaTHCsl HAyKO0. SIK BIIy9HO 3a3HAYMB O10XIMIK
Maxc Ilepyr y mepeamMoBi 10 CBO€i KHHUTH, «...TBOPYICTh y HayIli, SK 1 B MUCTe-
IITBi, HE MOXe OyTH OpraHi3oBaHOIO. BoHa BHHHMKA€ CIIOHTAHHO 3 1HAWBITyaJbHO-
ro Tananty. JloOpe opranizoBaHi J1abopaTropii MOXKYTh CIIPUATH TBOPYOCTI, OJJHAK
iepapxiuyHa opraHizarlisi, HeTHyYKi OFOpOKpaTHYHI TMpaBujia Ta TOPU HEMOTPIOHUX
JIOKYMEHTIB MOXXYTh YOUTH ii. BiZKpUTTS HE MOXYTh OyTH 3arylaHOBAaHUMH, BOHU
3’ ABIISTIOTHCS SIK eNb(u B HecoAiBaHux Micisax» [38]. Bomnouac, y Oyab-skiii kpai-
Hi, a 0COOHMBO B HaIlliid, y BACHUX KPiM iX TOIIOBHOI MiCii — OTpIMaHHS HOBUX 3HAaHb
Ta MIATOTOBKM HOBOi HAyKOBOI 3MiHM — € 000B’S30K (Tak, came 000B’SI30K) mepen
CYCIJTBCTBOM — OyTH €KCIIepTaMH 13 BIPOBAKEHHSI 300y TKIB CBITOBOI HAYKH Ha
6maro cBo€i OaThKiBITMHH. YW HE € 11e 0OMEKEHHSIM CBOOOIM BUYCHOTO, YU HE CyTIe-
peunTh MOTIepeIHIN CeHTeHIIIT po cBobomy Hayku? I Tak, i Hi. [llykaiimo po3ymHmMii
1 MPOIYKTUBHHUI KOMIIPOMIC, TOMY 110, Ha BIAMIHY BiJ peirii, Hayka moOyaoBaHa
HE Ha JIOTMax 1 pO3BUBAETHCS 3aBISIKU MPOTUPIYUYSM, CYMHIBaM, MOITyKaM Ta T0-
CTIHUM 3MiHaM.
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