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INPEANCJIOBHUE

PamonanbHOE€ KOHCTPYHMPOBAaHHE HOBBIX NECTHIMAOB U JICKApCTB 0a3upyeTcst Ha AAHHBIX HMCCIIETOBAHUM
CBS3M MEXIY XUMUYECKOH CTPYKTYpPOH BEIIECTBAa M €r0 OMOJIOTHYECKOi aKTUBHOCTHIO. TOUHOE 3HAHHE TaKOH
CBSI3U MOTJIO OBl OBITH YCIIEIIHO UCIIOIBb30BAHO IIPH CO3JaHUH HOBBIX BELIECTB CleNU(UUECKOi OHOIOrHYeCKOi
akTUBHOCTH. KOHEUHO, KOMITIOTepHbIe 0a3bl AAHHBIX Ul CO3/aHHMS HOBBIX OMOPEryNSTOPOB, MOIYyYUBILHUE
pacIpocTpaHeHne He TaK JaBHO, MOTYT OBITh MCIIOIb30BaHbI, HO M OHU TPEOYIOT KaK IPEIBAPUTEIBHBIX TECTOB,
TaK ¥ HOCJIEAYIONIMX JJa00PaTOPHBIX, KITMHUIECKUX WM MOJIEBBIX UCIIBITAHUN.

HaszBanue sToif KHHUrM BBIOpaHO He ciydaiiHo. “UTO perymupyroT peryisTopsl pocta” — 3TO HE HpPOCTO
0000menne nMeronierocs (PakTHIECKOro MaTepHalia 0 OHOPETYIATOPax, O TOCTHKCHUAX UMEIOIUXCS B ATOU
obmactu, OypHO pa3BHBAIOIIEHCS B IOCIEAHHE AecATHiIeTHs. Moeil 3amaueil Obu10 pa3odpaThcs B OTPOMHOMN
Macce uWH(OpManWK, BBIIEIUTH OOLIME NPUHLMUIBL, KOTOPbIE MOXHO ObUIO OBl HCIOJB30BaTh IPH
KOHCTPYHPOBaHWU HOBBIX OMOJIOTHYECKH aKTHBHBIX BEILECTB.

B nocnennme rozp! ObIIM JOCTUTHYTHI 3HAUYNTEIBHBIE YCIIEXH B KOHCTPYHPOBAaHUH HOBBIX OMOPETENIITOPOB.
B knuMHHYECKOH NpPakTHKE M CEIbCKOM XO3SIMCTBE BHEIPEHBI HOBBIC IPEMapaThl, MHOTUE MX KOTOPBIX IO
AKTUBHOCTU 3HAYUTCJIBHO IMPCBLINIAIOT ﬂeﬁCTBHe paHe€C N3BCCTHBIX. Pa3yMeeTc;1, ycniusa XUMHUKOB 6I)IJ'II/I 6])1
OoJiee 3HAYMTENBHBI, €CIM OBl OBUIM M3BECTHBI TOYHBIE MOJIEKYJISIPHBIE MEXaHHW3MBI JIEHCTBHUS OMOIOTHYECKH
AKTHBHBIX BEILECTB, NX CIEIM(UKa B OTHOLIEHUH PA3IMYHBIX KIETOK M TKaHEH KakK OJHOTO, TaK M Pa3IMYHBIX
OpPraHU3MOB.

B mpemiaraeMoii ynTaTeNt0 KHUTEe W3JI0KEH COOCTBEHHBIN B3IJIA] aBTOpa Ha JaHHYIO mpoOiemy. Hamuune
(YHKIMOHAIBHO AKTHBHBIX TPYyNI (IECKPHUIITOPOB) SBISETCS peMIalomuM (akTopoMm, ONpenessonuM
OMOJIOTHYECKYI0 aKTHMBHOCTh IAHHOTO BEIIECTBA. B IMpOsBICHMH OHOJIOTHYECKOH aKTHMBHOCTH COEAWHEHUH
Ba)XHAs POJIb NPUHAUISKUT TaKke KOHPOPMALMOHHOMY (DakTopy, T.e. OTHOCHUTENBHOMY DAaCIIOIOKEHHUIO
3aMecTUTENIed B MPOCTPAHCTBE, YTO U ONpPENEIsieT BO3MOKHOCTh KOHTAaKTa WIM COJIMDKEHHs Tpymil (4acTeid)
B3aUMOEHCTBYIONIMX MOJIeKyJl. [1o BaXKHOCTH 3TOT (aKkTop SBJISETCS BTOPHIM IOCIIE HAIMYKS (yHKIMOHAIBHO
aKTHBHBIX Tpynm. Hammure oObeMHBIX 3aMECTUTENIEH, TaK K€ KaK M MEePEKPBhIBAaHNE 3aMECTHTEIISIMI aKTHUBHOTO
aToMa BOJOPOJA WM HEHACHIIEHHBIX CBSI3€H, MOTYT CHENaTh BEIIECTBO Mal0 AKTHBHBIM WM WHEPTHBIM,
HECMOTpsI Ha MPUCYTCTBUE (QYHKIMOHAILHO AKTHBHBIX TPYMI. XapaKTEpPHbIM MPUMEPOM MOTYT CIYXUTh
CTEpeOn30Mephl XUPATBHBIX coeqUHEHHH. Ecim y 3TuX coenuHeHni akTHBHBIN aTOM BOJOPOJa SKPAaHUPOBaH
COCeHUMH pAAUKIAMH, ¥ 3TO 3aTpyAHSET NpUOMMKEHHE K HEMy CBOOOAHBIX paguKaloB, TO
D—-aMuHOKHCIOTEL U L-moHocaxapa Oyayr MeHee OHOJOTMUECKH aKTHBHBI B CpPaBHEHHMHM C UX
COOTBETCTBYIOIIMMH L— m D-m3oMepamu. DToil TeMe MOCBSIICHA 3HAYUTENbHAsT YacTh KHUTH. TpEeTbUM II0
3HAYUMOCTH (DaKTOPOM SIBJISIETCA HaIW4YHe OOKOBBIX 3aMECTUTEIECH, KOTOPbIE B CYIIHOCTH H ONPEICISIOT
J'Il/IHO(l)I/lIleOCTb nin FH}IpO(i)I/IJ'H)HOCTI) JaHHOI'O COCIUHCHMUA.

51 He paccMmaTpuBarO B JAHHOW KHUTE TaKWe, MMOJYYHMBLINE PACIPOCTPAHEHHE B MOCIIEAHEE BPEMS METOJBI
Kak TeHHas Tepanus (gene therapy) m Beicoko addextuBnbIi ckpuaUHT (high through put screening). Bricoko
3¢ (eKTUBHBIA CKPUHUHT, [T0KA3bIBasi HAJIMYUE T€X WIM MHBIX (YHKLIHOHAIBHO aKTHBHBIX I'PYIII, B KOHCUHOM
utore, TpeOyeT MOATBepXkKACHUs OuoTecramu. OMHAKO OH MOXKET OBITh KCIIOJB30BaH IMPH HCCICIOBAHUU
BEIIIECTB C HEM3BECTHON XUMHUYECKOW CTPYKTYpol. [[yist onpeneneHnst BO3SMOXKHON OMOJIOTNYecKOl aKTHBHOCTH
COCIMHEHUI ¢ U3BECTHOM CTPYKTYPOH, T.€. C U3BECTHBIMH (DYHKIIHOHAIHHO aKTHBHBIMHU I'PYIIIaMH M OOKOBBIMH
panukanamy, He00X0JUMOCTh IPUBJICYECHUS TOT0 METO/A OTMAACT.

B npemaraemoii ynrarento KHUre HE PacCMaTPUBAIOTCSl BOIPOCHI KOHCTPYHUPOBAHUsI KOHKPETHBIX KJIaCCOB
JIEKapCTB WJIM MECTHLUAOB. 3/1€Ch M3JI0KEHB! OOIIMe IPHHIMIIBI, 3Hasi KOTOPHIE, CHEHUAIMCT MOXKET CO31aTh
BEIIECTBO C JKETaeMBbIM BO3MOXKHBIM (pr3uronornaeckuM d¢p¢dexroM. 3HaHUE PYHKINOHATHHO aKTHBHBIX TPYIIIL,
UX TUNOB U OOKOBBIX 3aMECTHTENEH BIOJNHE JOCTATOYHO JUIS YCIEIIHOTO KOHCTPYHMPOBAHHUS HOBBIX
OuoperyistopoB. Bce Haunbojee BaKHbIE MeCTa TEKCTOB S MOIBITAICS POWLIIOCTPUPOBATH CXEMaMH C
W3JI0)KEHHEM B3aWMOCBSI3M W COOTHOLICHHUS IPOMCXOMASAIIMX IpoleccoB. Hazerock, 4To Marepuabl,
W3JI0KEHHBIE 371eCh, OYIOyT MOJIE3HbI OMOXHMMHKaM, (apMakoyioraM, arpoOHOMaM, TOKCHKOJIOTaM, MEIAWKaM H
Ouosoram B ux pabote.

b. Kypuwii
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4TO PEI'YJHUPYIOT PET'YJISITOPBI POCTA *

B. A. Kypuuii', I'. H. Koiinan’

'MucturyT dusnonoruu pacrennit AH YCCP, Kue
*MuctutyT opranuueckoii xumuu AH YCCP, Kues

JIro0oii 1BOI1 OpraHn3M B OOJBLIMX MM MEHBIINX KOJIMYECTBAX CHHTE3UPYET BEIIECTBA, PErYJIUPYIOLINE €ro
pocT. Y >KMBOTHBIX OHH Ha3bIBAIOTCA T'OPMOHAMH, y pacTeHHd — (uUTOropmMoHamu. ['OpPMOHBI — CIIOXKHBIE
6eﬂKOBble COCINMHCHUA, (l)l/ITOFOpMOH])I OTHOCUTECJIIBHO MPOCTBI, O YEM CBUACTCIBCTBYET UX He6OHbH_laSI
MOJIeKyJIsipHas Macca — oT 28 (3TuieHa) g0 346 (rudbbepennoBas KUCIIOTa).

Bo3MoxkHOCTH ¢ TOMOLIBIO (DUTOTOPMOHOB HANPABICHHO BJIMATH HAa POCT PACTEHUH, YCKOPATH HWIH
TOPMO3UTh €ro, yBEIMYMBaTh ypoXKau 3epHa, KIyOHeH, IJIOJOB M SIrOJ BCeria Ka3ajoch MpPUBJIEKATEIbHOM.
[TosTOMY HM3y4YeHHEM pEryJIsITOPOB pOCTa 3aHUMAaJMCh MHOTHE MCCIICOBATENH; IOWCK HOBBIX BELIECTB H
COeNMHEHUH, 00 IaHaI0IIIX STUM IEHCTBHEM IIeJ HENPEPBIBHO.

Ceiiyac W3BECTHBI JECATKH IPUPOJHBIX (UTOTOPMOHOB, COTHHM HX CHHTETHYECKHX AHAJIOTOB, THICSIYH
OpPraHMYECKHUX COCAMHCHHM, BIUSIONIMX Ha (DU3MOIOTHYECKYI0 aKTHBHOCTD pacTeHuid. HakoHel, peryjiupoBarh
POCT MOXXHO HEKOTOPBIMH HPOCTHIMH HEOPTaHWYECKHMH COCIMHEHUSMH, PAa3INYHBIMU BHAAMH M3IYYCHHH —
yIbTPadHOIETOBEIM, PEHTTEHOBCKHM, & TAKXKe 3JIEKTPUYECKUM ¥ MarHUTHBIM MOJISMH.

B cenbckoM XO3SHCTBE pEryJsiTOpbl POCTa NPUMEHSIOT JABHO M B OTPOMHBIX KosimuectBax. JInbo st
YCWJIEHUsI pocTa pacTeHuil (Tak Has3bIBaeMble CTHMYJSITOPBI pOCTa), JMOO Ui TOPMOXKEHHsS pocra (3TH
BeIIeCTBA HA3BIBAIOT PETapIaHTAMH), OO IS TONHOTO YHHUYTOXECHHS KAaKHX-THOO pacTeHHd (9TO BceM
W3BECTHBIE TePOUIIHIBI).

CrumMynsTopaMu pocTa ceiyac oOpadaThIBalOT LBETYIIME JEPEBbs, KYCTAPHUKU M JIO3bl — MOCJE 3TOr0
ypoKau sIONIOK, TpPyLI, CIMBBI, BHUIIHM, BHHOIpaja M JPYIUX IUIOAOB YBEJIHYMBAKOTCA. BemectBamu,
CTHUMYJIMPYIOIIMMH POCT PAacTeHHH — ayKcHHaMHu, o0pa0aThiBAlOT YEPEHKH pPACTEHHH, Pa3MHOMKAIOLIMXCS
BEreTaTUBHBIM IIyT€M, HalpuMmep, IBETOB, JIEKOPATHUBHBIX pAacTeHWH. B pesynbrate 3TOro OHM Jydiie
NPWKUBAIOTCS MOCNIE MOCAIKH. PaHbIle CYUTANIOCh HEBO3MOXKHBIM IIPHBUBATH YEPEHOK OJHOTO XBOMHOTO
JlepeBa Ha Jpyroe, ceiuac HoAoOpaH CTUMYJSATOp pocTa (B—HMHIOMMIYKCYCHAs KHCJIOTa), MO3BOJISIOIIAsS
NPOBOJUTH MOJOOHBIE Ollepamiy. DTO UMeeT OOJbLIOe MPaKTUYeCKOe 3Ha4YeHHe: KeIp — JAEPeBO, Iaioliee
LICHHbIE OpEXH, OYEHb MPUBEPEIIMB K ITOYBEHHO-KIMMATHYECKHM YCIOBHSAM, BBIPAIBAaTh €ro TaM, I
XOTCJIIOCh 6])1, HC YIacTCsd, a MPUBUB €T0 YEPCHKU Ha ACPECBLAX €I U COCHbI MCCTHBLIX HOHyHﬂHHﬁ, MOKHO
MOJTy4aTh KEAPOBBIE IIUILIKY TPAKTUYECKH BE3/Ie, TI€ PACTYT XBOMHBIE I€PEBBSL.

JedonmanTel (BeIIeCTBa, BEHI3BIBAIONINE ONANaHUE JHCTREB) HAMHOTO 0O0JerdarT yOOpKy ypokas
MamrHaMu. Hampumep, npu yOopke XJIomka BMeCTe ¢ KOpOOOYKaMU CPBIBAIOT M JUCThS. UTOOBI HE TPaTHUTbH
CWJIBI Ha COPTHPOBKY, MOCEBBI Inepen yOopkoid oOpadareiBatoT nedonuantamu. Wnm npyras npoOnema: y
MHOTHX HPOJXYKTUBHBIX COPTOB IIIEHHIBI M PKU CTEOJN BBHICOKME W TOHKHE, OHHM YacTO IIOJIETAl0T II0A
TSDKECTBIO KOJIOCHEB M3-3a JOXKAA H T. 1. ECIN moceBbl 31ak0B 00paboTaTh peTapiaHTaMH, pa3Mepbl KOJIOChEB
U BEC 3epHa IPAKTUYECKU HE H3MEHAIOTCS, a CTeOJIN CTaHyT KOpode U TOJIIe, T0ceBbl He OyayT noserats. Eme
oIHa 00JacTb NMPUMEHEHHs PETapJaHTOB — OBOILIEBOACTBO M IUIOJOBOJCTBO. SI0NOKM WM, K TpUMEpY,
HOMHJIOPBI CO3PEBAIOT HE OAHOBPEMEHHO. PaHbIlle MpuxoauiIock HaYMHATH YOOPKY, KOrza rmocresaia Gopast
YacTh ypO’Kasi, MPH 3TOM YacTh OKa3bIBalach MEPE3PEeBIICH, a 4acTh — Hemo3periuei. Temeps nepes yOopkoit
yposKast cajl MiIM 11ojie 00pabaThIBalOT THAPETIOM, KaMITO3aHOM WM XJIOPXOJIMHXJIOPUIOM, B PE3YJIbTAaTe TUIOBI
CO3pEBalOT OJHOBPEMEHHO. A TIOCEBBI, THOHyIIHE H3-32 3aCyXH, yIaeTcs crmacTh, oOpaboraB abcum3oBOH
KUCIIOTOM: pa3BUTHE DPACTEHUH NPHUOCTAHABIMBAETCS W OHH, HAXOAACh B COCTOSHMH IIOKOS, OXKHBAIOT IO
JIOMKJIS.

O repbumumax ckasarb 4TO-JIMOO HOBOE TPYAHO, 3TO HAa3BaHME JABHO IIPUMeENbKaNOCh. [ epOuiunamu
CIUIOIITHOTO JEWCTBUS (YHHYTOXKAIOT BCIO PACTUTEIBHOCTH HAa MecTe OO0pabOTKHM) W W30HpaTeThHOTO
(YHHUUYTOXAIOT TOJIBKO OIPENIENIEHHBIC BUABI PACTEHUI) MONB3YIOTCS ceifdac moBciogy. OO0beM NpUMEHEHUs
PEryJsiTOpoB pocTa B CEIBCKOM XO35HCTBE MOCTOSHHO pacTeT. Ho cka3aTh, UTO 3TH BEIECTBA MPEACTABISIOT

: Ony6mukoBano B: Kypunii b. A., Koiigan I'. H. (1985) UYto peryiampyroT peryiasTopsl pocta. XHUMHSA U
xu3Hb (MockBa) Ne 2: 36-39.



ceiiuac TOJIbKO MPaKTHYECKHI UHTEpec, ObUIo ObI OMMOKOW. J[eJio B TOM, YTO J0 CHUX MOP HEMOHSATHO, YTO JKE
peryampyloT perynstopel pocra. Poct? Ho Benp 3T0 ciokHeWmmii  (M3MOJIIOTHYECKHH IIPOLECC, OH
CKJIAIBIBAETCSI M3 MHOXKECTBAa OTHEIBHBIX pPEaKIHil, MPOTEKAIINX B KIETKE; HE MOTYT ke (UTOTOPMOHBI
BO3JIEHCTBOBATh Cpa3y Ha BCE.

Ceifuac W3BeCTHbI ()UTOTOPMOHBI IISITU THIIOB: AyKCHHBI, T'MOOCPE/UIMHBI, NUTOKHHUHBI, OSTHICH U
abcuu3uHbl. BemiecTBa MEepBBIX TpeX THIOB JEHCTBYIOT Ha PACTEHHUS OJMHAKOBO: B MaJIbIX KOJHYECTBAX
CTUMYJIHPYIOT POCT, B CPEAHHX TOPMO3ST, B OOJBIIUX YOMBAIOT pacTeHHe. TOYHO TaK Ke JCHCTBYIOT Ha
OpTaHM3MbI PEHTTEHOBCKHE W JPYTHe W3IY4YCHHS, NEKTPHUECKHE M MArHUTHBIE MONA. AOCHM3HHBI TOJBKO
TOPMO3ST POCT PACTEHUH, IPHUUEM YCTPAHSIOT JeHCTBUE IPYTUX PETYIATOPOB.

Cunraercs, 4To (PUTOrOPMOHBI JOJDKHBI 00JaaTh TAKUMH OCHOBHBIMH IPH3HAKAMH: IPUCYTCTBOBATH B
TKaHAX B OYEHb MAJICHPKMX KOHIICHTPAIUsIX (OT 1071 o 10 moneit Ha TUTP); 00NaAaTh MOIBMKHOCTHIO,
9TOOBI HE3aBUCHMO OT MeCTa 00pa3oBaHMs MOMAAaTh B JIFOOYIO YacTh PACTEHHS; BIHATH HA MPOHHUIIAEMOCTH
MeMOpaH, BKJIFOYaTh ¥ PEryJIMpOBaTh OOLIMPHBIE IPOIPaMMBbI KHU3HEAEATEIBHOCTH PACTCHUSL.

Ecnu BemiectBa ¢ paziu4yHON XHMHUYECKOH CTPYKTYpPOW BBI3BIBAIOT Y PACTEHUH OJHOTHUIIHBIE OTBETHBIE
PEaKIIH, MOKHO TIPENIOIOKHUTD, UTO JIUO0 JeHCTBUE UX OJHOTHUITHO, JINOO MEPBUYHOE ACUCTBUE UX PA3IUIHO,
HO 00pa30BaBIINeCS BTOPUIHBIE IPOIYKTHI 00JIaAAaf0T CXOAHBIM JCHCTBHEM.

B nro0oMm ciyuae Bce KOHTPOJIMPYEMblE OPraHW3MOM HPOLIECCHl 0OMEHa BEIIECTB OCYILECTBIISIOTCS uepe3
KJIETOYHbIE MEMOpPaHBI. DTO CIIOKHBIE CAMOOPTaHU3YIOIIHECS! CHCTEMBI, COCTOSIIIIME U3 JIBYX CJIOEB ITOJIBH)KHBIX
MOJIEKYJI JIUMUAO0B, BKIFOYAOMUX (PparMeHTHl MOJMHEHACHIIIEHHBIX KapOOHOBHIX KUCIOT. MeMOpaHbI H3HYTpH
1 CHapy’Xu OOJIETICHbI M IPOHU3aHbI OEIKOBBIMH CTPYKTypaMH ¢ (GYHKIMSMH AATYHKOB, KJIATAHOB, TIOMI MIIN
¢ubTpoB. CorylacoBaHHbIE OMOXMMHUYECKHE U DJIEKTPHUYECKHUE MPOLIECCHI 3THX JKUBBIX YCTPOHCTB 00bEANHEHBI
0OIINM MTOHATHEM — “TIOJTYIPOHHUIIAEMOCTh MEMOpaH™.

[lo Hamemy mHpennoOKEHHUIO, BCE PEryJIATOPHI POCTa BIHUSAIOT Ha OOpa3oBaHME B KIIETKaX PAaCcTEHHH
CBOOOIHBIX paJIMKaJIOB, KOTOPbIE MHULUUPYIOT LIEMHbIC PEaKIMU OKUCIICHUS MTOJHHEHACHIIIEHHBIX KapOOHOBBIX
KHCJIOT, BXOJISIINX B COCTAB JIMITUI0B MEMOPAaHHBIX CTPYKTYP.

CoBpeMeHHBIM TPEICTABICHUS OWOJNOTHH 3TO HE NPOTHBOPEUYHT. TeOopHs IEMHBIX IPOIECCOB
cBOOOTHOPAINKATIFHOTO OKHCIICHUS B Cpelle TKAHEBBIX JIMIUIOB JKUBBIX OPraHU3MOB ObLIa co3faHa (B HamIen
ctpane) emie B natuaecsaTeix ronax b. H. TapycossiM u H. M. DOmanyanem. [IpaBaa, skcriepuMeHTHl BEIHUCH C
KJIETKAMH KUBOTHBIX.

Ha aHamorm4HBIX pacTUTENBHBIX 00pa3max »dTOT MpoIecCc yAaeTcss HaOMIomaTh OaleKo He BCerna,
CKa3bIBAOTCSI CYLLECTBEHHbIE OTIMYMs KieToK. Hampumep, pacTeHus B OTIMYUE OT IKUBOTHBIX
npucrocodseHsl K poTocHHTE3y; B MX TKaHSIX OTHOCHUTEIHHO MHOIO (DEHOJIBHBIX COEIUHEHHMH; XUMUYECKHUM
COCTaB ¥ CBOWMCTBa CaMUX JIMIIUIOB OTIHYAIOTCSA. Bee ke MyOnuKanuu MoCIeHUX JIET CBHIIETSIBCTBYIOT, YTO
OTKPHITHIE 3aKOHOMEPHOCTH PaCcIIPOCTPAHSIOTCS U Ha pacTeHusa. Ceffdac cunTaercs, 9T0 CBOOOHOpAINKAIIEHOES
OKHCJICHHE HEIPEPHIBHO MPOTEKAET BO BCEX TKAHAX JKMUBBIX OPraHU3MOB, 2 CBOOOIHOpPAINKAIBHBIE IPOLIECCHI
OTIpE/ICIICHHOW HHTCHCUBHOCTH — OJTUH U3 TUIIOB HOPMAJTBHBIX METa0OJIHUECKUX MPOIIECCOB.

KocBennoe moka3aTenbCTBO CIPAaBEUIMBOCTH THIIOTE3Bl — TO, YTO INPH MHOTOKPAaTHOM CpPaBHHUBAaHHUH
CKOPOCTH HM3MEHEHHUs] pOCTa pacTeHuid mox neiictBueM oObruHOoro stumineHa (C,H,) m aTuieHa ¢ TshKenbIM
m3otorioM Bojopona (C,Ds) okaspIBanOCh, YTO NEHCTBHE WX OIWHAKOBO —  PACTCHHs pPa3BUBAIHACH C
OJIMHAKOBOH CKOPOCTHIO. J[0 CHX TOp YAOBJIETBOPUTENHEHOTO O0BSICHEHUS 3TOMY He Obu10. ECi ske ZomycCTHTB,
4TO IOJ ACHCTBUEM PETYJIATOPOB pocTa (M ATWIEHAa B TOM 4YKCJE) B PACTEHHSX MPOUCXOIST HE OOBIYHBIC
HMOHHBIC PEaKINH, a CBOOOHOPAINKAIFHBIC, TO BCE BIIOJIHE OOBSICHHUMO: 3TH XUMHUYCCKUE PEAKIUU B OTINYHC
OT BCEX MPOYMUX MPOTEKAOT CO CKOPOCTHIO, HE 3aBUCSIIEH OT U30TOITHOTO COCTaBa BEIIECTB.

. OH OH 00 _
OH | . 02 | HyC = CHa
—> HC—CHy > HpC—CHp <-—-=-=-m-=-=-=--s--m--oo
H C= H B —— *o— |
2= CH2 Oy _ . +H0 . /N N
> TOOCHp—CHy ———» HOOCHy—CHp —» HyC — CHp + OH
-OH

Ipu ocrHosHbIX OUOXUMUHECKUX NPOYEccax 6 KIemKe G03HUKAIOM KPAUHe AKMUGHbIe YACMUybl. 2UOPOKCUT
paouxan (OH'), cynepokcudnsiii anuon paduxan (05 ) u cunenemusiii kuciopood (O°). Hecvomps na kopomxkoe
BPEMSAL UX JICU3HU, MONIEKYIA IMULeHd 6CTYnaem ¢ HUMU 80 83aumodelicmeue, 06pasys aIKUIbHble PAOUKATbL.
Coedunssncy ¢ KUCIOPOOOM, OHU OQIOM YMEPEeHHO AKMUGHLIE NEPOKCUIbHbIE PAOUKATbL — Cheyugpuueckue
UHUYUAMOPbL C80O0OHOPAOUKATILHO20 OKUCTEHUS IUNUOOS.
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Tak 6 pacmenusx u3 XoauHa KAEMOYHbIX MEMOPAH 00pa3yemcs npoCmetull Pumo2opmon — SMuieH.

KoneuHo, He Bce CBOOOIHBIE palUKaIbl MOTYT OBITh PETYJISTOPAMHU pOCTa. DTy (GYHKIHMIO MOTYT BBINOJHSTh
JUIIb T€ W3 HHUX, AKTUBHOCTb KOTOPBIX HE CIMIIKOM BEJIMKAa WIM Majla, TO €CThb Te€, YTO YCHEBAIOT
[POpearupoBaTh TOJBKO C MOJIMHEHACHIIICHHBIMHA KapOOHOBBIMH KHCIIOTAMH JIMITHIOB KIETOYHBIX MEMOpaH.

Tem He MeHee HCTOUYHHMKOB CBOOOAHBIX PAaAHMKAIOB MHOTO; €CIIM POCT PACTEHHH 3aBUCHT TOJIBKO OT HHX, TO
MOYEeMY JIMIHJIBI KIIETOYHBIX MEMOpPaH HE OKUCIISIFOTCS TTOJTHOCTBIO JI0 I'HOeli opraHu3ma?

PazBuTHe LENMHBIX peakIUi MEPEeKUCHOTO OKHUCICHUS JIMIHUIOB KIETOK B HOPMAaJbHOM COCTOSIHUM
pEryJIpyeTcsl BeleCTBAaMHU TPOTUBOIIOIOKHOTO JEHCTBUS — aHTHOKCHUIAaHTaMH (aHTHOKUCIIUTEISIMHU), KOTOPBIE
TOPMO3ST IEPEKUCHOE OKHUCIICHHE U HEUTPAIN3YIOT CBOOOIHBIE PaIMKaJbl B KIETKE.

BaxHeHmM aHTHOKCHIAHTOM, IOKaJlyHd, MOXXHO CUMTaTh aOCIM30BYIO KHCIIOTY, IaBIIYIO Ha3BaHUE
OJHOMY M3 THIIOB PETYJIATOPOB pocTa — aOCIM3UHAM. DTO BELIECTBO XOPOLIO PACTBOPSAETCS B BOJE U JIMNUAAX,
a cJIe10BaTeIbHO, MOXKET OBICTPO MPOHUKATH B JII0O0E MECTO PACTUTEIBHOTO OPraHU3Ma.

MexaHn3M JIEHCTBHS PEryJIITOPOB POCTa NpEACTaBIsIeTCs ciaenyomuM. [Ipn HopMaIbHOM pocTe pacTeHUH
NPOUCXOAUT (epMeHTaTUBHOE U He()epMEHTATHBHOE IIEPEKHUCHOE OKHCICHHE IIOJMHEHACHIIICHHBIX
KapOOHOBBIX KHCJIOT JIMITMIOB KJICTOYHBIX MeMOpaH. [Ipu MCKYCCTBEHHOM yBENIHMYCHHH YPOBHS CBOOOIHBIX
paluKaloB CKOPOCTh IEPEKUCHOTO OKHWCIICHHS JIMIIUIOB BO3pAcTaeT, a KOHIEHTpalus aHTHOKCHIAHTOB
CHIDKaeTcs. OTO BeleT K HW3MEHEHHI0 (DU3UKO-XMMHYECKHX CBOHCTB MeMOpaH, YBEIMYEHHIO HX
NPOHULAEMOCTH, a CJICIOBATEIbHO, K HMHTCHCHU(UKALMH IPOLECCOB BHYTPUKICTOYHOrO cHHTe3a. Kierku
HAYMHAIOT PACTH U ACNUThCA ObIcTpee. Takoe nelicTBHe XapaKTepHO I CTUMYJITOPOB POCTA.

[Mpun nanpHeWIIeM BO3pacCTaHUM KOJIMYECTBA CBOOOAHBIX PAaJHMKAJIOB KOHIIEHTpAlWs aHTHOKCHIAHTOB
CHIDKAETCsI HACTOJIBKO, YTO JIMIUABI OKUCISIOTCA. M3-32 3TOro CcTpykTypa MeMmOpaH MEHSeTcsi, OHa TepseT
IJIaBHOE CBOE CBOWCTBO — IIOMYIPOHHMIIAEMOCTb. JTO CTaHOBUTCS IPUYMHONH HMCTOLICHUS SHEPreTHYECKHX
3aracoB KJIETKH, B pe3yJIbTaTe MPeKpallaeTcsi CUHTE3 HYKJICHHOBBIX KUCIIOT, AEIEHHE U POCT KieToK. Takoe
JIeHCTBHE XapaKTepHO VISl PETaplaHTOB.

[lpy mojHOM H3PACXOJOBAHWUHM AHTHOKCHUIAHTOB HA HEHMTpPAIM3alMI0 CBOOOIHBIX PAJMKAJOB HACTYNAaeT
JucOaaHCc METaOOIMYEeCKUX MPOLECCOB M B KOHEYHOM MTOre TMOEIb OTHCNBbHBIX KIETOK, a 3aTeM M BCEro
opranusMa. Takoe neHCTBUE XapaKTEPHO JJIsi TEPOUIIHUIIOB.

TopMoskeHne BHYTPHKIJIETOUHBIX IPOIECCOB M OCTAHOBKA POCTA MOTYT IIPOMCXOUTH U IO APYroi MpUYUHE
— U3-3a MPEBBILCHUS B PACTCHUM ONTUMAIBHOM KOHLEHTPALMH aHTHOKCHIAHTOB. DTO MOXHO HaONIOAaTh B
NPUpPOJIE: M3BECTHO, HANPHMEP, YTO BO BTOPOH MOJOBHHE JIeTa, KOTJa POCT PACTEHUI 3aMeIsercs, B HUX
YBEJIMUUBAETCS KOJMUECTBO a0CIIM30BON KMCIIOTHI M BEIIECTB IMOJU(EHOIBHOTO THIIA.

Takum o0pa3om, Ha BOIPOC, YTO PETYIUPYIOT PEryJATOPBl POCTa, MOXXHO, BHIMMO, OTBETHThb: OHH
PETYJIUPYIOT LEMHbIE PEaKIIMN OKHCIICHUS IT0JTMHEHACHIIICHHBIX KapOOHOBBIX KHCIIOT JIMITUIOB MEMOpaH.

SUMMARY
Kurchii BA, Koydan GN (1985) What regulate the growth regulators? Khimiya i Zhizn (Chemistry and Life,
Moscow) 2: 36-39 (In Russian).

The relationships between the chemical structure and biological activity of several herbicides, pesticides and
natural plant and animal growth regulators were described. It is proposed that biologically active substances
regulate first of all the oxidation of unsaturated fatty acids of membraneous lipids.
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MEXAHHM3MBbI TEMCTBUSA PET'YJISSTOPOB POCTA *

B. A. Kypuuii', T'. H. Koiinan®

'WrcrnryT ¢pusnonornn pacternii AH YCCP, Kues
*UucrutyT oprannueckoii xumun AH YCCP, Kues

HepBOCTeHeHﬂoe YCJIOBHUE CYyHICCTBOBAHUSA KUBBIX KJICTOK — H36HpaTeﬂbHaH MMPOHUITAEMOCTH 6I/IOHOFI/l‘ieCKI/IX
MeMOpaH. DTO CBOICTBO MeOpaH ONpenernseTcss X CTpoeHHeM. buonornyeckne MeMOpaHbI COCTOST UX TPeX
CIIOEB: JBYX OCJIKOBBIX M pACHOJIOKEHHOTO MEXIy HUMH JIMIWAHOTO. JIMIMABL, —cocTodmue W3
TOJIMHEHACHIIIIEHHBIX KapOOHOBBIX KUCIIOT, JIETKO TOABEPraroTCsl OKUCICHUIO — B PE3yJbTaTe MPOHUIAEMOCTb
MeMOpaH ¥ aKTUBHOCTH CBSI3aHHBIX C HUMH (DEPMEHTOB PE3KO M3MEHSIOTCS, YTO Cpa3y CKa3blBaeTcs Ha
KU3HEIEATEIBHOCTH KIICTOK, BBI3bIBas yCHJICHHE CHHTE3a WIHM paclaia OHOIOIMMEpOB, HHTHOMPOBAHHE WIIH
CTUMYJIIPOBaHHUE POCTA.

OcHOBHasi IpUYMHA TEPEKUCHOTO OKHCIICHHS HEHACHIIIEHHBIX KapOOHOBBIX KHCIOT B MeMOpaHax —
o0pa3oBaHHE B KIIETKaX CBOOOIHBIX paaukaioB. [lo HameMy MHEHHIO, BCe OHOPETYISATOPHI HEOEITKOBOU
HOPUPOABI U IPEACTABIAIOT COOOH BellecTBa, CIIOCOOHBIC B JKMBBIX KIETKax (IOA ASHCTBHEM KHCIOpPOAa,
(dbepMeHTOB WM ApYyrux (PaKTOPOB) MpeBpallaThbcss B CBOOOAHBIC pajMKaibl JHOO AHTHOKCHIAHTEHI,
HeHWTpannu3yromye AeiCTBUE PaUKaIoB.

K Ouoperysisropam nepBoro THIa MOKHO OTHECTH:

BO-TIEPBBIX, BEIIECTBA, JISTKO paclajaolyecs B KIeTKe ¢ 00pa30BaHUEM CBOOOAHBIX paJUKaloB (HaIpUMep

Jo—> ] *+] HyOp —> OH + OH
a TaKKE raJIOor€HU/bl, HAIIPUMEP XJIOPUIBI;
BO-BTOPBIX, BEIECTBA, COAEPKALINE KOHIEBLIE HEHACHIIEHHbIE TPYIIIEI (HAIIpUMED,

—CH=CHp, —C=CH > C=NH, —C=N), KOTOpBIE U JAIOT CBOOOIHBIC PaJHKAIIbI

[IEPEKUCHOTO TUIIA; K TOW KaTErOPUU BEIIECTB OTHOCUTCS, B YaCTHOCTHU, ITUJIEH;
B-TPEThHX, BEIIECTBA, COJACPKAIIHME JIETKO OTMICIUIIeMBbId (pepMEeHTaMH WIH JAPYTHMHA CBOOOIHBIMU
panukanamMy BOAOPOJ Y TaKuX (HYHKIMOHAIBHBIX TPYIIIL:

Cucmema Cucmema Cucmema Cucmema
CONPAINCEHHbIX — CH — COnpAMCEHHbLX CONPSIHCEHHBIX — NH — conpsowcennblx
cea3ell | ceazell ceazell ces3ell

a TakKKE€ BELICCTBA, COACPKALIUC ‘ICTBepTI/I‘IHHﬁ aTOM a30Ta B I'CTCPOLUKIIC

]

BBemenne ke B MOJEKYJBI DJICKTPOHOAKIIENTOPHBIX 3amecturenei (ramoreHoB winm  NO,) pesko
YBEIIUYHBACT PAJUKAI000pa3yIOIIYI0 CIIOCOOHOCTH OHOPTYIIATOPOB.

Paznuynble 0 CTPYKTYpe OHOPETYJSITOPBI MOT'YT UMETh OJAMHAKOBbIE (DYHKIIMOHAIBHBIC TPYIIIBI, JAOIUE
CBOOOIHbBIE pagMKAIbBl, YeM U OOBSICHSIETCS CXOJACTBO HMX JeicTBus. Hampumep, ayKCHHBI, THOOEpPEIUTHHE,
CapKOMHMITHMH, AAMEAPOII, THOCIIMAMHH, MMOJWHEHACHIIICHHBIC KapOOHOBBIC KHCIOTHI MMCIOT B CBOEM COCTaBE

rpyniy

MIPOU3BOIHBIE MOYEBHHEI, (hTamason, auakap0, GpeHacan — rpymniy
—C=C— NH —C=C—

: Ony6mukoBano B: Kypunii b. A., Koiigan I'. H. (1985) UYto peryiampyroT peryiasTopsl pocta. XHUMHSA U
xu3Hb (MockBa) Ne 10: 68—69.
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JIMKBAT, OpUITIMAHTOBBIH 3€JIeHBIH, Npo3epnrH, OepOeprH — YeTBEPTUYHBIN aTOM a30Ta:

EaE

CBoOoHOpaIUKaTBHBIE TPOIECCH B KIETKE HE OTPAaHMYUBAIOTCS TOJIBKO OKHCICHHEM MeMOpaHHBIX
JUNHIOB U MPHU OOJBIINX KOHIICHTPALUIX PAJUKAIOB PACIPOCTPAHSAIOTCS HA APYTHE HMOJIMMEPHI, B TOM YHCIE
HYKJICHHOBBIC KHUCJIOTHI M Oeniku. B oOIlieM Bujae NEPBUYHBIA MEXaHU3M JCHCTBHS OHOPETYJSITOPOB MOXHO
MIPEJICTABUTH ceOe Tak:

I:OZ:I . . Okucnenue
RH — R (wm R—00 ) 5 006
- H u opyeux
Buopezynamop Ce0600mb11i Tepexucnbuii buononumepos
paouxarn paouxan
buopezynamopa buopezynamopa

[IpoTHBOMONOXKHOE AECHCTBHE OKAa3bIBAIOT OMOPETYJSTOPHI BTOPOTO THIA, KOTOPBHIE HPEICTABISIIOT COOOM
@HTHOKCHIaHThI — BEILECTBA, JIETKO OT/AAIOIINE JIBa aTOMa BOJOPO/Ia, HE MPEBPAIasiCh IIPH 3TOM B CBOOOIHBIE
panukansl. K HuM oTHOCATCS, HanpuMep, TUAPOXUHOHBI.

Crenyer OTMETHTb, YTO CBOOOJHOPAOWKAIBHBIE MEXAHMW3MBI PETYJSIUM POCTOBBIX MPOLECCOB, II0-
BUANMOMY, HOCST OOIIEOMONIOTHYECKHH XapakTep U MOTYT OBbITh BBI3BaHbI U y )KUBOTHBIX, U y PACTEHUI Kak
XMMHYECKHMHU BEUIECTBAMU (MCTOYHHMKHM CBOOOJHBIX DAaIMKaIOB), Tak M (DU3UUECKHMMHU BO3IACHCTBUSMHU
(cBeToM, pajmanyuei, MarHUTHBIM TIOJIEM H T.JA. ), KOTOpbIE TaKXKe WHIYyIUPYIOT 00pa3oBaHHe OMOIOTHYECKH
AKTHBHBIX CBOOOHBIX PaJINKaJIOB.

SUMMARY

Kurchii BA, Koydan GN (1985) The mechanisms of action of growth regulators. Khimiya i Zhizn (Chemistry
and Life, Moscow) 10: 68—69 (In Russian).

The functional reactive groups of bioregulators that have an active hydrogen atoms and the separate unsaturated
bonds are described. The primary free radical mechanisms of action of physical and chemical factors on the
living organisms are schematically presented. It is proposed that the chemical and physical factors initiate free
radical formation and lipid peroxidation of the essential cellular substances.
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BO3MOXKHBIN AJIbTEPHATUBHBINA ITYTHh OGPA3OBAHUSA STUJIEHA W3
YETBEPTHYHBIX AMMOHHUEBBIX COJIEM *

b. A. Kypuunii

Wncruryt usuonorun pacrennit u renernkn AH YCCP, yn. Bacunbskosckas 31/17, Kues

BBEJIEHHE

MexaHu3M CHHTE3a STWICHA in Vivo, KOTOPBII MOXET OCYIICCTBISATHCA KaKk ()EPMEHTATUBHBIM, TaK W
He)epPMEHTATHBHBIM yTSIMH, U3JI0KEeH B psge 0030pos [10, 17]. OxHako pasiokeHHe STHUICHIIPOAYLIEHTOB B
3aBucuMocti oT pH cpenbl, ee OydepHocTn M mpuponasl Oy(hepHOH CMeCH HCCIIeOBaHbl HEIOCTaTOYHO.
W3BecTHO, 4TO B BOAHBIX pacTBOopax (ocdoHOBas kuciaoTa ycroiiumBa npu pH Hmke 2.5, a mpu ero
MTOBBIIICHUH pacmanaeTcs ¢ BeiAeneHneM dTmieHa [14, 15]. CymiecTByeT 3aBHCHMOCTh MEXKIY KOJIHMYECTBOM
BBIJICJICHHOTO JTwieHa u BenmamHOW pH cpempr [14]. VHTEHCHMBHOCTH 00pa30BaHUS ATHICHA TaKXKe
ompenensercs Oy(pepHOCTBIO cpensl: U3 He 3a0y(epeHHOro pacTBOpa STHJICH BEIIEISIETCS ObICTpee, 4eM U3
3a0ydepennoro [14, 15]. B pabore Pakutuna ¢ coaBT. [9] moka3aHo, 4TO, €CIM KOJIMYECTBO BBIACISICMOIO
stunena npu pH 2.83 u3 2-xsopatmiidochonoBoit kuciorel (XODK) mnpunsats 3a eqununy, To npu pH 7.85
€ro BBIIEISUIOCH B 1295 pa3 Gombiie.

3aBucumoctsio pacnana XOPK ot pH cpenpl B muromnazMe KIETOK PACTEHHH, IMO-BHIUMOMY, M MOXKHO
00BsICHUTH e (hu3nosioruueckuii 3QpQext. Takoe MPeArnoNoKeHHE CIACIYET U3 OIBITOB ¢ Bryophyllum cruetrum
[20]. Ot pacTeHus, BeIpalieHHBIE Ha ATUHHOM AHE B TeueHne 10 mHei, nmenn pH xierouHoro coka 4.6, a
BhIpalieHHbie Ha KopoTkoM — 4.0. OOpaOoTaHHBIC 3aTeM OJWHAKOBOHM 030U 3Tpena, TKaHU Bryophyllum
JUIMHHOTO JIHS BBIACISUIA 3HAYUTEIBHO OOJbBINE STHIICHA, YeM TKaHUu Bryophyllum xopotkoro mHs. Takum
oOpa3oM, BenmmurHa pH KIETOYHOTO COKa, BIUASA Ha CKOpocTh pacmama XODK, ompenenseT BBIpaKeHHOCTH
(U3HOIOTHYECKOTO JIEHCTBHUSI JTAHHOTO peryiisitopa pocra. Bmusianne pH cpensl Ha oOpas3oBaHue 3THIIEHA
HCCIICAIOBAHO TaKKe in vivo [16], rae aBTOpbI HAOIOJAId YBEIMYCHUE BBIJACICHUS TUJICHA H30JHMPOBAHHBIMU
BaKyOJISIMH JICTHEB BUKU IPpH yBenndeHuu pH ot 5 no 8.

B cBs3u ¢ BEIMIEW3IOKEHHBIM B TIpeiiaraeéMoil padoTe M3ydeHa IMHAMHUKA BBIJCIICHHS STHIIEHA in Vitro
Pa3IMYHBIMU STHJICHIPOIYIIEHTAMH B 3aBUCHMOCTH 0T pH pactBopa u mpupoas! 6yhepHoii cMecH.

MeTtoauka

B pabGore wucnompzoBamu: uucrtyro XO®K, kammozaH M, guruzapen, XJIOPUCTBIA  XONWH, 2-
xnopatunTpuMetrwiiaMmornit xyopun (CCC) u xonwH. BydepHble pacTBOpPBHI TOTOBIIIM TIO OOIICIPHUHATON
METOJMKe. DTWUJIEH ONpeNeNsiidi Ha Ta3oBoM Xpomatorpade “Xpomartorpad-504”. Kosnonka mmuHOW 1 M
3anonHsnack [lopanakom—T, Temneparypa xononku — 70 °C, Temneparypa gerekropa — 100 °C, temneparypa
ucnaputens — 150 °C. Pacxon Bogopona — 40 mi/muH, azora — 40 mur/MuH U Bo3ayxa — 300 mi/mMuH.

Pe3yabTathl M 00Cy:KaeHHE

[IpoBencHHBIC WCCIICAOBAHUS IMOKA3aJIHM, YTO CYIIECTBYET NpsMas 3aBUCHUMOCTh Pa3IOKCHUS H3YyYCHHBIX
BemiecTB OoT BenmumHBI pH pacTBOpa, Torma kak mpupoma OydepHoit cmecu (Tabm. 1) Ha 3TH HporeccH He
BIIHsUIA. BhIenenne 3THiIeHa pe3Ko yBEIHMYUBAIOCH B IIeNOYHON cpene. Brinenenne stmreHa u3 CCC 6su10
TaKkKe 3HAYUTEIBHO MEHBIIUM, 4YeM u3 Kammo3zaHa M. Takum 00pa3oM, KpoMe XOpOIIO H3BECTHOIO
stuneHnponyueHTa XO®K, HamMu yCTaHOBICHO BBIJCICHHAE JSTWICHA YCTBEPTHYHBIMH aMMOHHEBBIMU
ocHoBaHmsiMH (CCC, XJIOPHUCTHINA XOJIWH U XOJIHH).

" Ony6mukoano B: Kypumii B. A. (1990) Bo3MOXHBIil aIbTepPHATUBHEINA MyTh 0OPAa30OBaHHs STHICHA U3
YeTBEPTUYHBIX aMMOHHEBBIX coneld. [Ipempunt MuctutyTa dmsnonorun pacrenuii u reaetnkd AH YCCP Ne
9P, c. 1-19, a Tarke Kypumii B. A. (1991) OGpazoBanue 3THJICHA U3 YSTBEPTUYHBIX aMMOHHUEBBIX COJIEH B
peakuuu pacierienus o ['opmany. dusuonorust u OuoxuMust KyIbTypHbIX pactenuii (Kues) 23:17-23.
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Tabmnuua 1. Junamuxa gvioenenust Smuiena (8 yci. eo. UsMepeHust) U3 pa3UYHblX GeUecms 6 3a6UCUMOCTIU OM
PH cpeowv

BapuanTtsr 0,1M 0,1 M docdarHbrit 0,1 M 0,1 M 0,1M

ofibITa NaOH oydep, pH Na-aneTaTHbIH [UTPATHBIH tpuc-HCl
Oydep, pH oydep, pH Oydep, pH

58 6,8 80 4,6 5,8 4,6 6,2 8,6

XO®K 70 4 6 50 3 4 3 S 60

100 5 8 90 4 5 4 7 95

Jurunpen 40 2 3 15 1 2 L 3 20

46 3 5 40 2 4 2 4 44

Kamnosan M 35 2 3 10 1 2 1 3 20

42 4 5 40 2 4 3 4 40

XOMMHXJIOpU]L 20 03 05 2 01 0.2 0.1 0.2 b}

25 0,6 09 8 04 0,6 0,3 0,5 12

ccC 8 02 03 06 0.1 02 0.1 0.2 1

15 05 07 2 0,3 0,4 0,2 0,4 4

XonuH 25 1 2 8 05 1 0.5 1 10

40 2 4 40 1 2 1 3 40

[Mpumeganne. JlaHHBIE HAJ YEPTOI — KOJIMYECTBO STHIICHA, BBIICTICHHOE Uepe3 4 9, MO YepToi — TO JKe depe3
24 g mocne nobaBneHns K mpenaparam Boasl. [IpenapaTst 6panu u3 pacuera 0,1 T mo geficTByIONIEMY BEIIECTBY
Ha 10 r pacTBOpA.

PasnmoxeHne YeTBePTHYHBIX aMMOHHEBBIX COJEH ¢ oOpa3oBaHMeM oyiepuHa (ITHICHA) HW3BECTHO IO
Ha3BaHueM mpaBwia ['opmana (McuepnbiBatoniee MetwiupoBanue no ['opmany (Hofmann A.W.), xotopoe
MOYKHO BBIPA3UTh ClEAYIOIIM o0pazom: “B peakuusx oTiIeIUICHHsS aMMOHHEBbBIE COSJIMHEHHUS BEyT Ce0sl Tax,
4T0 [B—BOJOPOMAHBINA aTOM OTLICIUISIETCSI Hanbosee Jerko, eciu oH Haxoautcs B CHs;—rpyrne, ganee B rpyime
RCH, n HaumeHee J1erko, eciu oH Haxoautcs B rpynmne R,CH [6]:

c_¢
_| - |+_ ~ — HpC=dCHp + N(CH3z)3 + HO
H N (CH3)OH
Ecnu aroMm a30Ta CBsI3aH C Pa3inYHbIME AIKAIBHBIMU 3aMECTHTEISIMH, TO olieuH (3TrieH) oOpasyercs u3
pajiiKaia ¢ HAMMEHBIIINM YUCIIOM aTOMOB YIIIEPOJa:

+ _
[(H5C2)2 N (C3H7)2:| OH —» HpC=CHp + HsCN (C3Hy)2 + HO

[Iprn Hanmuuu KpaTHOW CBS3M B [3,y—TIOJOXEHHHM OTIICIUIIETCS O—aTOM BOJIOPOAA M IPOUCXOJHUT
1,4—>MUMHHUPOBAHUE:

— CH== CH—~ CHy— H:| -OH —» R CH=CHCH=CHp + NR3 + HpO

[Rgﬁgch ¥ O\ ¥\
R

N  +H"
[C6H5CH=CHCH2NR3:| X o C¢HsCH=CHCH3 + NR3
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Hanmuame nByx conpspkeHHBIX cBs3el B [3,0—TONOXKEHUU MPUBOJUT K 1,6—3ITMMUHHUPOBAHUIO C 00pa30BaHUEM
TpHEHa:

+ _ ]
[(CH:%)S NCHQ@CH% OH —>» H2C:U:CH2 + N (CH3)3 + HpO
(@)

Ecmu B H—HpOHHHBHOﬁ rpymnme B—MeTPIJ'ILHBIﬁ 3aMECTUTEIIb ABJIACTCA JJICKTPOHOOTTAJIKMBAIOIIUM U,
CJICAOBATCIIbHO, NPEIIATCTBYET BJIMAHUIO a30Ta, TO 3Ta I'pyIila OCTACTCA CBSI3aHHOU C a30ToM, a OTHICILIACTCA

STHIIBHAS Tpymma [12]:
H

+ﬁ Z—
CHs —» CHp — CHp—N— CHyY- CH,
! |
B @ H3C CHj
I'odmaHOBCKOE OTIIEIUICHHE — PEeaKIs OMMOJICKYJIIpHA U OTHOcUTCs K Tumy E, [6, 12]. Ha oOpa3oBanue
one(uHa 3HAYNTEIHFHO BIUSHIE OKa3hIBAIOT 3aMECTUTENN B YIIICBOJOPOIHOM Iern. Tak, ecnu B'—3amecTuTens

SBJISIETCS 3JIEKTPOHOIIPUTATUBAIOIIMM, HAlPUMED, TajlouJO0M, TO OH YCWIMBAET BJIMAHHE a30THOIO IIOJIIOCA U
CHOCOOCTBYET MPEANOYTHTELHOMY SIUMHHUPOBAHUIO:

H —
- ™+ OH
Cle— CH CHp)—N—CHpCH3 ——» CIHC= CHp + (CH3)2 NCHCH3
/N\ B2
H3C CHj
Ecnu f—3amecturens Bogopox, To aTaka ciaboro ocHoBanus OH™ ocymiecTBisieTcst Ha 3TOT CaMBblil JIETKO
IIPOTOHUPYEMBIl Bogopox [4, 6, 12]:
+
NR3

_CJ C— —>» H)C=CHp + NR3 + H0O

HO—»I—I

[Ipn 5TOM OCHOBaHME CHayala OTPBIBAET IPOTOH OT METWIBHOW rpymmsl (o' ) W P—3IMMUpOBaHUE
MIPOTEKAeT dYepe3 KBa3WIMKIMYECKOE IIEPEXOJHOE COCTOSHHE C BOCCTAHOBICHHEM CTPOCHUS METHIBHOM

TpYIIIBL:

+ + CgHs (OH ) ND)
(CH3)N—CH2 > (CH3)2N CH2 —>» CHp=CHp + (CH3)2 N:
| - CeHp (H20)
H3C CHj CCHZ CHs

o P

BI)ILLIe 6])[.]'10 OTMCUYCHO, 4YTO Ha pacmenﬂeHI/le I-IeTBepTI/I'-IH]:.IX AMMOHHECBBIX conei& CUJIBHOC BJIUSIHUC
OKa3bIBAOT MHAYKIIMOHHBIC 3(1)(1)€KTI)I SaMCCTI/ITGHeﬁ, KOTOPBIC MOT'YT 6BITI) OpeACTaBJICHbI CJICAYIOMIUM PAAOM
[3,4, 6, 12]:

F>Cl>Br>1J> OCH3 > OH > C6H5 > CH2 = CH2‘> H< QH3 < CH2CH3 < CH(CH3)2 < C(CH3)3
MOHIKEHHE DIIEKTPOHOAKIICTITOPHOM CIIOCOOHOCTH "TIOBBIIICHHE 3JIEKTPOHOAKIIEIITOPHON
(— Faddekr ) cnocobHoctH (+ F3ddekr )

3amecTuTeNH NpU B—YIIepoJHOM aTOMe, CIIOCOOHBIE K CONPSDKEHHIO, a Takxke KoH(opMmannoHHble (GakTopbl
BIIUSIOT HA PETHO- M CTePEOCHeUPUIHOCTD IMUMUHUPOBAHMUS [7]:

96 %

_ Ip— CH=CHp + EtNPr
+ OH

(CH3CH2)2 N(CHpCHpCH3)p —> 19

-~ s CH3CH=CHp + PrNEb

Hammune ¢eHnnpHON rpynmbl mpuaaeT B—BOJOPOJHOMY aToMy Ooliee KHCIBIH XapakTep W CIIOCOOCTBYET
oOpa3oBaHuio 0oJiee YCTOHYMBOI BOMHOI CBSI3U B 00pa3yOIIeMCsl BELIECTBE:
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+ +
NMej NMej3

H H
Ph - _Ph Ph
H H

p p

[To oTHOCHTENBHOI JeTKOCTH 00pa30BaHUs 0JIe(UHOB, ONIPEACIICHHON IPH H3YYEHUN KHHETHKU

+ +
RS (CH3)2, RN (CH3)3,

HMOHOB THIIOB
ANKIIBFHBIE TPYIIIBI PACTIONArafoTCs B TAKOW TOCIeNoBaTeNbHOCTH [12]:

O\ C
C—C C»(C—C C—C»(C—C C-C—-C>»(C-C C/C—>C—C C>C C—C
b a b a b a b a b a b a
R=>TW1 > w-pomwi >  H-OyTHI > H-aM T > M30aMHJI > 300y THII

Takum oOpa3oM, HaubOoyiee TPYIAHO o0Opasyercs STHWIEH u3 H300yTHIIBHOTO pajaukaia. Pa3muuHbie
OHOPEryIATOPHI, KOTOPHIE MOTYT OOpa30BBIBATH 71 Vivo ONIC(UHEI, COTNIACHO MpaBmiy ['opmaHa, MpUBEICHBI B
Tabmuie 2.

WunyktuBHblid 3((GEKT NpoCciexnuBaeTcs eie M Jjis  Y—yrJIeBOJOPOJHOIO aToMma, TOr/a Kak INEepBbId U
BTOPOH O—YTJIEPOAHBIE aTOMBI OKa3BIBAIOT CIIA0BIH A dexT. OmHaKo MepBHUYHBIN AP PeKT He ocmadiseTcs. Tak,
BBEJICHHE TPETHEro O—YyIJIePOJHOr0 aToMa (HEOTEeKCHIIbHAS TPYIIa) OKa3bIBaeT 0ojice CHUIIBbHBIN 3 (deKT, YeM
IIBa O—yTIIePOIHBIX aToMa (M30aMIiIbHas rpymma) [3] Ha oOpa3oBanue STHieHa (Tabm. 3).

Crenyer OTMETUTb, YTO KOTIa UMEIOTCS (DaKTOPBI, PEMSTCTBYIOLIME aTake 1o 3—BOJOPOAHOMY aTOMY, HJIH,
KOTZa IIO/UIeXKAIINMe OTLICIUICHHIO TPYHIBI C OOJIBIIMM TPYJOM 3aHHUMAIOT KOIIAHAPHOE PAacHOJIOKEHHE,
osrle(uH MOXKET U He oOpa3oBarthcs [4, 6, 8, 12]:

CH3

R_le] 3CH3X_ —>» RH(CH3), + CH3X (X — zanozen )

CH3
CH3 CH2— (CH3)» + CH3Cl
| +

(C)em—N=ans | <I
SCHy, + N (CH + HC

G 2 3)3

+ _

N (CH3)3 - OH — OH + N(CH3)3

A

¢)
I _ +2HO™ _
R—C— OCH2CH28(CH3)2 . _2—H25 CH= CH + RCOO + ] + S(CH3)?
o /ON
R1C — CHR — RiC —CHR + N(CHz)3 + H20O
| 4 _
N (CH3z)3 OH
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QO ©O<OH

H3

CeHs HO CgH
éHg

O6pazoBanne oe(HOB BO3MOXKHO TaKKe U B CIEAYIOMNX peakuusx [4, 6, 12]:

a) SIIMMUHUPOBaHUsT N—OKCHIOB

— (lj — (l;_ — HyC=CHpy + (CH3)2NOH
1 cH
3
NC
O/ CH3
PhCH CH3 —>» PhCH=CHp + (CH3)2NOH

DY

O O
i i
— CHj s —CHj3

_CHs
—CH _
O\N (CHz)  —> O 2 O CH3
CHj
i —CH + CHj
N (CH3)2 > E> 2 @

O
0) nesamuHUpoBaHUs (Ta0I. 4 );
B) Uyryesa:
V
CH —» >c=cK + 0Cs + RSH
COCSR
A
O
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SOy CgHyg CH3-n SOy CgHy CH3-1 SOy CgH4 CH3-n

H..,
_OﬁSCH3 —> @ + @ + CH3SH + 0OCS
S

(CH3)2 CCH(CH3)OCoH5 —»  (CHy=C— CH(CH3)OCoHs  + COS + CH3SH
$|(|ZSCH3
S

5
I + + NH
OCNHy —» ¥ oS 3

A

(CH3)2 —C—0O— CCH3 C (CH3)2 CH= CH»

|
5 — + + COS + CHpSH

I') SIMMUHUPOBAHUS CYJIL(OHHEBBIX COJIEH
O

H5Co —ﬁ —R —» CHy»)=CHg;
@)

+ _ _
(CH3) SCHoCHpBr - Br —» HpC=CHp + S(CH3)y + 2Br

CHj C|H3 CHjs
CH3CHp—C—CHz —» CH3CH=C—CH3 * CH3CHy— C=CH

+ _
S (CH3)2« X

) SIIMMUHUPOBaHUS (POCHOHMEBBIX COCIMHEHNUI

CHy=CHCHy

PR» - OH —» HpC= CHCHj3 + CH3CHp PRy
CH3CH2/
(@)

€) OMMOJIEKYJISIPHOTO OTILIEIJICHUS OT ATUIIATOB

+ _
RN (CH3)3 - OC2Hs —» omepun + CpHsOH + N(CH3)

+ _
RS (CH3)3 - OCpHjs — > OJ'Ie(bI/IH + CpH5;OH + S (CH 3).

Bronornueckoe neiicreue CCC xopomo n3ydeHo. IlokasaHo, 94To ero akTHUBHOCTh 0OYCIIOBIIEHA HAIMIHEM
TPUMETHIAMMOHHS, TaK KaK 3aMEICHHE XOTs Obl OJHOM METWJIBHOW TpyHNn Ha 000N ApYyrod pamukat
MIPUBOANT K PE3KOMY CHIDKEHHUIO OMoJIornieckoii akTuBHOCTH [ 18]. 3amemienne atoMa a3ora Ha aToM ¢ocdopa
iy Mblmbsika [1, 21] npuBoguT K moTepe MM pe3KOMY CHUIKEHUIO OMOoNornueckod akTuBHOCTH.Tak,
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Tabnuua 2. buopezynsamopwl, 603MONHCHBIL NEPEUUHBIL MEXAHUZM 0CICBUSL KOMOPbIX, 00YCL081eH

obpazosanuem onepunog (3muneHa)

Buoperynstopst [Ipennonaraemsrii onehuH
CHj \ CH3
(X
\ CH3 \CH3
|+
—CHy— 1|\I CnH2n+1 <:>: CH
R
CHj
HpoC=CH»

| + _
R—N— CHpCH>0OH . OH

|
CHj

+ f—
O*CHzN(CHg)g . OH

O-an + o

CHj3
| +
) U
CHj3
+
R CH» N (CH3)3 R —CHp

0
+
T
|

se
~ |
C

CH3 H3
/\| X
+
N /CH3
"\ CHj CH2 N (CH3)2
+ —
(CH3)2 NCHpCH»Cl . (I HpC=CH)
NH»
|| + _ —
H3C “No/ “CHz N (CHz)3 . OH HoCZ N0 7 N CHy
COCgHs5 COCgHs
~
+
N N
CHj EH3

CHj3
<:>< N+(CH3)3 . OH

O
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Iponomkenue Tabmuisr 2

Buoperynsaropsr

[Tpennonaraemsrii oneduH

+ —
[ (CH3)3 As CH2CH2OH:| . OH

HpoC=CH»
Cl Cl
+
(H9Cyq)3 PCH2 cl CHy= —Cl
CH3
|+ HyC= CHj
OCH,CHy N CH»
éH3
TP
+ — CH3— e
HoN—N—CH . Br 3—CH=CH>
I
CH3 CHj3

Be

(CH3)m -7

+
[ (CH3)3PCH2CH20H:| . OH

HpoC=CH»

O
k | + -
/N\ COCH2CHp N (CH3)3 | -2]

CH3 CHj

| O
— |
CH3 CHj

Tabnwma 3. Buixoo (% ) onegpunos u3z euopooxuceti mempaankuirammonus [3]

AJKuWIbHas Tpynna B

AnkunpHas nens nocne Cg

KomuuectBo oneduna

RN
5,
(CoHs),, (n—CsHy)o
(#—C3H7),, (n—C4Hy), C-
(1=C3Hy), (n—C4Ho)s C-
(n—C3H57);, n—C4Hy C-
(n—C4Hy),, (u30—CsHy), C-C-
n—C4Ho, usz0—CsH;;, (CHz), C-C-

H30—C5H| 1, (CH3)2, HeO—C6H13 C > C-
C

3, Huszmmin Bricimi
C- 96 4
C-C- 62 38
C-C- 83 17
C-C- 36 64
E> c- 67 33
(é> c- 66 34
(é> c- 91 9
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Tabnuna 4. buopezynsamopvl amuHbl, B03MONCHBLIL NEPEULHBLIL MEXAHUZM OeUCMBUsL KOMOPBIX 00YCI081eH

obpazosanuem in vivo onegunos

AMUH

[Ipennonaraemsrii onedhun

CH3—CHpy— $H— CHj
NH»

CH3— CHp—CH=CH)

HoN— CHp— CHy— CH»—CH>—NH3

CHy=CH— CH=CHp *
CHp=—CH— CH—CH>—NH>

H3C.__NHp

ij— NH»2

=

O— CHy— (|:H— CHz
NH»

@— CH,—CH= CH;

E>7 CH2NH»

S

Xy
\CH3

Dcr +

O

®

HoN— CHp— CHp — CHp— COOtL

CHp= CH— CHp— COOF

: AN
/N — CHp— CHp NH»

{ N—CH= CH;

—CH»
I:I— NH»>

|;|= CH»

NH»>
HoN O— NHp

"0

|S— CHp— CHp — NHp

S— CHp —CHp— NH»

S— CH= CHp
S— CH— CHp — NH»

O—CHZNHZ

("

CHj
CH>CHpNH»

CHj
CH= CH;
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HampuMep, akTUBHOCTH (oc(OXOoNMHA W apCEHOXOJIMHA COCTaBisla cooTBeTCTBeHHO 77% u  3,5%
aktuBHOCTH XonuHa [1]. Takas e 3aKOHOMEPHOCTh XapakTepHa W Uil AleTHUIIPOU3BOIHBIX XOJHMHA:
aKTUBHOCTH areTmidochoxonuHa paBHsIach 8%, a aleTHIapCeHOXONMHHA — 1% aKTUBHOCTH alleTHIIXOJMHA
[1]. 3ameHna yriepoaa Henu ¢ XJOPITUIIA HA XJIOPIPOIMWI CHIDKAJda aKTUBHOCTH MpemnapatoB. CoequHeHus 2-
XJIOPITHIATPUOYTHIIAMMOHUE  XJIOPHI, U 2—XJIOPITHITPUITHIAMMOHHUI XJIOPUJ IIOJIHOCTBIO HEAKTHUBHBI Ha
MPOPOCTKaxX MIeHHIH [19], auMeTnn—2—xmopaTrncynboHuii moutn B 3 pa3a MeHee aktuBeH, ueM CCC [7].
Takum 00pa3oM, TEOpETHUECKUE IMPEICKa3aHUs XOPOIIO COTIACYIOTCS ¢ HpakTukoi. Cienyer Mmoma4epKHYTh,
4TO in Vvitro moJ Bo3ueicTBHeM nesnoun rnpu paznoxenun CCC stuieH oOpa3yercs B HeOOJIbIIOM KOJIHYECTBE.
Opmnako in vivo, tne Metabonm3amuss CCC uaer uepe3 oOpa3oBaHHE XOJIMHA, DPA3JIOKEHHE IOCICTHETO
MPOUCXONUT C BBIeTeHHeM HSTmieHa. CregoBaTensHO Owmonormueckoe neiicteue CCC, mMO-BHONMOMY,
00ycioBieHO oOpa3oBanreM dTwicHa. OIHAKO MOATBEPIANTE i1 VIVO ATO MPEIIOI0KCHAE MBI HE MOKEM BBUIY
otcyrcTBus MeueHoro (o C wiu H B stunbHo# rpynmne ) CCC.

OTMETHM TaKXe, YTO 3aMEeIeHUE B PSJIC PEryJIsITOPOB POCTA NBYXYIJIEPOIHON LEMOYKU Ha Oosiee ATHHHYIO
MOXET MNPUBOJWTH K OOpPA30BaHHIO COOTBETCTBYIONIETO oOJieHAa BMECTO 3TWieHa. Hampumep, XOpoIio
M3yYeHHAs PeaKilvs OTIICIUICHHS M300YTIIIOBOTO pajuKaia ¢ 00pa3oBaHHEM OCTCHOB, MPOUCXOAUT TI0 3TOMY
nyTu [4, 6].

OH
CH3 —» CHp— CH—CH3 ——» CH3—CH=CH—CH3 + CH3— CHp— CH=CHj;

+
N(CH3)3 yuc-2-6yten, 3% 1-6yTen, 95%
mpanc-2-0yTeH, 2%

Buonornyeckas akTHBHOCTh 3THX OJE(QHHOB IO CPABHEHHIO C ATHIICHOM, Kak IOKazaHO B pabore Bypr m
Bypr [13] 3HauuTensHO Huke. CHIKCHHUE OMOIOTMYCCKONW aKTUBHOCTH ITHX COCIMHCHUH, BO3MOXKHO, TaKKe
00yCIIOBIICHO OOJIBLIIMMHU MOJIEKYJIIPHBIMU pa3MepaMHu.

Takum 00pa3oM, SHJOTEHHBIM KAaHAWAATOM Ha OOpa30BaHUE ITHIICHA B KJIETKAaX MO He()EePMEHTATHBHOMY
ITyTH, OCOOEHHO B CTPECCOBBIX COCTOSIHUSX, MOTYT OBITH JIETKO OKHCISIEMBIE TPOM3BOIHBIC XOIHMHA, a TAKKe
S—anenosunmernonnH. [locmemuuii MoxeT pasmaraThCsi ¢ 00Opa3oBaHUEM OJTWICHA, MUHYS CTaJIHIO
1—amuHOUMKIIONpOTIaH— | —KapOOHOBOM KHUCIIOTHI:

+ —_ —
CH3 —S —CHy— |CH— coo 7w CH=CH o
| + HC—s—CH — Adenine
CHp NH3 3 2
HO —_\| HO OH
O , CHp= CHp
HO _ 1/ Adenine

* HyNCH,COOH

O BmmstHn CCC Ha oOpa3oBaHMe 3TWICHA coo0mmia PomanoBekast ¢ coaBT. [11]. ABTopamu oOHApyKEHO
yBeJIMYEeHUE BbIJeNeHUS STwieHa mnoj BiausHueM CCC TONbKO B HadallbHBIM HEepHOA Tociie 00padoTKH
MIPOPOCTKOB 03MMOHN muieHunsl ¥ (acomn. OmHAKO 3TU JaHHBIE, KaK HAaM IPEICTaBISETCA, HE OTPHLAIOT
MPUHIUIHAIBHYI0 BO3MOXHOCTh oOpazoBanmsa sTmieHa m3 CCC. Jleno B ToM, uro CCC B pacTeHHsX
pasnaraercsi mpuMepHO depe3 aBa Mecsua [2]. [Ipomexxyrounas cramust merabomuzanun CCC — obpazoBanue
xomuHa. XOOK, B omiimune ot CCC, merabonu3upyeTcs MpUMepHO B TeueHue Mecsina [S]. bosee memieHHbIM
pas3ioxeHneM (poBHO Kak M obOpazoBanmeMm sTmieHa) CCC, MOXXHO, TO-BHOMMOMY, U OOBSICHUTH €ro Oojee
cmaboe OMOMOTHYECKOE ACWCTBHE IO CPAaBHEHHIO C IKBUBAJICHTHHIM KonmdecTBoM XOODK. B 3axmouenne
TIPUBOJMM CXeMY (PHCYHOK) B3aUMHOW 3aBUCHMOCTH BBIZICTICHUS STHJICHA U AEHCTBHUS cTpeccoB (pusnueckux u
XUMHUYECKHX):
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CTPECC:

Duznyeckuid XuMnue cKuit
Wu nyxiust o6pa3oBaHust [IpeBpaimenne KCEHOOMOTUKOB
CBOOOTHBIX PAJNKAJIOB (B TOM 4HCIIe YHIOTCHHBIX
OMOPETYIIATOPOB) B CBOOOTHEIE
paauKabl

N ¥

R, RO. ROO T

¢ OO0pazoBanue 3TUIICHA

BUOMEMBPAHDBI

AI(TI/IBaI_II/ISI TICPCKUCHOI'O OKHUCJIICHU S JIMITUAO0B, BO3PACTAHNC YPOBH CBO60,Z[HLIX
padruKajioB B MeM6paHe U OUTOILIa3MEC

'

V3meHeHne PU3NKO-XUMHYECKUX CBOMCTB MEeMOpaH
(koH(pOpMaIITMOHHBIE TIEPECTPOUKH )

s N

V3meHeHne akTHBHOCTH (epMEHTOB N3menenne npoHUIIaeMocT MeMOpaH
Iposnenue AKTHBaLMs penapallMOHHBIX !
neiicreus  <— | OTBET

cTpecca ¢

AKTHBaIUsi MMMYHHHOH CHCTEMBbI

CtpeccoBbie OenKu:

YBemuenne VBe/IMYEHHE KOJIMYECTBa VBenmdenne KoM4ecTBa
KOJIM4ecTBa Oenkos (axTMBHOCTH) (hEPMEHTOB, monekyn RH,RH o —
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P](ICyHOK. Mexanuszm O6pa3OBaHI/ISI OTHUJICHA U €r0o y4daCTue B SHJIOTCHHOM peryjsanun MeTabOIMIECKUX IIpoueccoB B
CTPECCOBBLIX COCTOSAHUAX.

23



JIUTEPATYPA

1. Jenkins GL, Hartung WH (1945) The chemistry of organic medicinal products. John Wiley and Sons, Inc. and
Chapman and Hall Ltd., London — New York

2. Zadoncev A, Pikus GR, Grinchenko AL (1977) Chlorocholinochlorid in der pflanzenproduction. Veb Deutscher

Landwirtschaftsverlag Publ., Berlin

Ingold CK (1969) Structure and mechanism in organic chemistry. Cornell Univ Press, Ithaca — London

4. Cram DJ, Hammond GS (1964) Organic chemistry. McGraw-Hill Book Company. New York — Toronto — London

5. Kpeiiudepr 09, Pomanosckasa OU, IlaByauns JA u ap (1982) Omnpenenenue u JUHAMHUKA COAEPIKaHHUS OCTATOYHBIX
KOJIMYECTB 2—XJIOpITHI(POCHOHOBOIM KHCIOTHI B pacTeHUIX 03UMOH piku. Arpoxumust (Mocksa) N 3: 119-123

6. Cope AK, ed, (1960) Organic reactions. Volume 11. John Wiley and Sons, Inc. New York — London

7. MeabuuxkoB HH, Tyrypuna HU (1975) CunreTnyeckue perysTOpsl pOCTa paCTEHHH. XUMHUS B CEITBCKOM XO3SIHCTBE
(Mocksa) Ne 11: 41-48

8. Nenitescu CD (1960) Chimie organica. Editura Technica, Bucuresti

W

Pakntnn 10B, Pakutnn BIO (1979) Ilpupoma neiictBust 2—XJ0p3THI(GOCHOHOBOH KHUCIOTHI W IPYTHX
STHJICHBBIJIETISIONINX PErYJIATOPOB POCTA M pa3BUTHS pacTeHHH. Arpoxumust (Mocksa) Ne 5: 126-149

10. PomanoBckas OU (1985) buocunTe3 sTHiIeHA U ero ropMoHaibHas perynsnus. M3sectus AH Jlarsuiickoit CCP (Pura)
Ne 3: 82-92

11. PomanoBckas OU, Uiabun BB, Kpeiingepr O (1988) BuocuHTe3 3THieHA NpPU TOPMOKEHHH POCTa O3MMOM
mueHuIs 1 Gaconu xiaopxonuaxiopunom. Ousnonorus pacrenuit (Mocksa) 35: §93-898

12. Fiser F, Fiser M (1964) Advanced organic chemistry. Reinold Publishing Corporation and Chapman and Hill Ltd., New
York — London

13. Burg SP, Burg SE (1967) Molecular requirement for the biological activity of ethylene. Plant Physiol 42: 144— 152

14. Cooks AR, Rondall DJ (1968) 2—Haloethanophosphonic acid as ethylene releasing agent for the induction of
flowering in pine apples. Nature 218: 974-975

15. Edgerton LJ, Blanpied GD (1968) Regulation of growth and fruit maturation with 2—chloroethylphosphonic acid.
Nature 219: 1064-1065

16. Mayne RG, Kende H (1986) Ethylene biosynthesis in isolated vacuoles of Vicia faba L. — requirement for membrane
integrity. Planta 167: 159-165

17. McKeon TA, Yang SF (1988) Biosynthesis and metabolism of ethylene. /n PG Davies, ed, Plant hormones and their
role in plant growth and development. Kluger Academic Publisher, Dodrecht — Boston — London, pp 94-112

18. Tanaka K, Tolbert NE (1966) Effect of cycocel derivatives and gibberellin on choline kinase and choline metabolism.
Plant Physiol 41: 313-318

19. Tolbert NE (1960) 2—chloroethyltrimethylammonium chloride and related compounds as plant growth substances, I
Chemical structure and bioassay. J Biol Chem 235: 475-479

20. Warner HL, Leopold AC (1969) Ethylene evolution from 2—chloroethylphosphonic acid. Plant Physiol 44: 156158

21. Zeech B, Konig KH, Jung J (1974) Development of new plant growth regulators with biological activity related to
CCC. Kemia — Kemi 1: 621-623

SUMMARY

Kurchii BA (1990) Possible alternative way of ethylene formation from quaternary ammonium salts. /n
The Preprint of the Institute of Plant Physiology and Genetics (Kiev), N9R, pp 1-19 (In Russian).

The possible alternative mechanism of ethylene formation from quaternary ammonium salts in the Gofmann’s
splitting reaction is proposed. Decomposition dynamic o 2-chloroethylsulphonic acid (ethephon), dihydrel
(ethylene releasing factor), camposan M (ethylene releasing factor), chloric choline, 2-
chloroethyltrimethylammonium chloride (CCC), and choline in water solution has been studied. It was found
that the rate of decomposition of these substances with elimination of ethylene depends on the buffer mixture
and does not depend on nature of the latter.
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BO3MO’KHBIE PEAKIIMN OKUCJIEHUS 1 OBPA3OBAHUSA CBOBO/JHBIX
PAJIMKAJIOB S TUJIEHA *

b. A. Kypuuit

Wncruryt ¢pusmnonorun pacrenuid u renetnku AH YCCP, Kues

H3znoorcennt coepemerHbvle oamuvle 0 MONEKYIAIPHbIX ~ MEeXAHUIMAX Oeticmeusi sSmuiena. Bovickazano
I’lpeal’IOJZODfCEHZ/le, umo smuJjieH 06pa3yem C uoHamu cepe6pa MANONOOBUNCHLIE HEAKMUBHBLE KOMNJEKChol, moeoa
KAaK ¢ Y2leKuciblm ca3om — GbZCOKOPQCZKL;uOHHbHJ 3muﬂeHKap60Ham. HpeaﬂOcheHbl U OnucCaHbvbl B03MONCHbLE
MeXAHU3MblL OKUCIEeHUA U 06pa306€lHu}Z Cc80000HbBIX paduka/zoe ImujieHa.

B Hacrosmee BpeMs HECMOTPS Ha HAJTMYHE MHOTOYHCIICHHBIX 3KCIIEPAMEHTANBHBIX NaHHBIX [7, 12, 20, 33, 34,
43, 48] MonekynspHble MEXaHH3MBI JIEHCTBUS 3THJIEHA U €ro MPOU3BOJHBIX HE PACKPHITEL. CBA3b MEXIy
CTPOCHHEM H OHONOTHYECKON aKTHBHOCTBHIO ATWJICHA M JAPYTUX OJeHHOB m3ydeHa padorte bypr u bypr [24],
KOTOpPBIE YCTAHOBIIIN CIIEAYIOIINE 3aKOHOMEPHOCTH:

— aKTHBHBI TOJIbKO HEHACHIIIEHHBIE aMn(paTHIecKue COEAMHEHHUS: STWIICH 0oJiee aKTHBHBIN, YeM alleTHIICH,
TOTJa KaK 3TaH B CPABHUMBIX KOHIICHTPAIUAX — HEaKTHBHBIM;

— Ouonornueckas axkTHBHOCTh OIPENEISIETCS CTEPHYECKUMH pa3MepaMH MOJIEKYJ: MaKcHMallbHas
Ouosornieckasi aKTHBHOCTh CBOMCTBEHHA 3TUIICHY, IPYTHE K€ COSANHEHHS MEHee aKTUBHBL. Tak, OTMHAKOBBII
Ononoruveckuit 3 ekt s ITUIIeHa, ponuieHa u 1-0yTeHna qocturaics npu cootHomenuu 1: 130: 140;

— (axTophl, YBEIMUYMBAIOIINE MEIOKATIM3AIMNIO JJEKTPOHOB, CHIDKAM OHMOJOTHYECKYI0 AaKTUBHOCTH. Y
HN3YYCHHBIX CoellI/IHeHl/Iﬁ 9TO MPOUCXOAUTIO B cneuy}omeﬁ II0CJICA0BATCIIBHOCTU (bTOpHCTLIﬁ BUHUII >
XJIOPUCTHIN BUHWJ = TPONHJICH > OpoMUCTHIA BuHMI. ClieIoBaTeNbHO, HHIYKTHBHEIA 3()(EeKT raJoreHoB Ha
BBIP)KCHHOCTh OMOJIOTHYECKOTO JICHCTBHUS 3TUX BelIeCcTB pacnojoxeH Ttak: F > Cl > Br;

— HEHACHIEHHAs CBs3b U1 JOCTIDKEHHS HauOoibIiero Owmonorndeckoro 3¢ddexra momkHa OBITH Y
KOHIIEBOT'O aToMa yriepoja: 1—0yTeH ObuT 00Jiee aKTHBEH, YeM yuc— WA mpanc—2—0yTeH.

M3ydeHa Taroke OWOIIOTHYECKas AKTUBHOCTh TAaKHX TOMOJOTOB OJTWJICHA, Kak 2,5—-HOpOopHaIueH,
LIUKJIONCHTANCH, AUIUKIONCHTAINCH, METH/IIMKIONCHTAINCH, aleTieH, amieH, 1,3—OyraaueH, QypaH,
muppod, THodeH, |-Mermmmuppon, 2—dyporutpun u nukioneHtagueH [38]. Hanboxpmeit 6momornueckoit
aKTUBHOCTBIO TIIOCNIE OTHJIEHA B OTHONIGHWHM WHTHOMPOBAHMSA CTapeHUs IUIOAOB OaHaHa o0nmaman
2,5-HOpOOpHaIMeH, LUKIONEHTAANEeH, aleTHJIeH K aJUIeH, T.e. COCIMHEHHWsS HMeEIoIre HeOOobIIue
CTepUYecKre pa3Mepbl. ABTOPHI IPUILIN K BBIBOJIY, YTO alleTHIIEH, ajuieH U 1,3—0yTaaneH KOHKYpHUPOBAIH C
STHJIEHOM 3a MECTO CBSI3bIBaHHUS, IIOCKOJIBKY IIpEINoiaraeTcs, 4Yro OTHIEH, NpeXIe YeM OKa3aTb
Omosornieckoe IeicTBHE B KIETKE, JOJDKEH CHadala CBA3aThCs ¢ penentopamu [6, 23, 24]. Kak u3BecTHO, o7
peLenTopoM MOHMMAIOT KOMIIOHEHTBI COOTBETCTBYIOIIMX TKaHEH MHIICHEH, colepikaiiue cneuupuyeckie
MeCTa IJid CBs3bIBAHHUA 6I/IOperHHTOpOB, B PE3YJbTATEC YETO IMPOUCXOAUT HWHHUIHALUA 6I/IOXI/IMI/l‘ieCKI/IX
PpeaxIii, HCOOXOIUMBIX JUIS MPOSIBIICHUS UX KOHEYHOTO Y dekra [4].

Cpsi3pIBaHUE ITHIICHA C OHMOMTOJUMEpaMH KJIETKH OOHApYKeHO B psizie pador [12, 22]. Tak, burnep ¢ coasT.
[22] BbisBHmm *C—>THiIeH B KMCIOH (pakimu TKaHel aBokaao u ropoxa. Cumokasa i Kasau [41] HaGmonanu
Brmouenne 'C—stinena 8 JJHK, PHK u Genku. OnHako, kak otmeuaior Cuciep u open [36], HeT mpsiMbIx
JI0Ka3aTeJIbCTB TOTO, YTO TaKasl CBsI3b 00pa3oBaHa MOCPEICTBOM (PU3UOIIOTHUECKH aKTHBHOTO PELENITOpA.

Casi3pIBaHUE 3TWIIEHA HOCHUT oOpatumblii xapakrtep [35]. TlokazaHo, 4TO HE TOJNBKO 3TWJIEH, HO W IpyrHe
osieUHBl KOHKYPUPYIOT 32 MECTO CBS3BIBaHUS in Vvivo B TKaHsAX ropoxa [39] u 606oB Burasl [11] . Ilo-
BUAMMOMY, HEKOTOpbIC LHKIHYeCKHe OJehUHbI U yuc—2—0yTeH MOTYT CBS3BIBATHCS C PELENTOPAMH, HO
AKTHUBAllUN APYTUX 3BEHLBEB CUCTEMbI pC€aJin3aliu HeﬁCTBHﬂ OTHUJICHA HC MPOUCXOOMT.

ITo muenuro Cucnep u Sur [40], cymecTByeT, IO KpalHeil Mepe, TpH HEBBIACHEHHBIX aclleKTa MEXaHH3Ma
nerictBus dTmieHa. KakuM o0Opa3oM M ¢ KakuM COEIWHEHUEM CBs3bIBaeTcs dTwieH? Kakas mepBuuHas
OMOXMMHUYECKas PeaKiysi U KaK OHa pealln3yeTcsi B MHOr0oOpa3ue OTBETHBIX PEaKLUi Ha JeCTBHE STHIICHA?

"Ony6mukosano B: Kypumii B. A. (1990) Bo3MoHbIe peakiuy OKHCICHHS W OOPa30BaHMs CBOGOIHBIX

panukanoB sTwieHa. Puznonorust u OMOXUMUsL KyJIbTYpHBIX pacTeHuil (Kue) 22:445-454.
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Beiiepom [16] u3ydeHBI MEepBUYHBIC 3TAIBl MeTa0ONIM3Ma STHICHA. Vcnonp3ys l4C—3TI/IJI¢H, OH TOKa3all, 4To
HEeOOJIBIIIOE €ro KOJMYECTBO BKIIOYACTCS B TKAaHH, a dacTh npespamaercs B CO,. ABTOp MPEANIOIO0KMI, YTO
MeTaboNIM3anysl STUICHA SIBISIETCS MHTETPAIbHONW YacThIO MEXaHH3Ma €ro JEHCTBHS, YTO MOATBEP)KIAETCS
00HApY)KEHHOW MPSIMON 3aBUCUMOCTBHIO MEXKIY STHMH Mpoueccamu. | MITOTETHUECKUI MEXaHH3M JACUCTBHS
STHJIEHA aBTOpP HM3J0XWI B BHAE cxeMbl [20] , mpearonaras, yTo oOHapyK€HHAs OKHCH STHJICHA JICHCTBYET
aHaJIOTMYHO camoMy OTwieHy (puc. 1). Bpuin oOHapyXeHbl Takke M Jpyrue MeTaboNUThl dTHIEHA —
strneHrKoNb U CO, [14] . YV pasHBIX pacTeHHi 3TH IPOAYKTH 00pa3yroTcs B HEOAWHAKOBBIX KOJIMYECTBAX,
T.e. CyLIeCTBYeT BHIOBas crneuuduyHocts Meradbonmusma otwinena [18, 20]. ITocne 24 u oOpaborku
IIPOPOCTKOB

HyC= CH»
Receptor [O]
COp
(?) Cu
Receptor Receptor
C C
u u

A A

]
o=C—-C=0 HpC= CH;

k \ o/
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HO/ \OH
||

CO»
CO»
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Conjugate of
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Puc. 1. T'umoTtetnveckuii MyTh HAYaIBHBIX TAMIOB MeTabOIM3aINK U AeHCTBHS dTIieHa [20].
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Puc. 2. Bo3MoxxHBIH NepBUYHBIN MexaHu3M AelcTBus stuieHa [40]: L; L, u L; —auranasl B MecTe
CBSI3bIBaHUA M, KOTOPOE MOXKET OBITh METAIIIOM; XMMHUYECKas IPUPOJa JIUTAHAOB U METaJUIa HEU3BECTHBI.
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ropoxa 60-70% meTabonuTOB 3THICHAa OOHAPY)KEHO B BOJOpacTBOpUMON ¢pakimu, 10-15% — B GenkoBoi,
oxono 1% — B mummamoit m 1-2% B HepacTBopuMoOii. CoOTHOIMICHHE coxepkanns '‘C—MeTaboInToB B
OCHOBHOW, HEWTpaidbHON u Kuciaod ¢paknusx — 50:40:10 [29]. B ceMsmonsx BUKH, TIC OSTHICH
MeTabonmu3upyercss ObICTpee, YeM B TPOPOCTKAaX Tropoxa, MpeoOIamaroliiuM IPOIYKTOM SIBIISIETCS OKHCH
stuneHa [32]. Tlpu usBneyenun 90% ot oOmie#t paaroakTHBHOCTH 65—75% mpencTaBicHO B OCHOBHOM,
15-25% — B =eitpambHOi 1M 5-10% — B kucnoit ¢paxumsax [18, 26]. HeifrpanpHble dpakiun copepx ain
MPEUMYILECTBEHHO STHIICHIJIMKOJIb, OCHOBHAS — ATAHOJI-aMUH, a KHCJIasi — OKCAJIaT U IJIMKOJIAT.

OxucieHue STHIICHa B OKUCHh STHIICHA MMPOUCXOAUT C yY4aCTHEM MOHOOKcureHassl [18, 25, 27, 32, 47]. Ha
OCHOBaHHMH TOTO, YTO TKaHW BUKH W AKTHHOMHIETHl YyBCTBUTENBHBI K TaKHM XE€JIaTopaM MeETajUIOB, Kak
8—TUIPOKCUXONHH, TUITHITHOKAPOOHOBAS KUCIIOTA, CIICIIaH BBIBOJI, YTO HMOHBI MEIH WM JKeJIe3a MOTYT OBITh
KOMITOHCHTAMH CHCTEMBbI OKHCIICHHS ATIIeHa B TKaHsx [8]. Oxnako Jloxc ¢ coasr. [27] coobmmmm, uro Cu®’
HE SABJISICTCSA KO(l)aKTOpOM 9THJICHMOHOOKCHUI'CHA3bI, H30Hl/IpOBaHHOﬁ u3 CeMﬂHOﬂeﬁ BUKU. B HaCTOsAIIEC BpEeMs
MHOTHE HUCCIICIOBATEIN MPUACPKUBAIOTCS MHEHHSI O TOM, YTO MOHBI ME/IM YYaCTBYIOT B CBS3BIBAHHUH ATHJICHA C
ouomnosmMepamu kinetku [18, 20, 45].

Bypr u bypr [23] paccMaTpuBarOT STUIEH KaK AWCCOLUMUPOBAHHBIM aKTHBATOp, CBSA3BIBAIOLIMHCA C
MeTauioM wWii MetamwiodepmeHToM. CrocoOHOCTh TIOCIEOHETO CBS3BIBATECS C OTHWICHOM MPSIMO  FUTH
OTIOCPEZIOBAHO 3aBHCHUT OT B3aMMOAEUCTBHS C KuciopoaoM. [lo-BuamMomy, CBS3b 3THIIEHA ¢ (QepMEeHTaMU
HeO6XOIlI/IMa A €r0o aKTUBAlMU MW 3aIllyCKa NOCMNH IMOCICI0BATCIIbHBIX 6I/IOXI/IMI/ILICCKI/IX peaKuHi&. Mﬂel/l
00pa3oBaHMs KOMIUIEKCA STHJICEHA C METaNIOM NpuAepkuBaeTcs W Alenec [6]. Drta maes Oasmpyercs Ha
JaHHBIX 00 00pa3oBaHMM KOMIUIEKCOB MeTauioB ¢ onepunamu [S]. Abenec [6] u beitep [13] usyunnu
B3aUMOJEHCTBHE METAIIOPELETITOPA C MEYEHBIM ¥ HEMEUeHBIM 3THIIeHOM. [IpopocTku ropoxa oOpabaTbiBaiu
B TEUEHHE HECKOJBKUX MHEH yuc—IEHTepHUPOBAHHBIM JITHJICHOM, a 3aT€M AaHAJIM3UPOBAIHN IIOSBICHUE €0
mMpaHc—U30MEpPOB B Ta30BOH cpene. B anamormyHoil cucreme HccienoBaH W mempa—IeHTepUpOBaHHBIA
stuneH (C,Dy4). B 9THX ombITax HE BBIABICHO M30MEpPU3AIlMH WM 3aMEHBI HOHOB BOJIOPOA, a OMOJIOTHYECKas
aktuBHOCTh C,H, ObITa cpaBHMMA ¢ TakoBoi C,Dy.

Ha MeTabonm3M 3TuIeHa U ero OHOXUMMUECKOE JeiiCTBUE CUIBHOE BIHSHIE OKa3bIBaoT HOHEI Ag', CO, B
KOHLeHTpauuu Oonee 7% W KUCIOpPOA B KOHLEHTpauuu meHee 5% [16]. B ombiTax ¢ mpopocTkamu ropoxa
YCTaHOBJICHO, YTO MOHBI 1Ag4r 6J'IOKl/Ip0BaIII/I BKIJIFOUCHHUEC 1A‘C:—STI/I.]'IeHa B TKaHW, HO HC3HAYUTCJIIbHO BJIMAJIN Ha
okucnenue ero 1o CO,. Hamporus, B mpucyrctBuu CO, (7%) WHrHOMPOBATIOCH OKUCIICHHE 14C2H4 1o CO,,
skmouenne ' 'C,H; B Tkanu He m3MeHmIOCH [16].

B pabore Buna [46] moka3aHo, 4TO mpenoOpabOTKa TECTUKOB T'BO3IUKKA B TEUYCHHE 3 4 B pacTBOpE
THocynb(dara  cepebpa, a  3aTreM  BBIIEpXKHBaHME B TedeHme 24 94 B pacTBOpe
1—amuHonmKIONponan—1—kapoonosoii kucioTel (ALIK) ¢ mocnenyromum momenieHrHeM B pacTBop 3%-HOM
caxapo3bl CHIXKAIM pocTcTUMyupytomee aerictsue camoi ALIK. Brigepxusanue nouek B pactsope ALK ¢
coJepkaHHeM B BO3ayxe 2,5—HopOopHagueHa (LMKIHMYeCKHd oneuH) He OKa3ajo CTUMYJIHPYIOLIETo
JEeHCTBUs. ABTOp MOJIaraeT, 4To JCHCTBHE HMOHOB cepedpa HOCHUT KOHKYPEHTHBIH C ITHJICHOM XapakTep.
AHanornyHorOo MHEHHS TpuaepkuBaercs Cuciep ¢ coaBT. [39], B To ke BpeMs psija HcciemoBarenell He
MOTBEPINIIN 3TO Ipeanoioxenue [15, 16, 28].

Cucnep u Sur [40] momarart, 4T0 HOHBI cepeOpa, B3aMMOIEHCTBYS C STHICHPEHENTOPHBIM KOMILIEKCOM,
00pa3yroT HEaKTHBHBIA JIMTaHj, He CIOCOOHBI CBs3bIBATBCA € dTWieHOM (puc. 2). OpHako Takoe
MPEANOJNIOKEHHE, KaK HaM TNPEJCTaBISIETCS, HE COIJIacyeTcs C JaHHbIMHU omnbIToB belepa [16], koTopblil
MOKa3aJl, YTO KOJNWYECTBO METaOOIM3UPOBAHHOTO B TKAHAX OTWICHA B ONPEICICHHOM UAITa30HE
KOHIIGHTpalui coBmagaino ¢ ero OwmomnormueckuMm addexrom. MoHBI cepebpa CHWKAIM HHTHOMpYIOIIEe
neiictBue atwieHa (0,2 mxi/in) Ha 48%. [Ipu yBearueHUH KOHIICHTpAIUK THiIeHa 10 20 MKJI/JT ACUCTBUE UX HE
MIPOSIBIISLIOCK.

[IpemnoxeHHBI MEXaHU3M B3aMMOACHCTBHS ITWICHA C HOHAMHU cepedpa He JaeT OTBETa Ha PsiI BOIIPOCOB.
Tak, ecnmu HOHBI cepedpa WHAKTHBHPYIOT PELENTOpP OJTWICHA WINM JENal0T HEAKTUBHBIM KOMILUIEKC
STHIIEH—PELENTOP, TO YTO HPOUCXOIUT C PELETITOPAMH, €CIIH JOMOIHUTEIBHO YBEJIHMYUTh KOJMYECTBO ATUIICHA
B ombITe? COrTacHO MEXaHU3MY, IPEINIOKEHHOMY Ha PHC. 2, Y9aCTHE PEHEeNTOPOB ITWICHA B MPOSBICHUN €r0
JeficTBHA 3a0JI0KHPOBAaHO. DTO O3HAYAET, YTO STHIICH MOXKET IMPUCYTCTBOBATH B KJIETKE B JIIOOOM KOIWYECTBE
(paBHOM MJIM HAMHOTO OOJIBIIMM YHMCITy PELIENITOPOB), HO HE B3aUMO/ICHCTBYET C OMONONIMMEpPaMHU KJIETKH, T.€.
OTCYTCTBYET Ouoyorudeckoe neWcTBue. [IposiBieHHe e IEHCTBHS ATWIIEHA IPH IOMOJHUTENEHOM €ro
BBEJIICHHU, T.C. IIPH YBEIMUCHUH €TO KOJUYECTBA B KIIETKE, C HAIICH TOYKHM 3pCHMUs, O3HAYACT MOSBICHUE (FUTH
K€ OCBOOOXKIIEHHE W3 CBSI3aHHOTO COCTOSHHS) HOBBIX PEIENTOPOB, CIIOCOOHBIX OOpa30OBHIBATH AKTHBHEIE
KOMILUIEKCHI C 3THJICHOM. M3 muTepaTypbl HaM HEM3BECTHBI CIIyYad TaKOro OBICTPOro oOpa3oBaHUs (CHHTE3a)
HOBBIX pELENTOpOB 3THieHA. [loaToMy MBI JOIyCKaeM BO3MOXHOCTh MPSMOTO NEWCTBHS OSTHJICHA Ha
OMomoNMMMepHI KIETKH, T.€. 0€3 IpeABAPUTEIHHOTO CBI3BIBAHUS C ITHICHPEHIENTOPHEIM KOMIUIEKCOM. B cBsi3n
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C BBILICU3JIOKEHHBIM MBI TIpeJylaraeM Clielylonnid MeXaHu3M B3auMOJEWCTBHUS STWIIEHA C MOHaMH cepedpa.
Honsl cepeOpa B3anMOAEHCTBYIOT HE C PEUENTOPHBIM KOMIUIEKCOM O3THJICHAa, a COOCTBEHHO C CaMHUM
STUIICHOM. Peakius Mexmy cOoJIbBaTUPOBAHHBIM HOHOM cepebpa M ITHIICHOM B OOIIEM BHIE 3alMCHIBACTCS
CIEeIYIONUNM 00pa3oM:

Ag" + stunen = [ Ag (otunen) ]
Ag (3tunen)” + Ag" = [Ag (orunen) °T u T

ITosTomy Korza MoJsipHas KOHIIEHTpAIWs 3THJIEHA MEHbIIE, YeM cepedpa (WiH ke KOHIIEHTPAIUH 000mX
BEIIECTB HKBUMOJISIPHBIE), O0Opa3yrOTCsi HEaKTHBHBbIE MaJOIOABMKHBIE KOMIUIEKCHI, T.e. HaOmoaaercs
CBSI3bIBAaHME ITWJIEHA W OJIOKHPOBAHUE €0 IEPEIBIKECHUS U AeHCTBUS. [IpH JONONHUTENEHOM HOCTYIIIICHUH
STHIICHA WOHBI cepedpa IMOJIHOCTHIO CBA3BIBAIOTCS, a MINHIICK ITHICHA (HECBSI3aHHBIM STHIICH) MPOSIBIIIET
Oouosornueckoe [eicTBHe (TOPMOXKEHHE POCTOBBIX IIPOIECCOB). TakuM 00pa3oM, COTJIACHO HAaIIeMy
MIPEATIOIOKEHHIO, HOHBI cepedpa He B3aUMOJICHCTBYIOT C PELIENTOpaMH ITHIIEHA, HE KOHKYPHUPYIOT 32 MECTO
CBSI3BIBAHMS Ha pELENTOpe, a HEUTPAIU3YIOT COOCTBEHHO 3THIICH. DTO TOATBEPIKIAETCS OMBITAMU C MEUCHBIM
STHICHOM. Tak, He ObUT0 OOHAPYKEHO pPa3MUYMil MEXIy MEYCHHIM (IEeHTepHUpPOBAHHBIM) M HEMEUYCHBIM
STHJIEHOM MO CHOCOOHOCTH MHIHOMpoBaTh pocT crebns ropoxa [6, 9]. [lo MHeHHIO aBTOpOB 3THX pPadoT,
B3aMMOJICHCTBHE ITWJICHA C OMOMOJMMEpPaMH MPOTOIUIA3MEI MPOUCXOIUT 0e3 ydacTusi KapOOH—KapOOHOBBIX
1100 BOJOPOA—BOJOPOAHBIX cBsizeil. ClieoBaTeNbHO, HA HAIl B3IV, 9TH DKCIIEPUMEHTHI HE MOJATBEPIKAAIOT
HOCI0 O TOM, YTO IEHCTBHE ASTHIICHA OIOCPENOBAaHO 0Opa30BaHHMEM KOMILIEKCAa MeTauI—-3THieH. Eciaum Obl
KOMIIJIICKC MCTAJII—-OTUJICH ABJIAJICA YaCThbIO MEXaHU3Ma ﬂeﬁCTBMﬂ O9THUJICHA, TO [lel‘/lITepI/IpOBaHHI)II‘/II OTHJICH U
HEMEYEHBIH JOJDKHBI 10-Pa3HOMY BECTH ce0si B OMOXMMHYECKHX peakuusx (Tak Ha3bIBaEMBIH H30TOIHBIA
addekr). K Tomy xe cpoJcTBo cepedpa K AeiTepupoBaHHOMY 3THiIeHY Bo3pacraet [10], a 3To 3Ha4YMT, 4TO NpH
OJUHAKOBBIX KOJHMYECTBAX MCUCHOI'O M HEMCECYCHOI'0O JTHJICHA B O6bl'-lH]>lX HWOHHBIX PpCaKIuAX 6y}1yT
HaOII0aTHCS CYHIECTBEHHBIE PA3IHYMSL.

IToka3aHO, 94TO CKOpPOCTh METabONM3aINK ATHIICHa KOPPETHPYeT C CO3pEeBaHWEM M CTapeHHeM TKaHeH, a
HOHBI cepebpa CHUMAIOT KaK JIeHCTBHE dTUIICHA, Tak U ero npespamenue B CO,. OqHako MOHBI cepedpa (Kak u
CO,) He UHTHOMPOBAIX OKUCIICHUE TWICHA B OKHCH dTHIICHA [8]. AHANIOTHYHBIC JaHHBIC MPUBOIAT U CMUT C
coaBT. [42], KOTOpBIE TOKA3aJIH, YTO HOHBI cepebpa AeiCTBOBAIM KaK HHIHOUTODP BKIIOYCHHS ' C—JTHICHA B
Tkanu. [Iporecc okucineHus stuicHa TpeOyer Hamuuns HAJID u cxemaTHdeckd MOXKET OBbITh IpEACTaBICH
cnexyrommmM obpazom [43]:

C,H, + O, +HAJA®H + H" — C,H,O + H,O + HAJI®H".

XoTs1, Kak IoKka3aHo B pabore Abemneca [8], CO, He HHTHOMPOBANI OKUCIICHHE STIJICHA B OKHCH STHJICHA, OH
OKa3bIBaJl IPOTHUBOIIOIOKHOE JieiicTBUE Ha onajganue 60608 [31], co3peBanue mioaoB [7] ¥ yBiJaHUE 1IBETOB
[44]. Bypr u Bypr [24] mpemmoxunmu, uro CO, KOHKYpHUPYET C STHICHOM 3a MECTO CBs3bIBaHHUA. OTHAKO
MIPOBEJICHHBbIE HCCIEAOBaHUS in Vitro 3To He moATBepawnn [35]. BO3MOXKHBIH MOJIEKYJISIPHBIH MEXaHU3M
B3amMozeicTeus 3TmwieHa u CO, npenmoxked B padore Cucnepa u Byna [37] (puc.3). XoTs OH U oTpakaeT
HEKoTOpbie cTopoHsbl neiictBus CO,, Bce ke, kak oTMeuaroT bypr u Bypr [24], HeBepostHO, uTo0b CO, Tak
4acTO BBIMONHAN (DYHKIMHA TMPHPOJHOTO PETYIATOpa pocTa B  KOHICHTPAIUSAX, MPEBBIMAOIIAX
¢u3noNMOTMUeCKne UIsI OTHUX TKaHeW, Tak Kak B KOHIGHTpauuu Oomee 5% OH aKKyMyJIHpyeTcs
MIPEUMYIIECTBEHHO B MEXKJIETOYHOM IIPOCTPAHCTRE.

+

NH - L
N oy HC NHs 2 cwy  cHp :

CH3—S—CHp—CH»—CH—-COO —> I/C\ —&-=>|| — || vowiiMo Ly — Action
| H»C coo- A CH» CHy : T
CH» L3 L
| ACC Inhibition CO»
Adenosine Inhibition CO)
HO OH . .
Stimulation CO7

S-methyladenine ) ) )
Increasing enzymatic CO; synthesis

Puc. 3. Bo3amoxxnsie Touku B3aumoeicTeus atwiiena u CO, [37].
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OTBeT Ha 3TH BOINPOCHI, O-HAIIEMY MHEHHIO, MOXKET OBbITh ciefytomuii. OKHCh STHIEHA B3aUMOJECHCTBYET C
CO, u 00pa3yeT aKTUBHBIA METa0OIHT — ITHICHKapOOHAT.

H>C ~ HpC —O\
| O + COp, —» | C=0
HoC ~~ HyC — 0/
Dmunenxkapbonam

[ocnennuii nerko BCTyHaeT B peakLUH MPUCOSANHEHUs, T.€. OBICTPO METAOONU3UPYETCS U BKJIIOYAETCSA B
KJIETOYHbIE OMOTIOIMMEpBI, IPAKTHUECKH HE BIIMSA Ha POCTOBBIE Iporecchl. Takum 00pa3om, 00pa3yromuiics B
Mpolecce MEeTadoJIM3alMK ITUIIEHA OKCHJI SIBISIETCS HEe apTe(akToM, a MPOAYKTOM €ro B3aUMOJCHCTBUS C
OnononmMepamMu KIeTku [32] W WMeeT HENmOCPENCTBEHHOE OTHOIICHHE K (H3HONIOrHYecKuM ddderTam
stunena [17, 18]. Ilporeccsl OKUCIIEHUs 3TUJIEHA C YYacTHEeM MOHOOKCHUTE€HA3bl M3BECTHBI KaK JIJISl HU3IIUX
[25, 47], Tak u ans Beicmmx [ 18, 27, 32] pacTeHuid.

Omnako kpoMe (EepMEHTAaTUBHOTO MBI  IIPEAIONAracM  CYIIECTBOBAHWE M aJbTEPHATHBHOIO
HeepMEHTATUBHOIO MyTH [3] OKMCIEHHS 3THJIEHa B CTPECCOBBIX COCTOSIHUSIX, TOTAa B KIIETKE PE3KO
ymenbmaercs coaepxanne HAJI® n uHrnOupyercs akTHBHOCTH (PEPMEHTOB, B TOM YHCJIe MOHOOKCHTeHa3. Ha
(oHE PE3KOro CHWKEHHUsS KOJIMYECTBA BOCCTAHABIMBAIOIIMX areHTOB M AKTHBHOCTH (PEPMEHTOB YCHIICHUE
JIECTPYKTUBHBIX MPOLIECCOB, BBI3BIBAEMBIX 3THICHOM, OCOOCHHO B OOJIBLIMX KOHIIEHTpALMUsX, 00YCIOBJIEHO
HeepMEHTATHBHBIM OKHCIICHHEM, KOTOPOE MOKET MIPOUCXOIUTh IIPH B3aUMOIEHCTBHH C:

MIEPEKUCHBIMH paJiKaIaMu

HpC=CHp + HO.2 —» HyC—CHp + HO

)
aTOMapHbIM KHUCJIOPOJOM
+[0]
H)C=CHy — " »  HyC— /CH2
0
TUAPONEPOKCUIOM, C o6pa303aHMeM OKCHpaHa U TPAHCTJIMKOJIA
OH
+HyO»y +H*t +HpO |
H)C=CHp —— > H)C—CHy ——> H)C—CHy ——> HyC— CH;
~HO \_/ \+/ ~H :
O (|3 OH
H
TUAPONEPEKUCHIO, HAIIPUMED, JKUPHBIX KUCIOT
ROOH
H)C=CHy —» HxC— CH;
Mo \
HaAKUCIIOTaMU
HpoC, H—O HyC
CH H e R 2
s |(|) = > | — | >o + RCOOH
CHp NO— C—R 2 O C—R HpC

OxcupaH »THiIeHa 00pa3yeTcsl BCIEACTBHE BHYTPUMOJEKYJSpHOTO pacmana (1) wim mpu OTHICTICHUH
npoTtoHa (2)

HpC  HOz H— O— O—CHp H2C

| — | o> .10 (1)
H»oC *CH» HpC
H)C o' ~ HC—OH HaC\

| —— |+ — | O (2)
HpC HpC H HpC 4
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[Io XuMuYecknM CBOWCTBaM OKCHpaHbl — aKTHBHBIC COCAMHEHHUS, BCTYNAIOIIME B pEaKkUuio C
MTOCTIEIYFOIIAM PACKPBITHEM KOJIbIIa, KOTOPas KaTaIu3UpyeTcst KuCIoTamH (3) Wit ocCHOBaHUSMH (4)

+H* .

1z
H)C—CHy —>» HpC——CH) —» Hp)C—CH» (3)
0 X5/ ||
| Zz OH
H
HpOMOHu]?O@aHHCl}Z ONOKUCb
HoC— CH
RN+ 2, > . (4)
| | | +
H OH H—(l) <|3
CHyCHOH CHpCH0H

IIpu packpbITHH 3MOKCUIHOTO Kosbla [21], yamie Bcero BceACTBHE B3aUMOAEHCTBHS ¢ OHMONOIMMEpPaMH,
BO3MOXKHO 00pa30BaHUE CIEAYIONINX COSUHEHNI:

- +H)O —» CH3— ?H — CHOH
OH

- +ROH —» CHz— CH— CHyOR
I

OH
- +RCOOH —» CH3— $H— CHy— OCOR
OH
CH3— CH— CHp [ +RCONH2 —» CH3 — CH— CHy —NHCOR
No” |
OH
- +HS —» (CH3— CH— CHp—SH
I
OH
- +HCN —»  CH3— $H — CHp—CN
OH

Y o— (li— CH3
N\ O— CHy

B cBsf3M c BBICOKOH PEAaKIIMOHHON CHOCOOHOCTBIO OKHCH ATHJICHA CBSI3BIBAETCS C MaKPOMOJIEKYJIaMH
KJICTKH, o6pa3y$1 KOHBIOI'aThI. HOBTOMy YMCHBIICHUE BLIACIICHUA JHAOTCHHOI'0 3THUJICHA TKAaHAMU (nocne
JIOCTI)KEHUSI MAaKCHUMAJIBHOTO YPOBHS) TOJ IEHCTBHEM Kak (PM3WYECKHUX, TaK M XUMHUYECKUX CTpeccoB [6, 20,
33, 40, 43, 48], mo-HamieMy MHEHUIO, SIBJIICTCSI CJICICTBHEM HE CHI)KCHHS CKOPOCTH 00pa3oBaHuUs, a
OKHUCIICHVSI U CBS3BIBAHUS OKHCH 3TWIECHA ¢ OwmomnoimMepamu. K TOMy ke B pacTCHHSX MUK BBIICICHUS
TKaHSIMH 3HOTEHHOTO 3THUJICHA HE COBMAIAET C MMKOM €ro MeTabonu3anuu B TKaHsax [19].

PaCKpLITI/Ie SIMOKCUAHOTO KOJIbIla MOKET OCYIIECTBIATHCA U (bepMeHTaTl/lBH])IM nmyTéM ¢ YydaCTuem
snokcuruaparazsl [30]. IIpm 3TOM CHMXKaeTcs colep)KaHWe BBICOKOPEAKIIMOHHON OKHCH JTWIICHA, YTO
MIPEIOTBPAIIACT €€ B3aNMOACHUCTBUE C OETIKAMHU, JIUITUAAMH, YTICBOAAMU ¥ HYKIEHHOBBIMH KHCIOTAMH.

MOHeKyHHprIﬁ MEXaHHU3M IleﬁCTBPISI 9THUJICHA TOYHO HC M3BECTCH, XOTSA MHOIUC IMCPBHUYHLIC PECAKIINU YIKC
n3ydeHsl [6, 20, 33, 40, 43, 48]. Panee MBI IPEANONOXKIIHA, YTO OH MOXET 3aKIF0YaThCsA B 00pa30BaHUM in
Vivo CBOOOJHOPATUKAIBLHBIX MpoaykToB [1-3]. Huke NPUBOIUM TEOPETUUECKA BO3MOXKHBIC MEXaHHU3MBI
nepexo/ia THIeHa B CBOOOAHOPAIMKaIbHOE COCTOSIHHE ITPH B3aUMO/ICHCTBUH C:

ANKOKCHJIBHBIMH PaIuKaTaMu

_ + RCHO —» RHC

+
. CHp CHp

Ph CHp CMepO + || — Ph CHp C MepO é
CHp Hp
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TNIEPOKCUJIIbHBIMU paarKajlaMU

ROO + HyC= CHp» —» ROO— CH»— CH»
B pesyibrare mpucOeAMHEHHS MEPOKCHILHOIO pPagUKaia 10 JABOHHOW CBSI3M OOpA3yIOIIMHACS HOBBIN
palrKai MOXET Jjajiee pearupoBaTh ¢ KHCIOPOJIOM

. 0 .
ROO— CHy— CHy —2» ROO— CHp— CHy— 00

WJIK pasjiaratbCsa € o6pa303aH1/1eM OKHUCH OTHUJICHA U AJIKOKCUJIBHOI'O paarKaja

ROO— CHp— CHp — RO + CHp— CH»
~o”

IIpu sToM uem cTabuibHee Takod [—NEPOKCHIIBHBIA pajMKans, TeM OH OoJiee CKIOHEH pearupoBarh C
KHCIJIOPOJIOM, YeM pasznararbcs. Takum oOpa3oM, yXe NMpH MPOXOXKIECHWM ASTWIIEHA 4epe3 JIMINHMIHBIA CIIoH
MeMOpaH BO3MOXHO He(epMEHTaTUBHOE 0Opa3oBaHME OKCHpaHa. B manpHeimeM OKcHpaH STHIEHA MOXKET
B3aMMOJEHCTBOBATh C BOJON M 00Pa30BbIBAThH STHIICHIIIMKOIb

HpC HO.... CH

H\ 25\ + H\ + 2
H HoC H | CHpOH
CHoOH

KOTOpLII\/‘I TaK)Ke MOXKET B3aHMOJICHCTBOBATH C THAPOKCHUIIOM

HOHyC— CH)OH + OH —» HOHpC—CHOH + H20

BCJ'IGI[CTBI/IC KI/ICJ'IOTOK&TEIJ'IPBI/IPYCMOﬁ (bpaFMeHTaIII/II/I MOXET 06p330BHBaTLCH HOBBII CBO6OHHLII>1 paaukal

CHp— CHO
HOHpC — CHOH —» ﬂ + HO0
CHp— CH—O

Kpome Toro, cBoOOOIHEIE paANKaIIbl STHIEHA MOTYT 00Pa30BBIBATHCS NIPH B3aUMOJICHCTBHH C:
THIPOKCUIBHBIM PaJUKaIoM

HyC=CH, + OH —»  HpC—CHyOH

TUAPONEPCKUCHIO, HAIIPUMED, JKUPHBIX KUCJIOT

CH2 ROOH  H2C\_ HyC — CHp HoC — CHp )
Il —F—> | 0 +ROOH —> = = © + RO
CHp © HoC ROO OH 0" OH
HoC — CHp . . HyC — CHp .
B + RO (ROO) _» T + ROH (ROOH
0O° OH O OH
H>C — CH»p H>C — CHp . ..
I + ROH (ROOH) —» | + RO (ROO;
O OH HO OH

O06ajas HU3KOM MOJIEKYJIIPHOM Maccoil M MaJIbIMU CTEPUYECKUMHU Pa3MepaMHu, STHIEH OYeHb NOABHKEH B
kietke. [Ipoxons uepe3 MemOpaHy, OH MOJKET JIETKO IEPEXOAUTH B CBOOOIHOPAIUKAIBHOE COCTOSIHUE YK€ B
caMol ee JMHIUAHON (basze, comeprkamield THAPOIIEPEKUCH JIUMTUA0B. Takoi Mepexoa BO3MOXKEH JHOO MyTeM
MepeHoca IPOTOHA

HpC=CHp + ROOH —»  HyC—CH,OH + RO ,
00 IMyTEeM aTaky Ha KHCIIOPOJT
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HpC=CHp + ROOH —» HC—CHz + ROO

Taxum 06pa30M, MOJICKYJIAPpHBIC PpEaKIUMu JSTUIJICHA in vivo O6YCJ'IOBJ'I€HLI nepexoaoMm €ro B

cBOOOIHOpaUKaIbHOE cocTosiHIE. CBOOOAHBIE paiuKalIbl ATUIIEHA — BBICOKOPEAKIIMOHHBIE YaCTHIIBI, KOTOPbIE
W 3aI1yCKaIOT LeNb ()ePMEHTATHBHO HEKOHTPOJIMPYEMBIX OKHCINTEIbHO-BOCCTAHOBUTEBHBIX PEAKLIMil CHavYaa
B JIMNHMJaX MeMOpaH, a 3aTeM M B IUTOIIa3Me KJIETKH. B NPOTHBOIOIIOKHOCTE 3THIICHY STaH He 00pa3yeT B
KJIETKE CBOOOJHBIX PaJUKaloB M, MO—BHIANMOMY, BKJIIOYAaeTCs B OOIIMII METabOIU3M, UYTO M BBIPAXKACTCS B
OTCYTCTBUH CBOWCTB OMOPETyJISTOPa B CPABHUMBIX KOHIIEHTPALIUSX.
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[omyueno 15.09.89

SUMMARY

Kurchii BA (1990) Possible reactions of ethylene oxidation and formation of its free radicals. Fisiologia i
Biokhimiya Kulturnykh Rastenii (Physiology and Biochemistry of Cultivated Plants, Kiev) 22: 445-454 (In
Russian).

The contemporary data on the molecular mechanisms of ethylene action are presented. It is proposed that
ethylene forms inactive and low mobile complexes with silver ions while with CO, it forms ethylene carbonate.
Possible mechanisms of ethylene oxidation and its free radical formation are suggested and described.
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5

CHU)KEHUE SHIOTEHHOI'O COAEPKAHUSI ABCIIM30BOM KUCJIOTHI
[IPU UHTUBUPYIOIIEM JEVMCTBUU HEKOTOPBIX ITPUPOIHBIX U
CUHTETUYECKUX BUOPEI'YJSTOPOB HA POCT ITPOPOCTKOB O3UMO
PXXKHU "

b. A. Kypunii

Wucturyt ¢puznonornu pactenuid U reHetnku AH Ykpannsr, Kues

AobcmmsoBas kucinota (ABK) — mpuponHbIil perynsaTtop pocta — MIMPOKO M3BECTHA KaK WHTHOWTOP POCTOBBIX
IpoueccoB y pacTeHuid. OHa KOHTPOIMPYET pa3nudHble (PU3HOIOTHUECKHE MTPOLECCHI: OT MPOPACTAHUS CEMSH
JI0 CO3peBaHMs IUIOJIOB W OmajgaHus JuctheB. ONHAKO, HECMOTPS Ha OOJBIIOE KOJIMYECTBO HMCCIECAOBAHUM,
NepBUYHbIE MeXaHU3MBbI AeiicTBUsE ABK Hen3BecTHBI.

W3yueno suporenHoe conepxkxanne ABK B mpopocTkax 03WMOW pKH 1O BIUSHHEM HHTHOUPYIOIIETO
JeHCTBHS CIIEyIOMMX BEIIECTB: P—MHIOMMIyKCycHOi kucnotel (MYK, 107 M), searmma (107 M),
rub6epemnosoii kucotel (IK, 107 M), muxsiopama (1072 M), 2,4—auxnopdeHokcHyKeycHO KucaoTsl (2,4-]1,
107 M), 2-xmnopatrndocdorosoii kucaorst (XIDK, 102 M), auksara (10° M) u ABK (107 M).

CeMeHa 03uMoOM pku mpopaiusany B Tepmoctare npu 24 °C. IIpopocTku ¢ qnuHol koneontunsd 10—15 mm
3aMauuBal B BOJHBIX PAaCTBOPaxX yKa3aHHBIX PErylsTOpoB B TeueHHEe 15-30 MHHYT M HCIIOIB30BaNIU I
ananmza. Conepxanne ABK ompenensiim MeToa0M ra30KuIKoCcTHON XpoMaTorpadum [1].

Ilo pesynpraTam aHanmM3a cyxas Macca NPOPOCTKOB CHIDKAJIACh IMOYTH Cpaszy jke Iociie o0paboTku
ouoperymsaropamu (puc. 1, A). Uepe3 6 u y Bcex BapHaHTOB OTMEYAJIOCh YBEIMYCHHE SHIOTCHHOTO
coneprkanus cBodonuoi (puc.l, B) u cesazannoit (puc.l, B) ABK. O6miee xonuuecteo ABK yBenmuunBanoch B
TeyeHne 12—18 4 mocire 00paboTKH, a 3aTeM CHHKAIOCh. Y TIPOPOCTKOB, 00paboTanHbIX pacTBopamu ABK (10
3 M), HabmIOAaNOCh yBEIHYEHHE €€ YPOBHS B HadalbHBIA mepuoji. Takum oOpa3oM, B OTBET Ha JACHCTBHE
peryJsiTopoB pocTa YBEJIMYMBAJIOCH cojepkaHue osHaoreHHoi ABK, koTopoe B mociemymoomeM pe3ko
CHIDKAJIOCh, NPU 3TOM HAKOIUICHHWE IPOPOCTKAMM CYXOH Macchl W pocTa WX B JUIMHY HE HaOII0asoCh.
[Tostomy cnenan BeiBox, uto ABK He Morna OBITE IPUYWHONW HHTHOUPOBAHUS POCTA MPOPOCTKOB.

Panee HamMu TpeAyIOKEHO, YTO MOJEKYJISPHBIH MexaHm3M naeicTBus ABK Moxxer ObITH 00ycIOBIECH ee
AQHTHOKCHJAHTHBIMU CBOHcTBamMHM [2]. B cBsi3m ¢ 3TuUM npoBenn oOpabOTKY NPOPOCTKOB PacTBOPaAMHU
ABK.

r/ omH 021 A Il HI/T b HI/T B

popo- L7 Cl‘g]";(%?‘(’)l 5oL Macchl g0 L

cox e i

TBa ma A0
30
20
10
1 1 1 1

24 48

Puc. 1. Macca cyxoro BemecTBa (A) MPOPOCTKOB O3UMOW PiKHM M CojepkaHue B HuX cBobomuoit (B) u
cszanHoit (B) ABK mocie o6pa6orku pactopamu: 1 — ABK (10° M); 2 — 3earuna (102 M); 3 — 'K (10 M);
4 — XDOK (102 M); 5 — UVK (10 M); 6 — 2,4-J1 (10 M); 7 — maxsopama (102 M); 8 — quksara (10 M); 9
— ABK (10™ M B Teuenue 1 4 3a 4 4 j10 00pabotku pactBopamu aukBara, 2,4—/1, YK nu XO®K); 10 — ABK
(10° M B Teuenne 30 muH 3a 4 u 10 06paboTKK pacTBOpamu mukBata, 2,4—J1, UYK u X2®K); 11— koHTpons
(oOpaboTka BOIOI).

" Ony6mukoBano B: Kypumii B. A. (1992) CHikeHne SHIOTEHHOTO COICPKAHNS aGCIH30BOi KHCIOTHI MPH
MHTUOUPYIOLIEM JeHCTBUN HEKOTOPHIX MPUPOIHBIX W CHHTETHYECKUX OMOPETYJSITOPOB HA POCT IIPOPOCTKOB
o3umoit pxu. B ku.: B.B. MopryH, b.A. Kypuuii, A.B. Pyban, pexn, Perynaropasie MexaHU3MBI B (pH3HOIOTHI
pactenuil u renetuxe. M3narensctBo Haykosa gymka, Kues, c. 136—-142.
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BbiiepkuBaHue KOPHEH 03uMOM piku B TedeHue 24 4 B pactope ABK (10° M mmu 10° M) B Teuenue
omHOTO Yaca 3a 2—4 4 mo obpaboTku pactBopamu amksata, 2,4-J1, UYK u XO®K npuBoanio k ToMy, 9TO
neficTBHe mocienHuX ocmabisuock. O6paGoTka mpopocTkos B pactBope ABK (107 M) 3a 1 4, 0JHOBPEMEHHO
i 4yepe3 2 4 mocie obpaborkm mukBarom, 2,4-J[, UYK u XOOK He u3MeHsUia POCTHHTHOHPYFOIIEE
neiictBue STHX perymsatopoB. CremoBatensHO, 4ToO0bl ABK oOkasanma 3ammTHOE neificTBHe, OHa ITOJDKHA
MIPUCYTCTBOBATH B KJIETKE JO Hadaia NEHCTBUS M3y4YEHHBIX OuoperynsaropoB. Kpome Toro, HeoOXommmo emre
HEKOTOpOe BpeMs aKkTMBUPOBaHUs ee B TKaHsiX. Takum obpazom, ABK mpenstcTBoBana AeHCTBUIO N3yYEHHBIX
peryJsiTopoB, HO HE BIMJIA Ha XOJ BOCCTAaHOBJIEHHS HW3MEHUBIIMXCS CTPYKTYp MM OHOXMMHYECKHX
TIPOIIECCOB.

Ha ocHoBaHmm 5uTepaTypHBIX M HAIIMX JAHHBIX MBI IOJIaraeéM, YTO AHTHOKCHIAHTHBIMHA CBOWCTBAMH
Moxer obmanars 1',4'—1mmc—nnon—ABK (2). Ilpu B3auMoneicTBIM mocieaHell co CBOOOAHBIMHU pauKaIaMU
(R, RO’, ROO™ ), KOIHYECTBO HX PE3KO YBEJIMYMBACTCSI BCIIEACTBUE TIepexona OHOpPEryIsITOpOB B
CBOOOHOpAIMKAILHOE COCTOSIHHE W MHUIMUPOBAHUS MMM IMEPEKUCHOTO OKHCIIEHHs JUNuIoB. [Ipu otaaye
JIByX aTOMOB BOAOpOJa Ha HeWTpalm3anuio cBoOOAHBIX paaukanoB ABK obpasyer okucnennyio dopmy (3),
KOTOpasi BCIEICTBHE BHYTPUMOJICKYJIIPHONH MHTPAIlUN BOAOPOAA IMpeBpamaeTcs B ucxonuyoo dopmy (1) mmm
1", 4'-snuauoxcun (4):

/
X ,’\VS . \/\i
Y ‘OH COOH . ‘0 CooH
ABA 3)
@) +2e, +2H* ” +2R ¢
ZoRH
/ N I\
20 OOH
HO, ‘OH COOH -=—
H H
(] @

Takum 00pa3om, B OTBET Ha yBEJIMUYEHHE KOJIMYECTBAa CBOOOHBIX PaJHKaOB B KJIETKE (HAlpUMEp, B OMBITE C
JIMKBaTOM) HPOUCXOIWIO YBEJIMYCHHUE KOJIMYECTBA aHTHOKCHIaHTOB, B T.4. ABK. Opnako kosnmuectBo
CBOOOIHBIX PAJUKaIOB ObLIO OOJBLINM, YEM aHTHOKCHAAHTOB, CBOOOJHOPAIMKAIBHEIE IPOLECCH OCTAHOBHUTD
HE yIaJoch, 9TO W MPUBEIO K MPEKPaIleHHIO POCTOBBIX IMporeccoB U pacxonoannio ABK. Taxkmm oGpazom,
NIPOSIBJICHNE JAEHCTBUSL CTpecca — I3TO PE3yJIbTaT B3aWMOAEHCTBUSI AKTHBHBIX CBOOOJHBIX PpaJUKaJIOB C
OnomnonMMepaMu KIETKA M aHTHOKCHAAHTaMH, KOTOPOE MOXKET BBIPaXKaThCs MO-pa3sHOMY (pHC. 2):

1. HesHauwTenbHOEC TMOBBIIICHHE ECTECTBEHHOIO YPOBHS CBOOOIHBIX panukanoB (KOHTPOJIHPyEMOe
noBeIieHue). CyMMapHOE JeHCTBHE CBOOOTHBIX pPaIMKaOB Ha OWOIMONMMEpHI KJIETKHA HEHTpaln3yercs
MPEUMYIIECTBEHHO (PepMEHTATUBHO WIIM aHTHOKCHIAHTAMHU — aKTHUBAIUs pOCTa.

2. 3Ha4YMTENBHOE MOBHIIICHNE CBOOOIHBIX PAIUKAIOB B KJIETKE (YACTHYHO KOHTPOJIMPYEMBbIi ypoBeHs). Eciu
CyMMapHO€ NeWCTBHE CBOOOIHBIX PAIWKAIOB TOJIBKO YACTHYHO HEHTpanm3yercss (epMEHTATHBHO WIIN
AHTUOKCH/IAHTaMH, TO HAOIIONAEeTCs] MHIMOMPOBAaHHWE POCTOBBIX MMPOLIECCOB: YMEHBIIEHHE KOJINYECTBA
9HJIOTEHHBIX OHOPETYJISATOPOB; CHIDKEHHWE CHHTETHYECKHX MpoleccoB W KomuuectBa AT®D; HapyuieHue
AKTHBHOTO W IACCHBHOT'O TPAHCIIOPTa Yepe3 MEeMOpaHbI; CIIMBKH MEMOpPAHHBIX OEJKOB, YMEHBIICHHE UX
BpAIIaTEeNIbHOM U JIATePaIbHON MOABMKHOCTH; YBEIMUYCHUE MOPsIIKa (GOCHOIMIHIHBIX HeNel; yMEHbIICHHE
3JIEKTPUYECKOTO CONPOTHUBIICHNUS; YBEITMUEHUE BA3KOCTHU JIMIUAHOTO CIIOA.

3. Bricokoe copepkaHue CBOOOTHBIX PATUKAIOB B CPABHECHHH C €CTECTBEHHBIM YPOBHEM (HEKOTPOIUPYEMOE
noBeIieHne). CBOOOAHOpAAMKANBHBIE PEAKUUH — HEKOHTpoiupyemble. KoiamuecTBO aHTHOKCHIAHTOB
3HAYUTEIBHO HIDKE CBOOOJHBIX pAJWKAIOB (WIM OTCYTCTBHE AHTHOKCHIAHTOB) — THUOEIh KIIETOK:
OKHCJICHHE JIUMUI0B, OENKOB, YIJICBOJAOB M HYKJICHHOBBIX KHCIIOT; MOJHAS MOTEPS MOJIYHPOHHUIIAEMBIX
CBOMCTB OroMeMOpaH, repeaun HHPOPMALK OT HAPYKHBIX K BHYTPEHHHUM KOMITQPTMEHTAM KJIETKH.
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CTPECC:

OUBUYECKHH

.

Hunyxiust oopazoBanus [IpeoOpasoBanne kceHOOHOTHKOB (R),
CBOOOHBIX paJKaJIOB B TOM YHCJE SHAOT€HHBIX OHOPETyIIPOB,

XUMUYECKHUH

B CBOOOIHBIE PaJIMKAJIBI

OO6pa3oBaHHe YHIOTEHHBIX PETY -
TOPOB POCTA U3 KOMIIOHEHTOB OHO-
<— MeOpaH, B T.4. IepeKHcel KUPHUX
KUCIIOT, MAJIOHOBOTO JIHAaJIbJICTHA,
MIPOCTAIJIAHANHOB, dTWJICHA U Jp.

\J

Y

MEMB P AHBI

BsanmozeiicTBre CBOOOHBIX pajiKalioB
GroperysTopoB R 13 1pyrnmu cBoGOHBIMH
R., RO., ROO,.R .,-R . ’+[ o] > pamKamflMH R 1. ObpazoBaHue HEpaMKAIbHBIX
HpOHyImB . . . .

R + R (R0, Rj00, R) —»

RR] (R1OR, R 1OOR, R |R)

¢ YMeHblIeHnEe KOJIMYeCcTBa OHOPETYISITOPOB | <€

AKTI/IBaIII/IH MECPCKUCHOI'O0 OKUCJICHUS JIMITUIOB. VBenuueHue KoJn4ecTBa
AKTUBHBIX CBO60I[HI)IX PaaruKaJIOB B MeM6paHe U IHUTOIIIAa3ME

!

W3meneHne GpU3MKO-XMMHUYIECKUX CBOMCTB MeMOpaH: HapyIIeHHE JTHIMUI-0eIKOBOTO
B3aMMOICHCTBUS, KOHPOPMAaIMOHHBIE IEPECTPOKH, ITOTEPSI ACUMMETPHUH, YBEIIMICHHE
KECTKOCTH, OKUCIIeHHE OienkoBbIx SH-rpymmn

f

fi

fh

Po3001menune V3MeHeHne akTHBHOTO U TACCHB- Wzmenenne
OHEPreTUYECKUX | — 3 | HOI'O TPAHCIOPTA HOHOB U MOJIEKYJI |— g | AKTUBHOCTH
Lenei cuHTes3a yepe3 MmemOpansl. Hapymenne MeMOpaHHO-
AT® u npyrux «_| BoHOTO Ganmanca. Jlenonsapusanus | €| CBS3aHHBIX
MaKpO3pTrHUECKIX MemOpaH. Hapyenue ¢depmeHToB
MOJIEKYJI OHMORJICKTPONIPOBOAMMOCTH

(depmeHToB

H3MmeneHune akTHBHOCTH

1 'y

'

W3meneHue 3HI0TeHHOM KOHIEHTPaLU
—> LUTOIIJIA3MaTHYECKUX <«—  omos Ca2t (KT Nat HT Mg2+)
2 2 2

B MUTOIIJIa3ME€

AKTUBAIUA 3AINUTHBIX CUCTEM

VBemuenue
KOJIMYECTBA
OEJIKOBBIX
BEILIECTB C
AHTUOKCH-
JAHTHBIM A
CBOMCT-
BaMH

CrpeccoBble Oenku:

YBenuueHne KoaniecTBa (aKTuB-
HOCTH) )epMEHTOB, pa3pyIa-
IOIINX Yy>KePOHbIE H BEICOKOpE-
AKIMOHHBIE COCIMHEHUS, B T.4.
CyNepOKCHTUCMYTa3bl, KaTasasbl,
IUTOXPOMOB, Ty TATHOTIEPOKCH-
Jia3bl, [y TATHOH-S-TpaHcdepassl
U 7p.

VBenuueHue KoJIM4ecTsa
moJekyn - R"H, R"H 7 -
AHTAOKCHUIAHTOB U TIEPEX-
BaTYMKOB CBOOOTHBIX <
pamkanos, B T.4. ABK,

oy eHoJI0B, a-Tokodepona,
ackopOarta, IpOCTarIaHIMHOB
(PGD 3, PGE 2, PGF 1.3 ¢, 1 1p.)

{

HHrnéupoBaHue ETHBIX CBOOOJHOPAMKAIBHBIX PEaKITHA: Ie3aKTUBAIHS CBOOOTHBIX
pamikanoB, 00pa3oBaHKe HEpaUKaJIbHBIX POy KTOB, KOHBIOTHPOBaHHE OHOPETYIIATOPOB

Puc. 2. Yaactue ABK B 3amuUTHBIX MeXaHU3MaX KJIETKHA B OTBET Ha BO3JIEHCTBUE CTpecca.
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SUMMARY

Kurchii BA (1992) Decreasing of endogenous content of abscisic acid in the winter rye seedlings influenced
by some natural and synthetic bioregulators. /n VV Morgun, BA Kurchii, AV Ruban, eds, The Regulative
Mechanisms in the Plant Physiology and Genetics. Naukova Dumka Publ., Kiev, pp.136—-142.

The effects of zeatin, gibberellic acid, 2-chloroethylphosphonic acid, indolylacetic acid, 2,4-D, tordon and
diquat on the accumulation of dry weight and the content of free and conjugated abscisic acid in the seedlings
of winter rye were studied. It was found that the dry weight of seedlings after the treatment by these substances
was decreased. The endogenous concentration of abscisic acid increased in the beginning of action of these
substances and then decreased.
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On the Possible Antioxidative Mode of Action of Plant Stress Growth Regulator
Abscisic Acid *

B. Kurchii

Institute of Plant Physiology and Genetics, Vasylkivska 31/17, 252022 Kiev, Ukraine

The possible molecular mechanism action of a plant stress growth regulator abscisic acid (ABA) as a
natural antioxidant is described. It is proposed that (+)—(S)— ABA obviously received from experiments may
act as an antioxidant or an oxidative agent.

Plant growth regulator ABA has long been accepted as an important factor in large number of environmental
biotic and abiotic stresses, but its precise function in these processes is still a matter of debate. It has been
reported that endogenous levels of ABA increase dramatically when plants are subjected to: (1) stressful
temperature [1, 2, 3, 4]; (2) salinity [5, 6] and (3) water stress [ 7, 8, 9, 10, 11].

Also ABA decreased or retarded the inhibitory action of naphthyl acetic acid [12], ozone (Os) [13],
gibberellic acid, kinetins and auxins [14, 15, 16] and herbicide endothal [17, 18 ]. It was found that Solanum
tuberosum was able to increase its cold hardiness when ABA was added to the culture medium [19].

Application of exogenous ABA prevented the chilling injuries in cotton seedlings [17, 18]. Our data also
suggest on the protective effect of ABA against inhibitory action of ethylene on the growth of winter rye
coleoptiles. The treatment of 15 mm winter rye coleoptiles with 10° M ABA decreased inhibitory effect of
ethephon. In ethephon treated coleoptiles the levels of saturated carboxylic acids where higher. In contrast in
ABA pretreated specimens the concentration of polyunsaturated carboxylic acids was higher in comparison to
the concentration in the non-pretreated specimens [20].

The lipid composition in ABA—treated seedlings of winter wheat was substantially different from that of
non—ABA—pretreated seedlings. In particular ABA-pretreated seedlings where characterized by high
proportion of linolenic acid (18:3) and linoleic acid (18:2) and relatively low proportion of palmic acid (16:0)
and oleic acid (18:0) [21].

At the same time it has been previously observed that the phytotoxic effect of chilling [22] and O; [10,
11, 23, 24, 25, 26] on plants may result from oxidative destruction of lipids and proteins or through the
formation of free radicals and other reactive intermediates. Oxidative damage of lipids and proteins and the
decreasing in the activities of catalase, ascorbate peroxidase, dehydroascorbate reductase, glutathione
reductase and superoxide dismutase were determined in drought-stressed nodules of pea [27]. Evidence
showing that chilling induces oxidative stress in maize mitochondria has been also reported [28].

In our communication we describe the possible molecular mechanism of ABA action as natural
antioxidant of plants. This mechanism implies that exposure to diverse stresses can stimulate plants to
enhance their scavenging and antioxidative systems including ABA which protects against oxidative damage
of cellular substances.

Formed free radicals and peroxides during oxidative stress can react with essential cellular constituents,
for instance, such as lipids. Free radicals as chemically reactive metabolites have in common the ability to
react nonenzymatically with biological molecules. Indeed, a free radical is an atom or a molecule having an
unpaired electron in the wvalence shell. This unpaired electron gives the molecule special properties:

chemically the free valence often makes the molecule extremely reactive [29, 30].

" Published in: Kurchii B. (1997) On the possible antioxidative mode of action of plant stress growth regulator
abscisic acid. /n Environment Protection: Modern Studies in Ecology and Microbiology, Proceedings of the
International Regional Seminar, May 13—16, 1997, Uzhgorod (Ukraine), Volume 1, pp. 379-385.
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In vivo oxidized chemicals can act as initiators (1) of free radical chain reactions of membraneous lipids.
Polyunsaturated fatty acids (LH) presented in cellular membranes are easily oxidized by the following
mechanism [29, 30]:

Initiation: LH + In —» InH + L
Propagation (Autoxidative peroxidation):

L'+Oz—> LOO

LOO + L,H —s» LOOH + L

1 1

The deprived molecule L1 then becomes a radical itself and in turn disrupts another adjacent molecule.
Thus, a chain reaction has been set in motion. If the process of lipid peroxidation is uncontrolled, cellular
membranes are susceptible to damage. This would be followed the changes in the permeability of
membranes, and the eventual loss of function, the destruction and inactivation of proteins, enzymes, nucleic
acids, and other constituents of normal cellular function. This is only the primary reaction in the oxidizing
cycle. However, it is not necessary to discuss all aspects of the free radical mechanism of action in the
biological objects in this report because they are very well documented by other authors [30, 31].

The development of a chain reaction of peroxidative oxidation of cellular lipids normally is regulated by
substances with antagonistic effects antioxidants, which depress peroxidative oxidation and neutralize free
radicals in the cell. Indeed, in living organisms the defense systems are able to detoxify inorganic and
organic free radicals and peroxides. These systems include superoxide dismutase, ascorbic acid, glutathione,
glutathione reductase, ascorbate peroxidase, catalase, the GSH-—peroxidase—GSSG reductase couple,
o—tocopherol, P—carotene, reduced glutathione, flavonoids, phenols, carotenoids and vitamin E [27, 32, 33].
Thus, the increase in activity of these detoxicative systems may be essential in the resistance of plants to
biotic and abiotic stresses.

Examinations of the steric structure of classical antioxidants show that they possess the appropriate
two functional OH-groups, which serve as donors of hydrogen atoms to free radicals [29, 30]. Among
natural antioxidants of plants, the plant growth regulator ABA appears to be particularly interesting in view
of the possible protection against free radicals. With regard to the possibility that ABA can act as an effective
antioxidant, it is necessary to remark that it preliminary must be reduced by other reductive agents. We have
suggested a hypothetical pathway for the reduction/oxidation of ABA. These findings are consistent with the
potential role of two OH—groups in the mode of action of antioxidants. Simplified general mechanism for the
reduction/oxidation for abscisic acid is proposed below (Fig. 1).

The first step involves generation of active species by reduction of (+)—(S)-ABA (form A) that we named
as prooxidant. The activated chemical (form B) named as antioxidant is effective as free radical scavenger
and then can react with metabolic free radicals. Newly formed free radicals (form C) are stable and by the
rearrangement mechanism they transform into stable products (forms A and D). It is important to state that
a potentially an antioxidative substance (+)—(S)—ABA can act as an oxidative agent in vivo in the case of
deficiency of reductive agents in cells, for example, such as thiol-containing compounds. Indeed, the
oxidation OH—group of (+)—(S) —ABA (Fig. 2) yields the free radical of this substance that can act as an
oxidative agent.

Although the general structure of ABA—(OH), (Fig. 1) and ABA—(OH) (Fig. 2) is similar, there appear to
be differences in their spectrum of activity. Indeed, the reduction potential of the ABA—(OH), having two
hydroxyl groups is higher than for ABA—(OH) that has one hydroxyl group. This difference in reductive
potential could be responsible for the difference in the biological activity of (+)—(S)-ABA (form A) in vitro
and in vivo.

As follows from cited above literature the endogenous concentration of ABA changes in plants during all
period of chemical or physical stresses. In this regard it is especially interesting to note that the endogenous
concentration of ABA depends on the endogenous concentration of oxidative substances. Proposed
mechanism also implies that higher levels of ABA at the beginning of stress treatment can be associated with
lower levels of oxidative chemicals. During induced stress conditions ABA can detoxify free radicals
(including lipid peroxides) by forming (1) longer-living adducts with them or (2) chemically inert
substances and as consequence its concentration will be decrease at the end of the oxidative stress.
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Some of the details of this hypothetical mode of ABA action may not be correct, but the essential feature
is that ABA—(OH), may play a primordial role in the resistance of plants to chemical and physical stresses.
Summarizing this observation we can conclude: the scavenging systems of plants including ABA are an
important component of the stress protective mechanism and the increasing in ABA activity in plants exposed
to stressful conditions generally correlates with increased stress tolerance.

+Ze_, +2H+ - V
\OH COOH \OH COOH —» Antioxidative
O HO action
(A) (B)
(+)-(S)- Abscisic acid
(prooxidant) 28 l—ZRH

Conjugation
S i

~ COOH —>» with cellular
O (©) substances

'

COOH
(D)
Fig. 1. Proposed pathway for oxidation-reduction of ABA.

/%/lﬁ +R /\Aﬁ
—_ O .

\OH COOH _-RH 5 > g COOH —» May act as

© oxidizing
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(+)-(S)- Abscisic acid 24
(prooxidant)
T +e, +H

Conjugation with cellular substances

Fig 2. Proposed pathway for one-step oxidation of ABA.
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7

MEMBPAHHBIE ACIEKTHI MEXAHU3MA JENCTBUS BUOPETYJISITOPOB
HEBEJIKOBOW ITPUPOJBI *

b. A. Kypuuii

Wucrutyt dusuonorun pactenuit u renernku AH YCCP, yn. Bacunbkosckas 31/17, Kues

BBEJEHHE

JIro0oii 1BOI OpraHn3M B OOJBLIMX MM MEHBIINX KOJIMYECTBAX CHHTE3UPYET BEIIECTBA, PErYJIUPYIOLINE €ro
pocT. Y KMBOTHBIX OPraHM3MOB TaKHE€ BEILIECTBAa HA3bIBAIOTCS FOPMOHAMHM, Y PacTeHUl — (PUTOrOpMOHAMH.
I'opMOHBI — OOBIYHO CJIOXKHBIC OEJKOBBIE COCOMHEHHS, (PUTOrOPMOHBI OTHOCHTEIBHO IIPOCTB, O YeM
CBUJECTENBCTBYET WX HEOONbINas MOJNEKyIsipHas Macca — oT 28 (y atmieHa) mo 346 (y rubbepemioBoi
KHCJIOTBI).

Ceilfuac HM3BECTHO OTPOMHOE KOJMYECTBO MPUPOIHBIX PEryIATOPOB pOCTa M HUX CHHTETHYECKHX
HEOPTaHMYECKUX W OpraHmdeckux anamoroB [40, 41, 42, 71], xoTropsile MOTYT OKa3bIBaTh BIMSHHE Ha
¢usnonornueckne (DyHKIUHM JKUBBIX OpraHM3MoOB. HakoHeN,  peryJmMpoBaTh pPOCT MOKHO pa3IUYHBIMU
¢usnvyeckuMu (aKTOpaMH: BHIUMBIM CBETOM [66], yiabpTpaduoneToBbiM [81] U peHTTEHOBCKAM W3IYYCHUSIMU
[18, 49], dbuznyeckumu NoISIMU (MarHUTHBIMH M JJIEKTPUUECKUMU) U 1p. [4, 99].

XOpolI0 U3BECTHBIE PEryJISITOPhI pocTa pacteHnil f—uHgonunykcycHas kuciora (MYK), rubdepemnnosas
kuciota (I'K), kuaerns (1K) u 1p. B MabIX KOIWYECTBAX SBITIOTCS CTUMYJIATOPAMH, TOTJa KaK B OOJBIIAX —
WHrUOUTOpaMH POCTOBBIX TIpolieccoB y pactenuit [21, 61, 90,103, 117, 128, 135]. Takue HHrUOWUTOPHI
POCTOBBIX TpolieccoB Kak (eHosbHble coequnenus [101], abcunzosas kucnora (ABK) [101], stunen [75] B
OYEHb MAJbIX KOJIMYECTBAX CTHMYJHUPYIOT pocToBbie mporeccsl [28, 80, 105]. Ctumynupytomee neiicTBue
YCTaHOBIIEHO TaKXke U A repOoummnos [24, 32, 70, 142]. CtumynupyromuM [23, 114] unn narHONTOpHEIM [44]
JIeCTBMEM Ha pacTeHusi OOJIafaloT aHTHOMOTHKU. Psiy BemecTB (pyTHH, KBEpLETHH, TUKYMapuH W Ap.),
W3BECTHBIX KaK WHTHOUTOPBI POCTa pAcTEHMH, SBJISIOTCS XUMUOTEpareBTHUeCKMMHU mpenaparamu [40, 41].
Ilenslit Kymacc MPOM3BOAHBIX MOYEBHHBI HCIONB3YyeTCd W Kak TepOMIUABl Ha pACTEHUSX, M Kak
MIPOTHBOOITYXOJIEBEIE TIPETapaThl Ha JKUBOTHBIX [73].

Hmeercst orpoMHBIH SKCIEPUMEHTAIBHBIN MaTepual O B3aUMOAEHCTBUH CTHMYJISITOPOB M HHTHOMTOPOB
pocra. Tak, mpomwiIrauiaT CHUMaja POCTHHIHOUpYIOIIee IeicTBUe OCH3MWIAICHUHA, 3eaTuHa, 2,4-J1 U aTHIcHa
B ONBITaX C KOPHSMH HIIEHHIBI, orypra u ybHa [136]. ABK cHuMana wim ocmabisiiza poCTHHIHOMpYIOIiee
neiicteue HadTmrykcycHor kucnothl (HYK) [111], ozoma [98], TK [123] u repOurmmpma sHmortama [121].
Wurnbupyromee nevicteBue ABK ycrpansuiocs camunmioBoit kucinotod  [79], xunetmHom [120, 137] u
(y3UKOKIIMHOM [45]. BooOmie mnpupoAHbIC pEryjiIsaTOpbl pOCTa pACTeHUIl OO0NAJar0T YHUKAIBHOM
CIOCOOHOCTBIO CHUMATh MIIM OCNA0JIATh POCTHHTUOUpYIOIee AHCTBHE Pa3IMYHbIX HHTHOUTOPOB, B TOM YHCIIE
u ABK, Ha npopactanue cemsH [65]. beH3oitHast kuciaoTa, M3BeCTHAS KaK MHTHOUTOP POCTa MUKPOOPTAHU3MOB
[40, 41], B MaibIX KOHLEHTPALMSIX CTHUMYJIHPYET, a B OOJBIIMX HHTUOUpYeT poOCT pacTeHuin  [76].
Crumyipyomiee JeldCTBUe KHHETHHa Ha 00pa3oBaHHE aHTOLMAHOB CHM)KAIOCHh BELIECTBAMHU (DEHOJBHOM
npupoas! [89, 96].

Takum 00pa3zoM, eciid BEIIECTBA C Pa3IHIHON XMMUYECKOH CTPYKTYpPOH, a TakKe pa3MudHbIe (HU3NIEeCKHe
(baKTOpHI, BBI3BIBAIOT Y )KUBBIX OPraHU3MOB OJHOTHUITHBIE OTBETHBIC PEAKIINHU, MOXHO IPEIIOJIOKHTE, YTO JTHOO
NIEpPBUYHOE JISHCTBHE UX OAHOTHUITHO, JINOO Pa3iMuHO, HO 00pa30BaBUIMECS BTOPHUYHBIE POIYKTHI METabO0IH3Ma
o0JIalaf0T CXOJHBIM AeicTBHeM. B moOoM citydae, Bce KOHTpPONMpYEMbIE OPTaHW3MOM IIPOLECCHl oOMeHa
BEIECTB OCYILIECTBISIOTCS 4Yepe3 KIETOYHbIE MEMOpaHBI — CIIOKHBIE CAMOOPTaHHU3YIOIINECS CHUCTEMBI,

" Ony6nukoano B: Kypumii B. A. (1988) MeMGpaHHEIC acIIeKThI MEXaHH3Ma ACHCTBHS GHOPETYISTOPOB
HebenkoBo# npuponsl. [Ipenpunt MHCTHTYTA hnznonornn pactenwii u reHetukn AH YCCP, Ne 5P, c. 1-43.
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COTJIaCOBaHHBIE OMOXUMHYECKHE MPOLECCH KOTOPHIX 00BEIMHEHBI OOIINM MOHSATHEM — “TIONYIPOHUIAEMOCTb
MeMOpaH”.

B nanmHOM 0030pe paccCMOTpEHBI BOIPOCHI AEHCTBHS PETYISTOPOB pocTa HEOETKOBON MNPHPOIBI Ha
MeMOpaHHbIE CUCTEMBI KJIETOK U MEMOpaHHOCBsI3aHHbIE (DEPMEHTHI.

KPATKAS ON3NKO-XUMNYECKAA XAPAKTEPICTUKA MEMBPAHHBIX CTPYKTVYP KJIETOK

MeMOpaHbl SABIAIOTCS BKHEWIIMMH OHMOJIOTMYECKUMH 3JIEMEHTaMH JKHMBBIX OpraHu3MoB. VM mpucyma
n3buparenpHas NPOHHIAEMOCTh W OHM OKPYXKAOT KIJIETKY, €€ OpraHeibl (MHTOXOHAPHH, XJIOPOIIACTHI,
JIM30COMBI M JIp.), 00pa3ysl ClielHaM3MpOBaHHbIE KOMIApTMEHTHl. buonornyeckne mMeMOpaHbBI BBINOJIHSIOT
BakHeimme ¢QyHKuuu: OapbepHble, TPAHCIIOPTHBIE, OCMOTHYECKHE, OJIEKTPHUYECKHE, OJHEPreTHYEeCKHe,
CTPYKTYpHbIE, ONOCHHTETHYECKHE, CEKPETOPHBIE, IUIIIEBAPUTEIBHBIC U AP.

SIBnsisick  BBICOKOOPTAaHM30BAHHBIMM M CHELHAIM3HPOBAHHBIMH  OOpa30BaHMSAMH,  MEMOpaHBI
(YHKIMOHHUPYIOT KaK KOMIUIEKCHI ¢ ()epPMEHTaMHU U 00ECIIeYMBAIOT HOPMAJIbHYIO JKU3HEESITEIbHOCTD KIIETKH.
B KkieTkax >KMBOTHBIX ceifuac M3BECTHBI DS MeMOpaHOCBsa3aHHBIX (epmentoB: Na, K'—ATdaza [97],
Mg®~AT®aza  [118], Ca®’'— AT®asa [109], monoammHOOKcHIasa [84], ameHmmarummknasa [119],
nuToxpoMokcuaasa [87], munaza [129], HAd H-nerunporenasa [43] u np.

CBolicTBa MEMOPaHOCBSI3aHHBIX ()EPMEHTOB 3aBHUCST OT JIUIIOIIPOTEHHOBOTO OKPYXEHHS, T.€. ONPEEIII0TCS
(U3MKO-XUMUYECKUMH  CcBOMcTBamMu MemOpaH. CocrosiHMe JMNHAHON a3kl OIpeessieTcsl CTENeHbIo
HACBIIEHHOCTH M TIOJIOKCHUEM JIBOWHBIX CBSA3EH, JJIMHOW yIIIEBOJOPOAHBIX meneid. docdonmnuipl, sBISACH
CTPYKTYPHBIM 3JIEMEHTOM MEMOpaHbBI, MOTYT CIIOCOOCTBOBATh NPHUKPEIUIEHHIO K MeOpaHe M y4acTBOBAaTh B
cTepuyeckux Moauukanusx (GpepMeHTOB, M3MEHssl TakuM 00pa3oM aKTHBHOCTH mocienHux [6, 16, 39].
VYrneBonopogHas 4YacTh JIMIIMIOB CO3JaeT HENOISIPHOE OKpYXEHHE, HeOoO0XOIUMOoe ISl YKIAAKA H
MIPOCTPAHCTBEHHOW OpPHEHTALMK IENTHUAHBIX Leneid B MemOpaHax. (DyHKIMOHMPOBAaHME SIEPHBIX MeOpaH,
yepe3 KOTOPbIE OCYLIECTBIISICTCS CBSI3b MEXIY T€HETHUECKMM ammapaToM M IUTOILUIA3MOH, MO-BHAUMOMY,
TaKKe ornpezessiercs: GU3NKO-XMMHUECKHM COCTOSIHHEM Kak MeMOpaH, Tak 1 MeMOpaHOCBS3aHHbBIX (PEPMEHTOB.
AT®a3Has akTHBHOCTH OOHapykeHa B MeMOpaHax siep OOJBIIMHCTBA KIETOK [6, 16, 17, 39, 59]. [Ipu sTom
HapylIeHHE LEIOCTHOCTH MeMOpaH, HampuMep, BCJIEACTBHE YAaCTHYHOIO YyJOAJCHUS  XOJECTEPHHA,
docharuannxonuna u GpochaTHIUIITAHOIAMUHA COIPOBOXKAACTCs CHIDKeHHEM AT®da3Hol aKTHBHOCTH.

OyHKIMOHANBHAS aKTUBHOCTH MEMOpaHHBIX OEJIKOB ONpenessieTcss WX BBICOKOH KOH(OPMAIMOHHON
nabunpHOCTRIO [16, 39]. MemOpaHHble O€JKH BBINOJHSAIOT pa3iinuHble (QYHKLIUH: OENKHU-PElenTopbl, OeNKu-
aHTUTENa, ONpEACIAIONINe HMMYHHYIO PEaKLUI0, a TaKXe CTPYKTypHble Oenku. CTPyKTypHbIE OEJIKH MOTYT
00BbeqMHATECSA B aHCaMOJH, 00pa3yst MUKPOTPYOOUYKM M MHUKPO(QHIAMEHTHL. YCTAaHOBJIEHO, YTO HapylIeHUE
KOHTakTa Oenok-¢ochomunua, MoauduKanus THOJOBBIX TPYII M JIMIAAOB HPUBOAMT K HApPYyLICHHUIO
MOJyIpOHUIIaeMocTH MeMmOpaH [122].

Takum oOpa3zom, MeMOpaHBI — 3TO YHHBEPCAIBHBIN CIIOCO0 PETYISINH aKTUBHOCTH OCITKOBBIX (DEPMEHTOB,
(GYHKIMOHMPYIOIIMI KaK €AMHBIH MeXaHM3M peryisuud (U3MOJOTHYECKHX IIPOLECCOB B KIETKE. ITOT
MEXaHHM3M CBSI3aH C W3MEHEHHEM MHKPOBS3KOCTH MeMOpaHbl M €€ CIIOCOOHOCTH K W3MEHEHHI0 o0beMa.
Moandukanuss MemOpaH, a cieIoBaTeIbHO M MX (YHKIHMH, HPOUCXOIUT I0Jl BO3/AEHCTBHEM pa3IMUHBIX
XUMHYECKHX M (u3ndeckux (akropoB. OnHako (QyHKIUS MeMOpaH — OrpaHMYMBATH JXKUBOE OT HEXHUBOTO
(moIepKMBaTh XUMUYECKUI TOME0cTa3) JOJKHA OCTaBaThCsl TIOCTOSIHHOM.

CBS13b MEXJTY CTPYKTYPOI 1 AKTUBHOCTBIO BUOPEI'YJISITOPOB

ODYHKIUU 3HAOTEHHBIX PETYISATOPOB POCTa B JKUBOM OPraHU3ME TECHO CBSI3aHBI C POCTOBBIMHU IIPOLIECCAMHU.
Mexny TeM, NEepBUYHBIE DEAKIMHU POCTOBBIX IIPOLECCOB C Y4YacTHEM OHOPETyJSTOPOB HCCIEAOBAHBI
(parMeHTapHO M HE JAarOT MOJHOTO MPEACTAaBICHUS O KOHKPETHON POJIM TOTO MIIM MHOTO PETYISITOpa pocTa U O
CBSI3U €r0 CTPYKTYpPbI C OHOJIOTMYECKON aKTUBHOCTBIO. VI3BECTHO HECKOJIBKO METO/OB HCCIECJOBAaHMS CBSI3H
MEXAY MOJIEKYJISIPHOM CTPYKTYpOH M OMOJOrMYecKol aKTUBHOCTBIO XUMHYecKuX coeanHenuit [60]. U xors ¢
MOMOIIBIO 3THUX METONOB HENb3S TMOJNYYHTh TNPSAMBIX CBEIGHMH O MEXaHH3ME B3aWMOAEHCTBHS,
00yC/IaBNMBAIOIIET0 AKTUBHOCTb, OIHAKO OHM MO3BOJIIOT peEIlaTh Ba)kKHbIE 3aJa4d: KOHCTPYHMPOBAHHUE
XMMHOTEPANeBTHYECKUX TpenapaToB, 3(Q(eKTUBHBIX M 0€30MacHBIX TepOMUIMA0B M mecTHuunoB. Cienyer
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OTMCTUTHh, YTO KOJIHYCCTBO perynﬂTopOB pOCTa JUIA KOTOprX yCTaHOBHeHa CBs3b Me)i(ﬂy XUMHUYECCKUM
CTPOCHHEM U OMOJIOTHYECKHM JICHCTBUEM HEBEIHKO. Huke MBI pacCMOTPUM 3aKOHOMEPHOCTH, YCTAHOBJIICHHBIC
JUTsl OMOJIOTNYECKON aKTUBHOCTH HEKOTOPBIX PETYJIITOPOB POCTA KUBBIX OPraHHU3MOB.
Xmaopampenukos. JlroObie wu3MeHeHus B anuda- ?l)
THYECKON YacTH MOJIEKYJ BEOyT K CHUXKCHHIO WIIH
HCYE3HOBEHUIO aKTI/IBHOZTI/I, To}r,z[a KaK M3MEHEHWS B NO2 H  NH—C—CH(CI
apoMaTHYeCKOW — HE BIHUAIOT HA aAKTUBHOCTh (|:_ (lj— CHyOH
anTuomnoTtuka [30] .

dn

Bera-nakramuble aHTHOMOTHKH. B  cTpykTypHOI
¢dopMmyne 3TUX aHTUOMOTHKOB BBIIEISAIOT TPH YacTH: a)
OokoBass uacTt, b) [P—JlakTaMHOE KOJBIO U C)

[}
l
l S
—CO— ——|/|
THA30JIUAMHOBOE KOIbIO [37]. UTOOBI aHTHOMOTHKH R—CO ! NH ! CH3
[}
[}
[}
[}
|

COXpaHSJIM aKTHBHOCTb, [—JIaKTaMHOE KOJIbLIO JIOJKHO
OBITh HEPA3OMKHYTHIM.

a) b) )

HuTOKMHMHBI. AKTUBHOCTh LIMTOKUHWHOB 3aBHCHUT OT JUIMHBI anudarudeckoro pajaukaia. [lo nanueiv Ckyra

[132] u Kypancu [106] mHambompireli akTHBHOCTBIO 00Iaalid BEIIECTBAa C IJIMHON pamukana B 4-6 aTOMOB

yriaepoja, akTMBHOCTh IIMTOKMHHMHOB Hcue3ana npu 10-12 aromax yriepoma B 1menu panukama [131].

Buonornveckoe HeHCTBHE IUTOKWHWUHOBBIX COCAMHCHUHA YBEIMYHMBAJIOCH TPU HAIMYAM B PaTUKae

HEHACBIIEHHBIX JABOWHBIX CBS3€d WJIM MPH BBEIACHUM 3aMecTHTeNs B mosiokeHnn—2 [31, 106]. AKTHBHOCTH

IUTOKMHUHOB cHMXkaercs [31, 106, 131, 132, 133]:

1) Tlpu ynmameHWH METWICHOBOIO MOCTHKA MEXKIY aMHUHOTPYIIIOW 6—aMHUHOITypHUHA M OCH3WIBHBIM KOJBIIOM
panukana;

2) Ilpu BBelneHHU 3aMeCTUTENICH B Mema— W napa—TIoJIoKeHne OEH30JIbHOTO KOJIbIIA;

3) Ilpu HachleHNN TBOWHOM CBSI3M B paJiUKalle;

4) Tlpu 3aMemIeHNH aMHHOTPYIIIBI Y IIECTOTO aToMa yriiepoa IypHHOBOTO KOJIbIIa Ha THOTPYIIILY;

5) Tlpu HaCBIIIEHUH NBOHHBIX CBS3EH B TE€TEPOITHKIIE.

_CH»— OH
CH —CH CH
NH— CH2 \ 2 2=CH2 CH3
H
Kunemun
3eamun
Baxuoe 3HAYEHUE it MIPOSIBIICHUS LUTOKUHUHOBOMI aKTHBHOCTH, HarpuMep

1-MeTnn—6—0eH3NIaMUHOITypHHA, WMEeT NepBOe IOJ0KEHHE IYPHHOBOTO KOJbIA, T.K. BBEACHHE COJa
pajvKaa MPUBOAMT K CHIDKCHHIO OMOJIOTHYECKON aKTUBHOCTH 3TOro coenawneHus [132]. B mpuniune mro0bie
Mo (UKAIMK TyPHHOBOTO KOJIbLIA BEAYT K M3MEHEHUIO OMOJIOrMYEeCKOH aKTUBHOCTH LIUTOKMHUHOB [82, 124,
132].

AyKcuHBI. AHaIM3 CTPYKTYPHI 3THUX BEIIECTB ITOKA3bIBAET, YTO BCEX MX OOBEAMHSACT HAIMYHE METHUICHOBOTO
MOCTHKa, KOTOPBIH CBSI3aH C ABYMs yriiepojamu (WM KUCIOPOJOM) C COMPSKEHHBIMU CBsI3sIMU. Hannuue atux
CTPYKTYp, a TJIABHOE, XOTs OBl OJTHOrO aTOMa BOJIOPOJIAa Y METHIICHOBOTO MOCTHKA, CBSI3aHHOTO C COTPSKEHHOU
CHCTEMOM, sBISETCS HEOOXOAWMBIM YCIIOBHEM MIJISi HPOSBICHUS OHOJOTHYECKOW aKTUBHOCTH, T.K. 3aMCHA

JIBYX
N« CH> COOH aTOMOB BOJIOpOJa JpyruMu Oojice OOBEMHBIMH
N > pamuKanamMu JejdaeT BElIeCTBA WHEPTHBIMU (WK
I\ cmabo aktuBHBIMH) [12, 126]. XnopupoBaHue
AYKCHUHOB IMPUBOJUT K BO3PACTAHNUIO UX AKTUBHOCTHU

[126].
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I'u66epesmmnbl. s mposiBieHUss OHWONIOTUYECKOW AaKTHBHOCTH THOOCPEIUTMHOB HEOOXOAMMO, YTOOBI Y
TpernuHoro Cg—aroma yriiepoja BOJOPOJ 3aHUMAal O—TIOJIOKEHUE, OJMH 3aMECTHUTENb ObUT KapOOKCHIIbHOM
TPYIIOH, a Ipyroi yriepoj cBs3aH ¢ MOCTHKOBOHM (WJIM comnpspKeHHOH) cucremoii [136]. 3amena Bomopona y
Cg—aToMa yriepoia Ha Apyroil Ooinee oOBEMHBIN paguKayll BEAET K IMOTepe OWOJIOTHYECKOW aKTHBHOCTHU
coenunenus: [83]. Crepuueckoe MOJIOKEHHE TUIAPOKCUIBHBIX TPYNI TakKKe BAXXHO JJIS aKTHUBHOCTH
rub0epeminHoB. Ha npumepe GA| mokazaHo, 4To 3-THAPOKCHI JOJDKEH 3aHHUMaTh [—TI0JIOkKeHHe, nbo ee
O—3IUMED TepsIeT aKTUBHOCTH [86, 91].

Mo Bumumomy, SQeKT B—CTepUuecKoro MOJ0KEHHS
THIPOKCHIIBHBIX TPYIII BBI3BAH TEM, YTO O—TOJOXKCHUE
3aTpyaHSAeT Kak nepexon THOOEpPeITHHOB B
CBOOOTHOPAIMKAIBHOE COCTOSIHUE (OTPHIB aTOMa BOJIOPOA
or Cg—aroma yriepoja), TaK W B3aUMOJACUCTBUE 3TOTO
CBOOOTHOTO paguKalia C JPYTUMHU MOJICKYIIaMHU.

GA,

TakuM 00pa3oM, Bce PaCCMOTPEHHBIC BBINIE OHOPETYIIATOPBI XaPAKTEPU3YIOTCS 00s3aTEIbHBIM HATHYHEM
aKTUBHOT'O aTOMa BOJOPO/IA: VIS XJIOpaM(EHUKOIIA, B—IaKTAMHBIX aHTUOMOTHKOB, KHHETHHA, 3eatuHa 1 YK
mpu atoMe azota >N-H u mis GA| — npu atome yriiepoaa >Cc—H

MEXAHW3MbI TPAHCO®OPMALIN BUOPEI'YJIATOPOB B CBOBOJHBIE PA JIMKAJIBI

B Hacrosmiee Bpemsi cBOOOTHOPaIAHMKaIbHBIE MEXAHU3MBI JI€HCTBUS M3BECTHBI JIsi OOJBIIOrO KOJIMYECTBA
peryJsiTopoB pocTa: aHTHOMOTHKOB, NMPOTHBOOIYXOJeBbIX mpenaparos [48], repounumos [112] u ap. Ilo
ompeneneHnto cBoOoaHbIe paaukansl (CP) — gacTwibl, Hecylne HeCapeHHbIH AIeKTpoH [46, 53, 54, 56, 63].
OHM MOTYT OBITh MOJIOKUTENBHO 3apsHKEHHBIMHU, OTPULATENFHO 3apsDKCHHBIMH M HeWTpanpHbIMH. Kak
PEaKIMOHHO-CIIOCOOHbBIE YAaCTHIBl, OHM WIPAlOT BaKHYIO POJb B OHOnOrmueckux mpomeccax [2, 3, 57, 58].
ITosToMy MBI He OyneM OCTaHAaBIMBATbCS Ha MEXaHWU3ME JEHCTBUS CBOOOMHBIX paIUKalOB, a KPaTKO
pPaccMOTPUM OCHOBHBIE IIPUYUHBI U YCIOBHUS 00pa3oBaHus CBOOOAHBIX PAAUKAIOB U3 OHMOJIOTMYECKH aKTHBHBIX
BEIIECTB.
B o6mem Bune o0pa3zoBaHre CBOOOIHBIX PAIUKAIIOB MPEICTABIIAET COOO0I mporece:

a) pacmaja MOJIEKYJIbl, HAIPUMEp, TaloreHa

Clp —» Cl + Cl

6) OAHOBJICKTPOHHOT'O BOCCTAHOBJICHHUA COCAUHCHUA, HAIIPUMED, MCTAJIJIaMU

+ n+1 — -
M™ + ROOR —» M + RO + RO
B) O}lHOSﬂeKTpOHHOFO OKUCJICHUA coezu/meﬂnﬂ, Haan/lMep, OKHUCHBIMU COJIsIMU MeJII/I, >1<ene3a, K060J'Il>Ta nu Ilp.

. +
ROOH + Co3 —» ROO + Co?* + H

I') OTIICIUIEHUS aTOMOB Bojxopona (WM APYTrUX aTOMOB, TPYII aTOMOB) OT MOJIEKYJBI IPH aTake IPYyruM
paauKaIoM

RH + RO —» ROH + R, RH + R —» RiH + R

Ckopoctb oOpaszoBanust CP 3aBucut ot 3amemienuss y C—atoma (WM Apyroro atroma), oOpa3yIOIero
panukan. [Ipu 3TOM, 9eM CHIIbHEe 3aMeIleH TaKOW aTOM, TeM OOJBIIYIO POJIh HTPaeT MOHIKEHUE HAIIPSKEHIS,
CBA3aHHOE C TIEPEXOJOM OT TETPAdAPUYECKOil K IUIOCKON KOoH(pUrypamuu. ATOMBI BOAOpOAA JIerde
OTILEIUISIOTCS OT TPETHUYHOTO YIJIepoJa, YeM OT BTOPUYHOIO, @ OT BTOPUYHOTO yriepoja — Jierde, 4em OT
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nepsuuHoro [13, 26, 27, 46, 53, 54, 56, 63]. OTo XOpoLIO BUAHO Ha MpUMEpEe OTIICIUIEHHUs BOAOPOIa
pamukanoMm or —CH; u —CF; [46, 56]. B aTux peakuusx HanOoJbIIasi peakIMoOHHAs CIIOCOOHOCTh TPETUIHOTO
yraepona —CF; oOwsicHsercss Tem, uto TpetnuHas cBsizb [(C—H HammeHee mpodHas, a CKOPOCTh PEAKIHH
oTpeneNseTCs MPOYHOCTHIO Pa3pHIBAIOIIECHCS CBA3H.

YCcTaHOBIEHO TaK)Xe, YTO CKOPOCTh OTPBIBA BOJOPOJA METHIBHBIMHU paJuKalaMy OT a30Ta OOJbIIe, 9eM OT
yriaepoaa. boree Toro, CKOpocTh peakiuy YBEIMYHBACTCS P MEPEX0Ie OT MEPBUYHOTO K BTOPHYHOMY aMHUHY.
Hanpumep, oTHOCHTENIBHBIE CKOpOCTH oTIIeruieHus Bogopoaa or NH;, CH;NH, u (CH;)NH passstmcs 1, 11
n 168 coorBercTBeHHO [46]. IIpM 3TOM COOTHOIIEHHE MEXAY PEAKIIMOHHBIMH CIIOCOOHOCTSIMH MEPBUYHBIX,
BTOPUYHBIX U TPETUYHBIX cBsizeld C—H, a Takke MepBUYHBIX U BTOPUYHBIX CBsizeld N—H ocraeTcst HeM3MeHHBIM
B pEaKnMsAX OTIICIUICHHWS BOJOPOJAa HE3aBHCHMO OT MPHUPOIBI aTaKylomero paamkana. OTcroma SICHO, 49TO
MIPOYHOCTH Pa3pbIBa€MOIl BOJOPOIHON CBSI3M HWIpaeT TJIABHYIO POJIb IPHU MEPEXOA€ POCTOBHIX BEIIECTB B
cBoOoaHOpaaukaibHoe cocrosaue (CPC).

Peakunonnas ciocooroCcTh CP ompenensercs creayommumMu Gaktopamu [46, 53, 54, 56, 63]:

1) YUem BhImIE CTETNECHb ACIOKATH3AIMN HECHAPEHHOTO 3JEKTPOHA, TEM MEHBIIE CIIMHOBAs IUIOTHOCTH B
palvKaIbHOM LEHTpPE, a 3HAYUT PeaKIMOHHAas CIOCOOHOCTh pajiKaa;
2) Hammume OOBEMHCTBIX TPYII Y PaIUKAIBHOTO IICHTPA MOXET CHIBHO ITOHH3HTH PEAKIIHOHHYIO

CcrocoOHOCTE paafKala, MOCKOIBKY 3aTPyIHAETCS MOIX0A K HEMY APYTHX MOJEKYIL.

Peakumonnas crmocobHocts CP B3amMmopneicTBOBaTh C APYTUMH pagdKalaM{d 3aBHCHT OT IOJISIPHOCTH
MEPEXOIHOr0 COCTOSIHHMS, JTOCTYITHOCTA PEAKIMOHHOTO IIEHTPA, COMPSDKEHUS CBS3M, MHIYKTUBHOTO 3(ddekra,
CTepUIeCKOTO U TemrieparypHoro ¢akropos [46, 53, 54, 56, 63].

Ecnu arom Bonmopoaa cesizan ¢ aromoM yriiepona (cBsizb C—H), To oH ¢ GonblIMM TPYJOM OTpPBIBAaeTCs U
3aMelIaeTcs Ha MeTaul. ATOM BOJOpPOJAa, CBS3aHHBIA ¢ kuciuopomoM (cBsizb O—H) OGomee monmBmkeH u
OTHOCHTENBHO JIETKO OTIIEIUIIETCS MeTaJaMy. Ecim ke aToM BOIOpo/ia CBSI3aH C aTOMOM TaJlOT€Ha, TO pa3phiB
CBSI3U MPOMCXOJUT JIaXKe I0J] BIMSHUEM BOJIbl. Takoe pasindue B MPOYHOCTH CBs3el 00YCIIOBICHO Pa3IMYHOM
MOJIIPHOCTBIO M TOJIIPH3YEMOCTBI0 MEKATOMHBIX CBsied. [1OJSPHOCTH CBSA3M ONpEAessieTcss COCOOHOCTHIO
aTOMOB B MOJIEKYJIE TIPUTSITUBATh K ceOe IMEKTPOHBI, T.€. AIEKTPOOTPHIATEIFHOCTRIO. [IpH 3TOM aToM TeM
CHIIbHEE TPUTITUBACT 3JIEKTPOHBI, YeM OOJBIIE €T0 3JIEKTPOOTPUIATEIbHOCTh. [10 OTHOCHTENBHON BeNUYHHE
ANEKTPOOTPHUIIATEIIEHOCTH HanOoIee BAYKHBIC B OMOXUMUM JIEMEHTHI PUBEICHBI B Ta0. 1 [52] .

W3 naHHBIX TaOMUIBl CIEAyeT, YTO YeM

Ta6muua 1 MeEHBIIE 3JIeKTPOOTPULIATENLHOCTh aTOMA, TEM
Omuocumenvuvie 6eIUYUHbL 2JIeKmpoompuyameibHocmu amomoe prﬂ]—[ee OTOpBaTb OT HETro BﬂeKTpOH])I u,
TakuM  oOpasoM,  JaeOpMHpOBaTh  €ro

XUMHYECKUH IIEMEHT OtHocuTenbHAA BENMYMHA SIIEKTPOHHYIO OOOJIOUKY, T.€. IIOJSPH30BATH
SJICKTPOOTPHULATCIBHOCTH ee. PaccMoTpuM 3T0 Ha cielyroleM npuMepe.

Ecnu X anexkTpooTpuliaTeNbHBIA aTOM WM

F 4,0 5IEKTPOOTPHIIATENbHAS TPYyINa aTOMOB, TO

o 3,5 cBasb C-X momspu3oBaHa Tak, 4To X

Cl 3,0 ABJISIETC OTPULATENBHBIM KOHIIOM JUIOJS, a

N 3,0 YIJIEPOJT TOJOKHUTENBHBIM. BBHIY TOTO, 4TO

Br 23 YITIEpOs HECeT MONOKHUTENbHEIH 3apsal, TO

S 2,5 5JEKTPOHHAs TMapa, CBA3BIBAIONIAS €ro ¢

C 2,5 COCEZHHUM aTOMOM YITEpOAa CMEIIAETCs IO

J 24 HampapjIeHuI0 K mepomy C-aToMy, 4TO B

P 2,1 CBOIO  Ouepelb  BHI3BIBAET  OTTATMBAHME

H 2,1 5JIEKTPOHHOI Tapsl OT atoma (WX TPyl

aTOMOB) BOJIOpPOJIA:
| |

X—C—C—H —> Xe«e—Ce«—C<«—H
| |

[onsipubie 3((deKTh 0Ka3bIBAIOT CYIIECTBEHHOE BIHMSHUE HA PEaKIMU PaJMKAJIOB BCICICTBUE pa3jieieHHs
3apsiIOB B MEPEXOJHOM COCTOSHHUU. Eciu 3apsabl AEIOKATU3YIOTCS COCETHHMH 3aMECTHTENSMH, TO YHEPTHs
MIEPEXOAHOI0 COCTOSHUS IOHMXKAETCS M peakuus npotekaer jeryde [13, 26, 27, 46, 53, 54, 55, 56, 63, 64].

B cBOOOMHOpaIUKaNBHBIX pEAKIUSIX HE MEHEe BaKHBIM (DAaKTOPOM SBJSIETCS TAKKE [OCTYIMHOCTh
PEAKIMOHHOIO IICHTPa, KOTOPas 3aBHCUT OT pa3Mepa W YHCjia OOBEMHBIX 3aMECTHTENICH BOJW3W HEro W OT
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koHpopmanuu Mosiekysbl. CTepuueckue HakTopbl UTPAIOT CYIIECTBEHHYIO POJIb B CTAOMIM3ALUK PAIUKaJIoB. B

YaCTHOCTH JUISI TPHAPIUIIMETHIBHBIX PAIKAIIOB YCTAHOBIIEHO [46] UTo:

1) CtaOWIBHOCTH paJMKayia TIOBBIIIACTCS B OOJbIICH CTETIEHW MPU BBEICHUM 3aMECTUTENSI B Opmo—, 4YeM B
napa—n Mema—ToJIOKeHNUS;

2) CTalGWIbHOCTH pajrKaia IMOBBIMIAETCS C POCTOM KOJIMYECTBA U pa3MEPOB opmo—3aMeCcTUTENEeH;

3) CraOmwipHOCTh paauKania OYCHb BBICOKA, €CIM BO BCEX TpeX (CHHUIBHBIX KOJBIAX B NApA—TIONO0KCHUU

HAMEIOTCSI 0OBEMHBIC 3aMECTUTEIIH.

OOBsICHEHHE STOMY MOXET OBITh TO, YTO BO3PAaCTAaHHE 4YHCIA OpPMO—3aMECTHTEICH YCHIMBACT
SKpPaHUPOBaHUE PAIUKAIBHOTO [IEHTPA U TEM CaMBIM IIPEIOTBPAIACT BO3MOXKHOCTD OBITh ATAKOBAHBIM JIPYTUM
paaukaigoM. B To e Bpems 3aMeIIeHHe BO BCEX TPEX 1apa—TIONOKEHUIX TPHUPEHWIMETHIFHOTO pajuKaia Ha
00bEMUCTBIE TPYIIBl JIENAeT aTaKky COCEIHEro pajuKalla Ha OSTOT pajuKajl HeBO3MoxHOH. Takas ke
3aKOHOMEPHOCTh XapakTepHa u JUTS JUAPYIIMETHITEHBIX paJuKanos., HaTpuMep, JUTSE
6uc—2,5—auTpeTOy THI(PEHUIMETUIIEHOTO paaukaia [46]. Taxum obpaszom, s CTaOMIILHOCTH
TPpUAPHUIMETUIIbHBIX

C4Hg C4Hog paguKajioB  IjaBHas  pOib  IPUHAJICKUT  CTEPUYECKUM
(akropam. [lemoxanu3aus HECIIapEHHOTO AIIEKTPOHA ISl STUX
CH pagWKajoB MeHee BakHA. B TO ke Bpems CTaOWIBHOCTH
IMapuiIaMUHO  PaJUKajJoB  OMNpeAeNseTcs  JOoKalu3aluen
HCCIIapCHHOI'O 3JICKTPOHA I10 apOMaTHYCCKUM KOJIbIaM.
C4Ho CyqHo P P P

Ona MOBBIIACTCA npu BBCJICHUU QJICKTPOHHBIX 3aMeCcTUTeNeH u CHHMIKACTCA npu HaJIMYH
AIEKTPOHOAKIETITOPHBIX 3amectuteneii [46, 53, 54, 56, 63], Torma kak CTaOMIBHOCTh TPHAPHIMETHIBHBIX
paguMKaNoB pacTeT B IPUCYTCTBUH 3aMECTUTENEH M000ro Tuna:

OO = OO = OO

CTaOWiIbHOCTh COCIOMHEHHWH, COAEp)KallMX YEeTBEPTHYHBI aTOM a30Ta B TeTepoluKiIe (Hampumep,
MUPUIAIIOB), OOBSICHICTCS PE30HAHCOM OOIBIIIOTO YHCIa YHEPTETHYSCKU OJIM3KUX BaJCHTHBIX CTPYKTYp [46,
53, 54, 56, 63]:

COOCH3 COOCH3 - O—C— OCH3
. =
@ <> [j <> ot <>
) 1 )
CoHs CoHs C2H5

Kpome Toro, anekTpoHOaKIIENTOPHBIN 3aMECTUTENh B TOJOXKEHWW 4 MUpHUAWIA, TOHWXKAas IJIOTHOCTh B
TeTEePOIUKIIe, CTAOWIH3UPYET paguKail. AHAJOTHYHOE BIUSHIE OKA3BIBAIOT IEKTPOHOAKIICTITOPHBIC TPYIIIEI B
moyiokeHn: 2 u 6. BaanmopelicTBie HyKICO(UIBHBIX PAIUKAIIOB C TPOTOHHPOBAHHBIMHU T€TEPOIUKINICCKIMU
OCHOBAHISIMH IIPUBOAUT K MPOITYKTaM FOMOJIUTHYECKOTO 3aMelieHus. bronornyeckas akTHBHOCTh TaKOTO THIIA
paaukanoB oueHb Bbicoka [112, 131].

R H R H R H R

. Z : > Z
R + \1-\FI| —> \R-I| > |1¢I <> 'I\-]FJJ T \K]|
b i L L b

CrnenoBarenbHO, KaK 3JICKTPOHOJOHOPHEIC, TaK M AJIEKTPOHOAKIICTITOPHBIC 3aMECTUTEIH WIPAIOT BAXKHYIO
pOJib B cTAaOMIU3AUU CBOOOAHBIX PAJMKAIOB. JTH JIBE TPYMIbl 3aMECTUTENCH, WIIM KaK MPUHATO HA3bIBATh
3aMECTHUTEINHN TIEPBOT0 POJA M 3aMECTUTENIN BTOPOTO POJIA, PUBEICHBI HUKE:

1) 3amecturenu nepBoro pojaa (3MEKTPOHOJOHOPHEIE): TaoTeHbl, ankwibHble Tpynmnbl, OH, NH,, NHR, NR,,

OP, O™ — rpymmsl co CBOOOTHBIMH ITApaMH AIIEKTPOHOB;

2) 3amecTuTEeNH BTOPOTO pojia (3JIEKTPOHOAKIIEITOPHBIE):

+
COR, COOH, COOR, NO», NRj3
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3aMecTUTeNN NEPBOTO Po/ia COAEPIKAT aTOMBI, HMEIOIINE HEMO/IebHbIE aphl JJIEKTPOHOB, 00JlaKka KOTOPBIX
JIETKO CMEINAIOTCS B CTOPOHY OEH30JIBHOTO KOJBbIIA, YBEJIWYHMBAS HA HEM DIIEKTPOHHYIO IDIOTHOCTH B OpMO—
u
napa—I0JI0KEHUSIX 110 OTHOIICHHWIO K IEpBOMY 3amecTureno. [Ipu Hanudum 3amecTuTeNnell MepBOro poja
SHEprus aKTUBAIMM JUIA PEaKIUW 3aMEIleHHs B Opmo— U napa—iloNoKEHUSX OKAa3bIBAaeTCA HIDKE, YeM B
Mema—TI0JI0KEHHH.

3aMecTHTENH BTOPOTO pPOJAa TOHIKAIOT JJIEKTPOHHYIO IUIOTHOCTE B Opmo— W NApa—IIONOXKEHUSIX U
YBEJIMUYUBAIOT B Mema—TI0NOXKEHUSIX aTOMOB YIiepoaa OS€H30JIbHOTO KOJIbla. DTH 3aMECTUTENH MPEACTABIISIOT
c000if Tpynmbl ¢ APOOHBIMH WU IETIOYUCICHHBIME TIOJIOKUATEIFHBIMU 3apsiIaMy, OTTATHUBAIOIINE AIIEKTPOHBI
U3 KOJIblla. I[J'lﬂ TaKUX 3aMeCTHUTENIEH OHEPIrusd aKTUBAllUMW 3aMCIICHUSA B Mema—1I0JI0KEHUU MCHbIIE, YCM B
opmo— W napa-tonoxeHusx. CieoBaTeIsHO, BOJOPOTHBIE ATOMBI B Menia—I0JI0KEHUH HanOoIee IO ABHKHEI.

Jis Hammuust d3QQeKTa CONpPsHKCHHUS HEO0XOAMMO, YTOOBI B IOJOXECHHWH 2 ObUla IABOWHAS CBS3b WM
apomarnyeckoe Koublo. Crepuueckuii 3G ekt conpspKeHuns MPOSIBISETCS TOJIBKO B 00— U P—TI0JIOKEHUSX.

WunykTuBHBI 3G QeKT HaOM0AaeTCs 10 G—CBSI3SIM U OBICTPO 3aTyXaeT Ha O.— M B—YIJIePOAHBIX aTOMaXx.

Takue 3amectutenu B o—monoxenun kak Genmwi, CH=CH,, MeS, Me,N pe3ko yBeTUYHUBAIOT CKOPOCTH
oTpeiBa Bojopona [13, 26, 27, 46, 53, 54, 56, 63]. LlukmonponwibHbIe TPYHIBI TaKXe PE3KO IMOBBIMIAIOT
CTaOMJIBHOCTh PajiKaya BCIIEJCTBHE PE30HAHCHOTO B3aWMOEWUCTBUS MEXAY LUKIONPONIIBHOW IPYNION H
palvKaIbHBIM LEHTPOM. 3aBUCHMOCTD BIIMSIHUS DJIEKTPOCTATHUECKHX M CTEPUYECKHX (PAKTOPOB HAa CKOPOCTh
OTpBIBa BOJIOPO/IA TIOKA3aHa Ha IpUMepe coeAnHeHwi B Tabmmme 2. [Ipu sToM peakuus

ROO + RiH —» Ri + ROOH

MpPOTEKaeT TeM OBICTpee, YeM cTabuibHEee 00pa3yromuiics paaukai R1 [46]. Kak BumHO M3 Tabmuier 2
HauboJiee PeakMOHHBIH BOAOPOJ Y CTEPUUYECKH HE3aTPYAHEHHBIX MOJIEKYJI, HAIIPUMED, y AUBUHUIMETaHOBOM
CTPYKTYPBI. DPPEKT COMPSHKEHUS Y TAKUX COSAUHEHHUIA HanOOJIee CUITBHBIN.

Takum 00pa3oM, MO-BHIMMOMY, IEPEXOi OHOPEryJsITOPOB B CBOOOIHOpPAIUKAIBLHOE COCTOSHHE i1 VIVO
MIPOMCXO/UT 3a CYET OTPbIBA BOJOPOJA (OUEHb PEIKO APYrHX aroMoB). JIErkocTh peakuuu OTphIBa BOAOPOIA
3aBUCHT OT PEAKIMOHHOW CIIOCOOHOCTH Y4YacTBYIOLIETO paJHuKajda W XUMHYECKOTO OKpYKEHHUS BOJOpPOJA.
Ocna6nenue cBs3u C—H B nepexoHOM COCTOSIHUM U CHUKEHHE YHEPTHU NEPEXOJHOTO COCTOSHHS POUCXOIUT
3a cyeT Jro0bIX (aKTOPOB, CTAOWMIIM3UPYIOLIMX HIEPBOHAYANBHBIN panukan. CKOPOCTh OTPhIBa BOAOPOA TAKKE
CWIBHO 3aBHCHUT OT O—3aMECTHTENICH: OHa TeM OOJbIle, YeM OONBIICH CHOCOOHOCTBIO K CTAOWMIIM3AINU
panukana odiagaeT o—3aMeCTHTENb.

Tabmuna 2. Omuocumenvhas peakyuoHHask CROCOOHOCIb Y2iie8000P0008 8 PeaKyusx OmujenieHus.
6000po0oa nepexucHvimu paouxanamu npu 30 °C [46].

YraeBogopon OTHOCHUTENIbHAS pEaKLIMOHHAsI CIIOCOOHOCTh
PhCH; 1,0

PhCH,Ph 30

PhCH,CH=CH, 63,0

PhCHMe, 2,3

PhCH,CH,Ph 2,0
CH,=CHCH,CH=CH, 88,0

OYHKIMOHAJIbBHO-AKTHUBHBIE I'PYIIIIBI (JECKPUIITOPBI) BUOPEI' YJISATOPOB

B panee omy6nmkoBaHHO# Hamu runiotese [35, 36] paccMoTpeHsI cBOOOIHOpAANKATHHBIE MEXaHU3MBI JEHCTBHUS
peTyIATOpPOB pocTa HeOeIKoBOH Ipupoabl. Bece OnoperynsaTopsl HeOETKOBOH MPHUPOIBI MOKHO pa3feinTh Ha
JIBE OOJIBIIINE TPYIIIIBI;
A. VcTouHnKH CBOOOJHBIX PaTUKAIOB B KIICTKE,
B. AHTHOKCHUIAHTEI.
K GuoperynsatTopaM nepBoro TUIa OTHOCSATCS:
1. BemecTBa, Jerko pacmajaromuecs B KieTke ¢ oOpaszoBammeM CP, mampumep, H,0O,, rTamoreHsr u
rajOreHuIbI;
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2. BemecTBa, cogepxaline KOHIIEBbIE HEHACHIIIEHHbIE TPYIIbI, HAPUMED,

> C=CHpy,

— C=CH,

>C=NH,

—C=N,

>C=0 ,

KOTOpBIE B pe3ybTaTe peakuii IPUCOeIUMHEHN MOTYT naBaTh CP aHanoruyHoO STHIIEHY;
3. BemectBa, coeprkaliune Jerko OTIIEIIeMbld BOZOpo (Tabu. 3) y Takux (pparMeHTOB MOJIEKYJIbI
(Ha3BaHHbBIE HAMH KaK ()YHKIIMOHAJIBHO aKTHBHBIE TPYIIIIBI, IECKPUIITOPHI):

Cucmema Cucmema
conpsiicenvlx  —CH — cONnpsiceHHblx
ceszeli | ces3ell

Cucmema Cucmema
conpsiicennoix  — NH — conpsoicenmbvix
ceszell ceszell

4. BemecTBa, coepKaIlie 4eTBEPTHYHBINA aTOM a30Ta B TETEPOIIKIIC

i

N

5. BemecTBa ¢ KOHIIEBOW alNIMIIBHOM TPYNIIOH, COAEp Kalled BOAOPOL y TPETUUHOIO aToMa YIiiepoa.

K OuoperynsaTopaM BTOPOro THUIIA OTHOCSTCS: TOKO(eEposbl, (hEHOIbHBIC BELIeCTBa, aOCHU30Bas KHCIOTa,
MIpOCTarIaH/AnHbIL, aCKOPOMHOBAsK KUCIIOTA, BEIECTBA XHHOUHOM NPUPOJIBI 1 MHOTHE JPYyTHE.

Tabnuua 3. Qyuxkyuonanvrho-akmusHsie 2pynnuvl (0ecKpunmopbsl) 6UOpe2yIAmopos

chHKHI/IOHaHBHO-aKTI/IBHI)IC

Perynsropsl pocta

XI/IMI/IOTCpaHeBTI/I"ICCKI/Ie

Hpyrue nectuuuabt

rpymmsl (Jleckpuntopsr) pacTeHui TIperapaTsl
=C—CH—C= nvyK Tuden, aumenpon ATponuH
| |
=C—CH—O—C= DEHOKCUKHUCITOTHI HA HA
| |
=C—CH—C—0— DHpoTan HA HA
| |
=C—NH—C= Monypon ®ranazon MebGenun
| |
=C—N—CH—C= Kapaxon Acanun Meranakcui
. |
=C—NH—N= Tpuazosnsl ®dTuBazuy JHpazokcosion
|
SN—CH—NK Munon MerTasuz Tuabenmazon
|
Heterocycle
r NH _I Ankamonasl AKamon bl HA
=N— NH— N=— TepOurua - 5175 HA HA
|
>N—CH—C—0— Hyan Amnpoden IIpoxnopas
| |
—S8—CH —N< HA HA Cymnparmn
|
Iepourun C - 19490 | HA Omeroat
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[Mponomxenue Tabauus 3

(DyHKIII/IOHaJ'[I)HO-aKTI/IBHLIG

Perynsropsl pocta

XI/IMI/IOTCpaHeBTI/I"IGCKI/Ie I[pyrI/Ie NCCTHIIUBI

rpynns! (JeckpunTopsl) pacTeHHI nperapaTsl
—N=(C— NH— g _ HA Hopcynbdazon Cynbrut
| |
=C—S—CH—S—P= HA HA deHkanToH
| | /\
=C—NH—-C—Cc= Kepb HA HA
| |
=C—NH—P=0 HA Benzored ABeHuH
| \
—S—0—CH—C= HA HA Omur
| |
=C—S—CH —S—N < HA HA DeHunTHOMETaH-
| | cynbhamu
=C—CH —Ss—C= HA HA DTopbeH3ug
| |
CH»
=C—NH —C < | Yporpokc HA HA
| | NCHy
> |C —NH _(|: = Tepxyec - 7175 HA HA
=C—N— CH—C= HA HA Buanpar B -24
I
=C—CH—S—P= HA Iepxnopatsl Kuraszun
| |
—S—CH —S5— HA HA Tumer
=C— NH— C< HA B—nakTamHbIe HA
| | aHTHOMOTUKHU
9 CH ATtpazuH Tumoi1, MEHTON HA

KOHILIEBast TPyIIIa C
TPETHYHBIM aTOMOM YTJIEposia

IMpumeuanue. HA — coennHeHus ¢ TaHHON (PYHKIIMOHAIBHOW IPYIIION aBTOPY HEM3BECTHBI.

BUOPEI'YJIATOPBI — MTHUITMATOPHI ITEPEKMCHOI'O CBOBOJJHOPA JUKAJIBHOI'O OKMCJIEHUA
JIMIMNJJ0B MEMBPAH U1 JIPYTX BUOITOJIMMEPOB KJIETKH

B mocrmenHue TOABI HAKOIUICHBI OONIMPHBIC CBEJACHUS O BAaXKHOW POIH IPOIEcca CBOOOIHOPAIUKATHLHOTO
OKHCJICHHsI JIMITUIOB B PA3IMYHBIX OHOJOTHYECKMX MeMOpaHaX MPH BO3HHKHOBEHHH U PAa3BUTHH MHOTHX
MaToJIoTuYecKkux mpoueccoB [2, 3, 57, 58, 94,141]. Iloatomy paccmorpeHue Mexanusma nerictBus CP Ha
MeMOpaHbI U Apyrue OUOMONMMEPEI KIETKH B 3a1a4y JAaHHOTO 0030pa He BXoAuT. OCTaHOBUMCS Ha MPUYUHAX
WHUIHAAIUH TTepeKucHoro okucieHus mumuaoB (I10JT) memOpan.
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[Tpsimast 3aBUCHMOCTb MEX/y CKOPOCTBIO POCTOBBIX ITPOLIECCOB B OPraHMU3MeE U COJIEp)KaHHEM PETYIISITOPOB
pOCTa TPOCIEKUBAETCS 1O OIPEAETICHHON KOHLEHTpAauK (HACBIIEHHOCTH) TIOCIEIHUX, JaJbHenIIee
YBEJNIMYCHNE KOTOPBIX CHAdajda HE COMPOBOXKIACTCS YCHIIEHHEM POCTOBBIX IIPOLIECCOB, a 3aTE€M HACTyHaeT
TOPMOXEHHE POCTa WM THOENb. OTOT (DAKT TOMBITAIUCH OOBSCHUTH PEIENTOPHO-KOHPOPMAITHOHHBIM
npuHiunoM peryisuuu [38, 51, 95, 138]. OnHako COBEpPIIEHHO OYEBHUIHO, YTO TaKas TPAKTOBKA NEHCTBUS
PETYIATOPOB pocTa HE JaeT OTBETa Ha psix BompocoB. Ilodemy, Hampumep, OAWH U TOT K€ OHOPETYISTOp
JIEMCTBYET W KaK CTUMYJISTOP, M KaKk WHIHOMTOP POCTOBBIX IpoueccoB [9, 25, 62]? Kak u3BecTHO, moj
peLenTopoM IOHMMAIOT XHUMUYECKHE CTPYKTYpbl COOTBETCTBYIOIIMX TKaHEH MMIIEHEH, cojepikammne
crnenudryeckne MecTa UIS CBS3BIBAHHUA OWOPETYISATOPOB, B pe3yNbTaTe UYero IPOUCXOAWT HHHUIHALINS
OMOXMMHUYECKUX PEaKIIMA, HEOOXOMMBIX IS IPOSIBIICHHsI KOHEUHOTO 3 dekTa buoperystopa [38].

Ecnmn  penentopsl  IEHCTBUTENBHO — SIBJIAIOTCS  NOCPEAHUMKAMHM MEXKIY pETysITOpaMH pocTa H
OMOXMMHUYECKAMH TPOLECCAMH, TO MX JOJDKHO OBITH OeckoHeuHO MHOTO. HO 3TO OeccMbIciieHHO, H0O0 KIIETKe
MIPUXOIMIIOCH OBl HEMIPEPBIBHO CHHTE3MPOBATH HECKOJIBKO ECATKOB THICAY OenkoB. [Ipu momagaHuy B KIETKY
9K30T€HHOr0 OHOPETYJIATOPa TOJIBKO OJMH M3 JACCATKOB THICAY OCIKOB JIOJKCH ObI CBSI3aThCS C HUM M BBI3BATh
6uonorndeckoe neiicteue. Kierka OecrenbHo u3pacxogoBaia Obl OrpOMHOE KOJMYECTBO SHEPTUH M BELIECTBA.
B IeificTBUTENBRHOCTH K€ PTOrO HE HAOIIOMaeTCs.

ITo HamreMy MHEHHMIO PELENTOPOB PETYIATOPOB pOCTa HEOETKOBOW MPHUPONIBI C TAKUMHU CBOHCTBAMH, IIO-
BUIUMOMY, He cymecTByeT. OnHako Te OelKH, KOTOpble AaKTHUBUPYIOT OHOPEryiIsTOpbl, MOTYT OBITh
(depmeHTHBIMEA cucteMaMu. OrpenenieHHass pojib B 3THX IIPOIeccax MOXKET IMPHHAUIEKATh IIMTOXPOMaM.
DepMeHTEHI, 3aXBaThIBasl Uy)KEPOIHBIC BelecTBa (KCEHOOMOTHKH), T.€. B HAIIEM IOHUMAaHUH PETYISATOPHI pOCTa,
IPU  ONpENEeNICHHBIX YCIOBUSIX MOTYT II€PEeBOIUTh HMX B CBOOOJHOpaaMKaibHOE cocrosHue [35, 36].
OOpa3oBaBiurecss CBOOOIHBIC paJyKaibl Jlajiee AEHCTBYIOT CAMOCTOSTENIBHO W SIBISIOTCS HMHUIMATOPAMHU
MIEPEKUCHOTO OKUCIICHHSI JIUITHOB KIIETOYHBIX MeMOpaH. Takum o0pa3zom, OMOPETYIATOPHI 3aIyCKAIOT IIETTHBIC
pPEaKkI OKHCICHUS MOJMHEHACHIIIEHHBIX KapOOHOBBIX KHCIOT, a B JaJbHEHIIEM IIPH HEIMPEPHIBHOM
yBeaundeHun CP B KileTKe NPOMCXOIUT OKHCIIeHHE OEJIKOB, HYKJIEWHOBBIX KHCIIOT M MOJHMCaxapuioB, T.e.
HaOJI0JaeTCst pe3yJIbTaT IeHCTBUS PEryIIITOPOB POCTa.

Panee BrIickazaHo mpeamonokeHue [29], 4TO B aKTUBAIMH OHMOPETYISATOPOB BAXKHAS POJb HMPUHAIICKHUT
nutoxpomy P—450. CormacHo npenyokeHHOMY MEXaHHM3My, B KJIETKE C MOMoIIbio Iuroxpoma P—-450
00pa3yroTcsi akTUBHBIE MeTabomuThl: 3mokcuasl, CP, XuHOHBI U Ap. B cBOIO ouepenp, yBenndeHHE B KIETKE
aKTHBHBIX METa0OJIMTOB BelEeT K MOBpexieHuto camoro P—450. B 3Toil CBSI3M HEW3BECTHO KaK BCE Ke
00pa3yroTcst peaKIIMOHHO CIIOCOOHBIE META0OIHTHI TTOCHE pa3pyIIeHus muToxpoma P—450.

KoBanenTHOe CBsI3BIBaHHE KCEHOOMOTHMKOB, POBHO KaK M JHJOTCHHBIX OHOPETYISATOPOB, C APYTHMH
OvoronrMepamMy SIBJISETCS OJHMM U3 IyTed ux Merabonusauuu B kierke. Kak m3BectHo, peakumu CP c
JIPYTHMH BEIIeCTBAMH IPOTEKaOT Oe3 sHepruu aktuBanuu [46, 53, 54, 56, 63]. U noxaiyii, camoe Ba)XHOE: HE
BCAKOE UYy>KEPOJHOE BEIIECTBO (KCEHOOHMOTHK) SIBISIETCA PETYIISITOPOM pocTa. bromorndeckoil akTHBHOCTBIO
00J1aZIaloT TOJNBKO TE BEIECTBA, KOTOPBIE B CTPYKTYPHOH (OpMyJie MMEIOT COBEPILIEHHO OIpeAeIeHHbIE
(yHKIMOHATBHBIE TPYMITEI (IecKpurTopsl, Tadm. 3) [36]. [dpyrue xe BemecTBa, HE MMEIOIINE TAKUX TPYIII,
TaK)Ke MOTYT JE€HCTBOBAaTh TOKCHYECKH i Vivo , HO MIPH OJHOM MPHHLIUIHAIBFHOM Pa3NUIAN: TSI JOCTHKCHHS
aHaJoru4Horo 3ddexra ux morpedyercs: B3ATh B KOJUYECTBE HAMHOTO OOJIBIIUM, YEM TEX, KOTOPHIC OOBIYHO
Ha3bIBAIOTCS PETYJISITOPAMH POCTa.

M1 npearonaraeM, 9YT0 YHHBEPCATBHOH I BCEX KIIETOK CHCTEMOH SIBIISIETCS CHCTEMa KIETOYHBIX MeOpaH
¢ BCTpOeHHBIMH B Hee (hepmenTamu. C TOUKH 3pEHHS MPUHINIIA OHOIOTUYECKON YHUBEPCATHbHOCTH MEMOPaHBI
SBJIAIOTCA KOMIIAPTMEHTAMU, Pa3ACIAOIIMMU OpraHeulbl U OAHOBPEMEHHO o6ecneqMBa}0ume XUMHUYECKUI
romeocrta3. lleHTpasbHBIM 3BEHOM B 3TOW CHCTEME SBIISETCS JIMIMIHBIA CIIOW, IIEPEKHCHOE OKHCIICHUE
HEHACHIIIEHHBIX KapOOHOBBIX KHCIOT KOTOPOTO MPOTEKAECT HEMPEPHIBHO M SBIAETCS CAMBIM UyBCTBHUTEIHEHBIM
3BEHOM Ha JtOObIe HM3MEHEHHs cpefapl Mo o00e CTOpOoHBI MeMOpaHbl. Takum oOpa3oMm, JTUIUA-OSIKOBBIN
KOMILIEKC BBINOJHSET XEMOAHAIM3aTOPHYI0 M MMMYHOPETryJUpYOUylo (GYHKIMU. V3MEHEeHUEeM aKTHBHOCTH
BCTPOEHHBIX (hepMeHTOB (OKcuna3HbIX, AT®a3HBIX U JPYTHX CHCTEM) MEMOpPaHBI MOIEPKHUBAIOT XUMUYECKUH
TrOMeocCTa3 B KJIETKe.

Pazymeercs, obpasoBanue CP n3 KCEHOOMOTHKOB WM SHAOTEHHBIX OHOPETYJITOPOB BO3MOXKHO e€Iie 10
BCTpeun C (epMEHTaMU OKCHAA3HBIX cHCTeM. [loaToMy poiib MOcienHHX B reHepauuu akTuBHbIX CP emie
MIPEACTOUT BBLICHUTE. HaM mpescTaBisieTcst, YTo akTUBanusi OMOPEryIIATOPOB NPU B3aUMOJICHCTBUH C IPYTUMHU
CBOOOIHBIMU pamuKanaMu Oosee mpenmoyTuTenbHa. K ToMy e KOHBIoTaIs Onoperyisrtopa ¢ pepMeHTaMu
OKCHUT€HAa3HON CHCTEMBI €Ille HE IOKa3aTelbCTBO, YTO MMEHHO IOCJIE ITOT0 OH CTAaHOBHTCS aKTHBHBIM. MBI
IoJIaraeM, yTo KJIeTKa He pa3JiesiaeT BellecTBa Ha “‘CBOM” M “‘dy)kue”, a ’KECTKO KOHTPOJIUPYET OKUCIUTENBHO-
BOCCTaHOBHTEIIbHbIE peakuny (epMEHTAaTUBHO, IO NMPHUHIMITY 00paTHOH cBsi3u. JleiicTBue jxe OHOperysITOpoB
COCTOMT B TOM, YTO OHH 3alyCKalOT He(EepMEHTAaTHBHBIC OKHCIUTEIHHO-BOCCTAHOBUTEIHHBIC PEAKIIHH,
KOTOpBIE MOTYT IEepeXOauTh B IIETHbIE peakuuu okucieHus [35, 36]. Pasymeercs, B 3TOM ciydae KIeTke
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HY)KHO Bpems i1 HapaOOTKH BemiecTB je3akTuBaropoB (tymmrened CP) wim, Ha000pOT, aKTHBATOPOB
(paspymmresneii aHTHOKCHAAHTOB). I103TOMY JIeCTpYKTHBHBIN TOKCHYECKUH 3(PPEKT KCEeHOOMOTHKOB 3aBHCHUT OT
TOTO KaK CKOpO KJIETKa CyMeeT HeHTpalu30BaTh NeHCTBHE MOCIEeTHHX. B camoM oOmmieM BHIe TEpBUYHBIN
MEXaHHU3M JAEHCTBUS OHOPETyISITOPOB HEOSIKOBOM MTPUPOIBI IPEACTABICH HUXKE!

RH
buoperysitop OTBET: 1) coumympyromiee, HHTHOUpyIoIee,
JIeTaabHOE JICHCTBHS,
2) MyTareHes,
R’ 3) xkaHIIEpOTeHe3,

CBOGO B paHKaT 4) UMM yHOHapy IIICHUS
ouoperysstopa

ROO
WJIM TIEPEKUCHBIN paKal
Ouoperyrstopa

Mommdukanus GHONOIMMEPOB:

- OKHCJICHUE JIMITHJIOB U IPYTHX BELIECTB,

- CBOOOHOpAMKATEHOE MPUCOESTNHEHNE (CIIMBKHN) K O€JIKaM U JIMITHAAM,
MOJMCAXapHIaM, HY KIICHHOBBIM KHCJIOTAM

[Mocne MHUIMAIMN LIETTHBIX PeakUuil OKUCICHUS JallbHEHIINE COOBITHSI ONPEIENSIOTCS TOJIBKO pa3BUTHEM
CBOOOIHOpaIMKANIBHBIX peakunii B kinerke. Ecnmm ymaercs cHusuth ypoBeHb CP 1o mcxomgHoro, KileTKa
BO3BPATHUTCS K MPeXHEMY (DPU3HOIOTHYECKOMY COCTOSIHMIO. B cilydae HenmpephIBHOTO YBEJIMYEHHS KOJIMYECTBA
CP B KIIETKE NPOUCXOAWUT CHIDKEHHE KOJIMUYECTBA aHTHOKCHAAHTOB. CHHTETHYECKHE BO3MOXKHOCTH KIIETKH
TaKXKe PE3KO MMaJaloT U CBOOOIHOpaIMKAIbHBIE PEaKMi MPUHUMAIOT XapaKTep HEKOHTPOJIMPYEMOro polecca,
YTO BEJET K JIETATbHOMY UCX0ny. CXeMaTH4eCKU 3TU IPOLEeCChl IPEACTaBIEeHbl Ha puc. 1 u 2.

KomnuectBo
Minimum CBOOOTHBIX PATUKAIOB
A Maximum
I'ubenn |
HuarnbupoBanme |
CmumympoBaHHe |
CrarnmoHapHOE COCTOSHIE |
HWurndupopanne |
| CoctostHrE (PU3HOTOTHIECKOTO TTOKOS |
Maximum
Y
KonunuectBo Minimum
AHTHUOKCHUIAHTOB

Puc. 1. Jluarpamma B3aumopeicTBusi cBoOomHbIX paaukaioB (CP) u antuokcumantoB (AO) in vivo. Hrubuposanue
POCTOBBIX IIporieccoB ocyecTBisercs: (1) yBennuenuem konnuectBa CP (coctosiHue 5) npu HemsmeHHOM ypoBHe AO; (2)
yBenuueHueM koiudectsa AO (cocTosiHKe 2) npu Hen3MeHHOM ypoBHe CP.

Crnenyer oTmeTuTh, uTo Owmomormueckoe naeiictue CP ormmuaercs oT TakoBoro AQO: MpH CHIKEHUH
koHIeHTpanuu AO B xierke (cocrosHme 1) 10 omTUManbHOW (COCTOSHHE 3) PpPOCTOBBIE ITPOLIECCHI
BO300HOBIISIOTCS, TOT/Ia KaK HEKOHTPOJIMPYEMOe KIIETKOW yBenuueHue kommuectBa CP (cocTosiHue 6) Bener K
HeO6paTl/IM]:lM U3MCHCHUSM. BTI/IM u O6LSICH$1€TCH TOT q)aKT, 4TO B 3aBUCUMOCTU OT KOHHGHTpaHHM
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OMOPEryIATOPOB M (U3NOJOTHUECKOTO COCTOSHHS KJIETKH OJHHM M TeM JK€ PETYISITOPOM DPOCTa MOXKHO
BBI3BaTh KaK CTHUMYIUpPOBaHHWE, TaK W HMHTHOMpPOBAaHHWE POCTOBBIX IIpoIleccoB. Hampumep, eciam KieTka
(opraHu3M) HaxOJATCS B COCTOSIHUU 1, TO BBEJICHHE BEUICCTB — HCTOYHUKOB CBOOOHBIX PaMKAIIOB, IIPUBEICT
K CTUMYJHPOBAHUIO POCTOBBIX IPOILIECCOB, TOTAA Kak JajibHelllee yBenudeHue konndectBa AO He M3MEHUT
YCTaHOBHBILIETOCS (pu3nosormieckoro cocrosaust. Oqnako sBeneHne AO B KJIeTKy (OpraHU3M) B COCTOSHUH 5,
cHUMaeT uHruompyromee neiicteue CP, 9To BHEIIHE M BBIpa)KaeTcs B BO3OOHOBIIEHHMH POCTOBBIX IPOIECCOB.
PaccMOTpeHHBIH BBIIIIE MEXaHU3M JICHCTBHS OHOPETYJISITOPOB OYEHB YIIPOIICH, HO OH OTPaXkaeT XOJ COOBITHI
ONM3KHIA K HaOJII01aeMbIM B 3KCIIEPUMEHTE.

IIpemnoxeHHBIH  HAMH ~ MEXaHH3M  JCHWCTBUS  OHWOpEryJisiTOpOB  TO3BOJISIET  OOBACHUTH  Psif
SKCIIEPUMEHTANBHBIX NaHHBIX, HAIpPUMep, BO30OHOBIICHHE POCTOBBIX IIPOIIECCOB TIOCIE OTMBIBKHA CEMSH OT
ABK [140]. B mpyroii pabore mokazaHo, uro ABK mHrmOmpoBana pocT KIETOK pacTeHHil M oOpa3oBaHue
pacTBOpuMBIX (hopM (eHONBHBIX coeauneHuii [1]. B atom cinyuae u ABK, u ¢eHOIBbHBIC COSTUHEHNUS ABIISIFOTCS
AO. Ilpu BBenennu sk3oreHHoit ABK Hapymaercs ¢pu3nogoruyeckoe paBHOBECHE MEXIY OKHCIUTEISIMU U
BOCCTaHOBHTEIISIMUA B CTOPOHY YBEIHUYCHHS MOCIEIHUX, YTO U BEAET K TOPMOKEHHIO pPOCTa KJIETOK W CHHTE3a
(eHOI0B. B mpUCYyTCTBHU MOCIEIHUX KIIETKA YK€ HE HYKTACTCS MO0 MMEETCsl M3IHIITHEES KOJUYSCTBO IPYTOro
anTuokuciurens, T.e. ABK. CxemaTnuecku U3J10)KEHHOE BBIIIIE MOYKHO MPEJACTABUTD TaK:

<-- Vpeimuenne <€-- OTBET ~~%»  VYMCHbIICHHe "~~~ T
|
A |
CroGoHbIE | : MemOpaHHbIE KTETKA MeMmGpaHHBIE | AHTHOKCH-
pamKabl | CTPYKTypBL CTIPYKTYpBI y |
|
|
|
“-~Vwmenpmenne €--| OTBET -—% VYBeIMYeHHEe ------ >

Tor ¢akt, 4TO OTHOCHTENHHO HEOOJNBIINE KOHIEHTPAIUU OHOPETYISITOPOB IEHCTBYIOT KaK aKTHBAaTOPHI
CHHTETHUYECKHX IPOIECCOB CBUICTEIBCTBYET O TOM, YTO METAO0ONMIECKHE TPOIECCH B “HOpME” MPOTEKAIOT B
KJIETKE HE Ha CaMOM BBICOKMM YPOBHE M MMEETCS BO3MOXKHOCTH KaK JUISl €ro YCHWJIECHHs, TaK M CHIDKeHus. B
CTUMYJIAPYIOIIMX [103aX OMOPETyJIATOPHl YBEIMYHUBAIOT MPOMYCKHYIO CIOCOOHOCTh MHOTHX METa0OIMYESCKHIX
ITyTeH, HO TOJIBKO JI0 OTPEAEICHHOTO YPOBHSL.

Crnemyer mog4epKHYTh, YTO PETYIATOPHI pOCTa JEHCTBYIOT OJMHAKOBO KaK B NENAMINXCS (paCTYIINX), TaK U
B muddepeHumpoBannblx KieTkax. OJHAKO B cllydae pacTyIIMX KIETOK WHUIMALMS OHOpEryJIsTopamMu
He()ePMEHTATHBHBIX CBOOOJHOPAJIMKAIBHBIX IPOLECCOB PE3KO YBEIMYMBAET KOJIMYECTBO OIIMOOK B CHHTE3E
ouomnosmMepoB. OgHOBpeMeHHO BcleacTBue mpsamoil ataku CP (mepekucsmu) OHOMOIUMEPOB MPOUCXOIUT
MOIU(UKAIS TIOCIEAHNX: TPUCOSAWHEHUE W yNAJIEHHE paJWuKajoB, OKHCICHHE ()YHKIHOHAJIBHBIX TPYIIIL,
oOpazoBaHue cmmBOK U jap. HekoHTposnmpyemoe ¢epmeHtamm yBennueHue nepekucedd u CP mpusenmer k
HEoOpaTUMBIM HApyLICHUSM IPOLIECCOB TPAHCKPUIIIMK M TPAHCISALMUH, a B MEPUOJ MHUTO3a — Pa3pyLICHHIO
MUTOTHYECKOro ammapara. K Tomy ke Ouoperynsatopsl ( B CBOOOTHOPAaIWKAIHHOM COCTOSHUH) BIHAIOT,
MIPeXIe BCETo, Ha TTACCHBHBIA M aKTHBHBIA TPAHCIOPT AJIEKTPOJIMTOB Yepe3 MeMOpaHy. Ha 3Tux mMexaHm3Max
JieicTBHA U Oa3upyeTcs IPIMEHEHHE XUMHOTEPAIIeBTHIECKUX IPEapaToB U MECTUIIHIOB.

B pabore Byamze ¢ coaBr. [7] ycTaHOBJIEHO, 4TO BHTaMUHBI IPynnbl B ymeHbluanu uHrubupymouiee
neiicteue repburmma 2,4-J Ha pPocT W pa3BUTHE MPOPOCTKOB KyKypy3sl. Ilo-BuamMomy, B 3TOM ciyd4ae
npoucxonmita pekomOuHanus CP, 00pa3yIommxcs U3 peryisTOPOB POCTa, Pe3yabTaTOM KOTOPOH M SBISETCS
CHIDKEHHE 00IIero ypoBHs cCBOOOHOpaAUKaNbHBIX HHUIMAaTopoB [10JI B KieTKe Kak 3TO MOKa3aHo Ha puc.3.

He wuckmroueHo Ttaxke, uro BcieacTBue B3aumoneicteus CP Ouoperymsropa—l c Ouoperynsropom—2
obpasyercsi cBOOOIHBIN panukan Ouoperyisropa—2, HO OH MOXKET OKa3aThCS MEHEe MOJBIKHBIM HJIM MEHEe
akTuBHBIM. KpoMe Toro, B KieTke mop Bo3aeicTBHeM OmoperynsTopa—l Bo3pacraeT obmee kommdectBo CP,
KOTOpble IIpU  aTake OWoperymsitopa—2  MOTYT  JaBaThb  OWOJOTMYECKHM  Majo  3(QQEeKTUBHbBIC
CBOOOTHOPAUKAIBHBIC TPOTYKTHI: ROn + RRH —» Rn—ROQH . CrencrBueM STUX peaklUd ABIAETCS TO, UTO
CyMMapHBIH OHOIOrmYecKuii 3 PEeKT CMECH MEHBIIE, YeM HCIIOIB30BaHNE ONOPETyIATOPOB B OTJAEIEHOCTH.
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AHTHUOKCHUIAAHTBI U ITEPEXBATUUKN CBOBOAHBIX PAJINKAJIOB

Amnanu3z nurepatypsl [2, 3, 5, 35, 57, 58] noka3bIBaeT, 4To B OpraHU3Me *XMBOTHBIX U PACTEHUH CYILECTBYIOT
HOCHUTENN W30MpaTeNbHOM HMH(pOpMAnMU O HeOIaronpuATHBIX Hpoleccax, MPOUCXONIIuX B KieTke. K HuM
OTHOCATCS: TOKodeponbl, rirytatioH, ABK, npocrarmaHguHbl, CTpeccoBble O€iKH, a Takke (EepMEHTHI
CYNEePOKCHAMCMYTa3a, TIIyTaTHOHIIEPOKCHIa3a, KaTanasa, mepokcugaza u ap. Beex ux o0beanHseT oqHa

XUMMYECKHUE ®AKTOPbI:

R (ROO) - axkTuBHBIN CBOOOIHBIH
PaMKAI WM TIEPEKUCHBIN PaIiKail

OU3NYECKUE ®AKTOPBI:

YO uznyuenue, paauanus;

MAarduTHBIC, IJICKTPUICCKUC, TPABUTAIITMOHHLIC TOJIA U JIP.

'

Wunyuuposanue obpazosanus R (ROO )
(MpsIMOE WITM TOCPE/ICTBOM Hapy IIEHHUS [IEJIOCTHOCTH

KJICTOYHBIX MeOpaH)

'

MEMBPAHBI

'

Axtusarus [TOJI - Bo3pactanue ypoBHS CBOOOHBIX paJMKaIOB B MEeMOpaHe U ITUTOTIa3Me

M3meHeHne akTHBHOCTH (PepMEHTOB

Hsmenenue MNPpOHNIAEMOCTU MEM 6p aH

'

OTBET

—> penapanuoHHbIX

IIposiBnenue ¢

OHOoJIOTH-

YEeCKOIO <

JeNCTBUSA

PEeryJaTOpoB

poOCTa
VBennueHnue
KOJINYEeCTBa
OEJIKOB C
AHTUOKCHIAHT-
HBIMH CBOMCT-
Bamu b (SH)

AKTUBAIMSI UIMMYHHOW CHUCTEMBI:

VBemmueHnne
KOJINYEeCTBa
MOJIEKYJT
AHTHOKCHIAHTOB
RH, RH 7

YBemmueHnne
KOJIMYEeCTBA
(axTHBHOCTH)
(bepMeHTOB,
Ppa3pyHaoIIx
qyXKEPOHBIC
BEICCTBA

'

NurubupoBaHue HEnHbIX CBOOOAHOPAANKATIBHBIX pEaKIIi
(me3axkTUBaLKs CBOOOIHBIX PaIUKAIIOB)

AxTuBanus

MPOIIECCOB

Puc. 2. [TepBuunble GHOXMMHUYECKUE MY TH ACHCTBHS OHOPETyIISITOPOB (XUMHUYECKHX U (QU3HUYECKUX (PaKTOPOB).
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XapaKkTepHass OCOOCHHOCTh: KOJIMYECTBO HX B KIETKE PE3KO BO3pAacTaecT I0J MACHCTBUEM pa3IMYHBIX
XMMHYECKUX M (Pu3ndecKux (akTopoB. MexaHNW3M, TOCPEICTBOM KOTOPOTO OCYIIECTBISIETCS TAKOM MOIIHBIN
cuHTe3 de novo (a BO3MOXHO OCBOOOXKIECHHE W3 CBSI3aHHBIX (POpM) HeM3BeCTHHIH. MBI mpexmnonaraeM, 4ro
ABK, mpocrarnaHiuHbl U CTpecCOBbIe OENIKM SIBJISIOTCS aHTUOKCUIAHTAMH — IIEPEXBaTYMKaMH CBOOOIHBIX
paIuKanoB B KJIETKE.

N — — R.1+R2—> R1R.2, R.1+R2—> Rp+Rq

|
|
|
|
l Ri R) :
! buoperysrop-1 Buoperymirop-2 — R2 - cBoGombIii pamkan
! ¢ OGuoperysitopa-2
|
| . .
! R - cBoGOmHEI pamuKan GuoperynaTopa-1 Ry + H—> RIZH
|
! B e T T 1
! B e 1 !
I
L-» MEMBPAHA €T !
- —¢— —————————————————————————————————————————————————— 1

Bcenencteue pexkombunaruu R | m R) , a Takoke BOCCTAaHOBNICHUS UX aHTHOKCHIAHTAMH,
o0pasyrorest HepaaukanbHble mpoayktel R 1H, RoH wim R 1R

Puc. 3. Mexanuzm paauKali—palluKaJlbHOI'O B3aPIMO,Z[eI>iCTBPISI 6I/IOpCFyJ'I$ITOp0B,

Mexanusm pgeiictBusi o—T1okodepoJa. /n vivo a—tokodepon [17] BoccranaBamBaercs (pepMEeHTATHBHO) C
o0OpazoBaHMEM JBYX THAPOKCHIBHBIX Tpyn (2). [Ipu arake nocienHeil CBOOOAHBIMY pajiKalaMH MPOUCXOIUT
OTPBIB JIByX aTOMOB BOJOpoJa M oOpa3soBanue Owupaaukana (3). BcreactBue BHYTPHUMONEKYISIPHON
MeperpymniupoBKY C MUTpAIFel aToMa BOZOpoaa oOpasyeTcs ncxoanoe coequaenue (1).

'

O OH . . )
’ +2e-, +2H* +2R (2ROO0) ©
C16H33 > C16H33 v C16H33
1S S 2RH (2ROOH) ¢
1 2 3

a-Tokogepon

Takoli MexaHW3M IIpeArnoJaracT JINTENbHOe (PYHKIMOHMPOBAaHHE O—TOKO(Eepoja KaK aHTHOKCHAAHTA
TOJIBKO TNpPH HAJIWYMM B KIETKE BOCCTAHABIMBAIONIMX areHTOB. 3-3a OTCYTCTBHS MOCIHEIHHUX in Vivo
o—Toko(epor OyAeT MooYepeTHO TO OKUCISTHCS, TO BOCCTAHABIMBATHCS, OKHUCIISIS JpyTHe BellecTBa. BHemrHe
3TO MPOSIBIISIETCS KaK OTCYyTCTBHE AeiicTBus TymmTens CP, miii HHUIALUS HETTHBIX PEaKIid aBTOOKNUCIICHNS.

Hpocmma}munm — AQHTHOKCHAAHTHI JIUIIUIAHOIO IPOUCXOKICHUSA. HpOCTaFJ'IaHI[I/IHLI — OHOJIOTHYECKHU

aKTHBHbBIE COCIUHEHUS, TI0 XUMHUIECKOW MPUPOJEC — MPOU3BOIHBIC MOJMEHOBBIX KapOOHOBBIX KucioT [20, 47,
134]. ITog Bo3aE€HCTBUEM PA3INYHBIX XMMHUUECKUX W (PHU3NYECKUX (PAKTOPOB KOJIMYECTBO NPOCTArJIAHIMHOB

55



pe3ko yBenuuuBaercs. Ham mpencrasisercd, 4To 00pa3oBaHHE IPOCTAriIaHAWHOB SIBIAETCS OTBETHOM
peakuuen KJIETKH Ha YBEJIMYEHUE OKUCIMUTENEN U rugponepekuceil. B 3ToM ciyyae neqaTenbHOCTh 3alllUTHBIX
aBTOMMMYHHBIX CUCTEM CBOJUTCS K HeWTpanu3anuu Jimnonepekuceid u CP myTeM ux yaaiaeHust U3 MeMOpaHbI 1
npeBpaieHus GepMeHTaTUBHBIM myTeM B AO, T.e. mpocTamiaHauHbl. MexaHu3Mm TpaHchopMallii U JeHCTBUS
MIPOCTarIaHANHOB MIPEJCTABIEH Ha pUC. 4 1 5.

JIEMCTBUE
(XuMuYecKui WiH (pU3NIeCKuin
O JlucOamaHc MOHOB: Jenonspuzanus
AKTOPBI — HHUIIUATOPbI >
taxrop ' 11arop ) K', H, Ca*, Na" MeMOpaH
A
| MEMBPAHB | t
l -»> N3menenune
Axrtusauus ITOJI — Bospacranue > HpOHHHZeMOCTH
ypoBHsi CP B MeMOpaHe U nuToria3me MeMOpaH
W3menenne (1)I/I3I/IKO—XI/IMI/I‘ICCKI/IX CBOMCTB MCM6paHH WN3MeHeHue akTUBHOCTHU
(koH(bOpPMAITMOHHBIE IEPECTPONHKH) ’ depMeHTOB

A

AxTtuBaus GepMEHTOB, YAAISIOIIAX
W3MEHEHHBIC KapOOHOBBIE KACIOTH  +

}

VY nanenue u3 MeMOpaH H3MCHEHHBIX
KapOOHOBBIX KUCIIOT (B TOM YHUCIIE TIEpPEKIceit)

Tpauchopmanys H3MESHEHHBIX KapOOHOBBIX
KHCJIOT B IpocTarimanguHH (... PGFy, ) — <
o0pa3zoBaHre aHTHOKCHIAHTOB

+«——  DK30reHHbIE
l NPOCTATJIaH IUHbI

Heiirpanu3anus cBOOOAHBIX paluKaoB, OJIOKMPOBAaHUE CIIEAYIOIIUX
OMOXMMUYECKUX PeaKInui

Puc. 4. Mexanusm ieicTBus npocrariaianHoB rpynmnsl PGF,, .

AOCHH30Basi KHCJIOTAa — AHTHOKCHAAHT PACTHTEJIBHOT0 NPOHMCXO:KAeHUs. PaHee HaMu BBICKa3aHO
Mpeanoioxkenne, 9ro Ouonormyeckas aktuBHOCTH ABK [110, 136] oOycioBieHa ee aHTHOKCHOAHTHBIMU
cBoiicTBami [34, 35, 36]. s nposisnenus 6uonorunueckoro aevictsus ABK (puc. 6, 1) moimkHa peBpaTUTHCS B
kietke B 1',4'—mnon—ABK (2). Ilpu atake mociemHeil CBOOOAHBIMU paauKalaMd MPOUCXOIUT OTIIETUICHHE
JIByX aTOMOB BoJopoja (3), a 3aTeM BCJIEACTBHE BHYTPUMOJIEKYJISAPHOI MeperpyninupoBKU U MUTPALUU aToMa
BOJOpOZa, mpeoOpazoBaHne ee B wucxoaHyoo (opmy (1). Ilpm HanuuMm BOCCTaHOBHUTENEH B KIIETKE
¢yakunornpoBanue ABK B pexxnme OKHCIIeHHe-BOCCTaAHOBIICHHE MOXKET OBITh [UTHTEIEHBIM IPOIIECCOM.

IIpu oTcyTCTBUHM B KJIETKE IOCTATOYHOTO KOJMYECTBA BOCCTAHABIHMBAIOIIMX areHTOB, okucieHHas ABK
npeBpaiaeTcss B apyrue GOpMbI M TepsieT OMOJOTHYECKYH0 aKTHBHOCTh. DTHM M OOBSACHICTCS OTCYTCTBUC
AHTHOKCHUIAHTHBIX cBOUCTB ABK in vitro.

CtpeccoBble 0eIKH — BO3MOKHbIe AHTHOKCHIAHTBI. CTpeccoBbie Oenku OOHapy)KMBAalOTCA B OTBET Ha
pa3IMyHbIe XUMUYECKHEe U (pu3udeckue Bo3aeicteus [5, 11, 92, 77, 102, 104,108, 115, 116, 125, 130, 139].
Msl  mpedmomaraeM, UTO CTPECCOBBIE O€NKH  SBIAOTCA Oeinkamu  (BOSMOXKHO — (epMEHTaMH) C

56



BOCCTaHABJIMBAIOIIMMY CBOMCTBAMH (ColepIKallye, HalpruMep, CYJIbGTUAPHIIbHBIC TPYIIIIbI) U BBIOJIHSIOT POJIb

JAC3aKTUBATOPOB CBO60,HHLIX pa,I[I/IKaJ'IOB).
n (0]
+2e5+2H

depMeHT

HO

}H

’

\Oc\:/\/\
STOWAANA S

COOH

HO .., : :
O~‘\=/\/\cooH #2R ,(2ROO) 'G\\\z/\/\coOH
_ >
\ CH
o WA ori aroOH) . ITOWANAASH3
OH OH
PGF 2a
A
| OI"/
i weTiH T (7) G“\=/\/\COOH
DepMeHT IONAAANA B
0" :
OH

Puc. 5. buoxumuueckue myTH TpaHc(GopMalyy NPOCTArIaHIAUHOB il Vivo.

. \/ '/\\/\ll
J:;LO OOH

+2R, (2ROO)

“2RH, (2ROOH)

|
/\\/\

‘OH

\/ | \
20 +2e7, +2H* |

y ‘OH COOH ——»>
H

(2 1'4'-cis-diol ABA

OOH
(1) ABA

T +2e-, +2H+ (?)

H

Puc. 6. buoxumudeckue mytu Tpancopmaru ABK in vivo.
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MOJIEKYJISIPHBIE MEXAHW3MBbI JEMCTBUSA DTUJIEHA

W3 Bcex peTapaaHTOB pocTa pacTeHHA HanOoJiee N3BECTHBIN ATHIIIEH [136], KOTOPBI UCTIOIB30BAIICS TAKXKE U B
MenunuHe [19]. Panee Hamm BBICKa3aHO IPEIIIOJIOKEHUE, YTO OOpa3oBaHHME STHJIEHA HaONIoOAaeTcs IpH
pasioxennu xosmHa MemOpan [33, 35]. XomuH, Kak W AMHHOIMKJIONPONAaHKapOOHOBAas KHCIIOTA, IIO
XUMHYECKOU npupoaec ABJAKOTCA 4YETBEPTUUYHBIMU aMMOHUEBBIMU COCIUHCHUAMU. MexaHuzm pCakunu
OTILIEIIEHHS “OHUEBBIX COEIUHEHUN B Py YETBEPTUUHBIX THAPOOKUCEN TUMNA

+ -
RCHCH2N (CH3)3 OH
mpoucxonuT 1o npasmty ['opmana [10].
|
—C—C— —> CHp»=CHp + N(CH3)3 + HpO

+
H Il\I (CH3) OH
Amnanornyno pacnanaercs 1 xiopxonuaxiuopun (CCC) [33], koTopslit in vivo peBpamaercs B XouuH [22].

YcTaHOBIEHO, YTO BBIJAENIEHHE M3 TKaHeH sTwieHa crumynupyerca UYK [107, 143], o3oHOM, Kammuem,
K00anbTOM U nukiIorekcuMugoM [100], a uHruOupyeTcst OONBIIMMU KOHICHTpanusaMu o30Ha [100] u amuHaMu
[78, 113, 127]. Mb1 mpeamonaraeM, 4TO WHTUOMPOBAHHWE BBIICICHHUS OSTHUJICHA SIBISETCS HE CJEICTBHEM
MHTUOMPOBAHHUS €ro 00pa30BaHMs, a CJICIACTBUEM CBOOOIHOPAIMKAIBLHOTO CBA3BIBAHUS €r0 ¢ OMOMOIMMEPAMU
KJICTKH.

Panee HaMu BBICKAa3aHO TPEATIONIOKEHHE, YTO MOJICKYISAPHBIH MEXaHHW3M JEHCTBUS ATHICHA 00YCIOBJICH
0o0pa3oBaHHEM in Vivo CBOOOJHOPaTUKANIBHBIX MpoaykToB [35, 36]. Hwxke mnpencrasisieM BO3MOXKHBIC
MEXaHU3MBI TIEPEX0a ITHICHA B CBOOOTHOPAIUKAITEHOE COCTOSTHHUE!

1) O6pa3oBanue cBOOOTHOPAAUKATHFHOTO KOMIDIEKCA C alIKOKCHPAINKAJIaMU;

2) IlpucoennHeHwWe aTaKyeMOro pagWKayia 1O ABOMHOIN cBs3u. OOpasyrommiics pagukal B pe3ysbTaTe

MIPUCOETMHEHHSI TIEPEKUCHOTO PaJidKajia Mo TBOMHON CBsI3U, MOXKET pPearupoBath Jajiee ¢ KUCIOPOAOM
WIH pa3jiaratbCs ¢ 00pa3oBaHUEM OKCHpaHA M aJKOKCHIBHOTO pagukaia. [[pu 3TOM OKUCH 3THIICHA NPU
B3aMMOJICHCTBUU C BOJIOM JaCT mMpaHC—TINKOIb.
3) BsaumojeiicTBHE ¢ THAPOICPOKCHIOM C 00pa30BAHUEM OKCHPAHA U TITUKOJIS;
4) BsaumopelcTBHE C aTOMAPHBIM KHUCIIOPOIOM;
5) Bs3aumopeilicTBHE STHICHTIIUKONS C THAPOKCHIOM

HOCH)—CHpOH + OH —» HOCHy— CHOH + H0

B nanmesHeiimem B pe3yibTaTe KHCIOTOKATAIH3UPYEMOH (hparMeHTAIIH MOKET 00pa30BaThCsl HOBBIA PaKaI

. +H .
HOCHy— CHOH ———> CH— CHO
A

CHp=CH—O

6) B3aumoielicTBIE C THAPOKCHIIHBHBIMU paTuKaIaMHu.

Jns mposiBIeHnsT OMONOTHYECKOTo AEHCTBHS JTHIIEHA HEOOXOOMMO Hammdme B cpere kuciopoma [75]. Ipm
CpPaBHEHUH OHMOJIOTHYECKOTO ACHCTBHS MeUeHHOTO U He MeueHHOro (C,D4 u C,H,) sTriieHa pasnuyuii He OBLIO
oOHapyxeHo [74]. Takum oOpa3oM, HEOOXOAMMOCTb B KHCIIOPOAE M OTCYTCTBHE HpPOTOHHOTrO 3(ddexra
YKa3bplBAlOT HA TO, YTO NEPBUYHBIC PEAKIUHM O3THICHA HAa MOJEKYJSIPHOM YPOBHE OCYIIECTBISIOTCS IO
CcBOOOIHOPAIUKAIBHOMY MEXaHU3MY.

Beitep [85] mokasan, HOHEI cepebpa HHIHOHPYIOT BKMoueHHe ''C-dTHIEHA B TKAHH, HO HE BIHMSIOT HA €ro
okucnenne 10 'CO, M 3TO XOPOIIO COBNANATIO0 C GHOJIOTHUECKHM JEHCTBHEM: YeM MEHbIIE BKIIOUEHHE, TEM
MeHbIIIe HHTHOMpYIOolIee BIUSHUE Ha PocT pacTeHui, Haobopot, CO, nHrubmpoBan OKHCICHHE “C-ormena,
HO HE BJIMSJ Ha €ro BKJIIOUYEHHE B TKAHU. MbI npeanoJjiara€M, 4To B I€EpBOM Ciiydac 3TUJIICH MOT' O6pa30BbIBaTI)
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MaJIOaKTHBHBIC (HEMOBIKHBIC) KOMIUICKCH ¢ HOHaMu cepebpa. [Ipu 3ToM peakius UaeT depe3 oOpa3oBaHUe
MIPOMEKYTOYHOTO KOMIUIEKCA, KOTOPBIA MOXKET PACIaaThCs C BBIIEICHUEM dTiieHa [67, 68].

Ag" + stunen = [ Ag (otunen) ]

]2+ U T.A.

Ag (otunen)” + Ag' = [ Ag, (3Tunen)

OTCyTCTBHE BBHIIEIEHUS 3TWIEHA BO BTOPOM CIydae MOXKET OBITh 0OyCIIOBIIEHO 00pa30BaHHEM KOMILIEKCa
OKCHpaHa 3THIEHA C OKCH- WIIM CYIb(TUIPUILHBIME TPYIIIAMHI APYTUX BEIIECTB.

CHpCHpO + CpHs0H — HOCH»— CHpOCpHs,
CHpCHO + CgHsNO7 —> CeHsNH— CHpCH>OH,,
CHoCHO + R—SH —» R— S— CH»CH>OH

Bo3MOXHO Takke W MpsiMOe B3auMoJieiicTBue OKucH okcupana stmwieHa [50] ¢ CO,. [Ipu 3tom obpasyercs
STHICHKApOOHAT — AKTHUBHBINA METa0OJIHT, JIETKO BCTYMAIOIINI B PEAKIMU PUCOCIUHEHHUS.

HyC ~ HyC — O\
| 0 + oy —» | =0
HyC ~ HyC —O
Omunenxkapboram

MexaHu3M JeHCTBUS STHICHA AHAJOTHYCH MEXaHW3MY JCHCTBUS Npyrux OwoperyrsaropoB. M3 Bcex
COOBITUH, MPOUCXOAIIMX B KJIETKE IOJA JACHCTBHEM O3THJICHA HAuOoJiee BaXKHBI, C TOYKHA 3PEHHUS €ro
CHOCOOHOCTH TMOBBIIIATH YCTOHYUBOCTD 3J1aKOB K MOJIETAHHIO, POLIECCHI JTMTHU(HUKALUK KIETOYHBIX 000JI0UEK.
Jluraudukanys y pacTeHHd OYeHb BaXKHBIM OMOJOTMYECKHIA MPOIEcC: OH MO3BOJSACT yNAIATh (PEHOKCHUIBHEIC
CP B BujIc HEpaIUKAIBHBIX MTOJUMEPOB (PCHOIOB O€3 JOMOTHUTEIBHBIX YHEPTETHUSCKUX 3aTpaT. Kak u3BecTHO
B3aumoerictere CP nmpoucxoaut 0e3 SHepruy akTUBAIMK WK [IPU MUHUMAJBHOM ee Benuuune [13, 26, 27, 46,
56].

XUPAJIBHOCTDb BUOJIOT'MYECKNX MOJIEKYJI - PEPMEHTATUBHOE ITPEJIIOYTEHUE
XUMHNYECKHNX PEAKIIUN C MEHBINEW SHEPTMEN AKTUBAIINU

W3BecTHO, 9TO KOTJa B MOJIEKYJIE OPTaHHYECKOTO COETMHEHHUS aTOM yTIIepOoAa CBS3aH C YETHIPhMS Pa3HBIMH
aToMaMd WM (QYHKIMOHATBHBIMH TPYIIIAMH, TO €r0 HAa3bIBAIOT ACHMMETPUYHBIM. Takoi aToM MOKeT
CYIIECTBOBaTh B JIByX H30MEpHBIX (opMmax, pa3invalomuxcs MPOCTPaHCTBEHHOW KoH(urypanmed. Takue
BEIIECTBA HA3bIBAIOT YHAHTHOMEPAaMH. DHAHTHUOMEPHI (MM CTEPEOM30MEPHI) Pa3jIMualoTCs MO CIIOCOOHOCTH
BpamaTh IUIOCKOCTh MOJSPHU3ALMH, HO B XHMHUYECKHX PEAaKIHUAX BeAyT ceds onamHakoBo. CoequmHEHUs ¢
aCHMMETPHYHBIM aTOMOM YTIIEpOo/ia TIOIYYHIN TaKkXKe Ha3BaHUe XupanbHbIX [13, 17, 26, 27, 64].

B >KMBBIX OpraHM3Max XHpaJbHbIE MOJIEKYJIbl CHHTE3UPYIOTCSI TAKUM 00pa3oM, 4TO OTAAETCS MPEANOYTEHUE
TOJILKO OJHOM M3 JIByX BO3MOXXHBIX CTPYKTYp. XHpPaJbHOCTh CBOMCTBEHHA MHOTUM OMOMOJIEKYJIaM M WUIPaeT
BaXHYIO POJIb B JKM3HEICSITEIHHOCTH OPraHM3MOB. B mepByro ouepens 3TO XapaKTEepHO I aMHHOKHCIOT U
MoHOcaxapoB. CTepeom3oMepsl  XHPANBHBIX  COCIWHEHHWH, COOTBETCTBYIOIIHME IO  KOH(HUTypamuu
D—rnunepansaernny, obo3Hagarorcst OykBoii D, a crepeonsomepsl, cooTBeTcTBYONME L—Timnepanbaeruny, —
OykBoii L. In vitro mpupoIHBIC COCIMHEHHS, COICPIKAIIUE XUPAJIbHBIN aTOM yrjiepoja, METaOOIU3UPYIOTCS
TOJILKO B KaKOH-HHOYIb ofHOW cTepeon3omepHoit Gopme D mnm L. Hampumep, Oeiku CHHTE3UPYIOTCS M3
L—cTepeonzomMepoB aMHHOKHCIIOT, TTOMCAXapuabl — U3 MOHOcaxapoB D—m3omepoB [47, 64].
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R R O\C/O—H O\C/O—H
H>€3<0H HO>§<H H>é<NH2 H2N>é<H
E:HQOH EjH20H R R
D —caxap L — caxap D — amunoxucaoma L — amunoxucroma
CHO CHO
H— é —OH HO — é —H
HO — é —H H— é — OH
H— C| __OH HO — (|: —H COOH COOH
H—(l:—OH HO—é—H H>¢<NH2 HZN»¢<H
ClH 2OH (|3H20H cH 2SH CH 2SH
D — anoko3a [ — enoxo3a D — yucmeun L —yucmeun

[Ipoanamu3upoBaB QOPMYIIEI ITHX COCTUHEHUI, MBI MPUILIA K BBIBOJY, YTO B OMOJIOTHYECKHX CHUCTEMaX
NIPY HaJIWYMU B PEAKIMOHHOW cpelle NBYX M30MEpHBIX (OpM, MPENIOUYTEeHNE OTIAETCS TOH, y KOTOPOH OTpHIB
aToMa Bojopoja (WIM Ipyroro pamukana) TpeOyeT MeHbIIed sHeprud akTuBanuu. CiemoBaTensbHO, paboTa
(epMeHTa CBOOUTCS K MEPEBOJAY JBYX O3THX BELIECTB, YYaCTBYIOUIMX B OHOXHMHUYECKOW peEakiuu, B
CBOOOTHOpAIUKATBHOE COCTOSTHHE. MOJICKYIIBI (ATOMBI) B CBOOOIHOPAJAUKATHFHOM COCTOSHHU PEarupyroT JpyT
¢ nmpyroMm 0Oe3 sHepruu aktuBaiuu. OIHAKO, KPOME SHEPIMH aKTHUBAI[MM HE MCHEE BaKEH M CTEPUUCCKUI
¢daxrop. YV monekyn L—amuHOKHCIOT 1 D—MOHOCaXapoB CTEPUYECKOE MOJI0KEHHE BOAOPOJa HE 3aTPyTHEHO
COCEIHUMU PAJIMKAIaMH B OTJIMYUE OT UX COOTBETCTBYIOIIUX M30MepoB D—aMuHOKUCIOT 1 L—MOHOCaxapos.

BO3MOXHBIE CBOBOAHBIE PAINMKAJIBI BUOPEI'YJIATPOB

Bonpoc 06 o0pa3oBaHuK CBOOOJHBIX PAIHKAIOB B OMOJIOTHYECKHAX CUCTEMAaxX YPE3BBIYAMHO BaKHBIA. UeTkoe
3HaHHE KOHKPETHOH QopMmbl Ouoperynsitopa B CBOOOJHOPAJMKAIEHOM COCTOSIHUM IO3BOJHIIO  OBI
pacumdpoBaTh UX MEPBUYHBIC MEXAHM3MBbI JCHCTBUS HA MOJICKYJISIPHOM YpOBHE. Bblllle HaMH paccMOTpPEHbI
o0miue myTn 00pa3oBaHus CBOOOHBIX PAJUKAIOB U3 PETYJISATOPOB POCTa, KOTOPbIe B OOINEM BHJIE MOXHO
3ammcaTh:

+ Rl .
| > RH R,
RH
He aktuBHBIN _ B Nuannumarus nenueix cBOOOIHO-
61/10peryn;1T0p R e > palUKaIBbHBIX PEAKUN OKUCICHUS

| / JUMUIOB U JPYTUX KIETOYHBIX
o . BEIIECTB
RIH + R

+R1

Bo3MoxHbBIe CBOOOAHBIC pajuKaibl pasIHyHbIX Ouoperymsrtopos [8, 14, 15, 42, 69, 71, 72, 88, 93]
MIpeACTaBIeHbI B Ta0IuIE 4.
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Tabmnuna 4. BozmooicHbie c860600HbIe PAOUKANIbl HUOPE2YTAMOPOS

Ucxonuelii Guoperyistop

Bo3MoXxHBII cBOOOHBIN paauKan OHoperyssitopa

Cl Cl
H5Cp— ﬁZ—N —Cl H5C2— C—N —Cl
[
O H O
ITponanun
Hzﬁ Cl I—I2C
i@ C C—NO a R—C C—N@ cl
HaC O H Hal L H3C L4
Huxpun
J J
HO@— C=N é—@— C=N
J J
Woxcuaun
O—CHp— COOH
cl O— CH — COOH
Cl
Cl
2,411 Cl
Cl Cl
AN AN
H7C3— 1|\T—kN A 1TI— CpHs H7C3— N—LKN A-n— CoHs
I
H H H
ATpasuH
Cl N—C— N— CHj3 .
L ClﬂN_ ﬁ: N— CHj
H O CH
“ > 4 O CHj
Jnypon
— COOH ]
—COOH — COOH
DHpoTal —COCH
S
T (ES o
H3C—N___N—CH3 H3C—N_, N—CHz , H3C—N___N—CH;
Munon
y CH»>= CH»
o= ¢ Ne= ¢ CHy= CH  CH— cH]
AN NH— NH/ o= C\ ) /C= o, O= C\ )
I'MK NH — N NH— NH
COOH COOH
OH o)

CanunuiioBas KHCI0Ta
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Iponomkenue Tabnuisr 4

HcxonHblil OHOperymisTop

Bo3moxHBII cBOOOIHBIN pagukai Onoperyssropa

O=C—CHj O=C—CHj3
IIporectepon R
NH» |
l C
V/
// N 7 N

| Il | [N

CH C CH CH C CH

NN NN NN N4

/CHZ CH
O @)
okt n okt nm
/ H H / H H
o=P— OH O =r  — OH
|
OH  5Ai0 OH
(CH30)2P NHCOO (CH3);
|(|) (CH30)2PN COO (CH3):
ABenuH |O
(H5C20)2 PSCHyCgHg
|(|) (H5C20) PS CH CgHs
Keraunn ”

COOH
dranazon
NH— CHZ NH— CH
ﬁ > ﬁ/B
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Ucxonuelii 6uoperyistop

Bo3moxHBIH cBOOOIHBIHN paguKai OHOperynsTopa
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Iponomkenue Tabnuisr 4

Hcxonublii bnoperyisitop Bo3moxHBIN cBOOOHBIHN pagukai OHoperyisropa
NO» NO2
CH3 CHj3
H5CoCHNH P O H5CoCHN PO
OCH5 CH OCoHs ¢y,
Byramudoc
3AKJIIOYEHUE

[lpuBeneHHble B 0030pe MJaHHBIC CBUICTENBCTBYIOT O JAOWIBHOCTH CTPYKTYPHOH OpraHU3aLiy
Ouonornyeckux MeMmOpaH I0J BO3ACHCTBHEM SHIOTEHHBIX M JK30TCHHBIX (DaKTOPOB. DTa OpraHU3aLys
OIpeJeNsieTcsl CIOCOOHOCTHIO YYBCTBOBATh Ja)K€ HE3HAUUTENbHBbIE W3MEHEHHS (DU3UKO-XUMHYECKOTO
COCTOSIHMS, YTO TI03BOJISIET BOBPEMSI BHOCHTH KOPPEKTHBBI B (DYHKIMOHAIBHYIO JIESTEIBHOCTh KaK CaMOM
MeMOpaHBl, TaK U TeX KOMIIAPTMEHTOB, KOTOpPBIC OHA 0Opa3yeT. B Takux MyJIbTHKOMIOHEHTHBIX CHCTEMax
JIOKalnbHBIE KOH(GOPMALMOHHBIE W3MEHEHHs MeMOpaH IepealoTcd Ha BeChb KOMIUIGKC, ONpeAesss
(YHKUMOHAIBHYIO JEATeNIbHOCTh KJIETKH, TKaHed M Bcero opranusma. CrenoBarenbHO, JWHAMHUYECKas
CTPYKTypa HEpa3pbhIBHO CBs3aHa C OMOXMMHYECKHMM HPOLECCOM TaK, YTO MOIM(UKAIMS OHOpPEryiIsiTopamMu
CTPYKTYpBI MEMOpaH BeJeT K U3MEHEHHIO KaTAJIUTHYECKO aKTHBHOCTH CHAdYalsla OTHCIBHBIX MOJICKYJ, a 3aTeM
CyOMOJIEKYJIAPHBIX aHCaMOJIeH, SBIISIONIMXCS KOMIIOHEHTAMH €€ )K€ CTPYKTYPHI.

YyuTeIBas TOT (l)aKT, YTO HETIHBIC PEAKIUU OKUCICHUSA MOJMHCHACBIIICHHBIX Kap6OHOB])lX KHCJIOT JIMIINO0B
UAyT B MeMOpaHE HENpPEphIBHO M KaK yMEHbBIIEHWE, TaK W YBEJIMUYCHHE CKOPOCTH OKHCIICHHs BIHSET Ha
(GYHKIMOHANEHYIO aKTUBHOCTH MeMOpaH, MBI IOJaraeM, 4TO HMMEHHO JMIUABI M SBISAIOTCA OOBEKTOM
NEepBUYHON aTaku Ouoperynsropamu. TakuMm oOpa3oM, Jt000e BELeCcTBO, KOTOPOE MPEBPalIaeTCsl B KIETKE B
AKTHUBHBIC CBO60[[HI)IG paauKabl, 6y[leT HU3MCHATH CKOPOCTH TCUCHUA CBO60]1HOpaHl/IKaﬂ])HI)IX mpoueccoB B
MeMmOpaHe, a 3aTeM M B LUTOIUIa3Me. B HOpPManbHOM COCTOSIHWM LEIHBIE PEaKIMH OKHCIEHHS JIHITHIOB
HAXOJAATCS TIOJ CTPOTUM (pepMEHTATUBHBIM KoHTposieM. Korma ke B MeMOpaHe (IIUTOIIa3Me) KCEHOOHMOTHK
3allyCKaeT KacKaJ, HEKOHTPOJIHMPYEMBIX He(QEepMEHTATHBHBIX pEaKUWH OKHCICHUS JMIIHIOB, TO 3TO
He3aMEeJIMTENILHO CKa3bIBAETCSI HA CKOPOCTH POCTOBBIX MPOLIECCOB.

Takum 00pazoM, CBOOOIAHOpAIMKAIBHBIE MEXaHH3MbBI DPEryJSiIMHM POCTOBBIX IPOLECCOB, IO-BUANMOMY,
HOCST OOIIEOMOJIOTMYECKHI XapakTep M MOTYT OBbITh BBI3BAaHBI Y JKMBOTHBIX M PACTCHHH KaK XUMHYECKHMH
BellecTBaMH (MCTOYHMKH CBOOOIHBIX paAWKaaoOB), TaK M (QU3HUECKUMH (akTopamMu (CBET, paauarus,
JJIEKTPOMArHUTHBIE TOJNS M Jp.), KOTOPbIE TakXke HHAYLUPYIOT 00pa3oBaHHWE OWOJOIMYECKH aKTHBHBIX
CBOOOIHBIX paJIMKaJIOB.

MHorue Haly NPeaIioNoKeH)s 1I0Ka He UMEIOT SKCIICPHMEHTABHOTO TOATBEPKICHUS H 0a3UpPYyIOTCS Ha
ortmenbHbIX  (akrax. OIHAKO WMEIONIMecs JaHHBIE Y)K€ MO3BOJAIOT  CHIeNaTh  BBIBOIBL,  YTO
CBOOOIHOpAIMKAIIbHBIE MEXaHU3MBbI JICHCTBHSI OMOPEryJISITOPOB M MOBPEKACHHS MeMOpaH JIOJKHBI 3aHUMATh
LEHTPAIEHOE MECTO B MEMOPAHOJIOTHH.
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SUMMARY

Kurchii BA (1988) The membrane aspects of non-protein bioregulator action. The Preprint of the Institute of
Plant Physiology and Genetics, N SP, pp. 1-43.

The molecular mechanisms of growth regulator action on the biomembranes are observed. The causes and
consequences of the membrane and enzyme injures are considered . The free radical mechanisms of action of
non-protein bioregulators are presented in schemes. For many biologically active substances the functional
reactive groups (descriptors) that have active hydrogen atoms or unsaturated function are described.
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8
®YHKIMOHAJIbHO AKTUBHBIE I'PYIIIIBI BUOPET'YJISITOPOB

b. A. Kypunii
WncruryT dusnonornu pacrenuit u renernku AH YCCP, yn. Bacmiskosckas 31/17, Kues

Ha ocnose ananusza cmpykmypol u Ouon02uteckoll akmueHOCMU PA3IUYHBIX Pe2YIAmopo8 pOCmad BblOeleHbl
obwue ¢hpazmenmol MONEKY, KOMOPbIE MO2YM GbINOAHAMb POIb (DYHKYUOHANLHO akmueHbix epynn. [lokazano
3HaQueHue 3amecmumencii NEPEO2O U BMOPO20 POOA 8 YCUleHUU OUOIOSUYECKOU AKMUBHOCMU pe2yisimopo8
pocma. Ycmauoeieno, umo OUOIO2UMECKAS AKMUBHOCMb COCOUHEHULl Onpedensemcs  Haauyuem JecKo
OMWEenisieMo2o 8000pood. Dma 3aKOHOMEPHOCHb MOJICen Obimb UCNOAb308AHA NPU KOHCMPYUPOBAHUU U
CKPUHUH2e HOBbIX OUOpe2yIAMOopos

B Hacrosimee BpeMsi MHTEHCHBHO BBISCHSIOTCS MOJIEKYJISIPHbIE MEXaHW3MBbl B3aHMOJCHUCTBHS Pa3INYHBIX
PEryJsTOpoB pocTa (MIECTUIMIOB, TepOUINIOB, XHUMHOTEPANIEBTUUECKHX TIPETIapaToB U JIp.) ¢ OHMOJIOTHYECKUMHU
CHCTEMaMH M CTPYKTypaMHu. 3HAHHE TaKMX MEXaHM3MOB IO3BOJMIO OBl PEIIUTH PsiA MpoOJeM, B 9aCTHOCTH
JedeHne Crenu(uIecKnx HEIyroB, CO3AaHHe H(PEKTUBHHX IPOTHBOCTIIAINTENBHBIX M  00€300JIMBAIONINX
BEIIIECTB, MEHEE OIACHBIX NECTHIMIOB W 3aMEHA X HOBBIMH, K KOTOPBIM €Ille He BBIpab0TaIach yCTOWINBOCTS,
YCTpaHCHHE WX MYyTareéHHOTO, KAaHIIEPOT€HHOTO M MOOOYHOro AeWcTBHMi. PemieHne 3THX 3asad BO MHOIOM
CHEPKUBAETCA OTCYTCTBUEM JAHHBIX O B3aUMOCBSI3H CTPYKTYPHI BEIIECTBA C €70 OHOJIOTHYECKOH aKTUBHOCTBIO.
CymecTByIomye MoaX0Abl K OMPENENICHHIO CBS3HM CTPYKTypa — aKTHBHOCThH (Haimwuwe ranoreHoB, OH— wmm
NO,—rpynmn, acMMMETpHYHOTO aTroMa yriiepoja M T.I.), XOTS M TI03BOJSIET BECTH MOWCK COCIUHEHHH,
ob0namaromux HEOOXOAUMBIM (U3UOJIOTHYECKUM 3(P(HEeKTOM, KOTOPHIA 3aBHUCHUT TAaKKe OT MEepPEABHKCHHUS,
CBA3BIBAHMA M Ppa3pyLICHUS OHMOPETYISITOPOB B OPraHW3ME, HE MPHUBENINM K CO3IAHUIO C€IMHOM TEOopHH
KOHCTPYHPOBaHUsI OHOPEryIaTopoB. B nureparype n3BecTHHI HEMHOTOUHCIEHHBIE IPUMEPEHI, TJIE CBA3b MEXKIY
CTEPHYECKUM CTPOCHHEM BELIECTBA U €ro OMOJIOTHUECKOI aKTHBHOCTBIO YETKO YCTAaHOBIICHA!

1. TlporuBOTYOepKyJIe3HBIIl Mpenapar reKcaxjJopopeH OKa3blBaeT CHJIbHOE aHTHOAKTepHANbHOE [elCTBHE

TOJILKO MPH HATUMYMYA METHIICHOBOTO MOCTHKA B mmojioxkeruu 2,2 [1].

Cl Cl
OH HO
P ~ e
~
Cl CHp | Cl
Cl Cl
Texcaxnopoghen

2. JKupHble KHCIOTHI 00JamalOT OHOJOTMYECKON AKTHBHOCTHIO TOJBKO IMPH HAJHMYUH HEHACBIIICHHBIX
cBsizeit [18].
RCH=CH CH CH= CH (CIp) 7 COOH

Kapb6onogvie xucnomul

3. HamOompmrass ¢yHrunpaHas axkTHBHOCTh CpeAn THOKapOamaroB HaOmoJanack B COCTUHEHHAX C
panukanamu R,=H. IIpu 3amene Bomopona Ha METHIIBHYIO TPYIIY s JOCTHKEHHS OJMHAKOBOTO
6uonornyeckoro 3dexra noTpedoBanoch yBennueHue 103sl npenapara B 10 pas [23].

R]—N— C—Y— CoHs

|l
Ry X

Tuoxapbamamol

" Ony6mikoBano B: Kypunii B. A. (1993) OyHKIHOHANEHO-aKTHBHBIE TPYIIITEI GHOPEryIsTOpoB. MH3HOIOTHs
n Onoxumus KyJibTypHBIX pactenuil (Kues) 25: 82-92.
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4. Wucexktunmanoe aeicteue 2,6-audptop (X;=X,=F) amuHOB Ha THOpPSAAO0K 0OJbiie 2,6-AUXIOPAMHHOB
[24]. OGs13arenbHBIM IS IPOSIBIICHHST OMOJIOTUYECKON aKTUBHOCTH siBJsiercst Hanmuuue NH-rpymmnbl.

X
J 1
— C—NH—C—NH Y
Il I
X2 O O

T'anocenamunu
5. Ilpu W3y4YeHHH WHCEKTULWIHON aKTHBHOCTH TaJOTCHIPOM3BOIHBIX OCH30MJIMOYECBUHBI YCTaHOBJICHO,
yro 1—(4—xnophennn—3-)2,6—audropbenzonnmoueBrna B 20 pa3 akTHBHee 2,6—AUXJIOPOCH30UIBHOTO
aHayora. IlpucoeMHEHWE 3aMecTUTENIel K JIOOOMY M3 aTOMOB a30Ta 3HAYHMTEIBHO CHIDKAET
WHCEKTHIIUIHOC JICHCTBUE 3TUX COSAMHEHU [4].

V F
— ﬁ—NH— C— NHO_ Cl
Il
F O O
Ee‘HS’OLUlMOlle@uHa

6. Cpenu coemvHeHH Ipynnbl OMCKapOaMaToOB, HMHIMOMPYIOIINX TPAHCIIOPT AJIEKTPOHOB (orocuctemst 11,
HauOONbIIIeH aKTHBHOCTHIO OOJIaNamyi BELIeCTBa, 3aMEIlICHHble B ToNokeHuH 3 (pamukan Rp). Jns
MPOSIBJICHHUS OMOJIOTMYECKON aKTHBHOCTH 00513aTe/IbHO HAJIMYKE BOJOPOa y aToMa a3ota [25].

NH—C—ORp
I
@)
R1
Buckapbamameot

Takum oOpa3oM, aHanmW3 CTPYKTYPHBIX (GOPMYT M OHONOTHYECKOH aKTUBHOCTH pa3zIMYalomIuXcs MO
CTPOGHHIO BEIECTB CBHJETEIBCTBYET O TOM, YTO OMOJIOTHYECKAsh aKTHBHOCTH MPUCYIIA TeM, KOTOPbIe NMEIOT
AKTHBHBIN (JIETKO OTIIETIISIEMBII) aTOM BOJOPO/IA B CIEAYIONNX (pparMeHTax:

1. = clz—CH2—|C= 4. O=|C—NH—|C=O

2. =C—CHy—C= 5. O=C—NH—C=0
| | | |

3. Ri{—NH— C= 6. =C—NH—C=0

AHanornyHasi 3aKOHOMEpPHOCTb OITMCaHAa HAMH paHee JJIsi ayKCHHOB, TMOOEpEIUIMHOB, LIUTOKUHWHOB,
xnopambennkona u P—iraktaMHbIXx aHTHOMOTHKOB [7, 15]. Hamboiee pacmpocTpaHeHbl OHOPETyNSTOPHI C

AKTHBHBIM aTOMOM BOJOPOJA, KOTOPBIA CBA3aH C aTOMaMH yIJIepoAa M a30Ta, a B HEKOTOPBIX CIydasx — U C
aTOMOM CEpBI:

I
R2—|C—R3 , Rz—ll\T—Ra
H (R7) H (R7)

3neck B paaukanax R, u Ry mexay atomamu C, O, P, N u S, Haxomsmumucs B o— u B— win B f— u
Y—TIOJIOKEHUSIX, UMeeTCsl T—CBs3b. I M—CBA3M XapaKTEPHO TO, YTO 30HBI C MOBBIMLEHHOH JJICKTPOHHOMN
IUIOTHOCTBIO PACIIOJIIOKEHBI Ha OOJBLIEM PACCTOSHHH OT Sep, YeM IpU OOpa3oBaHWM G—CBS3H; T—CBS3b
BBICTYIIa€T B POJIM MOIIHOTO 3nekTpoHoakuenTopa it C— u  N-aromoB. Pagmkan R, y C—atoma momkeH
HMETh Majible CTepUYecKue pasmepbl. Haubosee YacTo BCTpEYarONIHMEeCs B CTPYKTYPHBIX (opMmysiax
onoperyaTopoB pagukanbl R, u Ry — 310 apomatudeckue cTpyKTypsl (Ar), cOCTOSIINE U3 TSTH-, IIECTH- WITH
CEeMHUWICHHBIX IIMKJIOB U HMEIOIINE IUKIMYECKHE CHCTEMBI AETOKaIN30BAaHHBIX T—3JICKTPOHOB. B M3BECTHBIX B
Hacrosllee BpeMsl OMOperyisTopax Haubojee pacnpoCTpaHEHHBIMU (YHKIHMOHAJIBHO aKTUBHBIMU TPYIIIaMH
SBJIAIOTCSA cieayromue GpparMeHTHl MOJIEKYJI (34eCh I — MIECTULHUIBI, X — XHMHOTSPANIeBTHUSCKUE CPEICTBA):

71



o=c—CH2—(|1=oy
|

Manonoswiii ouanvoe2uo

=N— NH—(|:=5 ’

Memusazon (x)

| |
—S5— C—CHy— lC—S—»

Jlunamuo (x)

| |
—S— C—CHy— lC—S—»

EHT 26395 (n)

AN AN
Omuon (n)
AI‘— CH _Ar »

|
HAT (n)
Ar— CHp—O—P=S§5,
| \
Canumuon (n)
AI'—O— CHZ —C:O ,

|
2,4-11 (n)

Ar — NH—C=0 ,
|

Monypon (n)

Ar — CHp —Ar ,

Hanasepun (x)

B T

Jlunonenosas kucioma

O=C—NH—(|Z=O ,
|

bapouman (x)

—N=C— NH—C=N—,
|

Memdgpopmun (x)

—N=(|Z— NH—(|Z=N—,
Aguoan (n)

| N\
Jubpom (n)

@enxanmon (n)

Ar—CHp —S—Ar

Dmopbensud (n)

Ar—NH—(|3=5»

AHTY (n)

Pymon (n),
Iponanuouo (x)

Ar —S — CHy —P =S5,
N\

O=C—NH—-P=O0O,
| AN
Agenun (n)
Tuaszon (n)

S=P—S—_CHy—C=0,
A\ |

Hunepgpoc (n)

S=P—S—CHy—C=0,
A\ |

Tugpmop (n)

S=P_—S— CHZ_S_J:_,
AN\ |

Tumem (n)

|

Jlezonumon (x)

Ar —NH—ﬁ—Ar )

Cynvgpaoumesun (x)

Ar—N_CH_ O_C_w

| |
Hyan (n)

Ar —NH — Ar

Megenamuxosas
Kucioma

Bo Bcex mpuBeECHHBIX BhIIIE (hparMeHTax aTOM BOJOPOAA HanOoJIee akKTUBEH U MTO3TOMY MOXKET OBITh JIETKO

OTUICTUIECH YHIOTCHHBIMH PaIHKAIIAMH.

DHeprusi pa3pbiBa CBSI3M BOJOPOJ — YIJIEPOJ HIH BOJOPOI — a30T CHUYKAETCS BBEICHUEM Pa3INYHBIX
3amectuTeneil. BcrencTBHe  oTphiBA  aToMa  BOJAOpOJA OT  BEIIECTBA TMOCIEIHEE TMEPEXOAUT B
CBOOOHOPAIUKAIBHOE COCTOSHHE M B3aUMOJIEHCTBYET C OKPYKAIOIIUMH COEJHHEHHSIMH 0€3 DHEPrUH
akTHBalK (MK MPH OYeHb Manoi ee Benmuuuue) [5, 6, 16, 17, 19, 20]. OTHOCHTENBHO MPHUBEICHHBIX BHIIIC
(parMeHTOB 3TO MOXHO 3aIHCaTh TAKIM 00pa3oM:
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JIerkocTh peaklMu OTphIBA BOJOPOJAA IPU JEHCTBHHM Ppa3IMYHBIX DPAJMKaJIOB, a TaKke (EepMEHTOB,
KO(QEpMEHTHl KOTOPBIX HAaxXOAATCS B OKHCIEHHOM COCTOSHHM (BO3MOXKHO B 3TOH pOJIM BBEICTYHAlOT H
TOPMOHCBSI3BIBAIOIIME OENKH), 3aBHCUT OT PEaKIMOHHOM CIIOCOOHOCTH aTaKyIOIIero pajgukaia ¥ XUMHYECKOTO
OKpykeHus Bogopoaa. IIpu stom BiusHue 3amectureneit (rpymmn) y C— u N—-aroMmoB sBiseTcss komOnHamen
HECKOJIbKUX (DaKTOPOB, B YaCTHOCTH MHAYKTUBHOTO 3¢ dekra, s dexra nons u pezonancHoro 3 dexra [2, 6,
13].

B3anmopeiicTBue B MoJeKyJie OCYIIECTBISIETCS ABYMsI CIIOCOOAMU: Yepe3 ANIEKTPOHHYIO CTPYKTYPY CaMoi
MOJIEKYJIbI HJIHM Yepe3 IPOCTPAHCTBO BHE MOJEKyYJIbI. [lepenaya uepe3 aTOMBI U CBsI3H, Ha3bIBAETCSl BHYTPEHHEH
nepeaveii U 3aBUCHT OT JIEKTPOHHOM CTPYKTYpPBI caMoi MOJIeKybl. lepenada BIusHAS Yepe3 MPOCTPAHCTBO
BHE MOJIEKYJIBI (BHEIIHSS Iepeiada) o0ycinaBiInBaeT B3auMoeiicTBie Mosekyn. [lepenada BIUSHUS OT OTHOM
YacTH MOJIEKYJIbI K JpYroil depe3 BHEIIHIOI Cpexy OcCyIlecTBiIseTcs [5] HeckonmbkuMmH ImyTsmu: 1)
NIEKTPOCTATUUECKIMHU CHJIAMH JalbHEr0 JeHCTBHS, OOYCIOBICHHOTO HANIWYWMEeM MOJeH M IUITONeH, Tak
Ha3bIBaeMBIH 3Q(EKT Mors; 2) AIeKTPOCTATHUECKUIMH CHIIAMH, KOTOPBIE 00YCIIOBIICHBI B3aNMHOM KOppemsiunei
IBIKCHUS HEe OOMEHHMBAIOIIUXCS JJIEKTPOHHBIX TP, TaK HA3BIBAEMBIH AlleKTpoKuHeTwdeckuid 3¢ dext; 3)
0OMEHHBIMH B3aUMOACWCTBUSIMH 3JEKTPOHHBIX ITap HAa KOPOTKHUX PACCTOSHHAX (Takue Y(PQeKTsl Ha3zBaHBI
MIPOCTPAHCTBEHHBIMH).

I/IH}IyKTI/IBHOC BJIMAHUEC HA p€aKlUM OTPbIBA aTOMa BOAOpOAa, T.C. BIIUAHUC HETIOCPEACTBEHHO HECBA3AHHBIX
aTOMOB, 00YCIIOBIICHO 3JIeKTprudecKkoil acummerpueit. Hanpumep, B cBsizu C—Cl xmop sBisieTcst OTpHIATeIbHBIM
KOHIIOM JATIOJIS.

HemocpencTBeHHO CBSI3aHHBIM C aTOMOM XJIOpa YIJIEPOAHBIA aTOM HECeT HEOOJBIION MOJOXKHUTEIbHBIH
3apsi; K HEMy CMellaeTcs 3JIEKTPOHHAs Iapa OT COCEJHEro aToMma yriepoja, KOTOpHIH, B CBOIO OYepellb,
MPUOOPETaCT HEKOTOPBIH MOJOKUTEIBHBIH 3aps1 U 00JieryaeT yaajieHie BOIopoia B Buae nmpotoHa [19]:

©)

Cle«— CH) «— C<«<— O<—H

Ecnu aroM mim rpymnma aToOMOB OTTSATHBAET JJIEKTPOHHYIO Iapy OT COCEJHEro aToma, TO OHW MPOSBILIOT
OTpHIIATENbHBIH HHAYKIHOHHBIH 3¢ dekT (— | ).

Korma e aToMm WM rpymna aTOMOB OTTAJIKHBAeT SJICKTPOHHYIO Mapy, OHH MPOSBILSIIOT MOJOKHTEIbHBIH
UHAYKIMOHHBIHA 3¢ dekt (+1). Ilo BenmumHe WHIYKIHOHHOTO 3 dekra (MHAYKIMOHHBIH 3 ek Bomopona
CUHTAETCs PAaBHBIM HYJIIO) Pa3IMYHBIC 3aMECTUTEIH PACcIoyIaraloTcs ciiexyomum oopazom [19]:

F>Cl>Br>»] >0CH3 »OH »CeHs > CH=CHy > H { CHz { CHs n-G3Hy C(CHg)3

>» =

Kak BHIHO M3 NMPUBEIEHHOIO BBINIE psja, HanOoJee OTPHIATENbHBIN HHAYKIMOHHBIA d(Q(GEeKT UMeeT aToM
F. OH e Hapsiy ¢ aToMaMH XJIopa U HUTPOTPYIIold HanboJjee YacTo BCTPEUaeTcsi B CTPYKTYPHBIX (hopMyax
OuoperyssropoB. BiusHue ¢ropa Ha cBOWCTBa OpraHUYECKHX COEJAMHEHHUH OOYCIOBJIEHO €ro JBONHCTBEHHOM
MIPUPOJION: CHIIBHBIM JJIEKTPOHOAKLENTOPHBIM WHAYKIMOHHBIM 3()()EKTOM M 3JIeKTPOHOJIOHOPHBIM 3 deKToM
COTIPSKECHUSL.

3TO BBI3BAHO TEM, 4TO aTOM (TOpa MMEeT HAaMMEHBIINI CPEH TalOreHOB KOBAJICHTHBII paiyc, BCIEICTBHE
Yero CO3/al0TCs YCJIOBHS JUIS MaKCHMaJbHOTO IepeKpbIBaHUs P—opOurtaneil. J[pyrue arombl rajoreHos,
CBSI3aHHBIE C HEHACBIIIEHHBIM aTOMOM MJIM apOMaTHYECKHUM SIIPOM, TaKKe MPOSIBIISIOT JIEKTPOHOAKIIEITOPHBIH
HHIYKIIMOHHBIH 30 dekT (on > 0 ) u anekTpoHo0HOpHBIH 3P dekT conpspkerus (or > 0 ), yMeHbIIAOMMHCS B
psiny: F>Cl>Br>J [5].

DJekTpoHHas mpupojaa Qrop3amecTuTeneil u3ydeHa y TpudTopMmeTHiabHOH rpynnbl. CFz-rpymma —
CWJIBHBIH 3JIEKTPOHOAKLENTOPHBIA 3aMECTUTENh KaK 10 HMHAYKIHOHHOMY d(¢exTy, Tak u 1o 3ddekry
conpspkenus [22].

DJeKTPOHOAKLENTOPHbIH 3(dekT compsokeHnsT TPUPTOPMETWIBHONH TpyNIbl BO3MOXEH BCJEICTBUE
OTPHLATEIEHON THIEPKOHBIOTAlMK, KOTOpas SIBISETCS CIEICTBHEM IEpeKpbIBaHUs P-opOuTaneil coceaHero
aToMa yIJIepoJia apoMaTHYeCKOro Kojblla U rpynmnoBoil opouramu CFs—rpynmbl, cocTaBIeHHOH U3 opOutanei

73



aToMoB (hTopa, 00pa3yIoIKX d—CBsA3K. Pe3yabTaToOM 3TOTO SABJIAETCS YMEHBILEHHE UIOTHOCTH T—3JIEKTPOHOB Ha
ApOMAaTHYECKOM si[pe U yBeiuueHue — Ha aromax (ropa CFs—rpymibl. AHAIOIMYHO NEHCTBYIOT M IpYTHe
samecturenn Il poma, Takue kak —NO,, —(CH3); 1 —COOH:

CHs

BN LY CH3— 1\fr—CH3 .o nEZb
5% 15+ 5 AN 6t 57 &t
¢ 9 e ¢ 9

B T0 e Bpems 3amecturenu | poga (aMHHOTPYMITBI, THIPOKCHII, METHIIbHAS TPYIIIA U Jp.) CIIOCOOCTBYIOT
TOMY, YTO DJIEKTPOHHAs IUIOTHOCTH B OCH30JBHOM KOJBIE BO3pAacTaeT B IIEIOM U OCOOEHHO B opmo— U
napa—ToI0KEHHAX:

H

H—N:—H (O: H H— C —H
‘s' 48_ %‘@6_ . ﬂ_
B 5~

CUIIBHBIH 2JIEKTPOHOAKLEN TOPHBIH HHAYKIMOHHEIN 3()GeKT TpH(TOPMETHIBHOM IPYIITEl HA apOMaTHYeCKOe
KOJIBLIO IepenaeTcss KaK BIOJb ONMIKANIIMX G—CBA3CH, TaKk W dYepe3 MPOCTpaHCTBO B BHAE dddexra mois.
[Mocnenuuil NPUBOIUT K IMOJSIPH3ALMU HE TOJBKO G, HO M T—DJIEKTPOHOB, TO €CTh K BOSHUKHOBEHHIO I
a¢dexra momns [22].

[Ipu 3ameHe Tpex aromoB Bopopona B OCHj-rpymme Ha atombl (Topa 3HAYMTEIBHO YBEIHYHMBACTCSA €€
ANEKTPOHOAKIENTOPHBIN HHAYKIIMOHHBINA 3Q(PEKT U yMEHBIIAETCs SIEKTPOHOTOHOPHBINA dPQPEKT COMPSIKEHUS.
Ipu sToM 1o 3Ha4YeHHo Bcex o—koHcTtaHT OCH3—rpynma Hanbosee Onu3ka K atomMy xsopa. B To ke Bpems
JIEKTPOHOJOHOPHEIN 3¢ ekt conpspkenus 3amectuteneit OCHz—, OCHyF—, OCHF,— u OCF3—rpynm 3aBucut
OT TOrO, HaXOHATCA OHU B IUIOCKOCTH apOMaTHYeCKOro KOJbLA WJIM BBIBEICHBHI M3 Hee MOA BIHSHHEM
CTEPUYECKOTO B3aMMOJCHCTBHS OTUX 3aMECTHTENed ¢ aTOMaMH  BOAOPOAA B OpmoO—TIOJNOXCHHUSX.
3amectutemn  —OCF,CF3 —OCF,CHF, u —OCF,CHFCI umeroT G-KOHCTaHTbI, OJIM3KHE K G—KOHCTaHTaM
OCFz;—rpynmel.  Tpudropanerookcurpymma  NposiBiIseT  Ooiee  CHIBHBIA  JJIEKTPOHOAKLETTOPHBIH
MHIYKOUOHHBIA 3¢ dekT, yem rpymma —OCOCH; n naxxe —OCF;. Oxnako Hanbosiee 3JIeKTPOHOAKIETITOPHOH
SIBITICTCSI OSO,CFs—rpymma, kotopas wWMeeT caMoe  OONBIIOE  3HAUYCHHE  G|—KOHCTAHTHL.
DNIeKTPOHOAKLENITOPHBI HHAYKIMOHHBI 3()(EKT IOCTENeHHO YBEIMYMBAETCS IIPU IOCIENOBATEIHEHOM
3aMemeHny atoMoB Bojopona SCHz—rpymmer ¢TopoM, Torma kak adQekT compspkeHHs H3MEHSETCS OT
anexTpoHogoHopHoro 'y SCH3— u SCHyF-rpynn no snekrponoakuentopHoro y SCHF, wu SCFs;—rpymm.
CHUIBHBIME  DIICKTpOHOAKIenTopamMu sBisitoTest Takke SO,CF;—, SO,CF,CHF2-, SO,CF,CHFCF3— wu
CF3S(0)=NSO,CFs—rpymmbl.  DJeKTpOHOAKIENTOPHBIMA ~ CBOMCTBAMH  O0JQJal0T W HEMpeaeibHbIE
¢ropupoBannbie rpynnupoBku. Tak, rpymma —CH=CHSO,CF; mo 5JeKTpoHHOMY BIHSHHUIO paBHOLIEHHA
CFz;—rpymnne. AnetuHuiabHas rpymnma 0ojiee €ICKTPOHOOTPHIIATENIbHAS, YeM BUHWIbHAS. [Ipu 3aMeHe Bomopoaa
y mocnenneii  Ha CF3— oOpasyercs Oonee  enektpoHoorpumarenbHas rpymna —C=CCF;  uyem
—CH=CHCEF;. CnenoBatensHo, 3aMeHa aToMOB Bojiopoja B rpymmne —CH=CHCF; atomamu ¢dTopa paBHOIICHHA
NPEBpaIICHUIO IBOMHOW CBsi3W B TpoiiHyro. B cBorwo ouepenp, 3amecturenn —CF=CFCF; mo Benuuune o-
KOHCTaHT o4eHb Onu3ku k CF3—rpymnme [22].

[onsipabie 3¢ (GeKTH 0Ka3bIBAIOT CYIIECTBEHHOE BIMSIHUE HAa PEaKLIMH CBOOOJHBIX PAaJUKaJOB BCIICACTBHE
paszeneHus 3apsiia B IEPEeXOAHOM COCTOSIHUU. Hampumep, B ciydae oTpbIBa BOJOPOAHOTO pajauKana Thna X,

¢, CF o
+

. 5 .
RH + X —» |[R—H—X —» R + XH
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9JIGKTPOHBI CUJIBHEE CABHTAOTCS B CTOPOHY X, YTO MPUBOAUT K pasjeicHuro 3apsaoB. ClieaoBaTenbHO,
JIEJIOKAIMA3ALHUS 3aPsIIOB COCCTHUMH 3aMECTHTEIISIMU TTOHMKACT SHEPTHIO MEPEXOHOI0 COCTOSIHUS U 00Jieryaet
nporekaHue peakuuu [21].

Ha ckopocTh peakiiuu oTpbIBa BOJOPOJA CYIIECTBEHHOE BIMSHHUE JOJDKHA OKA3bIBATh TAK)KE SHEPTHS CBS3U
aToMOB. Huke mprBeIcHbI KOHCTAHTHI CBsI3U atoma Bojaopona [5]. M3 3TuxX AaHHBIX BHIHO, YTO KOHCTaHTA
snepruu cBsi3u N—-H umxke, uem C—H, Ho BbIIe yem S—H.

CBs3b F , xan/moib ®DakTOphl, CTAOWIM3UPYIOIIHUE TMEPEXOJHOE COCTOSHUE, CHHIKAIOT —€ro
O-H 110,6 sHepruro. CTaOWIM3UPOBAaHHBIC paJUKaibl 00pa3yroT Ooliee ciaOble CBS3H C
C-H 98,8 BOJIOPOJIOM U IDYTMMH aTOMaMH, M PEaKIUU TAKUX PAIUKATIOB C MOJICKYIaMHt
N-H 934 cyOcTpaTa TEpMOJMHAMUYECKH MEHEe MPEAMOYTHTEIbHBI, YeM aHaJIOTHYHBIC
S-H 81,1 peakiuy HecTaOUITU3UPOBAHHBIX PaTUKAIIOB.

[Ipu 3TOM YCTOWYHMBOCTH CBOOOAHBIX pPalIMKalIOB, 0OPa3yIOIIMXCS MPH OTPHIBE BOIOPOIA, ONpenesseTcs
[21] cmenyrommmu (akropamm: 1) CTENEHBIO IENOKATH3aIUU HECTIAPEHHOTO JJIEKTPOHA: YeM OHA BEIIIE, TEM
MEHBILIE CHHMHOBAs IUIOTHOCTh B PAJMKAIBHOM ILEHTPE M HIDKE PEaKIMOHHAs CHOCOOHOCTh pajuKana; 2)
HPOCTPAHCTBEHHBIMU d(dexTamu: Hamuyue OOBEMHBIX TPYIN Yy PaJUKaIbHOTO LEHTpAa MOXKET CHIIBHO
MOHWXKaTh PEaKIMOHHYI0 CIIOCOOHOCTh pajiMKala BCJIEICTBUE 3aTPyJHEHHsS IOAXOAa K HEMY MOJIEKYJI
peareHTOB WM APYTHX paauKaioB; 3) (oOpMOH 4YacTHIBI: JI000€ HCKaXEHUE CTPYKTYphL, He Jaroliee
BO3MOXKHOCTH PaJiMKaiaM IIPUHSTH TUIOCKYI0 KOH(QUTYpaLHIo, BEIET K UX JIeCTaOMIN3aIHy.

Haubonee vacto Hapsgy ¢ (TOpoM M XJIOpPOM B CTPYKTYPHBIX (OpMyJiax OHMOPEryJsTOPOB BCTpEYaeTCs
Hutporpynmna. OHa He TOJNBKO BBI3BIBAET MHIYKTUBHYIO IOJISIPU3AIMIO YTIIEBOAHOTO OCTaTKa, HO M IPHUBOJUT
00 K THUIEPKOHBIOTAllMM JIMOO K JOIOJHUTEIFHOMY ME30MEPHOMY CONPSDKCHHIO M TakuM o00pa3oMm
YBEJIIMYCHUIO TUATMIOIBHBIX MOMEHTOB [5]:

o) o)
He o b NG
H/ o~ o~

Kpome Toro, HUTpoapoMaTn4ecKie COeIUHEHHs MOTYT JIETKO NPEBPAIIAThCS B aHUOH-PaIUKall BCIIEICTBHE
BBICOKOH JIEKTPOHOAKLEIITOPHOH CIIOCOOHOCTH HUTPOTPYTIITHI:

+e” °
RNOp —>» RNOp
Bce HeHachImeHHBIE TPYNIHPOBKH —00JIamaoT —l-2¢dexrom, BozpacTarommM ¢ yBeIHMYCHHEM

HEHACHIIICHHOCTH B TaKOH IMOCIICNOBATEIFHOCTH: W30JMPOBAaHHAS JBOWHAS CBS3b —> CONPSIKCHHBIC CBSI3M —>
TpoifHast CBsA3b. B TO e BpemMs MHIYKTHBHBIA 3()(eKT 3aMecTHTenell CpaBHHUTENBHO OBICTPO YOBIBAaeT C
paccrostareM [5].

VY apoMaTH4eCKHX COCIMHEHHH 3aMeCTUTENb OKa3bIBACT Pa3InYHOE BIMSIHHE Ha SJIEKTPOHHYIO IUIOTHOCTH B
Pa3HBIX MECTax apoOMaTHYECKOro spa, MU 3TOM B MeCTaX C OOJbLICH 3IEKTPOHHOH IIOTHOCTBIO PEaKIHH
MPOTEKAIOT ObICTpee. 3aMECTUTENH, KOTOPbIE MOTYT JeHCTBOBATh TOJIBKO HHAYKTUBHO t/, M3MEHSIOT INIOTHOCTD
G-DIICKTPOHOB BO BCEX MOJIOKEHHAX apOMATHYECKOTO sIpa, HO BCIEICTBHE 3aBUCHMOCTH WHIYKTHBHOTO
a¢deKxTa OT paccTOSHUS OHA YMEHBIIACTCS B POy Opmo—> Mema—> napa—ToNoxeHusx. Tak, B peakuusx
ABTOOKHCIICHUS KHCIIOPOJ] aTaKyeT MPEKJIE BCETO TE MMOJ0KEHUSI B MOJIEKYJIe, JJIEKTPOHHAS! INIOTHOCTD KOTOPBIX
MOBBILIAETCS MO/ BIMAHUEM 3aMeCTuTeNei (+7, +M).

Ha peakmuonHyto CHoOCOOHOCTH BemiecTBa (OHMOPETYISATOPOB) CYIIECTBEHHOE BIMSHHE OKAa3bIBAIOT
Me3oMepHble dddekTsl 3amectuteneid. Kak cratuueckoe siBIEHHE Me30MepUsl BHOCHT CBOW BKJIAJ B
CTaTUYECKYIO YaCTh MOJSIPU3ALNH, KOTOPBIA U3MEPSIeTCsl TUMOIbHBIM MOMEHTOM. Ha mocneanuiil Biuser Takxke
HHAYKTUBHBIA 3(QQEKT, Haararomuics Ha Me3oMepHbid. OmHAKO CleayeT MOmYepKHyTh, 4To 00a 3ddekra
MOTYT JICiCTBOBATh KaK B OJJHOM M TOM JK€, TaK M B ITPOTHUBOIIOJIOXKHBIX HANPABJICHUSX, T.€. MOI'YT BEKTOPHO
KaK CyMMHPOBAThCsI, TAK M BRIYUTATHCS [2].

Mesomepublii  dpdext (M) 3amecTHTeNs CUUTACTCS MOJOXKUTEIBHBIM, ecnmi  OH mpuobperaer
TIOJIOKUTEBHBIA 3apsi, U HaoOopor. Hampumep, aHMOHBI NEHCTBYIOT Kak 3JEKTPOHOMOHOpHBIE (+M), a
KaTHOHBI — 3JIEKTPOHOAKIENTOpHbIe (—M) 3amecTuTenu. Y HEHACHIINICHHBIX COCAMHEHUI MO CPaBHEHHIO C
COOTBETCTBYIOIIMMH HACHIIICHHBIMH ME30MEPHBIN 3()(EKT HalpaBiIeH B Ty K€ CTOPOHY, YTO U MHIAYKTHBHBIH.
Jiis aMuHO-, OKCH- M ankokeurpynn +M—-3ddexT cuibHo npebiniaet ux —/ -3 gexr [5].

PerynsTopHbIMH CBOHCTBaMH 00JIa/IAI0T TAKXKe CIIEAYIOIINE BEIECTBA!
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1. CoenuHeHus, comepiKalue YSTBEPTUYHBIH aTOM a30Ta B apOMAaTHYECKOM Koublle. IN VIVO OHH Jierko
Nepexo T B CBOOOTHOPAANKAILHOE COCTOSIHUE, MHULIMUPYS LEMHbIE PEaKLMH OKUCICHUS OWOIOIMMEPOB
[3, 18]. K Hum oTHOCHTCS, HarTpuMep, AUKBAT U (QIIaBaKPHIMH:

= =

.« 2Br
N + . C1
I\ll I / HoN i NHo
CH2—CH3>
QukeaT ®naBakpuauH

2. IluxnonponaH, NUKIO0YTaH U COSIMHEHHS C HEHACHIIIEHHBIMH OTIEIBHBIMH CBS3SMH, HAIIpUMep

>C=&, —C=C—, —C=N—, >C= 0, —N=N—

OTH COCAWHEHHS CTAHOBSTCS OWONOTMYECKH aKTUBHBIMH ITOCIE PACKPBITHS KOJbL@A, MPUCOCTUHECHUS IPYTHX

CBOOOJIHBIX PaJIMKAIOB WIIM aKTHBHOTO Kuciaopoxaa [9].

3. CoenuHeHus, coepKallie YeTBEPTHIHBII aTOM a30Ta B HEAPOMATHYESCKON CTPYKTYpe, pacIIeIuIstomencs
no 'odpmany ¢ obpasoBanuem oneduna [7, 10,11].

4. ApeHbl, conepKalle HECKOJBKO JJICKTPOHOAKIECNTOPHBIX paJUKalOB, HAaNpUMEp TalOreHbl WIH
HUTpOrpynmel. [l03TOMy y 3aMElICHHBIX OCH30JI0OB B MEPEXOJHOM COCTOSHHH TaKHe 3aMECTUTEIH
Y4YacTBYIOT B pacupeeseHHy o0Iaka HeCHapeHHOT0 JIEKTPOHA M PaJuKaIbHasl PeaKkuus 3aMeleH s (OTPHIB
aToMa BOJOPO/Ia) MO CPAaBHEHHMIO C HE3aMELIeHHBIM OEH30JIOM IPOTEKaeT C MEHbIIEH YHepruel akTHBAUU
[19]. TIpu sTOM MOXKET 00pa3oBaThCS HECKOIBKO CBOOOIHOPAAMKATHHBIX LIEHTPOB (SBJICHHE PE30HAHCA) B
OIHOM MOJIEKYJIE:

Ct 0O Cl + Ry Ct 0 Cl
— >
Cl ~0 ~cl Cl ~0 (I
Dioxine
CF3 CF3
+ R R1
_— H
OpN” Y “\NO2 OpN NO»
N (C3H7)2 N (C3Hz7)2
Trifluralin

Kak cremyer U3 M3JI05)KEHHOTO, HAJTMYUE 3aMeCTUTENeH ocnabser cocemanue cBsa3u y atomoB C—H wmu N-H
U TIOBBIIACT PEAKIMOHHYIO CIIOCOOHOCTh Boxopona (IO OTHOIICHWIO K paadKaiaM, aTaKyoIIuM
ouoperymarop). BemecTBa npu HaNWYWH JIETKO OTIICIUIIEMOTO BOAOPOJA WM OTACITHHBIX HEHACBHIIICHHBIX
CBSI3EH, TEpeXoAs B CBOOOTHOPATUKANEHOE COCTOSHHE, MOTYT WHHUIIMAPOBATH IICTHBIC PEAKIINH OKHUCICHUS
JUMHAIO0B, OETIKOB, YTIIEBOIOB, HyKIIEHHOBBIX KUCIIOT M JPYTUX OHONOIMMEPOB KICTKH:

.

RH +  Rg ———> K, (RHRy) —» AEICTBUE
-]
BuoperynsTop DEepMEeHTHI, CeobogHbin
rOpPMOH-CBA3bIBatoWMe benku pajmkan
6uoperynaTopa

OnHaKo CHEKTp BIHSHHUS OHOPETYIATOPOB HE OTPaHHYMBACTCS TOJNBKO UX OKHUCIHUTEIBHBIM JCHCTBHUEM.
CymecTByeT W Apyrod mx Tun — aHTHOKcHAaHThl (AQO); Hampumep o—Tokogepos, abCiu30Bas KHCIOTA,
KapoTHHOUABI, peHoNmbHBIC coenuHeHns, npoctarmannuasl PGD,, PGE, 3, PGF,3,, anTonmanst u ap. AO —
9TO COCJMHEHHUsS, KOTOPbIE TAKXKe COACPKAT aKTHBHBIA aTOM BOAOPOJA (OKCHIPYMIIbI), HO MPH YIaJCHUH
MOCJEAHEr0 TMPEBpAlAlOTCs He B CBOOOAHBIC paJHMKaibl, a, BCJICACTBUE BHYTPHUMOJCKYIISPHOM
MEPerpyninupoBKA, B HHEpTHBIe BemecTtBa. IloaTomy AQO  BBIIOAHSIOT  pOJIb TYHIMTENEH U
MEPEXBATYHUKOB
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CBOOOIHBIX paJMKAIOB, MPEJOTBPAIas OKHCIUTEIbHOE NEeWCTBHE MOCIeAHux. J[is BceX HHMX XapaKTEPHO
HaJIMYUE HECKOJIbKUMX (DYHKIMOHAIBHO aKTHBHBIX Tpymnil. Y kiaccuyeckux AO uMeercs IBE OKCHUIPYIIIIBI
(3amectutenu B kouble). Eciu ke AO copep:kar OIHY OKCUTpyIimy, TO it 3()(EKTHBHOIO €ro AeUCTBHs
HEOOXOMMO TIPeIBAPUTEILHOE BOCCTAHOBIICHHE BTOPOil. Cxemaruuecku Mexanusm aeiicteus AQO mokasaH Ha
nmpuMepe 0.—ToKodeposia, aOCIM30BON KUCIIOTa M IIpocTarianauHoB [3, 7, 8, 12, 14].

O~ + s +2R <9
+2e +2H e el

Anbcha-Tokodbepon
L S <
OH -
COH™ .~ COOH =Rpg~ ©" Coon
HS o
A6cuusoaas| Kucnota
o J’ HO o* |
e +2e5 4ot e I S G NI AN
=N o0 et =" cooH %;- O%/\AEOOH
/N /CH3 ) T aer MK 2 & Gl
HO Eis HO b & uom

MpocTtarnavgud PGE2

B mocnennee Bpemsi BO3pacTaeT KOJIMYECTBO MyOJHMKALMH, MOCBSIIEHHBIX H3YYEHHIO aHTHOKCHIAHTHOTO
JIeMCTBHS pa3nuuHbIX BemecTB. Ocoboe BHUMAHHUE YAENSeTCS WX aHTHMYTareHHOMY W aHTHKaHIIEPOTCHHOMY
Jeictrio. McecnenoBanus O pacKpBITHIO 3alIUTHOTO MeXaHu3Ma JeicTBHA AO MOKa3bIBaIOT NEPCHEKTUBHOCTD
Ooylee MHTEHCHMBHOTO W3YYEHHs STOrO Kjacca BEHIECTB, OCOOCHHO KaK AHTHKAHIIEPOT€HOB M TYIIWTENeH
PEaKIMOHHOCTIOCOOHBIX PaJUKaIOB, KOJIMYECTBO KOTOPBIX B KJIETKE PE3KO YBEIMUYMBACTCA MNpPU ACHCTBUHU
pasnuuHbIX crpeccoB. s moxarBepxkaeHus ydactus AO B MMMYyHHOH CHCTEME 3allUTBl Y PAaCTeHUH M
YKMBOTHBIX HEOOXOUMBI BCECTOPOHHHE M KOMIUIEKCHBIE UCCIICIOBAHMSI.

Takum 00pazoM, aHAIHU3UPYsI CTPOCHUE PA3TUYHBIX OMOJOrMYECKH aKTUBHBIX BEIIECTB U UX OMOJIOrHMYECKOe
JIeiCTBHIE, Mbl OOHAPY)KUIIH, YTO y PACCMaTPUBAEMBIX 3/IECh MOJIEKYJ €CTh ()parMeHTsl, T. €. QyHKIHOHAIBHO
aKTHBHBIC TPYIIbI, OTBETCTBEHHbIC 3a TMPOSBICHHE OHONOrMYECKO akTuBHOCTH  iN Vivo. Tlpu 3toMm
Ouonoruyeckas aKTUBHOCTb COEAMHEHMH ONpPEAENAeTCs HalMYMeM JIerKO OTIICIUIIEMOro Bojopoda (pexe
METHJIFHON WIIK IPYTOM TPYIIIBI) U T—IOHOPHBIX Ipymil. O6a 3TH YCIOBUS UMEIOT CYIIECTBEHHOE 3HAYCHHE IS
MOHUMaHHs TEPBUYHOTO MEXaHHW3Ma JEHCTBHS OWOPEryNSATOPOB, YTO MOXKET OBITh HCIIOJIB30BAaHO IIPH
KOHCTPYHMPOBAHUH U CKPHHUHIE HOBBIX OHOPEryJISITOPOB.
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[Homnyueno 26.03.92
SUMMARY

Kurchii BA (1993) Functional reactive groups of bioregulators. Fisiologia i Biokhimiya Kulturnykh Rastenii
(Physiology and Biochemistry of Cultivated Plants, Kiev) 25: 82—-92 (In Russian).

Based on a study of the relationships between a chemical structure and its biological activity for various growth
regulators the common fragments of the molecules have been determined. These fragments are supposed to play
a part of functional reactive groups of bioregulators. The role of the substituents in the biological activity of
growth regulators is described. It is found that biological activity of chemicals depends on availability of an
active hydrogen atom. This regularity may be used in the designing and screening of novel bioregulators.
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APPENDIX to: Kurchii B. A. (1993) Functional reactive groups of bioregulators. Fisiologia i Biokhimiya
Kulturnykh Rastenii (Physiology and Biochemistry of Cultivated Plants, Kiev) 25: 82-92 (In Russian).
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The Summarizing Model of Action of Growth Retardants on
Crops to Prevent Lodging *

B. A. Kurchii

Institute of Plant Physiology and Genetics, Vasylkivska 31/17, 252022 Kiev

SUMMARY

The molecular mechanisms of action of retardants to prevent lodging of crops in the vegetative period is
described in review. It is proposed that retardants in vivo are transformed into free radical that initiate the free
radical chain reactions of lipid peroxidation. Schematically prevention of lodging of crops by retardants is
presented below:

BIOREGULATORS: ethylene, pics, morphol, alar, etc.
In vivo transformatiorlw into free radical state
MEMBRANES

Initiation of nonenzymatic lipid peroxidation.
Oxidative damage to membrane proteins, lipids and protein SH-groups; changes in lipid-protein interaction, disruption of
membranes and loss of their function. Changes in the permeability of cellular membranes.

Changes in the activity of cytoplasmic and Inhibition of ATP synthesis. Uncoupling of electron

membrane-bond enzymes transfer chains. Changes in active and passive ion
and water transport through the membranes.
Depolarization of membranes.

Responce
Increasing of antioxidative Inhibition of synthesis — Inhibition of division and
molecules and scavengers and/or degradation of elongation of cells. Decreasing
of free radicals (RH, RH,) cellular substances in the tall of plants

Polymerization of phenolic compounds.

Lignification of cellular walls and

increasing their rigidity

Increasing in the own frequency of stem. Prevention of resonance phenomena and damages of internodes.
Prevention of lodging

" Translated from: Kypumii B. A. (1993) OGo6IeHHas MOJIe/b JEHCTBUS PETAPIAHTOB 110 HPEIOTBPAIICHHIO
nosieranus 371akoB. GU3HOIOrUsS M OHOXUMHUS KyJIbTypHBIX pacteHuit (Kues) 25: 518.
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On the Possible Antioxidative Mode of Action of Stress Proteins

B.A. K

Institute of Plant Physiology and geneti

SUMMARY

The molecular mechanisms of resistance of plant and ani

urchii

cs, Vasylkivska 31/17, 252022 Kiev

mal organisms to stressful conditions and also of action

of diverse physical and chemical factors are described in review. It is proposed that the activation of
antioxidative defense systems including stress proteins can occur in accordance to the following scheme:

Stress:

Physical (induction of in vivo free radical formation)

Chemical ( in vivo transformation of xenobiotics and
endogenous bioregulators, exclusive antioxidants, into

free radical state)

MEMBRANES

|

Initiation of lipid p

|

eroxidation

Response: formation of stress proteins

|

Increasing in the

|

Degradation

of “general level of proteins
proteins”. which take part whi
Decreasing in in reparation fre
their synthesis processes

Inhibi

Increasing in the
level of proteins

|

Increasing in the quantity
of the enzymes to neutralize
free radicals (such as

|

ch neutralize
e radicals superoxide dismutase,
catalase, glutathione
peroxidase, etc.)
tion of free radical chain reactions:

inactivation of free radicals and the
formation of non-radical products

" Translated from: Kypumii B. A. (1993) CrpeccoBs
O6noxuMus KynbTypHbIX pactenuii (Kues) 25: 519.
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XUPAJIBHOCTb BUOJJOI'HYECKUX MOJIEKYJl — ®PEPMEHTATUBHOE
HNPEAITOYTEHUE XUMHNYECKHUX PEAKIIUU C MEHBIIEU DHEPTUEN
AKTHUBAIINMU

b. A. Kypunii

WneruryT dusmonornu pacrenuit u reaetnkd AH Ykpanusr, Kues

W3BecTHO, YTO KOT/Ia B MOJIEKYJe OPTaHUYECKOTO COCTMHEHHS aTOM YIJIepola CBA3aH C YETHIPbMS Pa3HbIMH
aToMaMHd WiIH (YHKIMOHAJIBGHBIMH TPYyNIaMH, TO €ro HAa3bIBAIOT aCHMMETPHUYHBIM. Takoil aToM MOXeT
CYIIECTBOBaTh B [JBYX M30MEpHBIX (opMax, pasIH4aloOIUXCcd IPOCTPAHCTBEHHOW KOH(HIypanuew.
DHaHTHOMEpPHI (WM CTEPEOH30MEPHI) OTIMYAIOTCS CIIOCOOHOCTBIO BpalaTh IUIOCKOCThH MOJSIPH3ALMH, HO B
XAMHYECKHX peakiusax in Vitro BemyT cebs oamHakoBo. COeAMHEHHs ¢ aCHMMETPUYHBIM aTOMOM Yriepona
HA3BIBAIOT ellle XupaiabHbMu [1, 2, 4—6].

B KHMBBIX OpraHu3Max XHpaJbHbIE MOJIEKYJbl CHHTE3UPYIOTCS (DEpMEHTATHMBHO TakMM OOpa3oM, 4TO
OTHAeTCs NPEIIOYTEHHE TOJIBKO OJHOW M3 IIBYX BO3MOXKHBIX CTPYKTYp. XUPaJbHOCTb CBOHCTBEHHA MHOTUM
OHMOMOJICKYJIaM M WIpaeT BAXKHYIO PONb B JKH3HENSATSNLHOCTH OpPraHM3MOB. B mepByro odepens 31O
XapaKTepHO JUTl aMHHOKUCIIOT U MOHOCAXapoB.

Crepeon3oMepbl XUPAIBHBIX COCJHHEHHU, COOTBETCTBYIOIIME MO KOHGHrypauunu D-rimunepanbaerumy,
obo3HavaroTcst OykBoilt D, a crepeon3oMepsl, cOOTBETCTBYIOINE L—rnuuepansaeruny, — OykBoi L. In vitro
MIPUPOIHBIC COCAMHEHHs, COICPIKAIlMe XHUPAIbHBIA aToM YIIepojaa, METa0OIM3HPYIOTCS TOJBKO B KaKOWM-
HUOYAb omHOM crepeonzomepHort opme D mmm L. Hampumep, Oenku cunTesmpyrores u3 L—crepeonsomepon
aMHHOKHCIIOT, TIOJTUCcaxapuibl — U3 MoHocaxapoB D—u3omepos [1, 2, 4—6].

Ha ocHoBaHMM aHaJM3a JHTEPATYPHBIX NaHHBIX [1-6] MBI mpUOUTM K BBIBOLY, YTO B OHOJOTHYECKUX
CHCTEeMax MPU HATMYKMU B PEAKIMOHHOM cpele IBYX H30MEpHBIX GopM mpeanouTeHue otaaercs Toid D i L, y
KOTOPO# OTpBIB BOJOpOAa (MM APYroro pajukana) TpeOyeT MEHbIIEeH dHEpTUH aKTUBALUH, TO €CTh MEHBIIE
SHEPreTHYECKHX 3aTpaT. Kak M3BecTHO, aTOM BOJOPO/a Jierde OTINEIUIIETCS OT TPETHYHOTO YIIepoaa, YeM OT
BTOPUYHOTO, & OT BTOPHYHOT'O yIIIepo/ia — Jierde, 4eM ot nepBudHoro [1-6]:

R R O\\C/O—H O%C/O—H
Hn-:-IOH : I—I--(_._.'--NHQ HoN s=- C =aH

CH20H CH20H B b

D-caxap L-caxap D-aMuHOKMCNOTa L-aMnHOKMMNOTa

" Omy6muxoBano B: Kypumii B. A. (1992) XupanbHOCTh GHONOrMYECKHX MOJEKYT — (DEpPMEHTATHBHOE
NPEANIOYTEHNE XUMUYECKMX pEaKLUUM ¢ MeHblleld sHeprued axtuBauuu. B xu.. B. B. Mopryn, b. A.
Kypumit, A. B. PyGan, pen, PerynstopHble MeXxaHW3MBI B (PM3UOJOTHHA PACTCHUH W TeHETHKe. M3maTenbcTBO
Haykosa nymka, Kues, c. 57-61.
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CHO CHO
H—C—OH HO—C—H
HO—C—H H—C—0H COOH COOH
I_I_(Ij_o}-I HO_(F_H Hl-C -aNH2 H Nn-C;--I—{
H—C—OH HO—G—=H : z :
CHZ0H CHZ0H CHz6H CHz6H
D —TNioKOo3a I — rMioKo3a D —UuncrenH L —UuncremH

Taxum oOpazom, OHOIOTHYECKOE IPEAIIOUTEHNE B META0OIN3aNH XUPATbHBIX COCTHHEHHH ONpenersieTcst
HAJIMYHEM aKTHBHOTO BOJOPOAA y MOCIEAHHX M HE 3aBHCHT OT XMMHYECKHX CBOMCTB THX BEIIECTB iN Vitro.
CrnenoBatensHO, paboTa ¢epMmenTa ((hepMEHTOB) 3aKIIOYAaeTCs B IEpeBojAe IBYX (WM OIHOTO) BEIIECTB,
Y4acTBYIOIINX B OMOXUMHUYIECKON pPEakiii, B CBOOOIHOPAINKAIBHOE COCTOSIHUE Yepe3 CTAHI0 EPEXOJHOTO0. A
BCE MOJIEKYJIBI (aTOMBbI) B CBOOOJHOPAJMKAIILHOM COCTOSIHUM PEarupyroT 0e3 SHepruu akTHUBAalUUH (WIH MpH
oueHp Manoi ee BenuumHe) [1-6]. OmHako, KpoMe SHEPruM aKTHUBAIMU, HE MEHee BaKEH U CTEPUUCCKHUi
¢axrop. Y monekyn L—amuHOKHCIOT 1 D—MOHOCaXxapoB cTepuyeckoe MOJIOKEHNE BOAOPOJA NMPHU TPETHIHOM
aToMe yriepoja He 3aTPYJHEHO COCEAHUMH paJuKalaMH B OTIMYHE OT HUX COOTBETCTBYIOIIUX H30MEPOB.
CrepudeckuME (pakTopaMu Kak MBI IOJIaracM, ¥ 00yCIIOBJICHO MpeAnodYTeHne in Vivo toi win unoi (D mmu L)
(GhOpMBI COCTUHEHUH, YIaCTBYIONUX B OMOXUMHUYECKHX peaknusix. OOYCIOBICHO 3TO MPEXIEC BCErO0 TEM, YTO
aToM Bozopozaa y D—moHocaxapoB mwin L—-aMHHOKHCIIOT Jierde AocTyreH (IpHOIMKaeTcsl) K akTHBHOMY LICHTPY
(depmeHTa.

Paccmotpum 310 Ha puMepe cuHTe3a Oeinka. V3BecTHO, uTO Ha pudoCcOMe UMeeTcs IBa ydacTka: P—ydacTok
(menTUAHBIA WIM TOHOPHBIA) W A—ydactok (akumentopHbii) musa cBs3eiBanus TPHK. K P—ywactky
npucoenunsercs TPHK, Hecymas pacrymyro monumentuanyio Iemnb, a kK A-—yudactky TPHK, Hecymas
CIIEAYIONIYI0 aMHHOKHCIIOTY, KOTOpas JOJDKHA INPUCOEAMHATHCS K pacTymed nemu. Kak Tompko P—
A—ydacTkn Ha pubocome OymyT 3aHsaTel TPHK, Haummaercs mportecc oOpa3oBaHMs MENTHIHOW CBA3HM. JTa
peakuus KaTajau3upyercsi nentuauaTpancepasoi (cM. pucyHok). [Tocne oTpeiBa aToma Bogopoja pepMeHTOM
nentuauITpanchepazoll OT TPETHYHOTO aroMa yINepojaa IPUCOSAWHSIEMOW aMHUHOKHCIOTHI MPOHMCXOIUT
MUTrpanysi BOJOPOAA OT aToMa a30Ta Ha TPETHYHBIA yriiepox U CBOOOTHOPaAMKANbHBIN IEHTP CMEIaeTcsl Ha
aToM a3oTa. BrocnenctBum oOpasyercss KOBaJEHTHAs CBS3b C aTOMOM YIJIepoja KapOOKCHIBHOW TPYIIIBI
TpeabIIyeld aMHUHOKHCIOTHI, T.. paHee BKJIIOYEHHOH B OenkoBylo memnb. OJHOBPEMEHHO BCIEICTBUE
(parMeHTaMu ATOW paHee BKIIOYEHHOH aMUHOKHCIIOTHI 00pa3yeTcs alKOKCHIBHBIA pagukan P-—ywactka. B
TakoM (hepMEHT—CYOCTPaTHOM KOMIUIEKCE MPOMCXOAUT reoMeTpuieckas 1eopManys OTAEIBbHBIX BaJT€HTHBIX
CBsI3ei, T.e. MmoJsipu3anus CBsi3el (M3MEHEHHE paclpe/ieNieHNs JIEKTPOHHOH mioTHocTn). [lonspusanus cesi3ei
cyOcTpata (BO3MOKHO OJHOBPEMEHHO M (pepMEHTa) CIIOCOOCTBYET NPEOAOJICHHIO AaKTHBAI[MOHHOTO Oapbepa
MIEPEXOJHOTO COCTOSIHUS. B manbHeiieM B pe3yibrare TpaHCIOKAIMA OCBOOOXKAeTCsl A—yd4acTOK pUOOCOMBI
U 3aBepIIaeTCsl UK 00pa30BaHUs MENTUIHON CBS3H.

Takum 00pa3oM, MBI IpeIIoNaraeM, 4To Bce (MM MOYTH Bee) OMOXMMHUUYECKUE Peakuuy iN VIVO HpPOTEeKaroT
Yepe3 CTaJHI0 CBOOOAHOPAIUKAIBHOTO COCTOSIHUSI.

B 3BOMIOIIMOHHOM TITaHE HAPYIICHWE MEXaHW3Ma 3€PKaIbHOW CHMMETPHN OHOOPTraHWYECKOr0 MUPA MOKET
OBITh 00YCTIOBIICHO IMEHHO STUMH CBOWCTBAMH XHPATBHBIX MOJEKyI. IloaToMy ¢akTop mpenmymiectBa Oonee
HU3KOTO SHepretudeckoro Oaprepa D-m3omepoB caxapoB m L-HM30MepoB aMHHOKHCIOT B OMOXUMHYECKHX
pCakuugax H O6yCHOBI/IJ'I TOMOXUPAJIBHOCTD KIIFOYEBBIX 6I/IOHOHI/IMepOB JKUBBIX CYHICCTB. HpI/I nepexoae ot
MPOTOOHOJIOTUYECKHUX CTPYKTYP K OPraHU3MEHHOMY YPOBHIO OMOOPTaHMYECKOTO MHUpa CIIOHTaHHOE HapyIICHUE
3epKaIbHOM CUMMETPUU M OBbLTO OOYCIIOBICHO MMEHHO SHEPTreTUYECKUMH IPOIecCaMi METa0OoIM3alui 3TUX
CTPYKTyp. B 3TOM cny4ae xupaibHasi 4HCTOTa IIOSIBJISIETCSl BCIEACTBHE JIEHCTBHA (akTopa NMpPEeHMYIIECTBa
9KOHOMHUH 3SHEPreTHYeCKUX 3arpar. [l03TOMy MpeAnoYTeHHEe B MeTabonusamuu iN VIVO MMEHHO JEeBBIX
aMHHOKHCIIOT W NPAaBbIX CaxapoB HE SIBISETCS CIy4allHBIM, TaK Kak (pakTop SHEpreTM4ecKoro MperMyIiecTBa
(oTOOpa peakiii ¢ MEHBbIIEH SHEepruei akTHUBALlMK) BIWSET Ha TMPOIECC YTHIM3aMOHHOTO (OpMHPOBAHMS
aCMMETPHHU B XOJIE CIIOHTAHHOTO HApYIICHHS CHMMETPHU MPOTOOMOIOTMYECKUX CTPYKTYp. DTO 3HAUMUT, UTO
nponecchl GopMUPOBAHHS OMOJIOTHYECKUX CTPYKTYP NMPOTEKAIOT C HAUMEHBIINMH M3 BO3MOXKHBIX B IPHPO/IC
SHEPreTUYecKNMH 3aTpaTamu. ClieoBaTeNbHO, OMOJIOTHYECKAs [ENECO000Pa3HOCTh XKECTKO AETEPMUHHPOBAHA
SHEPreTUIECKIMH BO3MOXHOCTSIMHM JKHBBIX CHCTEM W HE OMNPEIEISIETCS BUTATUCTHICCKUMH CHIAMH, T.€.
M3HAYaIBHON 1enecoo0pa3HoCThi0. [103TOMy M3 HECKONBKHX aJeKBATHBIX OMOXMMUYECKUX MyTeH 00pa30BaHUs
OMOMIOIMMEPOB MPEANIOYTEHHE OTAAETCS TOMY, KOTOPbIi TpeOyeT MeHee BCero SHEpreTHYECKUX 3aTpar.
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SUMMARY

Kurchii BA (1992) Preference in the metabolism of D— or L—chiral molecules is caused by the selection of
chemical reactions with the low activation energy. In VV Morgun, BA Kurchii, AV Ruban, eds, The Regulative
Mechanisms in the Plant Physiology and Genetics. Naukova Dumka Publ, Kiev, pp 57-61.

It is proposed that in living organisms the selection of L—amino acids and D—sucrose to be used in the organic
synthesizes is caused by availability of an active hydrogen atom. In these structures an hydrogen atom is not
hindered by neighboring substituents in contrast to their parental structures, i.e., D—amino acids and L—sucrose.
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Chemical Structure of Descriptors With an Agtive Hydrogen
Atom in Certain Bioregulators

B. A. Kurchii
Institute of Plant Physiology and Genetics, Vasylkivska 31/17, 252022 Kiev

The chemical structure of descriptors (D) for some plant growth regulators (PGR), herbicides, pesticides and
drugs is described. The presence of an active hydrogen atom in molecules is an essential factor determining
biological activity of chemicals. The results obtained from the study of dependence existing between the
structure of a certain substance and its biological activity may be used in designing of new compounds which
possess biological activity.

The role of bioregulators in agriculture and medicine attracts an ever growing interest at present. Many
investigators have intensively studied molecular mechanisms of action of various bioregulators: herbicides,
pesticides, drugs, hormones and plant growth substances, their interaction with biological systems and
structures as well as relationships between the structure of chemicals and their biological activity [1-3 ]. The
approaches to the study of the structure-activity relationships described in literature [4-9] (e.g., the presence of
halogens, OH- or NO,—groups, asymmetric carbon, etc.), are not satisfactory for purposeful construction of
drugs, pesticides and herbicides with selective activity. Indeed, on the basis of structural features it is often
impossible for chemists to select compounds which already possess final therapeutic, herbicidal, fungicidal or
insecticidal effects. Unfortunately there is no universal method of prediction of biological activity based on the
molecular structure of chemicals.

The objective of this study is to determine the size and chemical structure of functional-reactive groups, i.e.,
descriptors (D) for some well-known bioregulators.

Some relationships between the structure and biological activity can be revealed from the following
considerations. According to the theoretical criteria used in our study [10-13] the relationship between the
molecular structure of the chemical and its effect on biological systems is based on the molecular properties
encoded in its structure.

It is known that the chemical behavior of unsaturated fatty acids is determined by the presence of the double
bond, especially by the spatial direction of the o— and =-bonds. The electron density of o—bond is
concentrated along the line which connects atomic nuclei, while that of the n—bond is beyond these limits
forming a larger region of a negative charge. A characteristic feature of m—electrons is their mobility; also the
n—bond is polarized more readily [14].

It is found [14, 15] that when a m-bond forms between atoms of different electronegativity, it is polarized,
that the m—electrons forming it are shifted in the direction of the more electronegative atom. In turn, the shift
causes a far greater displacement of mobile n—electron of the double bond in the direction indicated by the
curved arrow:

H

—C’H‘Z CH— (:: — CHZ’éH—

H

Thus, the electron shift H — C causes a great shift in the electrons of the double bond, e.g., they cause
polarization with a shift in the electron density toward the carbon atom which is not linked with the alkyl group.
The n—bonds are common in organic compounds being capable of linking not only carbon atoms but also atoms
of oxygen, nitrogen, sulfur, phosphorus, etc. The similar effects can be described for the substances which
contain NH—groups:

H

-

re
—CH =CH—N— CH=CH—

“Published in : Kurchii B. A. (1996) Chemical structure of descriptors with an active hydrogen atom in certain
bioregulators. Ukrainskii Biokhimicheskii Zhumal (The Ukrainian Biochemical Journal, Kiev) 68: 3-13.
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From the above we see that a fragment of molecule —CH = CH- is an electron-attracting group. Such an
electron-attracting group may be formed also by a triple bond, bonds between P, O, S, N, halogen and Aryl
(Ar).

In previous publications [10-12] we have advanced the hypothesis that a hydrogen atom is easily
abstracted from these fragments and bioregulators (xenobiotics) are transformed into the free radical. It is
known, that the essential property of atoms or molecules that are free radicals is the presence of one unpaired
electron in their external orbit. These molecules react very energetically and mainly nonspecifically to remove
an electron, typically in the form of a hydrogen atom, from adjacent molecules[14-16]. In the example with the
unsaturated fatty acid the formation of free radical may be presented by the following mechanism:

_ CH=CH—CHy—CH=CH— + R —» —CH=CH— CH—CH=CH— + RH
A similar mechanism may be described for substances with -NH-group:

— CH=CH— NH— CH=Cl— + R —» —CH=CH— N—CH=CH— + RH

The methylene group is particularly sensitive to radical reagents when situated between two double bonds
because the radical formed in the first stage of the reaction is stabilized by the conjugation of the odd electron
with the m—electrons of two double bonds. The n—bond is a readily polarized center under the influence of the
attacking reagent. The polarity of bond is determined by the electronegativity of the linked atoms, i.e., by the
ability of the atoms in a molecule to attract electrons. The more electronegative an atom is the stronger its
attraction for electrons.

Proceeding from the above results we have selected descriptors or functional-reactive groups with a mobile
hydrogen atom for various PGR, pesticides and herbicides. They are following:

| CHp—COOH NH—CH ’j cl
N )j c1—©—NH—|clz—N (CHa)
N I

f

IAA (PGR) Diuron (Herbicide)
Kmetm (PGR)
I D: Ar—NH—(li—Ar , I
Ar —Il\I—CHz—Ar

Henmsme (O e, O ke
NCH3 NN y 3 -\ 07 CHy
MCPA (Herbicide) o O—C—NH—CH3
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! |
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CH3S
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CH3O> |(I|; I 3
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Similar descriptors with an active hydrogen atom we have also found in some groups of drugs:

O
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I
S

Ethoxide

D: S=|C—NH—A1'

(H3CO)p P—S— CHy—N—N
I | }k
S 5\ g7 >OCH3
Supracide

D: =P—S—CHy—N—N=
AN |

Cl Cl
LT 0,
SN

Cl |C— Cl R»
CH3
Mitometh

D: Ar—(liH—Ar 7

OCHj3

0O
U— cHy— - NH——" SW

yl—N %— CHyp— COONH»

COON
Cefoxitine a

|
D: —S—?— CHz—(|::O,

I
:(li—ll\I— CH—- (|:—O— ,

>c=c<

CHz— OO— NH—SOpMe

I
NH

@/‘\

Amsacrine

I
D: Ar—NH—Ar, Ar—-NH—S=0

Ellipticine analogs

H)N->N?~NHp,  NH
Amiloride

D: O=C—NH— (|::N_
|

HyCl
ey

N
CoHyCl

O
nooc-( )-wii-b-cim

Paphencil I
D: Ar—NH—|C:O Ar—Il\I— CHp—C—Hal
I

7

CH3

—NH O
NJ— NH— l(ll— OCHj3

CH3 Carbendazin

~N7

D: O=C— NH— IC:N—

D:—C=C—NH-C=C— |

o)
/
_ NH-Z
X S
OoN N\ (lj =N~
CeHs

Nitrodiazepam
D: >C=N—

(HO)2P — CHp — P (OH)» NH— < C6H5
Il I CgHs
o O O/J\N AN
Phosphine | O
H
D O=P=CHy=1=0 Phenytoin

D: O=C—NH—-C=0,
| |
|
Ar—(lj—NH— C=0
|

89



An important factor determining biological activity of bioregulators is the presence of atoms of halogens (F,
Cl), NO,—group and other substituents in their structural formulae. In this connection rather important is the
phenomenon of interaction between the atoms which are not directly linked with each other. The influence of a
halogen atom on a carboxyl group not directly linked with it is due to the following: the C—CI linked
possesses electrical asymmetry which manifests itself in a definite dipole moment, CI being the negative end
of the dipole. The carbon atom linked with chlorine carriers have a small positive charge. This makes an
electron pair from the neighboring carbon atom shift in its direction. That carbon atom then acquires a certain
positive charge, and so forth. Such an effect of atoms not directly linked with each other is called an inductive
effect (1) [14-16]:

+6 +6+6 +5+0+6
Cl « CHZ <— CH2 <« CH3

Data obtained in the study of the strengths of various substituted acids, and other experimental evidence give
ground to arrange substituents in the following order depending on their inductive effects [14-16]:

F>O0>N>CI>Br>J>C>0CH;> CeHy > H < CH3 < CoHs < CH(CH3) < n-C3H; < C(CHg)s

Here the inductive effect of hydrogen is taken as zero.

The data presented above clearly demonstrate that the greater biological activity for bioregulators is strongly
correlated with the presence of electronegative groups.

As you can see from above, the fluorine atom is the most electronegative chemical elements. The fluorine
atom also forms a fluorocarbon chain of chemicals which are present in the formulae of growth substances.

Thus, the presence of a heteroatom adjacent to the carbon or nitrogen from which a hydrogen atom is
abstracted and also at the atom in  o— or in [p—position rarely has a dramatic effect on reactivity of
bioregulators.

The influence of the substituents on the rate of hydrogen atom abstraction in the benzene ring is manifested
mainly as a change in the value of the activation energy E. Radical substitutions of benzene should be more
difficult that those of substituted benzenes, regardless of the nature of the substituent. Abstraction of a hydrogen
atom as a radical substituent must be easier for substituted benzenes, because in the transition state substituents
participate in delocalization of unpaired electron cloud. For this reason such reactions must involve a lower
activation energy than radical reaction with unsubstituted benzene. Thus, in accordance with theoretical
considerations [14—17] radical substitution in the benzene ring is enhanced by substituents of both the electron
releasing or electron donating groups. Moreover, the substituents at the ortho—positions may further delocalize
the unpaired electron by electron donation, by electron withdrawal or hyperconjugation. The nature of the
orientation of substituents remains the same for the naphthalene, anthracene, etc., rings.

Of great interest in designing of bioregulators is the change in the chemical nature of a hydrogen atom
depending on what other atom it is linked with. Thus, if an atom of hydrogen is linked with a carbon atom (C-H
bond), it can be removed only with great difficulty as a proton. A hydrogen atom linked with oxygen (O—H
bond) is considerably more “mobile’. If hydrogen atom is linked to a nitrogen atom it is the most active. The
different chemical character of a hydrogen atom in the C—H, O-H, and N-H bonds is due to the different
polarity and polarizability of these linkages. At the same time the rate of hydrogen atom abstraction by the
radical initiators depends partly on the standard of bond-dissociation energy of the X-H bond attacked. The
variation in bond-dissociation energies of variant X—H bond is shown in Table 1 [ 14, 15, 18].

From the above examples it will be seen that the biologically active substances contain in all cases an active
hydrogen atom at the C— or N-atoms. These chemicals form carbon-centered or nitrogen—centered free
radicals. Oxygen-centered free radicals are also important in living organism, but sulfur-centered free radicals
are less stable and their role in living organisms is insignificant. Hydrogen is also highly reactive in organo-
metallic compounds which possess in biological activity [14, 17].

Thus, from the data reported above you can see that the nature of biological activity of different chemicals is
determined by two conditions: (1) the presence of a reactive hydrogen atom at the functional-reactive group and
(2) introduction of substituents to their structural formulae which stabilized formed free radicals . The above
considerations provide a satisfactory basis for the chemists who design novel bioregulators. It is also clear that
an estimate of the performance of theoretical methods may be given by biologists, pharmaceutists and
toxicologists. It should be important also to link these theoretical predictions with experimental verification by
chemists.
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Hence, the functional-reactive groups (or Descriptors), and substituents are essential structural factors which
affect the transfer reaction. Indeed, the hydrogen abstraction from chemicals may be enhanced greatly by
introduction of the substituents to their structural formulae. On the other hand, these substituents influence the
stability of free radicals formed from bioregulators (xenobiotics) by electron delocalization.

The reactivity of bioregulators depends not only on a number of atoms and/or substituents in a formed
radicals but also on their mutual configuration, especially on the extent of interaction of the unpaired spin with
neighboring atoms and the sterical shields of the semioccupied orbital. The radicals which have minimum inner
interaction of unpaired electron will be reactive [17, 19].

Conformational factors have an important effect on the position of attack in the intramolecular hydrogen
atom abstraction as well as on the abilities of formed radicals to oxidize biological molecules.

It was found that radical substitution is easier for substituted benzenes, because in the transition state of both
the ortho—, para— and meta—substituents participate in delocalization of the unpaired electron cloud [14-17,
19]. Hence, the presence of nitro group especially enhances radical substitution in the derivatives of benzenes.

Table 1. Standard bond energies and approximate temperature of thermolysis at which half of original
chemical bonds dissociates per 1 HR [ 18]

Type D, kj/kal T°C
of X-H bond
O-H 464 980
C-H 414 850
N-H 393 780
S-H 343 650

A hypothetical mechanism of free radical formation for such bioregulators as nitrophore and dioxine may be
presented by the following mechanism:

CF3 CF3
. J/ R
+R1 S
H
e
NN N YT 3
OoN | NO» 2 1|\I( Czlf_gfz
N (C2Hs)2
H /R1
(@) /O Cl + R'l Ct /O Cl
e
Cl ~O ~cl Cl ~0 ~C
Dioxine

It should be pointed out that biological activity of aromatic molecules also depends on the coplanarity and
consequently parallelism of its w-electrons. Steric hindrances which destroy coplanarity may change this activity
substantially because in hydrogen abstraction, for instance, the hydrogen must be removed from a derivative of
benzenes in a direction perpendicular to the plane of the aromatic ring. The substituents which are ousted from
the plane of the benzene ring by the neighboring groups exert no influence on the mobility of the hydrogen atom
and also prevent the contact of the attacking free radical with the hydrogen atom.

The other factors which contribute to the reactivity of chemicals are the resonance, mesomeric and steric
effects. It is not necessary to consider in detail these effects because they are very well documented [14-17].

In all cases discussed above we saw that bioregulators in free radical state are carbon-, nitrogen- and
oxygen—centered radicals. The sulfur—, phosphorus—, silicon—, selenium—centered radicals, etc., are only
scarcely presented in literature.

91



RH + R, —> R ———>  ACTION

-RH;
An inactive Biotransformation by The activated Nonenzymatic
bioregulator enzymes or metabolic bioregulator initiation of the
or xenobiotic  free radicals (the free radical of  free radical chain
(receptors) the bioregulator) reactions

Therefore, the inactive bioregulator requires in vivo transformation by enzymes into reactive agent or free
radicals. The metabolic radical or coenzymes (in oxidized form) abstract a hydrogen to give the carbon- or
nitrogen-centered radical. Bioregulators in free radical state can react with essential cellular constituents such as
lipids, DNA, RNA, protein, etc. Hence, in spite of their chemical diversity bioregulators in free radical state as
chemically reactive metabolites are able to react nonenzymatically with biological molecules. Indeed, a free
radical is an atom or a molecule having an unpaired electron in the valence shell. This unpaired electron gives
the molecule special properties: chemically the free valence often makes the molecule extremely reactive [14,
23, 24].

It should be noted that not all free radicals can be growth regulators. The function may be carried out only by
those whose activity is neither too high nor too low; that is, those which have time to react only with
polyunsaturated carboxylic acids of cellular membraneous lipids and other biological molecules. Hence, in vivo
bioactive chemicals act as initiators (In") of free radical chain reactions. Polyunsaturated fatty acids (LH)
presented in cellular membranes are easily oxidized by the following mechanism [17, 23, 24]:

Initiation: LH + In —» InH + L
Propagation (Autoxidative peroxidation):

L+0, — LOO

LOO + L,H — LOOH + L'1

The deprived molecule L1 then becomes a radical itself and in turn disrupts another adjacent molecule. Thus, a
chain reaction has been set in motion. This is only the primary reaction in the oxidation cycle. However, it is not
necessary to discuss all aspects of free radical mechanism action on the biological objects in this report because
they are very well documented by other authors [17-24].

The development of a chain reaction of peroxide oxidation of cellular lipids normally is regulated by
substances with antagonistic effects, antioxidants, which depress peroxide oxidation and neutralize radicals in
the cell. Indeed, in living organisms the defense systems are able to detoxify inorganic and organic free radicals
and peroxides. These systems include superoxide dismutase, catalase, the GSH—peroxidase—GSSG reductase
couple, a—tocopherol, P—carotene, ascorbic acid, reduced glutathione [25], and also some prostaglandins
such as PGD,, PGF3,, some stress proteins and abscisic acid [10, 11, 26, 27].

Among natural antioxidants, the plant hormone abscisic acid and some prostaglandins seem to be
particularly interesting in view of the possible protection against free radicals. Prostaglandins are widely
distributed in nature, in both plant and animal systems. These substances are generated from oxidation-reduction
of membraneous lipids by a variety of pathways, including autoxidation, chemical oxidation, and enzymatic
oxidation [28]. It is noted that lipid peroxidation [17-19, 23, 24] is a highly destructive process which induces
alteration in the structural integrity of biological membranes, and gives rise to a wide range of potency of
biologically active products, including prostaglandins which refer to various ring structures, e.g., PGD, , PGE; ,
PGF,, , and PGH, . To study these processes in molecular detail to understand mechanism of biological action
of prostaglandins, it is important to identify biologically active structures among this class of bioregulators.
Interest of the structural basis for the action of prostaglandins can be focused on the formation of such structures
as, for instance, PGF,, , that can act as antioxidative agent. Schematically the processes of reduction and
oxidation of PGE, are presented in Scheme 1.

Examinations of compounds with antioxidative activity show that they possess the appropriate functional
OH-groups. Apart from obvious structural similarity between the phenol-like substances (prooxidants) on the
one hand and the antioxidants on the other, these two groups of bioregulators are different in their biochemical
behavior.
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With regard to the possibility that ABA, ascorbic acid, a—tocopherol and some prostaglandins can act as
effective antioxidants, it is interesting to note that these substances preliminary must be reduced by other
reducing agents [13, 26, 29].

Based upon the information on the primary mechanism of action of quinones as antioxidative agents [17, 23,
24] we have suggested a hypothetical pathway for reduction/oxidation of some natural antioxidants. These
findings are consistent with the potential role of two OH-groups in the mechanism of action of antioxidants.
Simplified general mechanism for the reduction/oxidation for a—tocopherol, abscisic acid and prostaglandin
PGE, is shown in Scheme 1 and 2 [10, 11, 13, 26, 29].
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Scheme 1. Schematic representation of possible steps in the metabolism of PGE,.
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Scheme 2. Proposed pathway for oxidation-reduction of antioxidants a—tocopherol and abscisic acid.

The first step involves generation of an active species by reduction of forms A. The activated chemicals
(forms B) are effective as antioxidants and free radicals scavengers and then react with metabolic free radicals.
Newly formed free radicals (forms C) are stable and by the rearrangement mechanism they are transformed into
stable products (forms A).

The results presented here have updated and expanded knowledge concerning the relationship between the
chemical structure and biological activity. Using our approach it is possible to evaluate growth activity of any
chemical. We hope that these results will help to design novel pesticides, herbicides, and drugs. Besides we
believe that these findings may have a general implication and form the basis for understanding the toxicity of
various pollutants. This is the main advantage of the survey proposed. We should also like to hope that we have
given rise to a wider and more intensive research of new biologically active agents in accordance with the
principles proposed. It is a worthy goal for scientists in this field for the nearest future.

These theoretical considerations have primary concerned pure design of new bioregulators. Furthermore,
taking into consideration both the strong relationships between the structure of agents and the biological
activity it is supposed that the theoretical methods used in this study can help to develop illustrative ideas about
the primary mechanism of action of phytohormones, hormones, and xenobiotics.
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Using of Descriptors to Design of Novel Drugs and Pesticides,
and to Predict the Biological Activity from the Structure of
Chemicals which have not been Bioassayed

B. A. Kurchii

Institute of Plant Physiology and Genetics, Vasylkivska 31/17, 252022 Kiev, Ukraine

The results obtained from the study of dependence existing between the structure of a certain substance
and its biological activity may be used in the designing of new compounds such as: (1) Synthetic analgesics
(including opioid analgesics); (2) Synthetic antioxidants; (3) Antiviral and antibacterial substances, etc.
Moreover our structure-activity relationship model can be useful for predicting the toxicity of industrial and
environmental chemicals. The role of functional reactive groups, flanking radicals and sterical factors in the
relationships between the chemical structure of any chemical and its biological activity is described.

Key words: bioregulators, descriptors, designing of novel bioregulators, drugs, free radicals, herbicides,
pesticides, structure-activity relationships, toxicity.

First, let me say that the following are my own thoughts. In the present report attention will be concentrated on
the study the relationship between the structure of a certain chemical and its biological activity. An attempt will
be also made in the conclusion to forecast future research trends in this area. The relationship between the
chemical structure and its biological activity is still far from clear. Nevertheless, some our conclusions from the
structure/activity relationship studies of plant growth regulators, herbicides, pesticides, hormones and drugs we
have published earlier (Kurchii, Koydan, 1985a, 1985b; Kurchii, 1993; Kurchii, 1996). The milestone of this
report is to determine the functional reactive groups or descriptors (D) as unsuspected. We have proposed that
the presence of an “active (mobile) hydrogen atom” in the special fragments of a molecule, termed as D is an
essential factor determining biological activity of any given chemical. Several D of diverse substances are
presented in Figure 1.
Another functional reactive groups (FRG) determining biological activity of chemicals are following:
(1) The functional groups having doubly or triply bonded atoms and likewise cyclopropane:

>C=C<,—C=C—, >C=N—, —C=N, >C=0, —N=N—,

>5=0, >C=S, >P=S5, >P=0, —N=0

(2) The quaternary nitrogen atom in alkanes and cycloalkanes. In vivo these chemicals form olefins in
accordance to the Hofmann’s rule (Hofmann A.W.).

(3) The quaternary nitrogen atom in aromatic compounds. The substances of this class are readily converted into
free radicals in vivo.

(4) The chemicals having active hydrogen atoms at two OH-groups in the non-aromatic cyclic structure.
Abstraction of hydrogen atoms from these structures by another free radicals yield the inert substances.
These substances are termed as antioxidants.

(5) The chemicals having one or more OH—groups. Abstraction of a hydrogen atom from such group by free
radicals yield an oxygen centered radical.

We will use primarily term the descriptor to refer to the fragment of molecules containing an active
hydrogen atom. The term the functional reactive group will be used for other fragments of a molecule that
contain unsaturated bonds. Nevertheless in general both these terms are equivalent.

Inspection of structural formulae of diverse chemicals shows that the only change which is related to the loss
in activity is the loss of the “active hydrogen atom” in D or the loss of FRG with the exception of several
aromatic compounds bearing electron withdrawing groups (see, for example, substances No 4, 6, 7 (Table 1)
and No 11, 15, 17 (Table 2).
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(1) Radical addition reactions to aryls

Presented model may be used to the preliminary evaluation of biological activity of non-protein
substances: (-) inactive; (+) weak; (++) moderate; (+++) strong and/or very strong and likewise toxicity for
mammals without performing experiments in accordance to proposed toxicity rating (LDs, mg/kg body weight):
(1) Very strong toxic: 0 to 49; (2) Strong toxic: 50 to 499; and (3) Moderately toxic: 500 and above.

Usually the term ‘poisonous’ is used in veterinary and pharmacological literature when a compound exerts its
action and undesirable physiological effects are observed. The term ‘toxic’ is used in agricultural and medicinal
literature. At the same time it is very known that a compound that is highly toxic to mammals may be harmless
to plants. Thus, it is becoming clear that we may be seriously misled in trying to interpret the toxicity of
xenobiotics if we fail to realize that the xenobiotics may play many diverse biochemical role in different
organisms.

O=C—CH)—C=0, —C=C—CHy—C=C— O= lC—NH—/P\zO,
I

I
—S—(lj—CHz_lc_s_, —N=(|:—NH—(|:=N—, —1|\I—CH2—1|\I—,
| IO I I
Hal—|C—CI—I2—O—|%—, S=P—S—CH2—|S=O, Hal—|C—CH2—(|Z—HaI,
VN
O

I I
S=pP—S—CH)—S—C—, S=P—S—CHp—S—P=S, Hal—C— CH—O—P=
N 2 7 /P\ 2 A e [ (|:H O/\ ©,
I
Ar—CH—Ar, Ar—CHp—Ar, Ar—S—CH—P=S, Ar—CH—C—N—,
I |(|) (.
Ar—CHy—O—P=8, Ar—CHy—S—ar, Ar—NH—ﬁ—Ar/
N
@)

I
Ar— O— CH2—|C=O, Ar —NH—(|Z= S, Ar_I\I_ <|2H—O—<|3—

I
Ar—NH—FzO, Ar—CH2—|C=O, Ar— NH— Ar, —?—H

Figure 1. Chemical structure of descriptors for diverse biologically active substances.

Moreover, the toxicity of any given chemical is distinct not only for mammals and plants but also for
different tissues of the living organism and ranges between very wide limits. For instance, diclofop, fluazifop
and picloram (Table 1) possess strong herbicidal activity while their toxicity for rats is only moderate.

A biological or/and toxicological effects occur first of all after the absorbtion of the chemical. The substances
given as drugs, herbicides or pesticides, strictly speaking, inactive or relatively active and the biological effects
are produced by the active metabolites. Formation of active metabolites also called biotransformation may
occur at least by three ways:

Ar"R.1 —> ArR.1

In this report the symbols Ry, R, , R3, R4 are equivalent to R’,R", R"’", R""".

. + R RH + R
(2) Abstraction of the hydrogen atom RH 1 > 1 R
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(3) Radical addition reactions to the unsaturated function

+R | . R | .
Sc=c —— R—C—C—, >SC=N— —1 » R—(lj—N—

These radicals we consider to be responsible for the initiation of lipid peroxidation by abstracting the
hydrogen atom from membraneous lipids.

It is recognized (Wallis et al., 1985; Guern, 1987) that the first step in the activation of plant growth
regulators and animal hormones involves interaction between the hormone and the membrane bond receptor.
The hormone-receptor complex initiates metabolic changes in the target cells. A numerous evidences indicate
that the membranes are the location of hormone receptors. Studies of specificity of binding of receptor site can
yield very important information about the hormone-receptor nature.

Nevertheless | believe cellular substances that are termed in literature as receptors can be oxido/reductive
enzymes or cytochromes. Hence, the inactive bioregulator should be in vivo transformed into a reactive agent by
enzymes or endogenous metabolic free radicals. Usually enzymes which catalyze free radical formation contain
the transition metal ion(s), FMN, FAD, NAD or quinone(s) as cofactors. These enzymes can be divided into two
contrasting types, one that catalyzes the formation of free radicals from a substrate and other that scavenges free
radicals (i.e., reduce oxidized chemicals). Nicotinamide-adenine nucleotide (NAD) is the coenzyme of a large
number of oxidoreductases, which are classified as pyridine nucleotide-dependent dehydrogenases. It can serve
as the electron acceptor in the enzymatic removal of hydrogen atoms from bioregulators:

RH R

Bioregulator
(non-active structure)

(active structure

+ +
NAD, (NADP ) NADH, (NADPH)

The metabolic free radicals and/or enzymes may abstract hydrogen from described above D to give carbon-
or nitrogen-centered radicals or to form complex with single unsaturated bonds. Bioregulators being in free
radical state in spite of their chemical diversity can react with vital intracellular molecules, such as lipids, DNA,
RNA, proteins, enzymes, etc. A schematic representation of these events is shown in Figure 2. To be converted
into a free radical the potentially active agent must react either with endogenous metabolic free radicals or
enzyme-like substances obviously termed as receptors. The cofactors of these enzymes should be in the oxidized
form. Such cofactor can abstract the hydrogen atom from the potentially biologically active agents to give a free
radical. Formed free radical can undergo the variety reactions including interaction with oxygen. Thus, once
initiated, the oxidation process can be self-propagating.

As is mentioned above most investigators believe the first step in the chain of molecular events that mediate
the biological effects of bioregulators is their binding to a specific receptor at the membrane of target cells
(Craig et al., 1987; Felig et al., 1987; Giorgi, 1980; Gotto and O’Maley, 1986; Lan et al., 1984). However, little
is known about the biochemical structure of the receptors and their precise intracellular location.

It is great importance to stress that only the free bioregulator is biologically available for uptake by tissue in
vivo and that the bonded bioregulators can be physiologically inert. At the same time bonded xenobiotics or
endogenous growth regulators can be non-specific accidental binding of these agents with cellular substances
(i.e., the consequences of the activation of potentially biologically active substances).

Interaction between a chemical and its receptor should occur by non-bonded contact (i.e., without formation
of a covalent bond). Hence, there is some doubt that such complex can exist for long time to be extracted and
detected as the unchanged structure. Additionally we should say on the impact that our model of bioregulator
action has on the view that only unbonded substances can be biologically active. Variation in the bonded
bioregulator will also effect bioregulator delivery to the target structures. Many substances including proteins
and peptides may interact with the potent growth bioregulator, both before and after activation. Such interaction
before its activation can decrease the quantity of the free bioregulator and thus minimize it biological effect. In
the case if the bioregulator is transformed into the free radical the conjugation reaction may or not essentially
influence the biological response. This depends first of all on a number of FRG.

The role of an active hydrogen atom has been demonstrated in a study with compounds against the human
immunodeficiency virus (HIV). It was found (Buckheit et al., 1995) that only substances having the hydrogen
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atoms at the R, site were active anti-HIV agents. Replacing the R; hydrogen at the nitrogen atom with either a
methyl or a benzyl group decreased all anti-HIV activity. Hence, this study demonstrated that activation of
anti-HIV compounds having active hydrogen atom can occur more easily in comparison with chemicals having
methyl groups. Indeed, this is possible because the methyl group requires more energy to be abstracted from the

nitrogen atom.
CH.
KI 3 O CHs R1 =H (active structure)
NS ” | ) l\ /I\CH3 R1 = CH3 (inactive structure

© Cl

Obviously, chemicals having descriptors that contain the active hydrogen atom and/or separate unsaturated
bonds possess higher biological activity in comparison to those without unsaturated bonds. Thus, as it was
shown, for example, in work of Maeda et al. (1987) the relative activity of domoic acid was 14 fold the activity
of DDT against the American cockroach. Domoic acid was the most active substances among studied chemicals.
Relative activity of insecticides against the American cockroach was 1.2 for isodomoic acid A an B. Any
mechanism to explain the differences in the toxicity of these substances needs to account of this observation. |
believe that unsaturated bonds are the main factor determining insecticidal activity these substances. One of two
>C=C< bonds in domoic acid is not hindered by neighboring substituents in contrast to isodomoic acid A and B
where their two bonds are hindered by methyl groups. Formation of the free radical of domoic acid by the
addition reaction to the unsaturated bond is most favored because it is not hindered by methyl groups and hence
it is more accessible to the free radical attack.

CH3 CHj

] \ H@ g ] eon
C} )—CHs COzH c> 3
OoH / cooH oot/
COoH COzH COH
Domoic acid Isodomoic acid A Isodomoic acid B

Several antiviral (IsoddA) and antibacterial (Ceffibuten) agents that possess strong activity have separate
unsaturated bonds (Nair et al., 1995; Lin et al., 1995).

NHp COOH
)
) —N  CHyOH Hy—° I
N 2 NH2 —
Q¥ N| N-—C—C—NH
Il
—O CH—CHz—COOH

The anticancer drug temozolomide possesses activity against glioma and malignant melanoma (Newlands et
al., 1992; O’Reilly et al., 1993). Structure/activity relationship study among analogues of temozolomide has
shown any biological activity if bulky alkyl substituents at N3 were introduced (Lunt et al., 1987).

HZN\ //O I believe that structure of f[emozolomide is so that addition reaction
of the endogenous free radical to unsaturated bonds at >Cg=Cy< and
AN NQN —N;=Ng— is hindered by the radical at Cg—atom. Introduction of
N | bulky alky! substituents at N3—atom can also hinder the approaches
\__N 4 N\CH3 of free radicals to the N,—atom. Addition of the free radical to the
\[( N;—atom can be also blocked by influence of the unsaturated bond
@) at >Cg=Co< .
Temozolomide

A vast number of xenobiotics have atoms of halogens in their structure. The toxicity of these compounds
(RX) may originate from their metabolism by cytochrom P-450 which leads to the formation of free radicals
according (Brault et al., 1985) to the following scheme:
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Cyt.P- 450 Fe' + RX —» CytP-450Fe" + R + X

Free radicals, produced by oxidation reaction and/or one-electron reduction reaction, are normally generated
in biological systems by both enzymatic and nonenzymatic pathways. Obviously, the model we have presented
is based on the limited number of experimental data. Moreover, the hypothesis that free radicals are important in
numerous pathological processes is not a new one. Nevertheless we would like to point out that xenobiotics or
endogenous growth agents of living organisms exert their biological effects initiating nonenzymatic free radical
chain reactions of oxidation of lipids and other cellular substances. A schematic representation of these events is
given in Figure 2 and 3. The mechanisms of the free radical formation including the cation and anion radicals
are not the aim of this report.

The oxidation reactions in the cell are chain reactions and can be prolonged by oxygen. Experimental data
suggest that all biochemical reactions mediated by biologically active agents require the presence of oxygen. As
result of such reactions is the formation of active free radical species. Definitive evidence of the proposed
mechanism of mode of action of bioregulators has been difficult to obtain because of the elusive nature of free
radicals. There are difficulties in accurately measuring a free radical of biologically active agents in living cells.

The exact mechanisms by which bioregulator damages occur in the newborn are not clear but peroxidation of
membraneous lipids could be an important mechanism. Lipid peroxidation (LPO) as a free radical-mediated
process that results in the degradation of unsaturated fatty acids to complex variety of products seems to be a
common consequence of the nonenzymatic free radical-mediated reactions that can occur in vivo after
biotransformation of natural and synthetic bioregulators.

An increased level of free radical damages in the tissues would follow from either: (1) enhanced production
of free radical species (they are carbon-, nitrogen-, or oxygen-centered radicals), or (2) a deficient component of
the cellular antioxidant system. Hence, one biochemical response to free radical damage is an elevation of
cellular antioxidants. Ascorbic acid, a—tocopherol, abscisic acid, some prostaglandins, etc. have also been
shown to prevent the in vivo toxicities of enormous quantity of endogenous growth regulators (hormones) and
xenaobiotics.

Carbon radicals are o—radicals, which are generally more reactive than n—radicals (Lazar et al., 1989;
Nonhebel, Walton, 1974; Reusch, 1977) and hence using of D with NH—groups which form nitrogen-centered
radicals more easily than CH—groups may be preferable in the designing of novel bioregulators with desirable
prompt biological effects. In order to achieve prolonged and more strong biological effects using of D with
CH-groups can be more suitable (see Table 1-4).

Chemicals having unsaturated cyclic non-substituted structures possess strong biological activity because
they are stabilized by resonance. See, for example, narcotic and analgesic drugs, endotal (Table 1). Migrating
free radical center increases a number of active (non-hindered) sites of molecule and hence can easily react with
target molecules of cells.

The differences in the toxicity of pentachlorophenol and 2,4,5-trichlorophenol | can explain by the different
nature of a benzene ring . For example, the migrating free radical center in the 2,4,5-trichlorophenol is hindered
by chlorine atoms whereas in the pentachlorophenol it is not hindered because the hydrogen atom can not
migrate from benzene ring of pentachlorophenol at oxygen (Figure 4).

It should be pointed out that not all conjugated bioregulators are inactive. The conjugated bioregulator will
be active when FRG is not lost. This can be illustrated with conjugated morphine—6—glucuronide and minoxidil
sulfate (Mulder, 1992; Bray and Quast, 1991). These substances being conjugated possess biological activity
because having FRGs (D) they can be easily activated (Figure 5).

Conjugated substances in several cases are more active and specific than unconjugated (‘YYaksh and Harty,
1988). | believe that this is not caused by activation process because as you could saw, for example, from
structures in Figure 5 conjugated substances have sufficiently FRGs to be activated. Nevertheless high activity
of these substances can be caused by stabilization of formed free radicals and/or by differences in the
penetration through the tissues.
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Figure 2. Schematic representation of the possible primary mechanisms of activation of chemicals which are potent
bioregulators. All biologically active chemicals are classified into two distinct groups: (1) oxidants and (2) antioxidants.
Oxidation of chemicals from the first group yield oxidative agents, while oxidation of chemicals from the second group yield
non-active structures or substances with low chemical activity. Here and in next figures dotted (broken) characters and
arrows mean possible reactions or events. A minor pathways leads to the conjugation with intracellular molecules.
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Figure 3. Possible ways for metabolic activation of halogenated compounds. Here and in the next figures conjugated forms
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Table 1. Summary of the important herbicides

No  Structures, Descriptors Typical Effective Acute,
Common name flanking dose (ED) | oral
substitutes kga.i./ha | toxicity
LDs,
mg/kg
for rats
1 @) Ar—NH—C=0
-CH 3-6 3000
CIO o@- NH— & N(CHs), :
Chloroxuron
2 Ar—O—CH—C=0| -COOH |[07-1.1 | 563
Cl —o@— O— CH—C—OH I -693
|l
Cl CH, O
Diclofop
3 Ar—O—CH—C=0| -COOH |0.25- 3330
7N I 2.0
F3C—<7:\)* OO O—CH-C=OH
CH; O
Fluazifop
4 |
F;C —O NO, — C—Hal 3.0-4.0 | 9000
NO, |
Fluorodifen
5 COOCH,— COOH | ||
F3CO OO—NOz (lt— O— CH,— (|Z: O| —-COOH 1500
e Ar
Fluoroglycofen
6 CO— OCH |
{ : — C—Hal _CH, |12-34 |6400
ClQ—OO— NO,
Cl
Bifenox
7 Cl /N |
)@L COOH — C—Hal —COOH |22-33 | 8200
—NH
o T N | 2
NH,
Picloram
8 NHC,H; |
N— Ar—NH—C—-C— —CH 1- 1110
H Cs—<\J NN | | CHs >
_<NHCH(CHS) —CH
Ametryn
9 @) O I
I | O=S—NH—C=0| -CH; |[3-7 4000
NH; —S—NH—C—OCH, I | —NH,
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Tablel. Summary of the important herbicides (continued)

No  Structures, Descriptors Typical Effective Acute,
Common name flanking dose (ED) | oral
substitutes kga.i./ha | toxicity
LDs,
mg/kg
for rats
10 0O S |
I I O=C—CH—S—P — CHs; 0.3-0.4 | r(m)-
Cl@—ll\l— C— CH,—S—P(OCH), | 830
r(f) -
CH(CH), —C—H 472
Anilofos |
11 /SN
/C:O @) Ar—CH;—C=0 —-COOH | 0.14- 4800
N ey I 0.7
Cl ,— C— OH
Benazolin
12 O
I Ar—O—CH;—~C=C| -COOH |0.28- 375
Cl—©— O—CH,—C—OH | e
Ne
2,4-D
13 COOH
ol\( | ~COOH |2-6 51
COOH - (lz_H
Endothal
SN I ~CH; |32-64 |1280
I\]/C—NH— C—NHCH,
N7
Benztiazuron
15 o/ c=cC
) > < —CH; r(m)
NNH > C=N— 1630
|
/\s NOH —¢—H
Clethodim —OH
16 O O |
J [ O=C-CHy~N-C- | _ cOOH 5000
HO— C— CHp—NH— CHy— lP— OH o I I
|
Glyphosate OH C- &-CH-P=0
[ N\
17 H
_N-_ — NH, 25000
I N
N_”_ NHp
Amitrol
18 Cl ~Cl
— OH 146-174
Ct OH
a’ \a
Pentachloropheno
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Tablel. Summary of the important herbicides (continued)

No  Structures, Descriptors Typical Effective Acute,
Common name flanking dose (ED) | oral
substitutes kga.i./ha | toxicity
LDso
mg/kg
for rats
19 cl
- OH 3000
Ct OH
Cl
2,4,5-Trichloropheno

The author cannot guarantee the accuracy of any information about dosage contained in this report. In every individual
case the reader can check such information by consulting the relevant literature.

Cl Cl Cl Cl
/ . /
cl 5 <L ¢ —OH
-R1H
cl  d Cl
(S.a) Pentachlorphenol
ACTION:

Initiation of free radical chain reactions of
oxidation of membraneous lipids and other

cellular substances
OH —» Cl O— Cellular
substances
(conjugation)
2,4,5- Tnchlorophenol
+R —RH
Cl
etC. «— (1 O— Cellular Ct OH Cl— O— Cellular
substances substances
Con]ugatlon Cl Con]ugatlon
A | W a
e L S J

Figure 4. Hypothetical scheme to explain the differences in the toxicity of pentachlorophenol and 2,4,5-trichlorophenol
S.a. means strong and W.a. weak activity correspondingly.
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Morphine-6-Glucuronide Minoxidil
I ||
FRG: >C=c<, —OH, — (lj— H FRG: —Il\T—CHz—C— |C—
I

Figure 5. Structural formulae of morphine-6-glucuronide and minoxidil.

Table 2. Summary of the important insecticides

No  Structures, Descriptors Typical Effective Acute,
Common name flanking dose (ED) | oral
substitutes kga.i./ha | toxicity
LDso
mg/kg
for rats
1 (HsG,0), PSCH, SC (CH,) I
] ’ - S=P-S-CHp=S-C-| _CH; |01-10 |16
N\ | 3
|
AC 92100 —|C—CH2—O—P:S
|
2 (H5C20)2“P O—@— NO, ~C-CH=O-P=S| -CH, |01-10 |64
S
Thiophos
3 N,
@\\H\I ﬁ Ar—CH,~S-P=S| -CH; |05- 125 -
N— CHy—S—P (OC;Hs); | N 0.75 17.5
I —C—CHp—O-P=$§
e} [ N\
Azinphos - ethyl
4 /0
@| =0 it Ar—CH~S—P=0| —-CH, |0.5 1180
N \N— CH,—S—P (OCHy). AN\
Azamethyphos
5 O OF
J Il Ar—NH—C=0 5000
F NH-C-NH-C |
Cl F
Teflubenzuron
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Table 2. Summary of the important insecticides (continued)

No  Structures, Descriptors Typical Effective Acute,
Common name flanking dose (ED) | oral
substitutes kga.i./ha | toxicity
LDso
mg/kg
for rats
6 12
Cl | 0.06 -
\/ —C—F 0.6
d o] e '
1/ \
Endrm (endo endo)
7 (H,CO,PO 0
S q/ >C=C< - %
Methylpotasan CH
8 H3C
H3C/ >C=cC< — CH3; 8(2)5 - 8000
H/ \ \ /O | :
P /@‘\_/—CH2 —C—n
H3C CH3 I
Pyrethrin I (trans)
9 HC
H,C/™ = >C=CL - CH; 0.05 - 100
H/ \" \ / | 0.2
@1 _=cH, —C—H
H3C CH3 |
Pyrethrin II (c1s)
O- CO-NH- CH:
10 I 3 | - CH; 05-1.0 | 70-90
CH, CH(CH),
Promecarb
O- CO-NH-CH
11 3 - CH; 1.0-3.0 | 4000
(H;C);C C(CHy);
Butacarb
12 /F O=C-NH-C=0
ﬁ — NH— ﬁ — NHO I | | 0.075 4640
NF O O Ar—-NH- (|Z= O
Diflubenzuron
13 Cl
(CH3O)2|I|’O—QBr “CH, |04-24 | 2800
S Cl

Bromophos-methyl

107




Table 2. Summary of the important insecticides (continued)

No  Structures, Descriptors Typical Effective Acute,
Common name flanking dose (ED) | oral
substitutes kga.i/ha | toxicity
LDso
mg/kg
for rats
14 C
(CH;CH,0), PO Br | —CH; 02-10 |71
[l — C-CHyO-P=5
S Cl | PN
Bromophos ethyl
15 -Cl
cl —s O cl 04-10 | 6810
Cl
Tetrasul
16 CI—O CH@\CI Ar — CH— Ar 0.3-2.0 |200-
| | 300
CCL
DDT
17
|: (CH3O)2|PO—®—:| S — CH; 2000
|
S 2
Diphos
18 N\~ CHs
PN | | ~CH; |025- |8-14
OCONHCH, ol I
Carbofurane
19 (H5C,0), PS CH, C ONH. S=P_S-CHp—C=0 - NH, mouse
lsl, N\ | ~CHs 200
Phosthion
H,C,0), P'S CH, COOH s=p-5-CHy-c=0| ~ 2" =
(HsCy )2” 2 2N | — CH;
S .
Acethion acid S=P_5_CHy_ C=0 _cH 1100
(HsC,0), PS CH, COOC,H N\ | :
Il
S
Acethion
20 (CH;0) 2P H
O\ C< Sc=cZ — CH; 03-06 |17-22
_ ~ =0~
CH3 ﬁ N(CHj),
. @)
Dicrotophos
21  (CH;0),PO H
I Ne e “CH; [02-03 [3-12
o/ C\ - =0
CH, ﬁ— OCH,4
Mevinphos
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Table 2. Summary of the important insecticides (continued)

No  Structures, Descriptors Typical Effective Acute,
Common name flanking dose (ED) | oral
substitutes kga.i/ha | toxicity
LDsg
mg/kg
for rats
2
H3C- S-CHp- C- C(CHa)2 ~Cc—n— ~CH; |04-10 |85
I —C=N
N-O- ﬁ — NHCH,;,
Thiofanox
O ~NC=N—
23 HaCs_ i ~ =N _CH, 17
C=N-0O-C-NHCH;j3
H,C”
Methomyl
24 (Hs5C)2 P—O—C= CHCI
él) @_ cl >C=C< — CH3; 9.6 -39
I
Cl
Chlorfenvinphos
25 O
I S —~ CH;, 310
AN Il —N—CHp—S—P=
N— CHz—S—Ilj— OCHj3 I\
E/ OCH3
Phosmet
26 H5@20 P—S— CHy—S— OCoH
H5C20>” 2 M5 | Spos-cip-s—o| O 19-10
Phorate
27 CH30( Cl
P—O—CH=C{ _ _
CH30/|| Nl >c= c< CH; 50 - 65
O
Dichlorvos
28 Cl
>C=cK — CH; 100
1 —C—H
(|:1 Cl
Heptachlor
29 Cl
>C=C< — CH3; 335-430
cl | cl |
Cl
Chlordane
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Table 2. Summary of the important insecticides (continued)

No  Structures, Descriptors | Typical Effective Acute, oral
Common name flanking dose (ED) kg a.i./ha | toxicity
substitutes LDso mg/kg for
rats
Cl
30
< L« 335-430
cl |C Cl _
Cl Cl|{~cl |
Ct Cl Cl
Cl
Chlordane
31 O
a ¢ 7
125
N C—
Cl >C=0
Cl Cl|~Cl |
—C—d
Ct Cl e |
Cl
Chlordecone
32 |C1
Cl Cl | 500-700
SOOI
Cl | >~
Cl
Hexachlorocyclohexane
33
2.9-3.2
(CH30)2 |I|>— @) NO»p
S
Methylparathion

One of the main conclusion from Table 2 is that the most active compounds were, for instance,
methylpotason, pyrethrin 1, dicrotophos, mivenphos and methomyl. All these chemicals have unsaturated
function. The possible ways of activation of these substances are presented together with the proposed
mechanism for cytotoxicity of mivenphos and methomyl (Figure 6). It is not surprise that some chemicals
having FRG, for instance, No 1, 9 (Table 1) and No 5, 12 (Table 2) possess strong biological activity for plants
and insects, and low toxicity for rats. Here low toxicity for rats of these chemicals that have COOH groups can
be caused by differences in the penetration through the cellular matrix.

A number of natural chemicals derived from plants and mammals are used as drugs. Among their are
hormones, antibacterial, analgesic, and antineoplastic agents which in very low concentrations can produce large
metabolic responses in mammals. For example, such substances derived from plants as morphine, scopolamine,
and strichnine are medical the most important. Morphine acts as anaesthetic and it is the most powerful
analgesic known. Structurally morphine has an unsaturated double bond, phenyl groups, and an active hydrogen
atom at the tertiary carbon atom.

Among biologically active substances of mammals the neurotransmitters are the most known. These
substances are released from the nerve terminal. The released transmitter diffuses across the synaptic gap and
exerts it action on the postsynaptic neurone. The best-known neurotransmitters are acetylcholine, noradrenaline,
dopamine, 5-hydroxytryptamine (5-HT), certain amino acids, for example, glutamic, aspartic, and
y—aminobutyric acids (GABA), glycine, and also many peptides. The action of the transmitters is to cause an
increase in the permeability of the postsynaptic membranes to ions Na*, K*, and Ca*, which results in the
decrease in the membraneous potential, i.e., an excitatory postsynaptic potential (Callingham and Barrand,
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1979; Emson et al., 1985; Khachaturian et al., 1985; Petrusz et al., 1985; Sofroniev, 1985). Acetylcholine causes
a local increase in permeability to ion, especially, Na* and K*, and this results in depolarization of membranes

of the muscle cell (Ovchinnikov, 1987; Jakubke and Jeschkeit, 1983).

O
H3CS I
> C=N-0-C-NHCHz
H,C
Methomyl
+R
HACS @) Conjugation

3 . I i
¢ N-O-C-NHCHz ----» With

H3C/ | cellular

substances
ACTION:

Initiation of free radical chain reactions of oxidation of membraneous
lipids and other cellular substances

R Conjugation
(CH,0),PO with

N S

y) /C—C\ cellular
CH, l(lj— OCH, substances

@)
]
CH,0),PO
o/

Mivenphos

Figure 6. Proposed mechanisms for activation and mode of action of mivenphos and methomyl.
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Table 3. Summary of the important natural narcotic and analgesic agents

No  Structures, Descriptors Typical Effective Acute,
Common name flanking dose (ED) | oral
substitutes toxicity
LDso
mg/kg
for rats
L Ho ~CH
>C=c< :
/
O H]ﬁ\v —OH
| DL/ — CH B (lj— .
HO“\\\4 |
Morphine
Heroin: OH = OCOCHy
2 HC—N—
—OH —CH;
Oj - l @ Ar— CH— =0~
: : |
O-C- CH |
[ —C—H
Scopolamine O CH,OH |
3 7— g | — CHs
_ ﬁ’ —C—H
‘ T O0—C !
H
Cocaine
| LDso
4 /ﬁ\ —C—N—CHy—C=C ukg/kg
A / ) | o for
QLR |
et I 500
~ N\ —C—H
N\ IA—I\ H/I I
OJ\/J\ o
H
Strichnine
5 OoH | > ~ _ CH,
=CH, —OH
HsCy —OH |
H;G—N —C—H
I
CH; Zongorine
6 ~CH3
CoH -
—NH—lclj—CHz—N< 2 pa | ArmNH-C=0 ~ CHs
CoHs |
CH3 O 0= C—CHy—N-C—
Lidocaine [ [
7 — COOH — OH ~ COOH
— OH
Salicylic acid
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Table 3. Summary of the important natural narcotic and analgesic agents (continued)

No  Structures, Descriptors Typical Effective Acute,
Common name flanking dose (ED) | oral
substitutes toxicity
LDso
mg/kg
for rats
8 OH
o —OCH 1930
OCH3 >c=c OCH,
—OH
I
CHp— CH=CHy
Eugenol
— COOH (—OH) — COOH
O—C CHj
Asp1r1n O
O @ (—OH) ~ COOH
HOOC
Disalcid
11 ﬁ)
— C— NH» — OH — COOH
— OH
Salicylamide
12 CH3 Ar—CH—C=0
CH> > CH— CHQO—CH—COOH | | - COOH
| - CH;
—C—H
Ibuprofen |
13
O | — COOH
~O~ |CH—COOH _lc_H — CHj
CH3
Fenoprofen
COOH
Ar—CHp—C=0
H2 | — COOH
Ar—NH—Ar
chlofenac
~N-— CH3 —C=C-CHy—C= — CH;

Indomethacin
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Table 3. Summary of the important natural narcotic and analgesic agents (continued)

No  Structures, Descriptors Typical Effective Acute,
Common name flanking dose (ED) | oral
substitutes toxicity
LDso
mg/kg
for rats
16 @ | | I — COOH
~ |(|: § N/ COOH — (lj—H
O
Ketorolac
O
17 I
—C—0O— (@]
C g H Ar—NH-C=0 — CHs
o—clﬂ (— OH)
CHj
Benorylate
18 |
CH; —C— _
CH3 %: 3 ” (|: H CH3
CH3> N— CHp —CH— C—O0—CCHyCH3
(— OH)
Propoxyohene
19 N— CH2CH2
\ —N-C-CHp— Ar
CHj [ ~CH,
—OH
CH3z |
—C—H
HO Phenacozine |
20
O L ||
| Ar—C—CHp— C—-N — CHs;
C—OC»oH5 | (I
(— OH)
I
CHj
Meperidine
21 ﬁ)
I
C—OC2Hs5 —C—H —CHs,
CHj I
1|\I (— OH)
H
Alphaprodine
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Table 3. Summary of the important natural narcotic and analgesic agents (continued)

No  Structures, Descriptors Typical Effective Acute,
Common name flanking dose (ED) | oral
substitutes toxicity
LDso
mg/kg
for rats
22 0O
% |
— CHQ_CH2—I§I —N—-C—0OCsH5 Ar —CHp— C—N — CH;
I
) )
Fentanyl _ |C_H
23 H3 |
—C—H
CH3 —N @ I —CH;,
\
\ \ —OH
C3Hy OH
rac-Picenadol
24 ﬁ for mice
HQNO COCHyCHpN(CoHs)p | §~ O~ CH2=C=N oH 615
- Ch;
Novocaine (—OH)
25 o for mice
Il C—O—-CHp—C—N 48
C4Hog— II\TO COCHCHN(CHg)2 | — CHj3
H Tetracaine —-C- $— NH—Ar
(—OH)
2 h) I for mice
HzNO COCHCERN(GoHg)y | §TO7CHRm T 139
- 3
\ | (—OH)
C Chlorprocaine
27 O CH3z
| & Ar—CH—C=O0O | -COOH
~C PACN | |
| Ccoon
H
Dexketoprofen trometanol
28 CHj3 Ar—NH-C=0O
H ﬁ) H3C | |
N_ ..C
CoY \ll\T —C—H
H CH3 |
Ropivacaine hydrochloride
H3
29 Cchﬁ/\O; = C—CHy— O—C—
| - CH3

0 N
I eneL
H3C/\1\\I 1/\1/\/ ~~ F

N=N
Brifentanil hydrochloride
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Table 4. Summary of the some miscellaneous pharmaceutical substances

No  Structures, Descriptors Typical Effective Acute,
Common name flanking dose (ED) | oral
substitutes toxicity
LDso
mg/kg
for rats
- NH; mouse
N/ AW —OH 572
HOH,C O NJ 0
S
— H
H oH on
Azacitidine (cytostatic
2 H H
~CH- C— NH——— S\ /¢ | Ar—CH—C—0— ~ NH, 10000
| 1|\I N\CH, | | | — COOH
NH — ,
20 & " COOH —C—H
Ampicillin (antibiotic) |
_ O=C—NH—Ar
3 HC I(I:_ NH —OH | —CHs, 7000
O —OH
Paracetamol (analgesic)
4 - A Ar—NH—C=0
H5C20—(O)—NH c CHz | _CH, 4000
@)
Phenacetin
5 O
Il —C=C—NH—C=0| —CH, (m) 25
NH— C—CH; [ I
@) /\ S >Sc=c<
NN / \|S
Farcinicin
6 HC, O—<C:)>—NH—|<|:—NH2 Ar—NH—C—=0 | -CH, 3200
@)
Dulcin
L
v — OH — CH, 760
O/C\ CHj Cyclic |,
| aliphatic » —NH— Pt
NH - Pt < OH structure} lO h
| MOH ]
@)
O I

No 234561 (antineoplastic
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Table 4. Summary of the some miscellaneous pharmaceutical substances (continued)

No  Structures, Descriptors Typical Effective Acute,
Common name flanking dose (ED) | oral
substitutes toxicity
LDso
mg/kg
for rats
8 OoN
(ﬁ‘/CH=NNHC—NH2 S C=N— _ NH,
Nitrofural (antibacterial agent)
OoN =N—
T VOJ/CHzN\N) S > =N K
L O=C—NH—C=0
\O I I
Nitrofurantoin (antibacterial agent)
10 COOH
h) _NH— CHz\/Cﬁ‘ | ~ COOH 2700
NHZ—ﬁ L — <|?— k —NH,
o d
Furosemide (diuretic)
<s—NH—NH)
11 \ll\] Ar —NH—N— 260 (m)
_N | 210 (f)
Hydralazine
(antihypertensive agen
OH
12 H3C Joc=c —OH ~ CH; 5000
|
Z —C=C—
OH Ethinyloestradiol
(steroidal hormone
H
13 | 3.55
j¢o Ar—N— CHy— C—Hal
ClCHzCHz\ J| |
CICHhCHy” WI > c=c<
Uracil mustard (antmeoplastl(
14 NHZOﬁ_ - ~NH, 6000
para-Aminobenzoic acic
15 |(|) ll\IO
QNH— C—N— CHyCHyCl —N=0 38-51
Ar—NH—-C=0
CCNU

(antineoplastic agent)
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Table 4. Summary of the some miscellaneous pharmaceutical substances (continued)

(antiparasitic agent)

No  Structures, Descriptors Typical Effective Acute,
Common name flanking dose (ED) | oral
substitutes toxicity
LDso
mg/kg
for rats
16 I I
Il\IO ﬁ II\I— ll\I— CHy— C—Hal 30
I
CICHy CH2 N— C—NHCH2CHy C] N=O
Bischloroethylnitrosourea
(antineoplastic agent)
CH3
o HoN CH ll\I ~NH; 760
2N— CH—(CHp)2— — CHj,
CH» HN=C > C= C<
| | _
o= ? NHp —N=C<
|
NH —
N 7 N—H - lc_H
N N
9 cooH
@)
Blasticidin S (antibiotic)
18
Cl—CHyCHp _ Ar—CHp—C—N— | - cOOH
Cl— CH2CH2/NO CHy— ICH_ﬁ_ OH |
NHp O - é —H
Melphalan (antineoplastic) |
19 | L
0 o C—NH-C—C
Oyégl—C—N— CH—C—N 8 b4
| hodw | -
H 2 c=0 —C—H
/=\ '
N —H NH2
\/N H
Thyroliberin (hormone)
(@)
20 I
N | | — COOH |
— Ar—N—CHy— C—N | _
N PNV | 2~ G~ | - cooH
I
T\ ) CoHs
Pipemidic acid
(antibacterial agent)
W
S NO —
CH | 2 OH _CHs
CH»CH>OH
Metronidazole
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Table 4. Summary of the some miscellaneous pharmaceutical substances (continued)

No  Structures,
Common name

Descriptors

Typical
flanking
substitutes

Effective
dose (ED)

Acute,
oral
toxicity
LDso
mg/kg
for rats

2\ An

/
NO»

Azomycin
(antiparasitic agent

23 J\]_)— N NH
||

Niridazole
(antiparasitic agent)

>C=CL

24
CH30— AN
SN

CoHs

HN— CHCH CHyCHyYNZ

| D 2L ) \C2H5
CH,

Pamaquine
(antimalarial drug)

—CHs

25 ~NH» ~OCH3
HoN—/ :\> CH2Q—OCH3
o OCH3

Trimethoprim
antlmalarlal drug)

Ar— CHp— Ar

- CH;

I N=\

S—
HzN@ I Xﬁ{
OCH3

Sulfalene
(antimalarial drug)

I
Ar— NH—S—Ar
I

—CHjs

27 !

N
J ~N
OH

Diiodohydroxyqui
(antiprotozoal drug

— OH

@)

8
|
e /C—O—QN C—
Y,

3

CHCD

Diloxanide
(antiprotozoal drug)

— C—Hal

— CHj,
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Table 4. Summary of the some miscellaneous pharmaceutical substances (continued)

No  Structures,
Common name

Descriptors

Typical
flanking
substitutes

Effective
dose (ED)

Acute,
oral
toxicity
LDso
mg/kg
for rats

29 H2N>_

/ S
O_As\ 1
N s
H2N>_

CHpOH
Melarsopol
(antiprotozoal drug)

Ar— NH — Ar
— OH

30 O
/ 0\ ”_N/C2H5

N
g
[Z
7
@)

Diethylcarbamazine citrate
(anthelmintic)

~ CHs

31 HO
HO—O (CHp)CH3

Hexylresorcinol
anthelmmtlc

~ CHs

32
CI

C— N— NO2
OH C

Niclosamide
(anthelmintic)

O=(|3—NH— Ar

— OH

> oo

Lo An
Levamisole
(anthelmintic)

34 CH3z
[ SIL CH=CH—-N

Pyrantel CH

(anthelmintic)

~ CHs

35 Cl_ _al
CcI~ ~cl1

Tetrachloroethylen
(anthelmintic)

C=C

36
20
o=t

Praziquantel (anthelmintic)
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Table 4. Summary of the some miscellaneous pharmaceutical substances (continued)

No  Structures,

Common name

Descriptors

Typical
flanking
substitutes

Effective
dose (ED)

Acute,
oral
toxicity
LDso
mg/kg
for rats

37

NH»

Amantadine
(antiviral drug

38 O

HN)H/ CF3
a1

o N7
HOHC O

H

OH H

Trifluridine
(antiviral drug)

O= lC—NH— C=0

— OH
> c=c<

39

O
HN N
HZN/K)J\N J

HO/\/

Acyclovir
(antiviral drug)

|
Ar— CHp— O— C—

— OH

40

CHj O H
CHy— (lf— CH—l(li—ll\I—CHz—CHz—COOH
HO H3zC OH
Pantothenic acid

—C-H
— OH

- COOH

41

CHpyOH

A~ %)\\/\

~N
Vitamin A

— OH

>e=c<

—CHs

42

CHyOH
HO—C—H
HO— (lj— H
HO— ?lj— H

"

H3C NJ\/NH

Vitamin By

O:

|
Ar— CHp— C—0-

— OH

—CHs
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Table 4. Summary of the some miscellaneous pharmaceutical substances (continued)

No  Structures, Descriptors Typical Effective Acute, oral
Common name flanking dose (ED) | toxicity
substitutes LDso mg/kg for
rats
43 O |
§ —C—H — COOH
HN NH I N
Lj O=C—NH—C—C—
. (CH2)4COOH | L
Vitamin H |
HO _CHpOH — OH
H3C N
Vitamin By
45
O=C—NH—-C=0
CH3 //O (l)H //O | | _ CH,
\ —
/ \O —C—H
CHjz |
Cycloheximide (antibiotic
46
— OH — CHs;
I
SOoH —C—H
N I
() - Mentho

In this connection the following elucidation we can point out. Our data suggest that chlorocholinchloride
(CCC) which is using in agriculture to inhibit the plant growth is an ethylene-releasing substance. CCC is
decomposed in vitro yielding ethylene in accordance to the Hofmann’s rule (Kurchii, 1990; Kurchii, 1991).
Hence, | believe that acetylcholine is an ethylene-releasing substance. Primary mechanism of acetylcholine
action is schematically presented in the Figure 7.

Many chemicals can mimic biological effects of acetylcholine. For instance, it was found that such toxic
agent from cyanobacteria as anatoxin—a is a potent stereospecific agonist at the muscle and—plate nAchR and
with those of acetylcholine (Spivak et al., 1980). | believe that this can be possible in the case if both chemicals
in active conformation are active free radicals.

A vast number of substances can affect the storage and release of acetylcholine from nerve terminal. Thus,
such antibiotics, as neomycin, kanamicin, streptomicin, local anaesthetic in high concentrations prevent or
reduce the release of acetylcholine at the neuromuscular junction (Robinson et al., 1971; Jakubke and Jeschkeit,
1983). D—-tubucurarine, gallamine and dihydro—B—erythroidine can produce neuromuscular block when are used
in high concentrations. Nevertheless after the inspection of their structural formulae | have concluded that the
primary mechanism of action of these substances should be similar to the acetylcholine but visible differences in
physiological responses depend of using doses. These chemicals from non-active structures can be transformed
into free radical (the ctive structure) which possess similar biological effects (Figure 8).

Another group of biologically active substances termed as cholinergic agonists presents. The essential future
of these chemicals is that they have either quaternary nitrogen or tertiary sulfur. The mechanisms of their
decomposition with elimination of olefin in the Hofmann’s splitting reaction are pointed out earlier (Kurchii,
1990; Kurchii, 1991). Table 5 illustrates the possible olefins that can be formed after the decomposition of
parental structures.

Such drugs as a physostigmine and a pyridostigmine can be activated by the hydrogen abstraction or by free
radical addition as also by reduction-oxidation reactions (Figure 9).
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The lower aliphatic monoamines are widely distributed in the plant and animal kingdoms and play an
outstanding role as growth regulators. The diamines cadaverine and putrescine, and polyamines spermine and
spermidine regulate numerous metabolic pathways. The primary mechanisms by which these chemicals can
exert their action are similar those monoamines (Figure 10).

Table 5. Structural formulae of acetylcholine congeners and their possible olefins

No Compound Possible olefin
1 +
(CH3)3 N—CHp— CHp—O— |(|:_ CHj3 CHy= CHp
Acetylcholine
2 +
(CH3)3 N—CHp— ?Hz— Oo— |<|2— CH3 CHp= CH— CH3
CHjz
Methacholine
3 CHp= CHp

+
CH3)3N— CHp— CHy— O—CHp—
(CH3)3 y) 2—0O 2~ CHj (CHp= CH—O—CHy—CHg)

Ethoxycholine
4 + o
(CH3)3N—(CHp) — CH3 Olefins
5 CH3 CH3
| + |
VAR H__N} 0
——(C—0—CHs —/— C—O—CHs
Arecoline
+ +
(CH3)3N— (CHp) 6—N (CHz)3 CHp = CH— CHp — CHy— CH=CH
Hexamethonium

A signal from the CNS is transmitted through two successive neurons. The first neuron termed as preganglionic
originates in the spinal cord and will synapse with the second neuron (postganglionic) in a ganglion. The
postganglionic fiber then innervates the organ it controls. Preganglionic and postganglionic neural fibers are in
each sympathetic and parasympathetic system. Postganglionic fibers of parasympathetic system secrete
presumably acetylcholine, whereas the postganglionic fibers of the sympathetic system release noradrenalin
(norepinephrine).

Another important biogenic amines are adrenalin (epinephrine) and dopamine. Possible mechanisms of
activation and biotransformation of dopamine is presented in Figure 11. Methacholine, carbachol and bethachol
are parasympathetic stimulators and can be decomposed to yield the olefins (Figure 12).
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' to form, for example, following radicals \ ¢
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' ¢ of certain cardiac
: Changes of the physico-chemical > muscles
E properties of membranes
! (changes of the membrane's permeability)
“--- Releasing of diverse substances, including
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Figure 7. Proposed pathway for the primary mechanism of acetylcholine decomposition and biological action of formed
ethylene. The liberated ethylene initiates a cascade of free radical reactions.
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(non-actvive structure)
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N /"
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(primarily active structure)

Figure 8. The chemical structure of D-tubucurarine and its possible primary mechanism of activation.
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Figure 9. Possible mechanisms of edrophonium, neostigmine,

substances, and formation of their free radicals.
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O
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HO@@ -

Primarily active

+R |-RH

> HO—O OH

CH3—N~ Xy— OH
=

+1€l—RH
CHgo—)I\@—O.
-
Hi

H

and pyridostigmine transformation into phenol-like

125



HoN (CHp)3 NH (CHp)4 NHp Kﬁg HpN (CHp)3 NH(CHp)2 CH= CHp ﬁ» H)N (CHp)3 NH (CHp)2 CH— lCHQ

Spermidine R

+R’ .
HoN (CHp2)4 NHp - HpN (CH2)2CH= CHy ——> HpN (CHp)2CH— CHp
Putrescine NS k

HoN (CH)s NHp g, HaN(CHR)3 CH= CHp 2R HIN(CH)3CH- CH

Cadaverine ¢ R

ACTION:
Initiation of free radical chain reactions of oxidation of membraneous
lipids and other cellular substances

Figure 10. Proposed primary mechanisms of spermidine, putrescine, and cadaverine action.

HO

HO e HO 0 o
7 — CHp— -- —CH—
HO —CHy—C =7 HO CH—-C =< HO CH—CHp

H (active structure

A
+[O]!
HO HO :
HO — —
—NHj3
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(potentially active structure)
: o |
+ Rll —RiH |
. \/
O HO
HO@—CHzCHzNHZ HO@— CH—CHy —R»
(active structure) (active structure)

Figure 11. Possible mechanisms of activation and biotransformation of dopamine.

There is evidence that some antibiotics, e.g., streptomycin, neomycin, kanamycin, and also tetracyclines, in
large dose can also produce neuromuscular block (Bradley, 1989). Organophosphorus compounds also affect
neuromuscular transmission. These substances have active hydrogen atoms in FRG or such groups as

>P=0 and >P=S , possible functional role of them is described below.

Physostigmine is used in ophthalmic practice in the same way as pilocarpine for the reduction of intraocular
pressure. Possible mechanisms of bioactivation of physostigmine as also pyridostigmine are presented in Figure
13.

Another parasympathetic stimulators pilocarpine that is termed as a potent muscarinic stimulant and
arecoline that promote salivary secretion have unsaturated double bonds and in vivo can be easily activated
either by free radical addition or by hydrogen abstraction reactions (Figure 14).
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Several substances can block the effects of acetylcholine and muscarinic agonists. Thus, alkaloid atropine
especially inhibits those cholinergic neurons which are activated by muscarine (Jakubke and Jeschkeit, 1983).
Peripheral antimuscarinic action of hyoscyne and homatropine resemble atropine. These chemicals have
OH-—groups and can be primarily activated by oxidation reactions or by reactions of hydrogen abstraction from
these groups.

A vast number of drugs act as a neurotransmitters in the central nervous system (CNS). Thus
5-hydroxytryptamine (5-HT) stimulates peristalsis of the intestine, and causes a dose-dependent
vasoconstriction or vasodilation of respiratory tract and vascular system. Some possible pathways of activation
of this chemical is presented in Figure 15. There are at least three ways of 5-hydroxytryptamine in vivo
activation, which of them is preferable in any given tissue depends on the penetration, translocation, destruction,
oxidation/reduction reactions and excretion as also availability and nature of the antioxidative substances.

Peptide neurotransmitters represent a wide range of chemicals which have been found to be present in CNS.
Thus, for example, substance P is linear peptide consisting of 11 amino acids causes constriction of the smooth
muscle of the gut, and also it decrease blood pressure (Holaday et al., 1985; Jakubke and Jeschkeit, 1983).

Arg — Pro — Lys — Pro — GIn — GIn — Phe — Phe — Gly — Leu — Met-NH,
Substance P

Opioid peptides have similar activity to be derived from the opium poppy, for instance, such as morphine,
that has an analgesic action. The most important opioid peptides are leucine enkephalin (a) and methionine
enkephalin (b):

(@) Tyr — Gly — Gly — Phe — Leu—OH
(b) Tyr — Gly — Gly — Phe — Met-OH

Certain amino acids have also a function of the inhibitory transmitters. Thus, y—aminobutiric acid (GABA)
is widely distributed in the vertebrate central nervous system. It inhibits neuronal firing and stabilizes the resting
potentials. Proposed pathways of activation and primary mechanism of action of GABA are presented in Figure
16.

CHz o) o)
CHz— I:\I+— CHy— (le— oo CHy —» CHy= ?:— ot CHz
CHjs CH3 CH3
Methacholine
CHs @) @)
CH3— 1|\I+— CHp— CH—O— g— NHy —» CH=C-0— (l%— NH»
(|ZH3 (|ZH3 (|ZH3
Bethanechol
T it i
CH3— N— CHp— CHp— O— C—NHp —» CHp= CH—0O—C—NHj
(|:H3
Carbachol

Figure 12. In vivo formation of olefins from methacholine, bethanechol and carbachol in the Hofmann’s splitting reaction.
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Pyridostigmine (primarily active structure)
+R'l—RJr
CHy—N—C— oﬁ
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Figure 13. Possible free radical mechanisms for physostigmine and pyridostigmine activation.
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—C—0O—CHj +R —C—O0—CH3
Q || o ]
O | O
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Figure 14. Possible free radical mechanisms for pilocarpine and arecoline activation.
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Initiation of free radical chain reactions of oxidation of membraneous lipids
and other cellular substances
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Figure 15. Possible main pathways for 5—-hydroxytryptamine activation and its primary mode of action.
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Figure 16. Possible pathways of y—aminobutyric acid (GABA) activation and its mode of action.

Many chemicals have function as CNS depressants. An interesting group among their is the volatile general
anesthetics that are gases or low-boiling liquids. Chemicals that are depressant to CNS tend to be structurally
nonspecific. Nevertheless proposed free radical mechanisms of their activation and mode of action are presented
in Figure 17. Many of these chemicals are not used in modern medicine. Large important group of non-volatile
anesthetics have therapeutic interest and are widely used in surgery and in the treatment of many deaths. Table 6
shows several neurotransmitters and their FRG.

Midazolam other fixed general anesthetic is also used for short procedures or rapid induction of anesthesia.
To produce very rapid anesthesia induction is used etomidate another non-barbiturate anesthetic. The general
feature of these substances is that they have unsaturated bonds in their structural formulae. Ketamine and
phencyclidine do not have FRG with unsaturated bonds and hence their physiological effects are less than
midazolam and etomidate. Another non-barbiturate anesthetic is propofol that has no FRG with unsaturated
bonds but has active hydrogen atoms at carbon and one hydroxy group. Propofol and also alfentanil, and
droperidol usually are used in combination with N,O. Possible mechanism of activation and mode of action of
these substances are shown in Figure 18.
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Figure 17. Proposed mechanisms for activation of volatile general anesthetics.

Opioid peptides having FRG can be easily transformed into free radicals by: (a) addition reactions of free
radicals to unsubstituted benzene; (b) hydrogen abstraction from methylene and OH—groups, and/or (3) by

oxidation/reduction of OH—groups. In free radical forms they initiate free radical chain reactions of oxidation of
essential cellular substances.
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Table 6. Summary of the important neurotransmitters

No  Structures, Descriptors Typical Effective Acute,
Common name flanking dose (ED) | oral
substitutes toxicity
LDso
mg/kg
for rats
! /) S cH
N—CHs >c=cC < —CH3
Methylphenyltetra-
hydropyridine, MPTT
2 COOH
7 >C=N—
CHz —C=CHy
Kainic acid
3 COOH
— COOH
NH»
Gabaculine
4 <|3H3
CH3 CHyCHp— CHC|) >C=c ~Chs
CHy=CHCHy”| | —C—H
N0 |
|
Sedobarbital H
5 |
@—O—CHz—CH— CH»—OH — (IZ_H
|
OH — OH
Antodyne (anal gesic—antipyretic
6
—O—CHp-I_ ,K
Ar —O-CHy— C-O— — CHs
OCH3 I
Mephenoxalone (muscle relaxant
@)
7 } ) Ar—NH—C=0
/ N |
Cl |
H
Chlorzoxazone(muscle relaxant
3 p—
- ~ —CHs

CHCHpyCHpN(CH3)2
Cyclobenzaprine (antidepressant
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Table 6. Summary of the important neurotransmitters (continued)

No  Structures,
Common name

Descriptors

Typical
flanking
substitutes

Effective
dose (ED)

Acute,
oral
toxicity
LDso
mg/kg
for rats

T

SC=N—
\<_7/ CH=N—N L S C=N
\ / O
Dantrolene (muscle relaxant)
"
N AP
cr — N

Clobazepam (anxiolytic

O=C-CH2—-C=0

—CHjs

/N
D
O=C—NH2
Carbamazepine (antiepileptic

3
|C|) NH

p-Nitrophenylisonipecolate

CH2 )3N (CHz)2

LD

Chlorpromazine (antiemetic

~ CHs

15 (CH23 N N— (CH2)20H

see)

Perphenazine (antiepileptic)
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Table 6. Summary of the important neurotransmitters (continued)

No  Structures, Descriptors Typical Effective Acute,
Common name flanking dose (ED) | oral
substitutes toxicity
LDsg
mg/kg
for rats
16 o
| | | — CHs
C—O—(CyH5 - Il\I— (IZ— CHp— ?—Ax
X0
Meperidine (neuroleptic
17 O O _II\T_ :C— CHo— I?—Ar
C O —CoHsy | _CHs
@ C—(CH2)2— @ 0=~ CH—C-N-
R-951
(neuroleptic)
18 O
O N—-CH 2 l
2 —-C—H ~CH
AN Va CH3 | :
)
Molidone (antipsychotic)
Q D >c=c —CHs
CHz CH»CHy N(CH3)2
Protriptyline (antidepressant)
0]
\” — CH;
Ar— CHy— O—
H—C— CHp CHy— N(CHa)2 2
Doxepin (antidepressant)
21 [
g Pfofranss
HaN~ ¢~ O~ CH— € CHy — O~ C—NHy -¢ —CHs
C3Hy e} (—OH)
Meprobamate (muscle relaxante)
22 OH OH
| (—OH) ~CHs
Cl IC— IC— CH3
CH3 CHj

Phenaglycodol (muscle relaxant
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Figure 18. Possible mechanism of activation and mode of action of midazolam, etomidate, phencyclidine, and ketamine.

The amino acid sequences of vasopressin,
following:

Phe — Tyr —Cys

|
Gln — Asn—Cys — Pro — Arg— Gly— NHp

Vasopressin

lle — Tyr —Cys

|
GIn — Asn— Cys—Pro — Leu — Gly— NH)

Oxytocin

oxytocin, and thyrotropin-releasing hormone (TRH) are

— C=0
NH (<|3H2)2
|__ CH—C— Glu— His— Pro—NH»

O
TRH, thyrotropin-relising hormone
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Vasopressin enhances the permeability of a number of epithelial membranes to water, sodium, and certain
chemicals. TRH, a tripeptide has potent pharmacological and behavioral actions that are independent of its
hypophysiological function. Administration of TRH has been shown to result in cardiovascular respiratory
function, body temperature, gastrointestinal activity and stimulatory action on behavior (Nemeroff et al., 1979;
Yarbrogh, 1979).

Beside the discovery of hormones in animals and in plants evidence was obtained of “secondary” of natural
products (Fraenkel, 1969; Geissman and Grout, 1969; Harborne, 1977; Karlson, 1976). It should be noted that
the term secondary products has also been used to mean that these substances are derivatives of primary
products. In higher plants among secondary products are alkaloids, terpenes, rubbers, sterols, and steroids,
tannins, and many other plant materials. Secondary products were isolated from lower plants and prokaryotes
(bacteriae). These substances are frequently very complicated and include pigments, toxins, antibiotics, chitin,
cellulose, lignin, lectins. It is recognized that main hormones of higher plants are growth regulators, first of all,
of growth and differentiation. Such growth regulators as auxins, zeatine, gibberellins are found in bacteriae and
fungi. Unfortunately in higher plants and in lower plants, and as in bacteriae, no definite proof of function of
secondary products could be given. Secondary products derived from animals are much simpler than their
counterparts in plants.

The relationship between a chemical structure and its biological activity of such peptide as cyclosporin A is
reported (Wenger, 1986). Cyclosporin A is produced by Cylindrocarpon lucidum Both and Tolypocladium
inflatum Gams. An amino acid No 11 is very important for maintaining the active conformation. In the case if
this amino acid is changed (as in D—MeVal) into another amino acid the loss of activity is observed. Carbon
chain of an amino acid one (MeBmt) is also important for biological activity. Removal of the non-polar part of
the side chain as in (MeThr")cyclosporin reduces the immunosuppressive activity as does modification of the
hydroxy group. Even the double bond makes a contribution to the biological activity since dihydro compounds
are generally less potent as immunosuppressants. MeBmt alone is not sufficient for immunosuppressive
activity.

Cyclosporin A (Figure 19) has at least 9 descriptors, among their 6 have an active hydrogen atom at carbon,
one is an unsaturated bond, and one is an oxy group, and one has two active hydrogen atoms at amino acid N3.
After the activation cyclosporin A can form more than one free radical center simultaneously. An amino acid N3
is a key acid because if it is changed by (L—Pro®) the loss of activity is observed (Wenger, 1986).

The amino acid N2 permits some variation with alkyl chain of 2—3 carbons showing good activity (Wenger,
1986). As you can see from Figure 19 this flanking radical of the amino acid N3 has no FRG and thus a
variation in the quantity of carbon atoms do not influence biological activity of cyclosporin A.

Hence, cyclosporin A as also another peptide bioregulators can possess strong biological activity when they
have a few free radical centers simultaneously. The chemical structure of cyclosporin A and the formation of
possible bioactive conformations, i.e., the formation of free radicals is presented in Figure 19.

Most of the physiological responses of cells to hormones are mediated by many simple chemicals, for
example, such as cyclic AMP, that involves changes in the activity of key regulatory enzymes (Robinson et al.,
1971). The molecular mechanism of cyclic AMP action remains unclear. Recognition that cyclic AMP acts as a
second messenger and it mediates the action of thyrotropin (TSH). At the same time TRH stimulates secretion
of TSH and prolactin in many species (Wallis et al., 1985). The primary mechanism of cyclic AMP and cyclic
GMP action is presented in Figure 20.

Thus, as you can see from Figure 20 cyclic AMP contains the functional reactive (—CH,—) group that has an
active hydrogen atom. GMP contains such FRG and also OH—group. The metabolic free radical or an enzyme
(when its active center is oxidized) can abstract these hydrogens to give carbon- or oxygen-centered free
radicals. Hence, cyclic AMP and cyclic GMP being activated can act as free radical agents.

Another organic compounds that possess biological activity are steroid hormones. It is established fact that
corticosteroids exert a profound influence over immunological responses (Lee and Steinberg, 1987; Neher,
1984). The mechanisms of activation and mode of action of estradiol is proposed in Figure 21.

Summarizing proposed above mode of action of diverse biologically active chemicals that yield ethylene (or
olefins) is schematically described in Figure 22.

In 1901, Neljubov has found that ethylene was the physiologically active ingredient of illuminating gas. The
idea that ethylene might be an important factor in plant development was proposed by Zimmerman and
Wilcoxon (1935). They reported that auxin increased ethylene production and that ethylene so produced might
play a role in auxin action. They demonstrated that auxin-induced ethylene production might play a role in the
ability of auxin to induce swelling, epinasty, root initiation and inhibition of growth. At present it is recognized:
ethylene is formed by all higher plants and interacts with other plant growth regulators to coordinate and
regulate a wide variety of biochemical processes.
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Figure 20. Hypothetical scheme to explain the mechanism of activation and mode of action of cyclic AMP and cyclic
GMP.

Ethylene is formed by all part of higher plants (Abeles et al., 1992). Many compounds were proposed as
source of ethylene formation, for example, linolenic acid, propanol, ethanol, acrylic acid, P-alanine,
B—hydroxypropionic acid, fumaric acid and methionine (McKeon, 1995). Ethylene biosynthesis (see Abeles et
al., 1992; Davies, 1995) is a 3—step biochemical pathway worked out in detail using ripening fruits as the model
system. Possible pathways of ethylene formation we have presented in Figure 23.

Figure 22 shows how oxidative signals are transformed from the cytoplasmic membrane to the nucleus. It is
essential to know how signal processing in cells works, i.e., how the physico-chemical changes within the
membranes are converted into oxidative and/or antioxidative responses. Nevertheless biological signals that
occur on the level of inter- and intra-cellular can have a high degree of similarity. A cell responds to
intercellular signals by intercellular signal molecules which interact first of all with the cytoplasm of
neighboring cells to initiate the signaling cascade. Many chemicals, notably ethylene, peptides, hormones,
several secondary products, nucleotides, etc., can serve as signal molecules.
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Figure 21. Hypothetical scheme for the activation and mode of action of estradiol.

The important function of the immune system is defense against non-specific events that result in direct
damage, for example, to membraneous lipids, DNA, proteins, etc. Such functional changes sometimes lead
indirectly to changes in fundamental cellular processes and thereby to cell death. In this connection the
increasing in the levels of antioxidants and effects on selective gene expression is direct response of cell to
oxidative stress. Accordingly it is not surprising that cell responds to the increasing in the level of oxidative
agents by increasing in the level of antioxidants, particularly a—tocopherol, abscisic acid, some prostaglandins,
etc. The scheme (Figure 22) demonstrates this positive feedback. If the damages of a cell are extensive enough
to overwhelm defense antioxidative system they can result in harmful influences on neighboring cell, affecting
their functioning.

A number of amines have already found practical application as local anaesthetics or as neurotransmitters in
CNS. | believe these substances can be decomposed in accordance to Hofmann’s splitting reaction or by
desamination reactions (Kurchii, 1991) that yield olefins including ethylene (Figure 24).

Histamine is an important hormone which is involved in the control of wakefulness and sleep (Jakubke and
Jeschkeit, 1983), it also induces gastric secretion. Proposed pathways for the biological activation of histamine
can be described in accordance to Figure 25.

There are several substances termed as H,—antagonists that inhibit gastric secretion (Black et al., 1972). Such
H,—receptor antagonists as cimetidine and ramitidine are used in the treatment of peptic ulcer. Structural
formulae of these substances, and famotidine, and nizatidine (Krishna and Klotz, 1988) are presented in Figure
26. Most of these histamine H,—receptor antagonists have unsaturated separate bonds and in vivo can be
activated by free radical addition reactions. Similar mechanism of action can also be presented for Vitamin U
that is using in the ulcer treatment.
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Figure 23. Hypothetical pathways of ethylene formation. Total amount of endogenous ethylene in cells is: Eyg = X1 + X, +
Xa+ Xy + Xe+ Xg + X7+ Xg.

A

+ + —
(CH3)3 NCHyCHy OCCHyCHy COCH2CHoN(CHB)3 - 2] -9 R—CH=CHp (CHp=CHp)

Ditiline
B
+, _
CO(CHp)3—N 2]
I\ COCHCH=CHy
\ CoHs —>»
+
{ ITI—CHQCHZCHQO”
CH»=CHCHYO
CoHs O 2 g Il
Anatruxone

Figure 24. Possible ways for ditiline (A), and anatruxone (B) biotransformation.
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Figure 25. An hypothesis concerning the role of functional-reactive groups in the activation of L—hystamine. Conjugated
forms can be detected as hormone-receptor complexes.

Serotonin (5—hydroxytryptamine), a biogenic amine, is stored in thrombocytes and mast cells of the blood
(Bradley, 1989). It act as a neurotransmitter, stimulates peristalsis of the intestine, and causes a dose-dependent
vasoconstriction or vasodilation of the respiratory tract and vascular system (Jakubke and Jeschkeit, 1983).
Possible mechanism of activation of serotonin and primary mechanism of its action are presented in Figure 27.

Chemicals by attaching itself to different receptors can produce a variety of action. This is illustrated on the
example with pheniramine (H; receptor antagonist) and burimamide (H, receptor antagonist) which can be
activated by similar ways (Figure 28).

Many analgesic drugs unrelated to morphine contain >C=0 group(s). For example pethidine, fentanyl, and
methadone have effects similar to morphine. Free radicals of these substances are stabilized by resonance and as
consequence they possess strong biological effects. The reactivity of the carbonyl bond is primary due to the
difference in electronegativity between carbon and oxygen, which leads to the considerable contribution of the
dipolar resonance. Such substances can be activated by hydrogen abstraction reactions (a), and/or by reduction
of >C=0 groups (Fig. 29).
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Figure 27. An hypothesis concerning the role of functional-reactive groups in the activation and mode of action of serotonin.
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Figure 28. Possible mechanisms of pheniramine and burimamide activation.
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Figure 29. Possible mechanism of metabolic activation of chemicals containing >C = O group.
A ketone group can react with alkyl sulfides yielding methylene group.
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These reactions can be very important because it can lead to the destruction of sulfur-containing substances
in the cell.

Chemicals which are psychotomimetic vary considerably in their chemical structure and pharmacological
properties. The chemical structures of trimethoxyamphetamine (TMA), D-lysergic acid diethylamide (LSD),
N,N—dimethyltryptamine (DMT), harmaline, 3,4,5—trimethoxyphenylethylamine (mescaline) are presented in
Figure 30. These chemicals have unsaturated functions and their mode of action are similar to those of olefins.

Nicotine and lobeline are naturally occurring alkoloids being found in plants. Nicotine stimulates the
postsynaptic neurons in both sympathetic and parasympathetic ganglia. Lobelin possesses biological action that
is similar to nicotine. Hypothetical mechanism of activation and mode of action of these substances is described
in Figure 31. The mechanisms presented in this scheme predict that non-active substances nicotine and lobeline
can be activated by hydrogen abstraction.

Such chemicals as morphinans are basic morphine “skeletals”. Many of these chemicals are clinically used
drugs, notably, phenacozine. Another synthetic analgesic are meperidine, alphaprodine, fentanyl, and
rac—picenadol (Table 3).

Numerous chemicals having an active hydrogen atom in the FRG are termed “local anaesthetics”, for
example, alcohol, inhalation anaesthetics, antiepileptic drugs and neuroleptics, etc. It is known local anesthetics
are used to produce a loss sensation, without a loss of consciousness, at localized areas of body. The large group
of these substances is aminobenzoate amino esters. Another group is presented by amides. Proposed primary
mechanisms of activation and action of muscarine, one representative of this class of regulators is presented in
Figure 32. The most widely used local anaesthetic drug is lidocaine that has a rapid onset of action.
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Bupivacaine, mepivacaine and prilocaine act similarly to lignocaine. Such chemicals can be activated by
hydrogen abstraction reactions from a nitrogen or carbon atom as it is shown in figure (Figure 33).

CH30 — CHy—CH—NH; —— ¢8O — CHp— CH=CHj
| — NH3
CH30 CH3 CH30

CH34> ™A CH34>
FRG: >C=
CH30 CHy—CHp—NH; —» ¢8O — CHy=CHp
—NHj3
CH30O CH30 J)
CH30 CH3
Mescaline FRG: >C=c<
O0=C—N g5 CH, 1 CHy—CHy —NZ CHs
_ N/
AN !
H DMT

|
FRG: Ar—CHp—C—N—

|

" s L
CH30 SNTNF

.NC=
FRG: >C= < i L

Harmaline
FRG: Ar—NH—Ar

Figure 30. The chemical structure of psychotomimetic TMA, LSD, DMT, mescaline, and harmaline, and their functional
reactive groups.

The chemical structures and acute toxicity data used in our report were from works (Buchel, 1983;
Glasby, 1976; Kutchan, 1995; Ovchinnikov, 1987; Shamshurin and Krimer, 1976; Kirsch-Volders, 1984; the
series of IARS Monographs on the evaluation of carcinogenic risks to humans; Worthiness and Walker, 1987).

As you can see from Tables 1-4 the toxicity of chemicals is usually increased by introduction to basic
structure of halogen atoms and/or nitro-groups (i.e., EWG) and decreased by amino-groups (see, for example,
substances No 9, Table 1) and No 1-2 (Table 4)), and thio-groups. Such biological effects of NH,—group are
often unpredictable as they are not obvious molecule structure or physico-chemical properties. Nevertheless, |
believe that decreasing in the penetration of bioregulators bearing it by conjugation (i.e., formation a peptide-
like bond) with cellular substances can yield immobile complexes and hence, they can not reach target
molecules.

Chemicals which have carbon-carbon or carbon-nitrogen double bonds, for instance, insecticides No 8,
20-23 (Table 2) possess as strong insecticidal activity as toxicity for mammals. High activity of chemicals is
caused by the presence of CHs—radical as a flanking substitute as is shown, for instance, in chemical No 24
(Table 2) (Wouters, 1985). In the case if chemicals have simultaneously OH—-group(s) their toxicity is low
(chemicals No 15, 16, Table 1) (Caris, 1985), No 8 (Table 3). Such phenomena is also inherent to chemicals
having COOH groups.
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Figure 31. Possible mechanisms for activation and mode of action of nicotine and lobelin.

The differences in the biological activity of nicotine and muscarin (Craig et al., 1987) (Fig. 32) I can explain

by their different ways of activation and penetration.
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Figure 32. Possible mechanisms for activation and mode of action of muscarin.
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Figure 33. Proposed primary mechanisms of activation and action of local anesthetics.

Chemical such as No 1, 2, 3, 10, 14, 18 (Table 2) having D and flanking groups —CH; possess as strong
insecticidal activity as toxicity for mammals.

The radical which has minimum inner interactions of unpaired electrons with neighboring atoms which do
not hinder the approach of the reactant to the semioccupied orbit, will be reactive (Nonhebel and Walton,
1974). Steric factor is probably important factor determining this reactivity. Bulking substituents, for example,
such as it is shown in chemicals No 10 (Table 1), No 4, 11 and partially in No 12, 16 (Table 2) which hinder the
approaching of attacking radical to the active hydrogen atom and vice versa the approach formed radical center
to target molecules will lower the reactivity of enumerated above substances. Thus, the sterically encumbered
radicals abstract hydrogen from essential biopolymers more slowly and consequently exert weak physiological
effects. The stereospecificity is also inherent to chemicals having carbon-carbon double bonds, for instance,
even trans and cis isomers of pyrethrins No 8, 9 (Table 2) with almost identical insecticidal properties , can
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differ in their toxicity for animals. This phenomenon can be explained by sterical shielding for free radical
addition reactions to a double bond of trans-isomer, for example, No 8 (Table 2). Bromophos-methyl and
bromophos-ethyl differ tremendously in their toxicity to rats and insects that can be explained by the presence
of D in bromophos-ethyl No 13, 14 (Table 2).

As you can see from Table 4 the most widely used antiparasitic compounds are pipemidic acid,
metronidazole, azomycin, and niridazole. These chemicals can exert their action through the activation of
unsaturated groups such as >C=C< and/or >C=N<.

Alkilating notably busulfan and chlorambucil agents are intensively used as anticancer drugs. One believe
that the use of several chemicals termed as antimetabolites in anticancer treatment is based on the interaction of
these chemicals within the essential cellular substances and thus inhibit cell proliferation, particularly with
nucleic acids, the pyrimidine and purine bases. Mitotane and aminoglutethimide are cytotoxic hormonal agents.
They are specific against the adrenocortical carcinomas. The primary mechanism of activation and mode of
action of these and another anticancer drug is presented in Figure 34.
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Figure 34. Possible primary mechanism of activation and mode of action of several antineoplastic drugs.

Numerous chemicals that possess high activity have in their structure sulfur, for example AC 92100,
thiophos, azinphos-ethyl, etc. These chemicals contain
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possessing a nucleophylic center at the sulfur, and electrophylic center at the phosphorus or carbon atoms and
which readily undergo nucleophilic attack. A wide range reactions are available to activate these chemicals:

(1) Addition reactions

R . R1 .
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(2) Reduction reactions
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+
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(3) One-electron oxidation
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— .+
O\s - \k§’)

Formed cation radicals are active structures and can react with alkenes, for example, with unsaturated bonds
of lipids:
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Initiation of free radical chain reactions of oxidation of membraneous lipids and other
cellular substances. Changes in physico-chemical properties of cellular membranes.

Hence, one can speculate that introduction the oxygen atom to any structure will stabilize its free radical and
as consequence strong biological activity of this chemical will be observed.
In the presence of active hydrogen the preferable reaction is hydrogen abstraction but not addition:

R1 O R10

NP—H + R3 —> R3H + SP
Ry O RyO7|
O @)
R O 0 .
ISp—H + Rg —> RgH + R10>P
R2 07 RO |
Sulfur-containing radicals may be generated from non-radical precorsor
. 'S' —S+ by electron transfer (oxidation or reduction)

Strong and quick biological effect of sulfur containing chemicals | can explain by direct conjugation with
unsaturated bonds of membraneous lipids. This reaction can change physico-chemical properties of cellular
membranes. One possible way consists of modifying the structure of polyunsaturated fatty acids.
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Hence, these agents exert their biological action by damaging the integrity of cellular membranes and
essential molecules in cellular matrix.

Every living terrestial plant and animal are exposed to diverse photochemical oxidants and sulfur oxide that
are the most broadly damaging to plants. Among these agents the most important air pollution constituents are
the sulfur dioxide and nitrogen oxides.

Decreasing in grain-yield and reduction of the thousand-grain-weight in the cereals Secale, Triticum, and
Hordeum were caused by SO, (Haut and Stratmann, 1970). Reduction in yields of Phaseolus, Pisum, Vicia and
Lupinus were also observed (Guderian, 1966). Decrease in the number of seeds per cone and reduction in
dimensions and weight of cones were also reported (Roques et al., 1980). Short-time exposure to low SO,
concentrations generally stimulates stomatal conductance within 15 minutes of exposure (Black and Unsworth,
1980). SO, at low concentration (50 ppm) stimulated Hill reaction activity, but this activity was completely
inhibited at high concentration (500-1000 ppm) (Malhotra, 1976). A rapid decrease in net photosynthesis in
leaves of Helianthus annuus upon exposure to 1.5 ppm SO, showed by Furukawa et al. (1980). Hence, these
works suggest that the chloroplasts were the primary site of SO, attack. The work with chloroplasts isolated
from SO,—treated leaves of Lactuca sativa demonstrated that the site of SO, action was located closer to the
oxidizing side rather than the reducing side of photosystem Il (Shimazaki and Sugahara, 1980). An inhibition of
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activity of photosystem Il by exposure to SO, was accompanied by a similar inhibition in non-cyclic, but not in
cyclic photophosphorylation.

Sulfur dioxide can affect a variety of other cellular metabolites, for example, such as lipids, that are
important components of photosynthetic membranes. Thus, decreases in the content of linolenic acid and an
increase in the content of palmitic acid in the Pinus banksiana needles were shown in the work of Khan and
Malhotra (1977). It has been suggested that activation of free-radical peroxidation reactions indicated by
SO,—related malonaldehyde accumulation (Khan and Malhotra, 1977).

Biochemical transformation of SO, was studied in many works. Experiments with isotopic SO, (**SO,) have
shown that there are labelled SO3* and SO, in the treated foliage (Garsed and Read, 1977). SO, can be utilized
by plants in the reductive sulfur cycle (Ziegler, 1975). Photoreduction of SO, to H,S and its subsequent release
from plants was reported (Silvius et al., 1976). Barrett and Benedict (1970) have shown that after the entrance of
S0, into the leaf, it reacts with water to produce the sulphite ion (SO5*) which is then oxidized to sulphate.

With regard to physiological and biochemical changes that occur in plants subjected to SO, we can elucidate
one of the possible primary mechanism of SO,—action which consists in the formation of conjugated substances
with double bonds of unsaturated fatty acids of membraneous lipids.

2° CH O\ ,CH
5\\ + —> S
0 $H & $H
I ACTION :
| | Changes in the physico-chemical
H CH / properties of cellular membanes
0 Q o N
57 CH N CH
N U
O 7 o \ CH

Sulfur dioxide SO,, nitric oxide NO, and nitrogen dioxide NO, (Menzel, 1976) are strong oxidizing pollutant
commonly found in air. The toxicity of NO, is assumed to be related to membraneous lipid peroxidation,
because NO, readily attacks unsaturated bonds of carbon acids of membraneous lipids. Possible primary
mechanism of mode of action of NO, is presented below:

o o)
N\ /7
1|\r
R\ R R o
c=c{’ +NOp —» _ >C—C—R —» ACTION
H” SH 2 HT
H

An important function of NO is the endothelial-dependent regulation of the vascular tone, inhibition of
leukocyte adhesion to the endothelium, and NO is also involved in neurotransmission (Dinerman et al., 1993;
Kubes et al., 1991). Mechanism of activation and primary mode of NO action is presented below:

. ACTION: Initiation of free radical chain
N=0 ‘R » R—N—O0 ---> reactions of oxidation of membraneous

lipids and other cellular substances

Many of the nitrogenous plant substances called alkaloids exert powerful biological effect on animal
organisms. Some of these substances are toxic to the human organism and others have important medical value.
The alkaloids are hydrocarbons containing carbon-carbon double bonds, unsubstituted cycloalkanes, nitrogen
and oxygen atoms (Kutchan ,1995). One important characteristic of these substances is the presence of a few
active hydrogen atoms and carbon-carbon double bonds (Table 3). Carbon-carbon double bonds constitute a
particularly important class among the functional reactive groups because they can undergo a variety of addition
reactions. For example, morphine contains 8 active hydrogen atoms and one carbon-carbon double bond. These
chemicals may be activated in vivo by hydrogen atom abstraction and/or addition metabolic free radicals to
multiple bonds generating long-lived bridged free radicals (and likewise possibly biradical intermediates).
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Similar biological action is perhaps inherent to the herbicide endothal (Table 1). The biological activity such
drugs, for instance, as quinines, that are known as the oldest universally antimalarial agents can be substantially
increased (Table 6) by introduction cyclic non-aromatic substituents (Hofheinz and Merkli, 1984):

OCH3 CH= CH; In this case high activity of mefloquine

L‘d F3C can be observed because it is more

) N\> N ) _4@ resonant structure and has no bulking

1\\T / —/ OH E C) foy H substituents. Hence, chemicals which are

H 3 strong resonance systems in free radical
Quinine: HC1 Mefloquine state possess very high toxicity

for mammals (Table 7). Another examples can be pointed out, for instance, strichnine (No 4, Table 3).

Table 7. Activity of quinine in comparison to mefloquine against different Plasmodium species (Hofheinz and
Merkli, 1984)

Species Host Compound EDs, mg/kg p. 0.

P. berghei Mouse Quinine " HCI 153
Mefloquine 5

P. falciparum Aotus monkey Quinine " HCI 266 - 560
Mefloquine 14 - 28

P. vivax Aotus monkey Quinine " HCI 518 - 560
Mefloquine 8-14

Absorbtion, distribution, and excretion as a rule means transport through the divers tissues and cells, and first
of all via membranes that form hydrophylic and lipophylic phases in the cell. Lipophylicity is probably the most
important physico-chemical property of the bioactive substances and plays a prominent role in the transport
within the animal biological system. For instance, substances such as No 2, 3, 5, 11, 12 (Table 1), No 19 (Table
2), No 1, 2, 12, 14 (Table 4) bearing flanking substitutes -COOH, —OH, —COR and —COOR possess strong
biological activity for plants, insects and microbes whereas their toxicity for animals is moderately in contrast to
chemicals No 1, 10 (Table 2), which have CHs—groups as flanking substitutes.

The need for massive quantities of foods requires massive production, which is impossible without the use of
pesticides, such as herbicides, fungicides, insecticides, etc. However when, for example, pests are controlled for
long periods of time with the same insecticide, that the formation of new population can occur. This requires
increasing concentration of insecticide for a lethal affect to be seen. To avoid these unwanted consequences of
the action of biologically active substances we propose to alter an application of chemicals having diverse
descriptors and flanking groups.

Peptide biologically active substances are active at very low concentrations (107-10™* M) and its typical
future is that they mimic non-peptide substances, for instance, such as insecticides. Many of biologically active
peptides are toxins for mammals, but some of their are using as drugs (Ovchinnikov, 1987 ).

The analysis of molecular determinants of the peptide toxins is encumbered by their enormous chemical
variety and by the combination of diverse functional-reactive groups.

Structural similarity between a peptide molecule with known properties and another molecule provide a basis
for the prediction of the other molecule’s properties because FRG possess similar reactivity regardless the
molecule bearing them. Such properties of FRG which are based on physico-chemical properties, are useful in
comparison of molecules with dissimilar structure, but similar biological activities. For example such poisons
from fungi as muscason, muscarin and peptide substance a.—amanitin differ in their structures, but they exert
similar physiological effects in vivo because they form similar primary biological active metabolites such as free
radicals which initiate nonenzymatic oxidative chain reactions.

A large number of the small peptides being potentially active agents contain either benzene or phenolic
substitutes, and OH—groups at aliphatic structures. At first sight this may seem to imply that these substituents
are critical to the activity of the peptides. The presence of an active hydrogen atom at nitrogen or carbon atoms
in the ring of peptide structures can be an essential factor determining their biological activity. Nevertheless in
peptide structures such assumption should be studied because in native peptides and proteins, the trans peptide
bond predominates. The hydrogen atom to be easily abstracted from the nitrogen atom do not be shielded by
neighboring substituents that take place when atoms are connected by cis peptide bond. Possible mechanism of
activation and mode of action of peptide substances is presented in Figure 35.
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Another class of toxic agents are substances extracted from frogs and salamandrae (Table 8). They possess
very strong toxicity for mammals because they are resonance systems. Such chemicals are found in Phyllobates
aurotaenia (batrachotoxin), Dendrobates (gistryonikotoxin, pumiliotoxin B and C), Bufo vulgaris (bufotalin)
Salamandra maculosa maculosa (salamandrin).

Many biologically active peptides, for example, apamin (Table 9), neurotoxin from poison of cobra contain
the atoms of a sulfur. Apamin which consists of 18 amino acids with two disulfide bridges is extracted from the
bee venon (Habermann, 1972). Study of the structure/activity relationships of this toxin has shown that two of
18 amino acids in the sequence have particular importance for the action of the toxin, they are Arg—3 and
Arg-14. | believe that amino acid Arg having unsaturated double bond >C = NH can be easily activated by
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R .
2 + R2 3 .
Rl—C—OH —» R|{—C—(0 —>» Theradical —  » R—OH
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R3 R3
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Figure 35. Scheme illustrating the possible roles of OH—groups in the metabolic activation of peptide bioregulators.

addition reactions of endogenous metabolic free radicals. Hence, these unsaturated groups seem to be essential
elements of the active site of apamin. In Table 9 and in next Tables Ala is Alanine, Asn — Asparagine, Asp —
Aspartic acid, Arg — Arginine, Cys — Cystine, GIn — Glutamine, Glu — Glutaminic acid, Gly - Glycine, His —
Histidine, lle — Isoleucine, Leu — Leucine, Lys - Lysine, Orn — Ornithine, Phe — Phenylalanine, Pro — Proline,
Ser — Serine,Thr — Threonine, Trp — Tryptophane, Tyr — Tyrosine, Val — Valine.

Peptide bioregulators having the sulfur atoms can also form free radicals:

(1) By fragmentation
R]—S—S—Rp —» R1S + RpS
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(2) In the reation with the metabolic free radicals
>C—0OH + Rl—S—S—Rp) —» >C=0 + R{SH + RS

Mycotoxins are made by some strains of Fungi. Thus ergometrin and diethylamide are found in Claviceps
purpurea, diacetoxiscirpenol in Fusarium, aflatoxin B, in Aspergillus flavus, a—amanitin in Amanita phalloides,
muscarin in Amanita muscaria, Girometrin in Helvella esculenta (Table 10).

Muscarin listed in Table 10 has quaternary nitrogen atom and | believe that it can exert its biological action
through the olefin formation in accordance to the Hofmann’s rule as was described earlier (Kurchii, 1990;

Kurchii,1991).

Acute oral toxicity LDs, for rats for bis(2-chloroethyl)ether (No 7, Table 11) having 2 FRG is 75 mg/kg b.w.
At the same time such LDs, for uracil mustard (No 13, Table 4) having 5 FRG is 3.55 mg/kg b.w. Hence,
chemicals that can easily form free radicals and are strong resonant structure possess as strong biological
activity as toxicity.

As you can see from the Table 11 chemicals hexachlorobenzene (No 8), benzene (No 9) and
hexachlorocyclohexane (No 32, Table 2) differ as structurally as in the toxicity. Acute oral toxicity LDs, for rats
is 500-700 mg/kg b.w. for hexachlorocyclohexane. This chemical has an active hydrogen atoms.
Hexachlorobenzene has substituents and its acute oral toxicity LDs, for rats is 3500-10000 mg/kg b.w.
whereas in the benzene there is no an active hydrogen atom and substituents and its acute oral toxicity LDs, for
rats is 710-1230 mg/kg b.w. This phenomenon is explained in the Figure 36. The differences in the toxicity of
benzene and hexachlorobenzene can be explained by the presence of substituents in the hexachlorobenzene
which hinder the oxidation reactions and thus its activation.

Connection between the sterical sizes and toxicity of some nitroso chemicals is illustrated in the Table 12.
Thus, N-nitrosodimethylamine which has aliphatic radicals of one carbon atom is 30 fold toxic than N-nitroso-n-
butylamine that has four carbon atoms in aliphatic chain. Toxic effects of chemicals can be also illustrated with
the example of substances No 25, 26 (Table 12) that having small sizes possess strong toxicity for mammals.

Substances having oxygen possess strong biological effects because their free radicals are stabilized by
resonance. Many chemicals that act as neurotransmitter in the nerves and neuromuscular synapses have at least
one atom of oxygen in their structure. Industrial chemical such as 4,4’—diaminodiphenil ether is 2 fold toxic than
benzidine (Table 12). Aflatoxin B; having two double bonds is more toxic than aflatoxin B,. The order of
toxicity of aflatoxins is B; > G; > G, >B,.

The comparison of the toxicity of the diverse neurotransmitters has shown that LSD is the most potent drug
known to act on the CNS (see Table 13).

Summarizing scheme on the primary mechanism of activation and mode of action of diverse agents are
presented in Figure 37.

Hence, these drugs may be transformed in part to species which then can react with various tissues
macromolecules causing tissue damages. In the most cases, damage will take place locally in the membranes of
nerve where the metabolic activation occurs. The most likely target sites are first of all the lipid bilayer portion
and then also proteins of membranes.

As we mentioned above the second large group of biologically active substances is antioxidants. Among
representatives of this group are a—tocopherol, ascorbic acid, several prostaglandins, carotenoids, abscisic acid
(ABA), etc. These substances are produced by living organisms for purposes of defense against oxidative
agents.

I hypothesize that several sterols can act as antioxidants. Sterols are a natural occurring steroids. Cholesterol
is the most important sterol in animals. Possible mechanisms of action of cholesterol as antioxidant are
presented in Figure 38.

Steroid hormones exert a profound influence over immunological responses (Lee and Steinberg, 1987;
Neher, 1984). In animals there are very important 21 carbon steroids that are synthesized in the cortex of the
adrenal gland (Gower, 1974). The mechanisms of activation and mode of action of testosterone (Figure 39), and
pregnenolone, and progesterone (Figure 40) are proposed.

Another substances that possess similar antioxidative action can be a—spinasterol, lanosterol, stigmasterol,
B-sitosterol, and ergosterol. Progesterone to be active as antioxidant should be reduced.

Androsterone is synthesized in the interstitial cells of the testes. Androstenedione is formed in the adrenal
cortex. Testosterone that is synthesized in the interstitial cells stimulates growth of the prostate and seminal
vesicules, and promotes sperm maturation. Possible mechanisms of biotransformation of androsterone are
proposed in Figure 41.
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Table 8. Summary of the important toxic agents derived from toads and salamandrae

No  Structures, Descriptors Typical Acute,
Common name flanking oral
substitutes toxicity
LDso
mg/kg
for rats
1 | _ LDso
-0O- IC— CHp- F— <|3— —CH;, ukg/kg
for
>C=C< mouse:
I
_ $_ H 2
—OH
Batrachotoxin
2 H=2\ > C|: <
L, >~=H -OH
Gistryonikotoxin
3 I I
OH -N-C-CHp-C-0- —CH
H3C.,] T . on o | ’
O NCH >C=C<
CHz OH I
Pumiliotoxin B ~OH
| - CH3
—_ lC_ I_
I - CH3
—OH
Bufotaline
6 CHj
I - CH3
H3C OH -C- F
I
—OH
HN~
Salamandrine
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Table 9. Summary of the important toxic peptides

No  Structures, Descriptors Typical Acute, oral
Common name flanking toxicity
substitutes LDsq
mg/kg for
rats
. ||
gla —Arg— Arg— (liys—Gln—Gln—ITs {ls_s_CHZ_(lj_ll\] — NH,
—-CH
s— Cys— Asn — 3
|y ys— Asn — Cys Lys NHp —OH — COOH
Leu — Ala— Thr — Glu— Pro —Alla > CT c<
—C—H
Apamin I
2 .
Leu — Glu— Cys—His —Asn — GIn— Gln | - NH;
Lys — Tyr — (ljys Gln— Ser — S(ler 0= (|:_ CH= (|:_1|\I —CHs
L| | Pl h | — COOH
S — J—
’ Asn T Pe= 55— cHp—C-N
Trp TLr Cys— Thr — Lys— Thr ! Il
Trp lu Cys— Gly— Cys— Pro >C=C<
| |
Sér ély — Selr / Cys— Cys Lys —(ll—
| | |
Aép \ Asp Arg  Asp Vzlil
His G v Abp—CYs Thr thu ihs
Alrg \ | | | |
Arg Arg—Asp Asn Pro
Glhy Gllu \)al — dly
Thr — Jle— Ille
Neurotoxin from poison of cobra
3 — Iyr —Val— Orn— Leu |
| | O=C—CHy—C—-N
Gln D-Phe ! b
Alsn— D-Phe — Phe — PT'O Ar—CHy—C— I|\I_
—OH
Thyrocydin |
—C—H
I
(CH3)2 II\THZ <|3H(CH3)2 @ =C—CH—N—C— | - CHj
CH O (HX3 O QCH O ") L ~NH,
CH— C-NH- CH= C-NH- Ca—bont-¢n iy
NH va O Lt Dpre ¢=0 |
o= 0 N
C EH Pro Pro HIIC—>
- O=C
IC= OD Phe Leu Orn  Val |

| [
HG-NH-C—CH— NH-C—CH-NH- C- CH

|

CHy O CHp (CH2)3 (CH3)2éH

© CH(CHz)y  NHp

Gramicidin S
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Table 10. Summary of the important toxic agents derived from fungi

No  Structures, Descriptors Typical Acute,
Common name flanking oral
substitutes toxicity
LDs
mg/kg for
rats
1 OFN~N-CH
1 ~ 3 I - CH3
— (|Z= C—CHy— (li—ll\I—
I
~NH >C=
Ergometrine 11:]= NHCK s
& CH,OH |
Diethylamides R=N(GHs)» —$— H
2
>C=C< - CHs
I
Aflatoxin By
3 H3C 0] .-OH >C=C< 0,75 -
: g —C—H
HoC g \O|(|ZCH3 |
OCOCH;3 —OH
Diacetoxiscyrpenol
H
4 Hs o= N— OB
H3C> 1\KﬁZH > C= N— —CHj;
Girometrin o
5 HO,
/ —OH — CH3
+ — >C=CH
Hy? 07 MCHy N (CHg) 3 - CI (> 2)
Muscarin
6 H3C\ , CH(OH)CHxOH
[ i | | _CHs, | 0,0004
II\IH— CH- %— NH- ICH— C—NH- CHp— Ico (|)— IC— NH-C-C-0
cO (@) CHp NH CHj3
L]
d O=f’ll_1}V(>bH CH-CH _ (I:_ H
(l)H N Mt H Cco CHs I
C- CH- NH- CO-CH-NH- E—CHQ— NH —OH
o CHpCONHy
a-Amanitin
7 O—= I
O:/\ N>\N CH NHj -0- IC_ NH- IC: G — COOH

Muscazone
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Table 11. Summary of the important fungicides

No  Structures, Descriptors Typical Effective Acute,
Common name flanking dose (ED) | oral
substitutes kga.i./ha | toxicity
LDso
mg/kg
for rats
1 CCip, _ _c _
RN >C=C< 5'5:8_5
, . rans =
cis 1,3-dichlorpropene 94
CICHy
Sc=( H cis +
v~ Nal
_ trans=
trans1,3-dichlorpropene 57
2 C
(CHgO)2P—0—( _H—CH3 Sp_c - CH, 5000
| cv -
S
Teclophos-methyl
3 PH
1 CH»)r— (¢ — | — CH, 4260
Cl—( )~ (CH)2 ¢~ C(CHy: Ar —CHy— C—O—
CHp |
| —OH
”/ N\N
N
Teboconazole
320
4 O CH
O H | Ar —CHy— |C=O ~CH; | 40-200
CH glt
NCHy” \\ \COOCH:z |
H3C _CHz A
Benalaxyl
5 ¢ a 6750
—OH
C CHy—OH
/
Cl \Cl
Blastine
6 N—N
Ly || ~CH; |650g/t |50.1-
Il\I Ar—CHz—lC—lC— 90.5
Cyq4Hogn
Butrisol
7 _ CHpCHpC1
= 75
\ CHyCH,Cl >C=c<

Bis (2-chloroethyl) ethe

| I

— ?— O—CH»»—C—
|

Hal
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Table 11. Summary of the important fungicides (continued)

No  Structures, Descriptors Typical Effective Acute,
Common name flanking dose (ED) | oral
substitutes kga.i./ha | toxicity
LDso
mg/kg
for rats
8 a
3500 -
Cl]i)/ cl 10000
Cl | >~
Cl
Hexachlorobenzen:
9
710 -
1230
Benzene
(chemical intermediate
10 — CH—
BrCHp (|:H CHClI _ IC_ . 150.370
Br |
1,2-Dibromo-3-chlorpropar
11 CN
Cl _cl —C=N 10000
Cl ~q1
Cl
Chlorothaloni
e
I
)0
/ N
af
L N
Clotrimazole
13 COOH
@ —OH — COOH
NOH
Salicylic acid
14 |
Ar— —N—C— | =
0 CHy CH2= =S CHs
O CHp— N— CHy— C= C—@ >C=CL
Naftifine
-~ OH
i
~OH
Resorcinol
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SUMMARIZNG
ACTIVITY
(TOXICITY) :
Decreasing in the
Inhibition of oxidation/reduction --» formation of free radicals - -»
reactions by substituents of hexachlorobenzene
A
(ljl (|:1
Cl _a "'I.{l Cl_ 3 Weak
Cl | N —d Cl | ~c1
Cl Cl
Hexachlorobenzene
Lo oxidation/reduction reactions -------------------- >
+R _
a5 g
-H
Benzene ¢
- --» oxidation/reduction reactions-------------------- » | Middle
(lil |Cl
Cl _Cl +Ii1 Cl _Cl Strong
LI, S JO -
N el SR g 7 al
Cl Cl
Hexachlorocyclohexane
- --» oxidation/reduction reactions ------------- >

Figure 36. Scheme explaining the differences in the toxicity of hexachlorobenzene, benzene and hexachlorocyclohexane.
Radical substitutions of hexachlorobenzene are more difficult than those of benzene because its has substituents. Abstraction
of a hydrogen atom is easier for hexachlorocyclohexane. Free radical of hexachlorocyclohexane is stabilized by resonance.

In the literature dealing with plants, sterols are known as terpenoids or isoprenoids. These chemicals have the
perhydro—1,2—cyclopentanophenannthrene ring system. All plant tissues have the potential to synthesize
steroids. Several of these substances, notably 31—norlanosterol, avenasterol, sitosterol, and stigmasterol, are
interesting to have function as natural antioxidants. Proposed primary mechanism of 31-norlanosterol action is
presented in Figure 42.

Abscisic acid (ABA) plays an important role in plants especially in the stressful conditions. Schematically
primary mechanism of action of ABA as an antioxidant is shown in Figure 43.
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Table 12. Summary of the important pollutants and chemical intermediates

No  Structures, Descriptors Typical Acute, oral
Common name flanking toxicity
substitutes LDs, mg/kg for
rats
1 OH
o/l SC=c< 325
v —oH
N\
o~ 0
Patulin
2 @‘CH2—O—|<|3—CH3 Ar—CHp—C=0 — CHs 3690
5 |
Benzylacetate
3
—CHj — CHgs; 5000
Toluene
4 0] C=C<¢
I > h — CHs; 230
CHp= CH-CH -0~ C— CHp— CH(CHa)2 c|: -
Allyl isovalerate |
5 Q_ OH - OH 340 - 650
Phenol
6 CHp=CH—C=0
I|{ >C=C< 46
Acrolein
7 CHp=CH— CH)(l C=C¢
, =< 460
Allyl chloride
8 CH3z — (|:= O
H >C=0 640
Acetaldehyde
9 o= |C— CHy— $= O
=C— —C= 606
4 H @) IC CHp | O
Malonaldehyde
10 HyC—CHp
g 200-330
Ethylene oxids
CH—CH:
Styren oxide
12 cigpr 100
Bromometan
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Table 12. Summary of the important pollutants and chemical intermediate (continued)

No  Structures, Descriptors Typical Acute, oral
Common name flanking toxicity
substitutes LDs, mg/kg for
rats
13 — o
¢ CH2—CHy I _ lc_ E 10000 - 12000
C\Hz /CH—NH—lflj“— OH |
CHy—
2— CHp o) — OH
Cyclamates
14 @— CHp— CHp— NH—NHp — CH=NH 210 (m)
Phenelzine
15
Benzidine
16
4,4'-diaminodiphenyl ether
O O
17
>C=C< — CHgs; 16
|
>C=CK - CHs
|
Aflatoxin B,
19 HyC— CH— CH3
Ny ~ CH; 1140
Propylene oxide
=0
20 HZC\—/CH— SNGS 230
Glycidaldehyde
21 CH
o=N—N 3 —N— _
NI CHy O=N CHs 40
N-Nitrosodimethylamir
22 CHp—CHj3
0=N—NL — N _
~ CHy—CHs O=N CH, 280

N-Nitrosodiethylamin
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Table 12. Summary of the important pollutants and chemical intermediate (continued)

No  Structures,
Common name

Descriptors Typical
flanking
substitutes

Acute, oral
toxicity

LDs, mg/kg for
rats

23 O=N—N < CHy —CHp— CHj3
CHy—CHy—CHj3

N-Nitrosodi#n-propylamine

O=—N— - CH3

480

24

O=N_NZ CHp —CHp— CHp— CH3

™ CHp— CHp— CHp— CHj

N-Nitrosodi#-butylamine

O=N— ~CH,

1200

D) CH
5 | 2>NH

CHp
Aziridine

15

26 CHp— CH—CHjs
A
NH
2-Methylazaridine

19

27  CH _CH
éHz/ ~ P/ X/ CEZ
CHS N7 ’
CHp N Va
CHp D
| >N SN
CHp CHp

Apholate

CHp

113

28 CHj3
Z> N
ASNZ ‘\NHQ
Il—I CHj
Tryptophan Py

Ar —NH— Ar ~NH;,
— CH;

100

29 CHr=CH

|C= CHp
Cl

2-Chlorobutadiene 1-

>C=CKL

251

Table 13. Approximate minimal doses of some drugs of abuse (Bradley, 1989)

Drug Route Dose (u1g) for mouses
Ethyl alcohol oral 7 000 000 — 20 000 000
Cocaine subcutaneous 80 000 — 3000 000
Mescaline oral 10 000 —20 000
Morphine subcutaneous 5000 — 10 000
Atropine subcutaneous 3000 - 10000
LSD oral 30-50
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Figure 37. Summarizing diagram explaining activation and primary mechanism of action of diverse chemicals.
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Figure 38. Proposed mechanisms for antioxidative action of cholesterol.
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Figure 39. Hypothetical scheme for the activation and mode of action of testosterone.

+2e7+2H"
—_—

+2R
o "—orH  HO
Progesterone (Potential antioxidant)
+R ¢ -RH 1 L
o =0
N
G HO
R Pregnenolone

(Oxidant)

Figure 40. Proposed pathways for the biotransformation of pregnenolone and progesterone.
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Figure 41. Proposed pathways for the biotransformation of diverse glucocorticoids. Potential antioxidants are
androsterone, dehydroepiandrosterone, and testosterone, while 4—androstenedione can act as oxidative agent.
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Figure 42. Proposed antioxidative mechanisms of 31—norlanosterol action. Formed free radicals of 31—norlanosterol are
non-active because their free radical centers are hindered by substituents.
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Figure 43. Possible molecular derivatives and antioxidative mechanism of action of ABA.

It should be pointed out that such very known class of bioregulators as prostaglandins is formed from
arachidonic acid. Possible primary mechanism of prostaglandin action is presented in Figure 44.

It is very well known about existing such phenomenon as drug dependence, especially, for analgesic drugs. It
is defined as: “A state, psychic and sometimes also physical, resulting from the interaction between a living
organism and a drug, characterized by behavioural and other responses that always include a compulsion to take
the drug on a continuos or periodic bases in order to experience its psychic effects, and sometimes to avoid the
discomfort of its absence. Tolerance may or not be present. A person may be dependent on more than one drug”
(WHO, 1993).
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Figure 44. Possible molecular derivatives and antioxidative mechanism of action of prostaglandin PGF,,.

Theoretically should be possibility to use antioxidants not only to prevent several pathological processes by
scavenging uncontrolled free radical reactions but also to treat the drug (narcotic) dependence. These substances
in free radical state by initiating oxidative reactions stimulate production of endogenous antioxidants.
Antioxidants in enormous quantity can inhibit several oxidation/reduction reactions and activity of enzymes and
hence lead to several pathological changes. Introduction of exogenous antioxidants in animal organisms will
decrease the production of endogenous antioxidants. Thus balance between the oxidative and antioxidative
substances could be restored. These events are presented in Figure 45.
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Figure 45. Hypothetical pathways for mode of action of narcotic substances and prevention of narcotic dependence in
animals. Pathological changes in the cells caused by free radical oxidation are different of those caused by antioxidants.

Hence, the result presented here may suggest that antioxidants located in cytosol or, as well as those located
in membraneous lipids, can act as potential antistress factors by interrupting free radical chain reactions
initiated by stress.

In summary, looking at the data presented in this article from the perspective of scientists interested in
structure-activity relationships one can say that the availability of reliable data had made possible the application
of our approaches to the understanding of toxicity phenomena and had even permitted the prediction of the
biological activity of yet untested chemicals. Also the information provided in this report of the dependence
existing between the structure of a certain substance and its biological activity may be used in the designing of
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new compounds which possess biological activity and in predicting the toxicity of industrial and environmental
chemicals.

From this survey it is possible to formulate the main general principles for identification and designing of
biologically active substances.

GENERAL CONCLUSIONS

1. The primary role of described Descriptors in the designing of novel bioregulators is to detect leads without
performing experiments.

2. Using of Descriptors having an active hydrogen at a nitrogen atom (—NH-) can be preferable in the
designing of novel bioregulators with desirable prompt biological effects. In order to achieve prolonged and
more strong biological effects using of Descriptors having an active hydrogen at carbon atoms (>CH-) could
be more suitable.

3. Chemicals having non-aromatic non-substituted cyclic structures possess strong biological activity.

4. Substances bearing flanking substitutes such as —COOH, —OH, —COR and —COOR possess strong
biological activity for plants and microbes whereas their toxicity for mammals is moderate or slight.

5. Chemicals having Descriptors which is formed by P and S atoms possess as very strong toxicity as
biological activity.

6. Chemicals having Descriptors which is not formed by P and S atoms possess very/or strong biological
activity, its toxicity is only moderate.

7. Only substituents which have small sizes in a—position to active hydrogen atom are suitable for their

introduction to a basic formula to receive the bioregulators with potent strong biological activity.

Bridgehead olefins which can form long—lived bridged free radicals in vivo possess analgesic activity.

In order to design potent bioregulators with strong biological effects it is needed to introduce to their

formulae cis isomers.

10. Selection of Descriptors and flanking groups is the main conditions that must be carry out in the designing
of novel bioregulators.

11. Chemicals whose free radicals are stabilized by resonance possess strong toxicity for mammals.

12. Conjugation of chemicals having NH,—groups as flanking substitutes with cellular biopolymers can be the
main cause of their low toxicity.

13. Chemicals having lipophylic CHs—groups as flanking substitutes possess strong toxicity to mammals.

14. Chemicals having an oxygen in the ring of a molecule possess strong biological activity.

15. Substances that can form in vivo more than one free radical center simultaneously possess strong biological
(analgesic) activity.

16. Factors which stabilize free radicals increase biological activity of bioregulators.

© ©
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Lipids as Possible Source of Stress Ethylene Formation and its
Mode of Action

B. A. Kurchii

Institute of Plant Physiology and Genetics, Vasylkivska 31/17, 252022 Kiev, Ukraine

Some chemicals such as metal ions (Fe3+, Hg2+, Cu2+), ozone, trichloroacetic acid, iodoacetic acid, NaClOs;,
ammoniun thiocyanate, salicylic acid, herbicides, insecticides, and endogenous plant growth regulators
including ABA interact with endogenous substances to form ethylene. Also physical factors such as
temperature, drought, flooding change ethylene production. Ethylene which evolution from tissues is
accelerated by stressful conditions was named as “stress ethylene”.

We have studied the ethylene evolution from tissues of apples, winter wheat and winter rye, onion, and pea
seedlings (etiolated and greening seedlings were used). All seeds were germinated in a termostated box (25° C,
75% relative humidity). The plants were treated by following agents: diquat, tordon, indolylacetic acid,
glyphosate, metaphos, and ampicillin in the concentrations from 0,05% to 1%. Germinated plants were used to
detect lipid peroxidation (LPO) by thiobarbiturate method and the malonedialdehyde thiobarbiturate adduct
(MDA) spectrophotometrycally. Individual lipids were identified by TLC and their identities further was
confirmed by specific spray reagents. The fatty methyl ester composition and ethylene were analyzed by
GLC-GC.

We have found that these agents increased ethylene evolution from tissues, and it quantity differs
tremendously for diverse plants. Increasing in ethylene evolution was accompanied by decreasing in the
endogenous levels of such lipids as phosphatidylcholine, phosphatidylserine, phosphatidylethanolamine. Fatty
acid composition of the total lipid pool also shows that these chemicals caused a relative decrease in
linolenic (18:3) and linoleic (18:2) acids and corresponding increase in palmitic (16:0) and oleic (18:1) acids.
The MDA content, an indicator of the state of LPO, increased under chemical stress conditions.

We still do not known how the formation of ethylene in the chemical stress occurs. Nevertheless taking
into account our earlier data that ethylene is easily formed from quaternary ammonium salts in the
Hofmann’s splitting reaction from choline and 2-chloroethylthrymethylammonium chloride (CCC) [I1, 3] we
postulate that it could be formed after the decaying of phosphathydylcholine and phosphatidylsphyngomyeline
(which was not tested in this study):

0
I(I) CHjp —o-l(lj—R
Rj—C—0—CH 0
(|3H2 —O—|I:>—o— CH)CH) §(CH3)3
-

Phosphathydylcholine
CHp= CH»
CH3(CHp)12— cH=CH—CHp —OH
R—NH—CH 0

| | +
CHy —0— Il’ —O— CH»CH)N(CH3)3

0]
Sphingomyelin

" Published in: Kurchii B. A. (1998) Lipids as possible source of stress ethylene formation and its mode of
action. In Proceeding of the International Conference on Plant Ontogenesis in Natural and Transformed
Environments, July 1-4, 1998, Lviv, Ukraine, pp. 264—266.
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According to current knowledge ethylene itself is not reactive agents but it can be activated in vivo by
many ways. The oxidative activation of ethylene in vivo is enzymecatalysed process. Under stressful
conditions as we believe the oxidation of ethylene is presumably nonenzyme process [1, 2]:

. +
H)C=CHp + HO»p [o], HyO2 , OH —» HyC= CHp
\o/
Ethylene oxide

The mechanism of stress ethylene action is not known in details. Earlier we have reported that ethylene
exerts its action, first of all, through the initiation free radical oxidation of fatty lipids [ 2 ]. In general
possible pathways of ethylene transformation into free radical state [ 2 ], i.e. its activation may be
following:

CHyp=CHy + R —» CHp— CHpR

Where R may be presented by PhCHCMeO, ROO, OH, ROOH, R.O (RdO) and also other free radic:
It is necessary to point out that opening of ethylene oxide ring also yields free radicals of ethylene.

Of key importance of the study of such reactions in an understanding of the primary interaction between
the free radical of ethylene and unsaturated fatty acids of membraneous lipids. If free radical chain
reactions are initiated in vivo in amounts sufficient to overcome the normally efficient defense systems
metabolic and cellular disturbances will occur. Major early perturbations produced to cell substances by
exposure to free radicals include covalent binding, cellular biopolymer oxidation, and LPO. Products of LPO,
include numerous primary peroxides have been shown to promote tissue damage. Formed free radicals may
also damage cell membranes: (1) by covalent binding to membraneous components thereby changing
structure and membraneous function; (2) by oxidation or covalent binding to membraneous enzymes; (3) by
disturbance of transport processes through thiol-group oxidation and influence of the products of peroxidation
on membraneous fluidity, cross-linking; (4) by changes in lipid/protein ration.

Nothing is known about the physiological function of “stress ethylene”. Nevertheless some speculations
can be point out: (1) invivo formation of “stress ethylene” is a consequence of oxidative stress, i.e., it is
nonenzymatic process initiated either by growth regulators (xenobiotics) or by many physical factors which
disturb membrane functions leading to unnecessary free radical formation; (2) ethylene having small size can
quickly penetrates through the cytoplasm and thus after the activation inhibits the important living
biochemical reactions to avoid “undesirable” syntheses, i.e., it is signaling factor (a primary transduction
signal) about the danger for cells.

In any case increasing in ethylene production leads to the activation of endogenous defense antioxidative
and repair systems. The ability of any cell to protect itself against these various active species can be crucial in
determining their relative susceptibility to oxidative stress. Among natural antioxidant abscisic acid also
called as “stress plant growth regulator” appear to be effective scavenger of free radicals [1-3].

We can draw some general conclusion from these data: (1) The decrease in the phospholipids content of
the studied plants indicates that phospholipids are the targets of chemical stress; (2) Under chemical oxidative
stress conditions the phospholipids can serve as precursor of “stress ethylene”.

1. Kurchii BA, Koydan GN (1985) Khimiya i Zhizn (Chemistry and Life, Moscow) 2: 36-39

2. Kurchii BA (1990) Fisiologia i Biokhimiya Kulturnykh Rastenii (Physiology and Biochemistry of Cultivated
Plants, Kiev) 22: 445-454

3. Kurchii BA (1991) Fisiologia i Biokhimiya Kulturnykh Rastenii (Physiology and Biochemistry of Cultivated
Plants, Kiev) 23: 17-23
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Theoretical Investigation of Relationships Between the Chemical
Structure of Some Blue—Green Algae Metabolites and their
Biological Activity

B. A. Kurchii', P. D. Klochenko®

'Institute of Plant Physiology and Genetics, Vasylkivska 31/17, 252022 Kiev, Ukraine
“Institute of Hydrobiology, Geroyev Stalingrada 12, 254210 Kiev, Ukraine

Many genera of blue—green algae produce toxic substances. The mechanism by which blue—green algae toxins
exert their biological effects are largely unknown. The scope of our research was to introduce the functional-
reactive groups (FRG) in toxicity of some blue—-green algae metabolites. These FRG appear to be very
promising in toxicological evaluations because they allow to compare at least two molecules of any kind, one of
them possesses in known toxicity. The causes of different biological activity of blue-green algae metabolites are
proposed

Key words: blue—green algae, functional-reactive groups, structure-activity relationships, toxins

Although there are presently more highly effective toxic agents that can be produced by many living organisms,
toxins from such microorganisms as blue—green algae (cyanobacteria) have very big scientific and practical
interests. The study of their effects on the aquatic ecosystems and some wild and domestic animals has been the
subject of numerous research (Codd, 1995; Carmichael, 1997). The toxic agents produced by different strains
of blue-green algae usually are divided into two big classes which are termed: neurotoxins and hepatotoxins.

Among neurotoxins four substances have been explored in detail, for instance, such as anatoxin—a,
anatoxin—a(s), saxitoxin and neosaxitoxin (Carmichael, 1992). Anatoxin—a is mostly distributed in blue-green
algae and it has been derived from Anabaena flos-aquae, A. spiroides, A. circinalis, Oscillatoria and
Aphanizomenon flos-aquae (Sivonen et al., 1989). Methylene homologue of anatoxin-a called homoanatoxin-a
is produced by Oscillatoria rubescens (Skulberg et.al., 1992), saxitoxin and neosaxitoxin were found in
Aphanizomenon flos-aquae (Mahmood, Carmichael, 1986). The most of well-known toxic effect of the
anatoxin—a is similar to organophosphorus pesticides, e. g., changes in the activity of acetylcholinesterase which
is responsible for the hydrolysis of acetylcholine (Carmichael, 1994). Acetylcholine acts as a neurotransmitter
of the endings of postganglionic parasympathetic nerve fibers. The blue-green algae toxins showed
predominantly central nervous system depression and ataxy in various animals. The major sites of action of
toxic substances derived from blue-green algae include: respiration, metabolism of carbohydrates, proteins,
nucleic acids, and lipids (Kirpenko et al, 1977).

Hepatotoxins such as, for instance, microcystins (monocyclic heptapeptides) are produced by species within
the genera of Microcystis, Anabaena, Nodularia, Oscillatoria and Nostoc (Carmichael, 1992). Nodularins
(monocyclic pentapeptides) are produced by Nodularia spumigena (Rinehart et al., 1988).

The most of natural biologically active substances that possess strong toxic effects have extremely complex
structure, making their identification a daunting task. To accomplish this goal many new methods were
introduced in the research process last decade: high performance liquid chromatography (Harada et al., 1989),
thin layer chromatography (Ojanpera et al., 1991), gas chromatography-mass spectrometry (Himberg, 1989).

The major improvements will come through the use of such new technologies as combinatorial chemistry,
robotic high-throughput screening, crystallography, computer graphics, antisense oligonucleotides (Petsko,
1996). Screening of large numbers of substances, derived from natural products and inhouse catalogue of
previously received compounds has long been a mainstay of identification of biologically active substances.
High-throughput screening is largely used to select substances for further biological testing. Now is possible to
use the computer programs to analyze molecules and their associated biological activity on the base of structural
fragments identified preliminary (Hogan, 1996; Kurchii, 1993; Kurchii, 1996).

" Published in: Kurchii B. A., Klochenko P. D. (1998) Theoretical investigation of relationships between the
chemical structure of some blue-green algae metabolites and their biological activity. Algologia (Kiev) 8:
368-377.
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Thus, there is an increasing problem of toxicological evaluation of new compounds because traditional methods
of analysis of such data are cumbersome and slow. Although the last decade has led to considerable advances in
our understanding of the way in which toxins exert their noxious effects it would be wrong to suggest that there
is any complete understanding of the mechanism of action of any given toxin.

The aim of this paper was to study which of functional-reactive groups (FRG) are responsible for the
biological activity of diverse blue-green algae toxins.

We have investigated in the previous publications the relationships between the structure of known
substances and their biological activity (Kurchii and Koydan, 1985a, b; Kurchii, 1993; Kurchii, 1996a, b). In
the base of our method is the assumption that all compounds possess the biological activity in the case if they
can be easy transformed into free radical state in vivo and thus to initiate nonenzymatic free radical chain
reactions first of all in the membrane structures and then in the cytoplasm. This is possible for chemicals having
an active hydrogen atom in the separate fragments of the molecule termed as functional reactive groups (FRG),
i. e., descriptors or unsaturated groups (Kurchii and Koydan, 1985a, b; Kurchii, 1993; Kurchii, 1996a, b).

Such descriptors have bilaterally an electron-attracting group (EAG) containing 6— and n—bonds:

EAG— CH—EAG, EAG —NH—EAG

Similar EAG can also be formed by a triple bond, and bonds between P, O, S, N, halogen and Aryl (Ar).

Molecules in the free radical state can react very energetically and mainly nonspecifically to remove an
electron, typically in the form of a hydrogen atom, from adjacent molecules (Heyes, 1960; Ingold, 1969; Kice
and Marvell, 1974). The formation of the free radical in the unsaturated fatty acids may be presented by the
following mechanism:

R1—CH=CH— CHy— CH= CH— Ry + R —>» R1—CH= CH- C.H— CH=CH—-Ry» + RH
A similar mechanism may be described for substances having NH-group:
R1—CH=CH—NH—-CH=CH—-Rp + R —> R1—CH= CH—N- CH= CH- R» + RH

Another FRG that determine biological activity of any substance are following (Kurchii, 1993; Kurchii, 1996a,
b):

(1) Chemicals having double or triple bonds
>C=C, —C=C—, >C=N—, —C=N, >C=0, —N=N—

Such substances can be activated in vivo by addition to their structure of endogenous metabolic free radicals
or through the formation of epoxides (Kurchii, 1990; Kurchii, 1993; Kurchii, 1996a). Breaking of epoxide
bond can yield free radicals.

(2) The HO-groups which are presented in many natural chemicals. Substances having such groups can act
either as antioxidants (when hydrogen from HO—groups is used to quench the free radical in the cytoplasm)
or as oxidants (in the case when hydrogen in OH—groups is abstracted).

The mechanism whereby the chemicals or xenobiotics are activated can be presented in accordance to the
following scheme (Kurchii and Koydan, 1985a, b; Kurchii, 1993; Kurchii, 1996a):

+R1

| > RHR;

RH e s . .
Non-active Initiation of free radical chain
biorequlator € (€ ) s » | reactions of oxidation of lipids and

other cellular substances

I > RH + R
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The oxidation reactions in the cell are chain reactions and can be prolonged by oxygen. As result of such
reactions is the formation of free radicals. These radicals can be initiators of oxidation of lipids and other
cellular biopolymers.

Lipid peroxidation (LPO) seem to be a common consequence of the nonenzymatic free radical-mediated
reactions that can occur in vivo after biotransformation of substances derived from blue-green algae. LPO is a
free radical-mediated process that results in the degradation of unsaturated fatty acids to complex variety of
products (Pryor, 1976). LPO is frequently associated with pathobiological conditions caused by the biological
membrane structure alteration (Tribble et al., 1987). Hence, we think that the free radical formation and LPO to
be an important mechanism in the toxicity of toxins from blue-green algae.

The acute toxicity data used in our study (Table 1) were from works Rinehart et al. (1994) and Carmichael
(1992).

In the last decade much progress has been made in the chemistry of toxins such as microcystins and
nodularins. The structure of some toxic substances found in cyanobacteria are presented in Table 2.

We can generally assume that homologous region in different peptides are functional reactive groups. For
example, the activity of numerous microcystins and nodularins is known to depend first of all on the presence
of common fragment termed as Adda (3—amino—9—methoxy-2,6,8—trimethyl—10—phenildeca—4,6—dienoic acid)
(Namikoshi et al.,1989; Rinehart et al.,1988).

Table 1 and 2 show the correlation between the chemical structure and the toxicity of presented chemicals.
These data strongly agree with our theoretical prediction of biological activity using descriptors having an
active hydrogen atom (Kurchii and Koydan, 1985b; Kurchii, 1993; Kurchii, 1996a). Essential future of these
toxins is that they have a few descriptors either with an active hydrogen atom or unsaturated function.

Microcystins (Figure 1) listed in Table 1 differ in their amino acid combinations. More essential feature of
amino acid presented in microcystins is the presence of benzene or phenol rings.

COOH R2 4
H3Q k JD wCli N
2
i 19 NH X

6 Rq

H3C "H CHj Y/ Nn
X

T Soon

Figure 1. Chemical structure of microcystins.

Table 1. Intraperitoneal toxicity of some important toxins (Rinehart et al., 1994; Carmichael, 1992)

Structures, Lethal i. p. dose LDs, pg/kg

Common name for rat or mouse injections
Nodularin 50
[(6Z)-Adda’]nodularin > 2000
[D-Asp'nodularin 75
[D-Glu-OCH;*nodularin dihydronodularin >1200
Anatoxin-a 200
Anatoxin-a (s) 20
Microcystin-LA 50
Microcystin-LR 50
Microcystin-YR 70
[L-MeLan]microcystin-LR 1000
[(6Z)-Adda’]microcystin-LR (stereoisomer of Adda at the A® double bond > 1200
Microcystin-M (O)R (methionine-S-oxide) 700-800
Microcystin-RR 600
[D-Asp'microcystin-RR 250
Microcystin-FR 250
Microcystin-WR 150-200
[D-Glu-OC,H;(CH;)OH ]microcystin-LR >1000
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Apart from these data we believe that the biological activity of microcystins and nodularins are determined
by the presence: (1) active hydrogen atoms located at the Cg and Cy positions and (2) two unsaturated double
bonds in the Adda. Moreover these atoms should be located over the plain of structure because the strong
decreasing in the toxicity of such substances was observed in the case when the hydrogen atom at Cy is situated
under the plain of this structure (Harada et al., 1990a,b).

Another FRG such as >C=NH is less active than Adda radical because amino acids bearing them in the free
radical state are not stabilized by resonance. Free radicals of cyclic peptides are stabilized by resonance and
hence they possess strong biological activity. Moreover the biological activity of cyclic peptides can be
considerably decreased: (1) by bulky substituents which hinder the free radical center, and (2) by conjugation
with cellular substances or (3) by low translocation through the cellular matrix. So the substances bearing such
substituents as NH,—groups can easily combine to the cellular biopolymers yielding possibly active structures
which can not reach and oxide essential molecules of the cell. By conjugation processes we can explain the low
toxicity ~of such agents as [D-Glu—OCH;'|nodularin  dihydronodularin ~ and  [D-Glu-
OC,H;(CH3)OH®Jmicrocystin—LR. Moreover the latest substances bear bulky groups which also can decrease
their translocation in the cell and penetration through the membrane matrix.

It has been found that the radical Adda is the key structural component for biological activity (Namikoshi et
al., 1989; Rinehart et al., 1988). There are no significant differences seen in the conformation of the structure of
microcystin (A) and (B) with the exception of hydrogen atom position at Cg and C, (Figure 2).

A
H
H H
H| H
' 1 mu _H \é/
<—=>—(C—-C—C—C=C—C=cC
B - C/ H/M
O HC-H '3 Y ————X
Lk
H—F—H
H
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i

H H-C—H H H H
<—>—(C—-C—C—C=C—C=C
- : : C/ H/Y<L/Wv>
O H 3 Y ———X
|
H—|C—H

H

Figure 2. Chemical structure of biologically non-active and active microcystins. A — structure that possesses high toxicity:
the approach any free radicals to double bond at C; and C4 are not hindered; B — low toxic structure of microcystins: the
approach any free radicals to double bonds between the C4 and C;, and C4 and Cs are hindered by methyl groups situated at
Cyg and C,.
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Table 2. Summary of the important toxic agents derived from blue-green algae

Structures, Descriptors Typical
Common name flanking
substitutes
H2N\] _O
Cl) [ —NH,
NH _1|\I— |—|C—NH—C=N—
R S=NH
—OH

OH -
\_/ - >C=NH

R =H in Saxitoxin
R =OH in Neosaxitoxin

I I
NM CNH—C— (— N—
WA N ENHC-EoN | o
N
™~ I I
O p OMe —N—C—CHp—N-C—
Il ~OH [ (.
O
Anatoxin-a(s)
Ox. I [
—CH3 —N-C— CHy— C—C=
-C-C= —-CH
NH T T i
>C=CL
|
Anatoxin-a
| COOH lCHs
BESPAN N. CH3 - NH,
\\QCH3 “ Il\I I N—" >C=c< - COOH
H o—/_
H] INH N tu
H3C CHs J }ll CH3 NH —l
N
o A COOH >C= NH
Il\IH
7\
HNZ “NH»
Nodularin
I I
NH — (I:_ ll\T— CHp— (I:_ O— | -NH,
/:NH [
NH — ICH
// YOH >C=NH
H 0SOs3 _OH

Gonyautoxin 3

Proposed mechanism of activation and mode of action of microcystins or/and nodularins are presented in

Figure 3.
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Active structures (free radicals of Adda)
Figure 3. Proposed free radical mechanism of activation of Adda substitute at blue-green algae toxins.

Next step can be following. The free radical center can migrate to Cg or Cy carbon atoms, i.e., free radical of
Adda is stabilized by resonance. The benzene ring can be also activated by addition reaction of free radicals.

The second factor which operates is sterical effects. The reactivity of a radical depends on the interaction of
an unpaired spin with the neighboring atoms carrying a radical site as well on the sterical shielding of the
semioccupied orbital. Radicals, which have minimum inner interactions of unpaired electrons and neighboring
atoms of which do not hinder the approach of the reactant to the semioccupied orbital, will be reactive (Ingold,
1969; Lazar et al., 1989).

The substituent at Cg is also important to toxicity of microorganisms (Carmichael, 1992). We believe that in
this case the methyl group can hinder neither the approach of an endogenous free radical to the hydrogen atom
to abstract it or the approach a free radical center of Cg or Cy to cellular biopolymers to oxide them and thus
initiate free radical chain reactions in the cellular matrix. Also CH;—group can shield and preserve the addition
reaction of endogenous free radicals to the double bond, i. e., for reaction to occur, the reactants must approach
each other to enhance the coupling of their electronic orbital (Figure 4).

H H R H Rq
TR I 1 . H ny H— - —H_-H g
<—>_-C-C—C—C—C—C=C = < =>_C-C—C—C=C—C=C
™ & %t “HcHz ! & % “H™CcH; |
|o H-C—H R (l) H-C—H R
H—C—H H—C—H
I (ha) i (h.a.)
H R
H H Rq ' 1
H_H H
@P—VC—C—C—CZC\—C\—{ = <= ¢ C\_H\CISI:_V
s = THwen c 3
O H-C—H 3 R (|3 H—E—H R
by b H—C—H
H—C—H |
& (La) f (ha)

Figure 4. Sterical effects of Adda substitutes which modulate biological activity of blue-green algae toxins. h. a. — high
activity, 1. a. — low or middle activity.
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Hence, chemicals in the free radical state can be regarded as biologically active conformation:

Microcystin - + Ry —p Microcystin— Rq —>» BIOLOGICAL

EFFECTS
( The free radical of microcystin,

biolgically active conformation)

Many toxic substances have NH,—groups as flanking radicals. Free radicals of these substances can be
generated in vivo by both one and/or two electrons oxidation.

R—NHy —g=—7> R—NH
’ o+
R—NH» W R—NH

Thus, when the free radical center is not hindered by neighboring substitutes such chemicals will be active
and can initiate, first of all, the oxidation of polyunsaturated fatty acids of the cellular membranes.

Active cyclic analogues of peptide toxins can be also obtained by introduction benzene rings or unsaturated
functions. In this case the free radicals of cyclic analogues of peptide toxins are stabilized by resonance.

The relationships of the chemical structure to the toxicity with the nodularin and [(6Z)—-Adda’*]nodularin
were shown by Rinehart et al. (1994). Thus, the lethal intraperitoneal dose LDs, pg/kg body weight for rat or
mouse injections of microcystin—LA is 50 pg/kg whereas of [(6Z)-Adda’]microcystin—LR (stereoisomer of
Adda at the A® double bond) is 1200 pg/kg (Rinehart et al., 1994).

In relation to this phenomenon the following conclusion can be drawn. As you can see from Figure 1
biologically active structures of microcystins have the methyl group at the position 6 which is situated in the
plain of the structure, whereas the methyl group at Cg is situated under the plain of the structure. In the [(6Z)
—Adda’|microcystin-LR ( the stereoisomer of Adda) the methyl group at the Cj is situated over the plain of the
structure. In this case the methyl group hinders an approach of metabolic free radicals to the double bond
between the C4 and C; and hence prevents their addition to the unsaturated bond. Consequently the activation
of microcystins having the [(6Z) —Adda’]microcystin—LR does not occur (Figure 5).

H
H-E\_H H
o  H-t-m o LH L
H— — ~
<=_c-Cc—¢~ c=c =L

[(6Z)-Add2 ]

Figure 5. Structure of [(6Z)—Adda’]. Bulking substituents at C, and Cg hinder the approach of any free radicals to the
double bonds. The abstraction of H from Cy can be blocked by a phenyl ring.

From the above, it is obvious that the toxicological evaluation of this class of compounds is complex task.
Nevertheless our investigation showed that it is possible to perform the SAR study to the preliminary
evaluation the toxicity of new biologically active substances derived from blue-green algae. Integrated
biological and chemical approaches allow to identify active entities among extracted chemicals. Our approaches
are not the recipe for a toxicology but they can offer immediate information about biological activity of any
compound. The present study was performed first of all in order to gain better insight into the possible role of
FRG in the toxicity of some compounds produced by blue-green algae. Our approaches on the SAR analysis
can be used in at least three respects: (1) Identification of potentially active cyclic analogues among peptides
which have not been bioassayed; (2) Preliminary evaluation the toxicity of novel substances received from
blue—green algae, and (3) Selection of compounds which have not been studied to test as potential biologically
active agents.
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SAKVIIOYEHUSA U ITEPCIIEKTUBbI

Buonornyeckue MeMOpaHbl KOHTPOJIMPYIOT MHOTHE (PU3MOIOTHYECKHE POLIECCHI, TAKHNE KaK MEXKIIETOYHbIE
B3aUMOJEHCTBUS, AeneHue, pocT U auddepeHumanmio xietok. OT (GU3MOIOTHYECKOTO COCTOSHUS MeMOpaH
3aBUCHT (YHKIIMOHUPOBAHWE W IATOJOTHS KIETOK, TKaHEH, LEJIOCTHOTO opraHu3Ma. B Hacrosmiee Bpems
0O0IIenpU3HAHO, YTO PEryJIITOPHBIE CBOWCTBa MEMOpPAH OINPENEIISIFOTCS UMK I-0SIKOBBIMU B3aUMOIECHCTBUSMHU
B camoil MeMOpaHe. B MeOpaHHBIX CTPYKTYpax KJIETOK JIMIMIBI YIACTBYIOT B I€peaade BHYTPUKIECTOYHBIX H
TPaHCMEMOpPAHHBIX CUTHAJIOB, B PEryJMPOBAaHWM AaKTUBHOCTH ()EPMEHTOB, B TPAHCIIOPTE HOHOB U BOJBI
PerynsropHoe BimsHHE OHONOTHYECKHX MEMOpaH OCYIIECTBISETCS, TIABHBIM O0pa3oM, ABYMs MIyTsaMmu: 1)
peTyIupoBaHUEM IPOHMIIAEMOCTH MEMOpaH AJIs BOABI M META0OJHTOB M 2) PEryJMpOBaHHEM aKTHBHOCTH
MeMOpaHOCBs3aHHBIX (pepmeHToB. [lo3ToMy m3MeHEHHE QHU3MKO-XUMHUYECKUX CBOHCTB MeMOpaH MOXKET
OKa3bIBaTh CYIIECTBEHHOE BIMSHUE HA OMOXMMHYECKHE MPOLIECCHI, IPEXkKIE BCETO B CAMUX MeMOpaHax, a 3aTeM
1 Ha (QYHKIIMOHUPOBAHUE KIIETKHU KaK IIEJIOCTHON CTPYKTYPHI.

U3meneHne (GU3MKO-XMMUYECKHUX CBOMCTB MeMOpaH MOXET NpPOUCXOJUTh IO BO3/EHCTBHEM Kak
XMMHUYECKHX (OKHCIUTENIN WIA BOCCTAHOBUTENH), TaK U (U3MYECKUX (pa3jMyHble BUIbI NOJNEH M U3ITy4YEHHN)
¢axTopoB. OOBIYHO B KJIETKE OKHCIHMTEIHbHO-BOCCTAHOBHTEJIFHBIE PEaKIMU Kak (EPMEHTATUBHO, TaK U C
y4acTHEeM pa3lUYHBIX HU3KOMOJICKYJSIPHBIX BEIIECTB, HAaXOJUTCS B JMHAMHUYECKOM paBHOBecuH. PaBHOBecue
MEXIY OKHUCIUTEISIMU M BOCCTAHOBUTEIISIMH, KOTOPOE HE OIPEAEISIeTCS KaK SKBUMOJIIPHOE COOTHOIIEHHE ATHX
MIPOTHBOIIOIO)KHOTO JEHCTBUS BEIIECTB, M ONIpEnessieT (PU3MOIOrMYecKOoe COCTOSHHE KIETKH. M3MeHeHue
mo00H W3 3THX TPyNH B CTOPOHY YMEHBIIEHWS WIM YBEJIWYEHHS BEIET K H3MECHEHHIO OKHCIUTEIBHO-
BOCCTQHOBHUTENBHBIX PEAaKLUUH, K HApyLIIEHHIO YCTAHOBHBIIETOCS (DYHKIMOHAJIBHOTO COCTOSIHUS KIIETKH,
W3BECTHOT'O I10]] HA3BaHUEM MATOJIOTHSL.

[lepexucHoOe OKUCIICHNE JTUMUI0B IIPOUCXOAUT MOCTOSTHHO B HOPME U KOHTPOJIHUPYETCs Kak (hepMEHTATHUBHO,
TaK ¥ C IOMOUIBIO PA3JIMYHBIX HU3KOMOJIEKYJISIPHBIX BellecTB. [Ipu 3ToM 0Ka3ayock, YTO Kak pe3Kasi akTHBALUsI
CBO60[[HOpa)II/IKaHI)HI)IX IMpoUECCOB, TaK U UX PEIKOC I/IHFI/I6I/Ip0BaHI/Ie BEAYT K UBMCHCHUIO (l)l/lSI/lOJ'IOFl/I'-IeCKOFO
COCTOSAAHHA KJICTOK KaK Yy paCTeHHﬁ, TaK U Yy KHUBOTHBIX. HHHTCJ’ILH&H aKTHuBal s CBO6OZ[HOpaJII/IKaJ'H)HOFO
OKHCJIEHHs], KaK MPaBUIIO, BEIET K HEOOPATHMBIM IIaTOJIOTHYECKUM ITPOIIECCaM B KIIETKaX.

'enepupoBanue in Vvivo pa3NUYHBIX THIIOB CBOOOIHBIX pPAJUKAIOB BO3MOXKHO B TaKMX PpEaKIUAX:
OJTHORJIEKTPOHHOTO OKHCJCHUS MOJIEKYJI DPa3IMYHBIMH XUMHYECKUMH areHTamu; (pOTOBOCCTAHOBJICHHEM;
peakumed ¢ MEepOKCHIBHBIMU pajuKalaMH, OOpa3yIOIMMUCS in Sifu TEPMAIbHO WM IOA BO3JACHCTBHEM
yIbTpapHONIETOBOM pagraniy; pas3lIoKEHHEeM IIepeKHcel; BO3ICHCTBHEM yIbTPA(HUOICTOBHIX H3ITYICHUH,
MarHUTHBIX M 3JIEKTPUUYECKUX TOJIeH; ()epMEHTATUBHBIM OKHCIICHHEM; 3JIEKTPOXUMHUYECKHM BOCCTAHOBIICHUEM
WJIN OKUCIICHUEM; SJICKTPOHHBIM OOMEHOM IIPH B3aUMOJIEICTBUM C JPYTUMHU CBOOOHBIMU PaJiuKaIaMH.

Bce Guonornyecky akTHBHBIE BEILECTBA, M3MEHAIOIINE (DU3HOIOr0-ONOXUMHYECKHE TPOLIECCHl B KIIETKE,
HaMM OOBEIMHEHBI B [[BE TPYMIIBI: OKCHAAHTBI M aHTHOKCHAAHTHI. TEOPETHUYECKN AJISI BCEX SK30TCHHBIX WIIH
SHJIOTCHHBIX BEUIECTB, H3MEHSIOMMX (PU3UOJIOr0-OMOXMMHUUYECKHE MTPOLIECCHl 71 ViVo, TIPUCYIIH OOLIHe YePThI:
B MallbIX [J03aX OHU CTUMYJHUPYIOT, @ B BBICOKMX — HWHTHOMPYIOT OMOXMMHYECKHE Mpouecchl. Jlias MHOTHX
BEIIIECTB TAaKOE IMOBEACHHE yKe ycTaHoBieHo. OnHaKo HaOIroJaeMble pa3iuyusi B OMOJIOTHUECKOM JIeHCTBUM
MOTYT OBITH OOYCIIOBJICHBI HECKOJIBKMMH NpHYMHAMK: 1) HamuuueM (YHKUIMOHAJIbHO aKTUBHBIX TPYII C
aKTHBHBIM aTOMOM BOJIOpOJa IIPH aTOMe YIJIEpoAa WM a30Ta; 2) HAIMYMEM HEHACHIIICHHBIX TpyIm; 3)
IIPOLIECCaMy MOCTYIUICHNUS, IIePeIBIKEHHS, METa00IN3alY ¥ BEIBEACHUS U3 KIETKH (TKaHu). [Ipu aToM oHM 1
Te )€ BELIECTBA B a/IEKBATHBIX KOHIIEHTPALMAX, HO B PA3JIMYHBIX THIAX KJIETOK, OyIyT MPOSBISATH Pa3InuHbIN
ouonornaeckuit 3hdexr.

Pasnmuansiii Ononorndeckuii 3p¢GEKT 0HOTO U TOTO K€ BEIIECTBA UCCIIEIOBATENH TTOIBITAINCH OOBSICHUTD C
TIO3HIINH PEEeNINU TOpMOHOB. [Ipn 3TOM McXoauian U3 HAOMIOAEHUH 3aBHCUMOCTH OMOJIOTHYECKOTO JICHCTBHA
BEILIECTBA OT €ro CBA3BIBAHUS C KOMIIOHEHTaMM KJIeTkd. Ha ocHoBe 3TuX (akToB OBUIO M BBICKA3aHO
MIPEATNOI0KEHHE, YTO A ACHCTBUSA TOPMOHA HEOOXOJAMMO €ro CBSI3bIBAHME C KAaKUMH-TO BEIIECTBAMH Ha
MeMOpaHe WM B KIeTke MumieHH. Crenupuyeckde MecTa CBS3bIBAaHHMSA pEryasaropa ObUIM Ha3BaHBI
“penentopamu”. Perientopamu TropMOHOB siBisitoTCst Makpomodiekysisl (Rohde and Dorner, 1986), xoropsie
MOryT CHC]_[I/l(l)I/ILIeCKI/I y3HaBaTb BECIICCTBA-TOPMOHBI, CBA3bLIBATH MUX HE KOBAJICHTHO U O6paTl/IMO C BBICOKUM
CPOJICTBOM TIPOBE/ICHHSI TOPMOHAIIBHOTO CUTHAJIA Yepe3 3PPEKTOPHYIO CUCTEMY M BBI3BIBATH XapaKTEPHOE IS
JITAHHOTO TOPMOHA OMOJIOTHYECcKOe JIeficTBUE. Y3HaBaHNE OCYILECTBIAETCS O MPHHIMITY Kiroda-3amka. Kak u
TrJie TIPOUCXONT CBSI3bIBAHWE, TCHEPUPOBAHNE CUTHaja BCIEJCTBUE TAKOTO CBS3BIBAHUS 3aBHCUT OT IPHPOJIBI
CaMoro ropMoHa. [ JIaBHBIM apryMEHTOM B IIOJIb3Y HAJIMYHs PEIENTOPOB SBISIFOTCS JAHHBIE O CBA3BIBAHUH
TOPMOHOB C HEHW3BECTHBIMH BEIECTBAMM KJICTKH. [Ipn 3TOM YacToTa CBS3BIBAHUS MM KOJIMYECTBO MOJIEKYI
TOPMOHA CBSI3aHHBIX C “peHenTopoM”’, KaK MPaBUIIO, KOPPETUPYET ¢ ONOIOTHYECKUM 3(PPEKTOM, BEI3BIBAEMBIM
JAaHHBIM TOpMOHOM (Omoperyistopom). OTCrofa [enaeTcs BBIBOJ, YTO HYeM OOJblle MOJEKyd TOpMOHA
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CBSI3AJIOCH C DPELENTOPOM, TEM CHIIbHEE BBIPAXKEHO JECTBHE TOPMOHA, KOTOPBIH TIOCIE CEJIEKTUBHOIO
CBSI3BIBAHMS C MEMOPaHHBIMU PELENITOpaMH U JEHCTBHS Yepe3 BHYTPUKIETOUHBIE MOCpeHUKU (THra TAM®)
YIpaBJSIET Pa3TUIHBIMU (QYHKIUSME KICTKH.

OnHako, Ha MOH B3IJIsLI, HIMEIOTCSI CEPhE3HbIE OpELIH B TEOPUH PELEHIINU TOPMOHOB. AOCYpAHBIM BBIAACTCS
Haimuuue (Ha “Bce ciydaW >KM3HM) B KIETKE TaKOro OOJBIIOro KOJMYECTBAa peunentopoB. Beab orpomuoe
KOJIMYECTBO PA3NUYHBIX 10 CTPYKTypEe BEHIECTB BIHMAIOT Ha KU3HEACATEIHHOCTh KIETKH, M B OOJBIINX
KOHIICHTPALUAX, KaK MPaBHWJIO, C JICTAIFHBIM MCXOOOM. He maer oHa MpsIMOTO W YETKOTO OTBeTa Ha (hakT
TPEXCTYNEHYaToro OHOJIOTMYECKOr0 OTBETa KIETOK (CTUMYJISIIMS —> WHrHOMpOBaHME —> THOeNb) B
3aBHCHMOCTH OT KOHIIeHTpanuu. He oOBICHAET OHAa IMOYeMy OAWH M TOT e OMOJOTHYECKHHA OTBET MOXHO
BBI3BaTh HE TONBKO BEIIECTBAMU COBEPHIICHHO pAa3lIWYHOTO CTPOCHHWS, K TOMY JK€ pPa3TUIHBIMU
KOHLIEHTPALUSIMUA, HO M PAa3NUYHbIMUA (Qu3ndeckumu (axkropamu. HeT 4eTkoro orBera ¢ MO3MIUHM OMUCAHUS
XIMHYECKOTO TIOBEACHHUS BEIIECTBA M peIenTopa KOrjaa, HalmpuMep, Takas He3HauuTeNlbHas 3aMeHa Kak
3aMelleHne BOJOpOJia Ha METHIBHYIO TPYIILY JIeJIaeT BEIECTBO WHEPTHBIM HJIM MaJlo aKTHBHBIM. HakoHen
OTKPBITBIM OCTaeTCs BOMPOC: “A UTO )K€ BCE—TaK{ IEPBUYHO: CBS3BIBAHME IIpeTapara W €ro JeHCTBUE, WIN
CHauaja JICHCTBUE, a IOTOM CBS3bIBaHKE?

51 He OTpHUIal0 HAJIMYMUE TAKHUX BECIIECTB Ha MeM6paHax WJIN B IUTO30JIC KJICTKU. O[lHaKO 9TO MOT'yT OBITH
Kak OCIIKOBBIC, TaK U HEOCIIKOBBIC COCAMHEHISI, B TOM YHCIIE U (DEPMEHTBI, aKTHBHEIC IEHTPBI, KOQEPMEHTHI WIIH
CTPYKTYpBl KOTOPBIX, = HAaXOISICh B OKHCIEHHOM COCTOSIHHM, CIIOCOOHBI OKHCISITh, T.€. AKTUBHPOBAThH
6uoperynsrop. Ilog akTuBMpoBaHMEM s MOHMMAIO IPOLECC IEPEBOJAa BEIIECTBA B CBOOOIHOpaIMKaIbHOE
COCTOSIHAE TIpM KOTOPOM PEaKIUU MPOTEKAIoT 0e3 PHEpruy aKTHBALWU WM TIPH OYCHb HE3HAYHTEIHHOH ee
BelM4YuHEe. M3 M3I0KEHHOTO CIeAyeT TaKKe, YTO CBSA3bIBAHWE WIIM PEIeNius OWOperyIsiTOPOB MOXKET OBITh
3aKOHOMEPHOH (WHOTAA TakKe CIlydaifHOH) XWMHYECKOW peakiieldl BemecTB B CBOOOIHOPAIMKAIEHOM
COCTOSIHWM C BEIIECTBAMH KJIETKH, T.C. CICICTBHEM aKTHBHPOBAHUS OHOPETYyISATOpa, a HE IPOIECCOM €ro
aktuBam. C TO3MIMH  CBOOOTHOPAIMKATHHOTO aKTHBHPOBAHUSA OHOPETYJISATOPOB, B3aWMOJEHCTBUA
CBOOOJIHBIX PAJNKAJIOB M AHTHOKCHIAHTOB (TyIIHUTENIeH CBOOOIHBIX PATUKAIOB) S U MOIBITAICA OOBSICHUTH
KOHLIEHTPALMOHHbIE 3aBUCUMOCTH B ICHCTBUH OHOperyasiTopoB. C 3THUX MO3ULMH KIIETKEe a0COJIIOTHO HE HYXKHO
HMMETh TaK MHOTO PEIENITOPOB, a IOCTATOYHO HECKOJIBKUX TUIOB “OKCHUAA3HBIX CHCTEM .

Hmeercs J0CTATOYHO 3KCIHCPUMEHTAJIbHBIX JaHHBIX CBUACTCIILCTBYIOIINUX O TOM, YTO MeM6paHHI)Ie JIMITU A bI
MOTYT JEHCTBOBATh KaK TPUPOJHBIC OKCHIAHTHI M AHTUOKCHIAHTHL. BHOIIOTMYecKas aKTUBHOCTh J>KAPHBIX
KHCJIOT JIMIIMJIOB 00YCJIOBJIEHAa HAJIMYMEM B HUX HEHACHIILICHHBIX cBsizell. [Ipu okuciaeHun TMnuaoB o0pa3yoTes
KaK OKCHIAHTHI (OKHCIIUTENN), TaK U aHTUOKCHIAHTHL. K OKCHIAHTaM MOXXHO OTHECTH 3THJICH, MAJIOHOBBIU
IUANBICTH W CBOOOMHBIE pagWKailbl, OOpa3yrommecs BCIECACTBHE MPHCOCTUHECHUS BHYTPHKIETOYHBIX
MeTabOMMIECKNX PAaIUKAIOB K OTICIBHBIM HEHACBHIIICHHBIM CBs3AM. K aHTHOKCHIAHTaM MOXKHO OTHECTH,
IpeXJe BCEero, HeKoTopble mpocTariaHauuel, HanpuMmep PGF,,. Takum oOpazom, yxe cama memOpaHa
SIBIIICTCSI CBSAZYIOIIMM 3BEHOM MEXIy BHYTpPEHHEH M BHemrHe# cpenoil. OHa crocoOHa Kak 3amuimaTh ceds ot
HEKOHTPOJIHMPYEMBIX (PepMEHTaMH OKHCIUTEIBHBIX IIPOIECCOB, TAK M MPOIYyHHPOBATh BEIIECTBA OKHCIHUTEINH,
crocoOHBIE Uepe3 IIeJICHANpPaBIEeHHOE OKHCIIEHHE COOCTBEHHBIX BEIIECTB TOPMO3UTH HEKeNaTebHbIC
OMOXMMHUYECKHE PEaKIMU U, TAKUM 00pa3oM, MPeJOTBpaIlaTh MOsSBICHHE HEOOPATUMBIX U3MEHEHHUH.

Pe3koe yBenmueHue oOpa3oBaHUsI STWIEHA NOJ BO3JCHCTBHEM pa3iMUHBIX KakK (U3MUECKHX, TaK H
XMMHYECKHX CTPECCOB BO3MOXKHO  BCIIEACTBHE PpA3JIOKEHUSI HEKOTOPBIX COCOMHEHHWH, HarpuMmep,
¢docharuannxonuHa wid CHUHrOMHUEINHA B peakiui 1o ['opMaHy WIM BCICACTBHE CBOOOTHOPATUKAIBHBIX
peakuui.

B npenioxKeHHBIX YUTATEIO CTAThsIX MBI HE pacCMaTPUBaEM MOJAPOOHO BIMSHUE PA3THYHBIX (PU3UUCCKUX U
XUMHYECKHX (DAKTOPOB Ha 00pa30OBaHME W BBIJCICHHUE STUIICHA KICTKAMU PACTCHUM U KHUBOTHBIX. [lero B TOM,
YTO HAM HE YyNAIOCh OOHApYXHUTh CHEUU(UIHOCTH B ICHCTBUHM pa3IHYHBIX (pu3mdeckux (HakTopoB Ha
oOpa3oBaHME © BBHIICJICHWE OTWICHA 3a TpeAeibl KIeTKA. [lo3ToMy B ONTUMANBHBIX  YCIIOBHSIX
KU3HEIEATSITFHOCTH PACTEHUH M KUBOTHBIX 3THIJICH 00pa3yeTcs MPEeHMYIECTBEHHO (DepMEHTAaTHBHBIM ITyTEM
1, K TOMYy k€, B HEOONBIINX KOJINYECTBaX. B CTPECCOBBIX K€ COCTOSHHAX IO BO3ACUCTBHEM (PH3MUYECKUX U
XUMHUUECKHX (PakTOpoB rpeobianaeT HeepMeHTaTHBHBIN 1yTh 00pa3oBanus stuieHa (Kypunii, 1992).
IIpuunHBl PE3KOro yBEIMYEHUS BBIICIICHUS 3TUIICHA II0J BO3JEHCTBUEM CTPECCOB HEU3BECTHBI. VIHTEpECHO
6bIJ'IO OBl ATO SIBJICHHE HAa3BaTh LeJICHaNIpaBJICHHbBIM OTBETOM Ha BHCIIHCC Bozmeﬁcnme. OLlHaKO, IMOCKOJIbKY
CTpEeCChl CONPOBOXKIAIOTCSI CHIXKEHHUEM DHJOI€HHOTO COJCPIKaHMs AaHTHOKCHIIAHTOB W CHHTETHYECKUX
BO3MOXKHOCTEH KIJIETKHM, HO B TO K€ BPEMS M YBEIWYEHHEM HMHTCHCHBHOCTH MPOTEKaHMS HEKOTPOJIUPYEMBIX
(HedepMEHTATUBHBIX) CBOOOIHOPAAMKAIBHBIX IIPOIECCOB, IOBBINIEHHE CKOPOCTH 00pa30BaHMs O3THIICHA
(epMEHTaTUBHBIM CHHTE30M JIOJDKHO OBITh HE3HAYHMTENBHBIM. KCTaTH, M ¢ TOYKH 3pECHUS JSHEPreTUYCCKHUX
BO3MOKHOCTEH KJIETKH, 3TO TAaKKe€ MAallOBEpOATHO M3-3a CHIDKeHHs kommdectBa AT®. CremoBaTtensHO,
oOpa3oBaHHE JTWICHA B YCIOBHAX CTpecca B OONBIIMX KOJIHYECTBAX MOXKET IMPOMCXOTUTH BCIEICTBHE
JECTPYKIMU OHUOTIONIMMEPOB H, B TIEPBYIO 0Yepeb, OMOMEMOpaH.

Buonornyecknm MemMOpaHaM CBOMCTBEHHA BBICOKAs CTENCHb aCHMMETPHH, KOTOpas CO3IAETCs Pa3TUuusiIMHU B
HOHHOM COCTaBe, OKpY)KaroleM MeMOpaHy, pachpeaeneHieM GoconunuaoB, OEIKOBBIM OKPYKEHHEM H Ip.
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Jlunuael WMrparoT BaXKHYIO POJIb B IOJJIEPXKAHUM HATMBHOW KOH(poOpManuu MeMOpaHHBIX (EPMEHTOB U
KOHTPOJIUPYIOT B3aHMMOOTHOLICHUS MEXIy CyObeKTaMH BHYTPH OJIMTOMEPHBIX KOMIUIEKCOB. [Ipu 3TOM
¢dochonumuasl BOBJIEYEHBI B IIPOIECC TPAHCIIOPTa HMOHOB 4Yepe3 MeMOpaHHBIH JMNUIHBIA Oapbep H
o0ecrieunBaroT U30UpaTEIbHYIO IPOHUIIAEMOCTh MEMOpaH.

VY naneHue nMnua0B, B epByto ouepens GochaTnaunxonrna u GochaTHIMIMHO3UTONA, HATPUMED, BCIEACTBUE
AKTHBAILMH TIEPEKUCHOTO OKHCJICHHS IIOJ BO3/ACHCTBHEM CTpecca, MOXKET NMPHBOAUTH K arperanuu Oeika H
morepe (epMEHTAaTUBHOW akTHBHOCTH MeMmOpaH. K ToMmy ke, s moanepaHus MeMOpaHHBIX (DepMEHTOB B
AaKTHBHOM COCTOSIHMM HEOOXOAMMO HajlM4yhe B MeMOpaHe OIpENEeNICHHBIX JIMMHAOB M B OMNPEACICHHOM
KOJIMUecTBE. BakeH Takke M XapakTep IBMXCHHUS YITIEBOIAOPOIHBIX LETeH JIMIHNIOB, BXOAALIMX B COCTaB
MeMOpaHbl, T.e. XapaKkTep H3MEHEHHWs IUIOTHOCTH YIAKOBKH JIMIHMIHOTO OHCIIOA. AKTHUBHOCTH (hepMeHTa
HaXxOJOUTCSl TAaKXKE B JKECTKOM 3aBHCHMOCTH OT JMNHI-OCIKOBOTO B3aMMOJCHUCTBHSA, T.K. 00pa3oBaHUE
Me)i(6e.HKOBI)IX CIIIMBOK BCJICACTBUC B3aHMO)1€l7[CTBHH Cco CBO6OJIHI>IMI/I paguKajgIaMi TakKe€ BEACT K CHMIKCHUIO
ero axktuBHocTH. OOpa3oBaHKME CIIMBOK MEMOpaHHBIX OEJKOB BENET K YMEHBIICHHIO BpallaTebHON H
JaTepanbHON IMOJBIKHOCTH (epMeHTOB. Takum 00pa3oM, akTHBAIMS NEPEKHCHOTO OKHCIEHHS JIMIHIOB,
0€JIKOB, YIJIEBOJIOB, HYKJIIEMHOBBIX KHCIIOT JOJDKHA PE3KO CHIKATh JOJI0 OSTHWIEHa,  00pa3ylomerocs
(bepMEHTaTUBHBIM ITyTEM.

OO0pasyromuiics, B MEpBYIO odepens W3 OMOMeMOpaH, B JKCTPEMAaJbHBIX YCIOBUSX JTWIICH, MEPEXOoAs B
cBobomHOpanukainpHoe cocrosane (Kypuwmit, 1988), mHUIMHpYs manmpHEWIIee OKHCICHHE MeMOpaH, MOXKET
BBINOJIHATH (DYHKIIMIO CHTHAIN3aTOPa OIACHOCTH ISl KJIETKH B LIEJIOM, & TaKoKe JJISL APYTUX COCEIHUX KIIETOK.
Hampumep, pe3ko HHrHOUPYs aKTUBHOCTb (DepPMEHTOB, OH MOXKET IIPEJOTBPAILATE ““HEHYKHBIE MIIN OIIHOOYHbIE
B JIaHHBI MOMEHT’ CHHTE3bl OMONOJIMMEPOB M, TaKUM OOpa3oM, yMEHBIIATh KOJIMYECTBO THUPAKUPYSMBIX
o6nocuaTeTHYecKNX ommoOok (Kypunii, 1992). Onnako B HEOOMBIINX KOINYECTBAX (OTHOCHTEIHHBIC BEITHMYMHEI
HEHM3BECTHBI) ATUJICH, IPEBPAIasCh B KJIETKE B CBOOOIHBIE paKalibl, OyJeT aKkTHBUPOBATh paboTy GepMeHTOB
(manpumep, cunTe3upyromnux AT® 1 aHTHOKCHAAHTHI, PEryJIUPYIOUIMX MPOHUIAEMOCTh MEMOpPaH U Jp.), 4TO
BHCIIHE 6y;[eT BbIPAXKATBCA B CHUKCHHUU OTPULIATCIIBHOT'O BIIUSAHUA (bHSI/IlIeCKOFO NI XUMHUYCCKOT'O CTpECCa. B
TO JK€ BpEMs AaKTUBHOCTb LUTOIIA3MAaTHYECKUX (PEPMEHTOB MOXET pEryIHpOBaThCs, I0-BUANMOMY,
TIOCPE/ICTBOM H3MEHEHHs KOHIeHTparuu uoHoB Ca’’ mwm apyrux snementos. Konuentparus monos Ca™ B
LUTOIIa3ME peryJmpyercss (epMeHTaTMBHO WJIM IIaCCUBHO BCIICACTBME HW3MEHEHMs KoHpopMmanuu wu
MIPOHMIIAEMOCTH MeMOpaH, HallpuMep, IPH aKTHUBAIMK TEPEKHCHOTO OKHCIECHHS JIHWIUAOB. Biammoneiicteue
Ca® ¢ 6enkamu ((epMEHTAMH, KOHCTHTYLMOHHBIMH OCIKAMH) MEMOPaH MPHBOAMT K KOH(pOPMAIHOHHBIM
MepecTpoiKkaM M M3MEHEHHIO HX (DYHKIMOHAIBHONW aKTUBHOCTH. TakuMm 00pa3oM, B KJIETKaxX CYyLIECTBYIOT
pas3IMuHBIC MEXAHMU3MBl PETYIALUN AKTUBHOCTH (DEPMEHTOB: MOCPEICTBOM HM3MEHEHUS JMIHIHOTO COCTaBa
MeMOpaH, KOHIEHTPAIMM DA3MYHBIX HOHOB, B ToM umcie Ca’’, a Takke CBOOOIHBIX PAjIMKAIOB M
QHTHOKCH/IAHTOB.

3amuTHOe NEHCTBHE JHIUIOB OCYIIECTBISACTCS ABYMs crocobamu: 1) akTHBanuedl aHTHOKCHIAHTHOM
CUCTEMBI JUIsl HEUTpaJIM3alid CBOOOJTHBIX PAJMKAIOB U 2) aKTUBALUEH OKCHIAHTHBIX cucTeM. OObIYHO 00e
9TH CHCTEMBI 00bEINHEHBI OOIMM TEPMUHOM UMMYHHas CUCTEMA.

AHTHOKCHI@HTHAs CHCTEMa BKJIIOYAET NMPOAYLUPOBAHUE PA3IMYHBIX BELIECTB. | TaBHON 4epToi CTpoeHHs
AQHTHOKCHJAHTOB SBISETCS HAIMYME AaKTHBHOTO aToMa BOAOpPOJAa Yy THIPOKCHIBHOW TIpyIIbI, “XBOcTa”,
HEapoOMaTHYeCKOro KOJIbIIAa W HEHACHIIIEHHBIX KapOOH-KapOOHOBBIX CBf3€il. XapaKTepHBIM CBOICTBOM,
00pa30BaBLIErOCs MEPBUYHOTO CBOOOAHOPAJUKAIBHOTO IEHTPA, SIBISETCS €ro CHOCOOHOCTh MHUTPHPOBATH B
XBOCT (OOKOBOH pasnKai), rie MMEIOTCS CTEPUYECKHE MPEISITCTBHA A B3aUMOAEHCTBUS €TO0 C JPYTHM
BemiecTBOM. OHOBPEMEHHO HIET MHUTpaIusl (TIeperpynnupoBKa) JBOWHON cBs3u. OTIIEIUIEHHE BTOPOTO aToMa
BOJIOPOAA MOJXKET IpPUBECTH K 00pa3oBaHUIO Oupajgukana. BHYTpeHHAs Murpamus cBOOOIHOPaIMKaIbHBIX
LIEHTPOB BEIET K 00Pa30BAHUIO XMMHUYECKH HHEPTHOTO COEMHEHHS.

BoszelicTBue pa3iMyHbIX OKCHJAHTOB (CBOOOAHBIX PAIMKaIOB) HA MEMOpaAHHBIE CTPYKTYPBI KIIETOK MOYKET
BBI3BaTh, MPEKIC BCEr0, M3MEHEHHS B JMIUIHOM coctaBe MemOpaH (puc. 1). OKuCIIEHUE JIMIUIO0B BEIACT HE
TOJNBKO K W3MEHEHHI0O HUX (U3MKO-XMMHYECKHX CBOMCTB, HO W K paspyuwenuto. [Ipu okucineHuu
¢docharmmaxonuHa U CHUHTOMHIINHA MOXET OOpa30BBIBATHCS STHIIEH, KOTOPBIH MOXXET CIY>KHTh TakKxke
MepeXBaTYMKOM CBOOOAHBIX paJHMKaloOB, o00pa3ys MeHee IIO/BIXKHBIC pagukaibl. B ciaydae ke
CBOOOHOpAIMKAILHOM aKTHBAIIMH OH MOJKET TaK)Ke JeHCTBOBATh KaK OKCHIAHT.
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OXIDANTS (FREE RADICALS)

Oxidative destruction of membraneous structures.
Peroxidation of membraneous lipids. Changes in the
physico-chemical properties of membranes

Oxidation of glycerophospholipids

i Phosphatidylcholine Phosphatidylinositol — proteins

Sphingomyeline (complex)
Oxidative = <— Ethylene Arachidonic acid Liberation
agent ¢ ¢ of proteins
Interaction with .
free radicals. Prostaglandins
Formation of free (including such families as
________________ "~ radicals that can be PGE and PGF)
less mobile in the ¢
cytozole.
_____________________________________________ - Quencing of free radicals
Synthesis of Genom
antioxidative -e— expression | € Liberated proteins <———
substances (peptides)
as transduction
¢ sygnal

Synthesis of substances to repair damaged structures

Puc.1. T'unorernyeckas cxema Jyist OMUCAHKS y4aCTUsi MEMOPAaHHBIX JIMIIMAOB B 3aI[UTHBIX MEXaHH3MaX KICTKH.
Fig. 1. Hypothetical scheme describing the role of membraneous lipids in the defence mechanism of cell.

OpHako B camMoii MeMOpaHe “TIpeayCMOTPEeH” MEXaHW3M aHTHOKCHIAHTHOM 3aIlUThl MyTEM IPEBpallcHHS
(dochonHO3UTONIA B apaxHIOHOBYIO KHCIOTY, a 3areM B npocrartanaudsl rpynn PGE u PGF. Beictpoe, He
TpeOyloliee 3HEPreTHYECKUX 3arpar, oOpa3oBaHME MPOCTArjJaHAMHOB M MOXKET SBJISTHCS IE€PBUYHBIM
MEXaHM3MOM 3alIUThl MEMOpaH OT JIeHCTBHS OKUCIHUTENeH (CBOOOTHBIX paJrKaioB). AHAJIOTHYHBIH MEXaHH3M
CYILIECTBYET B PAaCTEHHMSX, KOT1a aOCII30Basi KMCIIOTa 00pasyercst U3 KapOTHHOHIOB.

Tpanchopmarnyss OMONTOTHYECKH AKTHBHBIX BEIIECTB B CBOOOAHBIC pPAIHMKAIbl BO3MOXKHA BCIIEICTBHE
MIPUCOENHEHHUS] SHIOTEHHOTO MEeTa0OJIMYECKOro pafHKana, 3JIEKTPOHHOTO OKHCJICHHS, OTLIECTICHHS aToMa
Bozopozaa. OTmienieHrue aToMa BOJOPOJa BO3MOXKHO ABYMsI MyTSIMU: TIPH B3aUMOJEHCTBUM C 3HIOTCHHBIMU
MeTabO0INYECKUMH PaMKaJlaMi WM (pepMEHTaMH, UMEIOIMMH KO(GAKTOP B OKHCIEHHOM COCTOSHHH, KOTOPBIH
CHOCOO€H OTIIECNIUTh aTOM BOJOpoja. Bo3MOXKHO, 3TO ¥ MOT'YT OBITh BEIECTBA, U3BECTHBIE B JINTEPATYPE MOA
Ha3BaHUEM pELENTOPOB, TO €CTh TaKUX, MOCJEe KOHTAKTa ¢ KOTOPHIMU IOTEHIMAJIbHO AaKTHBHBIE BEILECTBA
CTaHOBSATCSI OMOJIOTUYECKH aKTUBHBIMH (TpaHC(OPMHUPYIOTCSI B CBOOOAHBIE paauKaibl). OIHAKO 3/1€Ch HMEETCsI
OJIMH Ba)XKHBI MOMEHT: 00OHapyXHBaeMble KOHBIOTAThl OMOJIOTHUECKH AKTHBHBIX BELIECTB C BEIIECTBAMU TOYHO
HE YCTaHOBICHHOW TIPUPOABI MOIYyT OBITh BOBCE HE aKTHUBATOPBHl OHOPETyJSATOPOB, a BELIECTBA
IIPOpearupoBaBIINe ¢ OMOPETYIIATOPOM B TOT MOMEHT, KOT/Ia OH YK€ ObII B CBOOOHOPAIMKaILHOM COCTOSTHHH.
Konstornposanue xe OHOpErynsiTopa B CBOOOAHOPAIUKAIBHOM COCTOSHAN C BHYTPHKJICTOUHBIMH BEIIECTBAMHU
MOXET BOCHPHHHMMATBHCS KaK IPOIECC €ro akTHBAIMH, TOTAA KaK B JACHCTBUTENBHOCTH 3TO MOXET OBITH
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MPOTHBOIIOJIOXKHBIA TPOLIECC — €ro HEeWTpalu3allMd WM Je3aKTHBALUH. JTO OOYCJIOBJIEHO TEeM, 4YTO
HCCIICAOBATENIM U3Y4YaroT IMOCIEJACTBUS JICHCTBUSA CBOOOMHBIX PAIMKAIOB B KJICTKAaX, TO €CTh HAPYIICHUS WIN
OTKJIOHCHHUSI METAa0OJMUYECKUX MPOIECCOB OT YCPEAHEHHONH HOpMbl. Kak mpaBWiio, 3TH HapyIICHHS YacTo
KOPPEIUPYIOT C HATUYHUEM OHOPETYIIATOpa B “CBSI3aHHOM COCTOSIHHH C HEHM3BECTHBIMH BemecTBaMu. OOBIYHO,
4eM CHJIbHEE MOBPEXKCHHE TKaHEH, TeM OOJbIIee KOJIHMYECTBO CBA3aHHOTO OHOpEryisTopa oOHapyKUBACTCS.
DTO W HATOJKHYJIO HCCIIEOBATENIeH Ha MBICIh, YTO JICHCTBHE OMOPETYISATOPOB 3aBUCUT OT UX aKTHBHPOBAHUS
MyTeM CBSI3bIBAHHS C pelienTopamu. B [eiCTBUTENBHOCTH yCHIICHHE TPOLECCOB aKTHBUPOBAHUS OBLIO, U OHO
ObUIO 10 TOSBICHHUS BHIMMBIX TOBpexacHUI. Clie0BaTeNbHO, YBEJIMYEHHE KOJUYECTBA KOHBIOIATOB
OUOPETyJISITOPOB C HEM3BECTHHIMA KOMIOHEHTAMHU KIIETKH MOXET OBbITh CJEJCTBHE HX B3aUMOJICHCTBUS B
CBOOOIHOPAIUKAILHOM COCTOSIHUM C 00pa3oBaHHMEM, KaK HU MapajoKCalibHO, y)KE HEaKTUBHBIX JIMOO MeHee
AKTHBHBIX OHOPETYJISITOPOB.

B03MOXXHBIMU KaHAMIATAMHU, BBITIOJIHSIOIUMYU POJIb PELIEHITOPOB B akTuBalu BAB, MOryT ObITh epMEHTHI
OKCHIOpeAyKTa3sl (IeruaporeHassl M okcuaassl). Otmiemisas arom Bogopona oT >CH— mwim —NH- rpynm, 3tn
(epMEeHTBl MOTYT AaKTHBUPOBaTh JIIOObIE BELIECTBA, COJEpIKAIIME OTH TIPYIIbl M, TakUM o00pa3oMm,
WHUOUHUPOBATh HCTOYKY OKUCIMTCIIbHO-BOCCTAHOBUTCIIBHBIX peaKuHﬁ:

| + NADT .
KceHOBMOTHK — CH = ——= KcenoBuomk —C
[ —MNADH

+MADT .
KceHOBMOTHK —WNH— ——————» Kcenobmommk — 1y —
—MNADH

ITockonbKy y NOTEeHUHMAJIBbHBIX OuoperynartopoB cymiectByloT DA M, 3a4acTylo, OHM COBNAJAIOT C
ACMMETPHYHBIM LIEHTPOM, TO 3TH (PEPMEHTHI TAaKXKe MPOSBIIIOT CTEPUUECKYIO ClIeMUPUIHOCTE. [loaToMy OHH
Jerko OyIyT aTakoBaTh BOAOPOJ TOTO KCEHOOMOTHKa (rOPMOHA), MPHOJIMKEHHIO K JJIEKTPOHHOMY O00JaKy
KOTOPOT'O HE NPEMATCTBYIOT coceHHe pamukainsl. CieoBaTelbHO, cTepeocnennpuIHoCTh PEepMEHTa, T.€. ero
CHOCOOHOCTH aTakoBaTh cyOCTpart, npuHauIexkamuii K D— mim L—¢popmam BenecTB jXECTKO 1eTepMUHHPOBAHEI
CTEpHUYECKHUM CTPOEHHEM caMoro cyOcrpara:

I H
le_c,»\/_H I—IEI%C— |
H H
Cybcrpat — C—H +NaDt .
| “NADH H L BTG — Oerpar
_—H i
H7C —i_
Il H I
T
a o
B o
H | H
Cybcrpar

Jemo B TOM, YTO CTEPHUYSCKUM IIOJIOKEHHEM DAINKAIOB W TEpEeKPHIBAHHEM IOHOpPAa PEaKIHH aTroMa
BOJIOPO/Ia ¥ MOKHO OOBSCHHUTH MPENNOUYTeHHE B MeTabomu3armu oqaoi u3 aByx L— wmun D—¢opm BemecTs. B
clIy4ae MPHUCYTCTBUS BMECTO aTOMa BOIOPOAA METHJIBHOW TPYNIBI Pa3iiine MEXIy 3THMH (hopMaMu MeHee
OJTHO3HAYHO, TaK KaK OTIIECIUICHHE aToMa yriepoa TpeOyeT OONBIINX SHEPIreTUIECKHX 3aTpaT. ITO 3HAYHT, U4TO
pa3peiB cBsi3u C—C, maxe mpu ee JTOCTYHMHOCTH, HE MOXET OBITh OCYIIECTBICH aTaKOH JI0O0TO CBOOOIHOTO
panukana.

W3BecTHO, 4TO peakiyu, KaTalu3upyeMbie OOJBIIUHCTBOM (EPMEHTOB, OOPATHUMBL, T.e. ()EPMEHT MOMKET
KaTaJlM3MpoBaTh peaklyu B OOOWX HAlpaBiCHUSX,. JTO 3HAYUT, YTO AKTUBHBIM LEHTP (DEpMEHTa MOXKET
CBSI3bIBaTh Kak cyOCTpar, Tak W HPOAYKT peakiuu. MoJekynsl cyOcTpara M MPOAYKTa PEakud MOIyT
OTJIMYATHCS 1O CTpyKType. OHAKO, KaK OKHCICHHE CyOcTpara, T.e. IEPeHOC BOIOPO/Ia C yriiepoja WK a30Ta
Ha NAD', Tak u oOparHas peakius okucieHus NADH c¢ ormemneHneM BoIOpOJa, BIIOJHE pPEATBHEL
CrnenoBaTenbHO, CHCIU(PUIHOCTE (PepPMEHTa MOXKET ONMPEICIAThCS MPHUPOIOH KodepMmeHTa, T.e. OyIeT i OH
UMETh B AaKTHBHOM IEHTPE METAILI, MUPHUIWHHYKICOTU I WM (DIAaBOHIPOTEH], WHAYE TOBOPS, BEITMYUHON
SHEpPIrud aKTHBAIUH, HEOOXOIUMOH IS PacIHICIUICHUS TOW MM WHOW CBsi3u. ClenoBaTenbHO, OMHN (HEepMEHTHI
MOTYT OTIICIUISATH TOJBKO AIIEKTPOHBI, IPYTHE — aTOM BOJOPOJIa, @ TPEThU — WHBIC aTOMBI WJIH TPYIIITHEI aTOMOB.
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Hanpumep, dpepMeHTbI, coliepikaline MeTauibl IEPEX0JHOM BaJCHTHOCTH B Ka4€CTBE aKTHBHOTO LIEHTPA, JIETKO
OTIIETUIAIOT 371ekTpoHEl; NAD', ®IT n KoQ — aToMsI Bomoposa.

FI/ICTaMI/IH, MMeEEeT B CBOEH CTPYKTYPE€ HCHACBINICHHBLIC CBA3HM U €I0 aKTUBallUd MOXCT MPOHUCXOJUTHL B
PEaKIK TPUCOSAVHEHHS IPYTUX 3HJIOTCHHBIX METaOOJMUYSCKUX CBOOOJHBIX PAaTUKAIOB. B TO ke Bpems
HMEETCSl MHOI'O IMpernapaToB, KOTOpbIE XOTSA M UMEIOT B CBOMX CTPYKTYpaxX HEHACBILEHHBbIE TPYIIIbI, HO
JeUCTBYIOT MPOTHBOIOJIOXKHO, T.€. SIBJIAIOTCS aHTaroHucrtamu H,—penenrtopos. Kaxyuumecs nporuBopeuns B
MEXaHHM3ME JICHCTBHSI 3THX BEIIECTB MOTYT OBITb OOBSICHEHBI C TO3WLMH IOCIEICTBUI Pa3MYHON CTEeleHH
OKHCIICHHSI KITFOUEBBIX BEIIECCTB KJIETKH (MeMOpaHbl) Kak 3To mokazaHo Ha puc. | (Kypuwmii, 1988). B stom
clIy4ae THCTaMUH, aKTUBUPYS TPOILECCH MepekucHoro okucieHus munuaos ([10JI), akTHBHpYET U CEKPEInio
JKEIyIOYHOTO COKa. B cooTBeTCTBUM € 3TOH cxemoH, pe3ko akTuBHpYs [1OJI B GONBIINX KOHIIEHTPAIUSIX, OH
yke OymeT WMHrHOMpOBaTH 3TH MpPOIECCHl. BemecTBa CHUMETHIWH, PaHUTHUAWH, (GAMOTHAWH W HU3ATHIUH,
JefCTBYySl KaK aHTarOHWCTHl THUCTHIWMHA, T.€. WHTHOMPYS BBIACICHHE KEIYyJOYHOIO COKa, B MEHBIINX
KOHIIeHTpauusax akTuBupyioT I1OJI B OomnbImeii cTeeH:, YTO MOXKET COOTBETCTBOBATEH OOJBIIICH KOHIICHTPAINN
rEcTaMHHA. B TO e BpeMs 3TH )K€ Mpemnaparsl B MEHbIINX KOHLIEHTPAIMIX JODKHBI IeHICTBOBATh aHAJOTHIHO
THUCTUAMHY, T.€. YCHIMBATh CEKPELHIO KEIyAOYHOTO COKa. OTH MPOIECCHl OMPEAEISIOTCS aKTHBHOCTBIO
CBOOOIHBIX PaJMKaNOB: 00Jiee aKTUBHBIM pajJMKall Uil JOCTHXXEHHsI OJMHAKOBOro Ouosormueckoro sddexra
TpeOyeT MeHbIIIei KOHIIEHTPALK B CPABHEHUH C MEHEE aKTHBHBIM.

Bo3MoxkHO, ciegyeT oOpaTHTh BHUMAaHWE Ha Takue (DU3HOIIOTUYECKHE NATOJIOTHH KaK pPa3lInYHEIC
BOCIANMTENbHBIE Mpolecchl. BocmaneHue sBIAETCS KOMIUIEKCOM MECTHBIX peakLuil Ha HapyleHHe
LEJIOCTHOCTU OpraHeuT (KJIETOK) MPH Pa3IMIHOTO PoJa BO3NEHCTBUAX, TAKHX KakK, OakTepruanbHas WH(EKIus,
XUMHAYEeCKHe WiH (YU3NYeCKHe MOBPEXKICHUS, aJUIeprUiyeckue peakuud u T.4. OOBIYHO OTBETHAs peaKmus
COTIPOBOXKIACTCS TOBHIIMICHHEM IPOHUIIAEMOCTH KaNWUIIPOB, MECTHOW Ba3oAWIATAIlE W CKOILICHHEM
JIEHKOITUTOB. XapakTePHOH OCOOEHHOCTBIO BOCHAIMTEIBLHOTO IIpoIlecca SBJSETCS HAKOIUICHHE B 30HE
BOCIIAJICHHUSI PA3MUYHBIX OWOJOTMYECKH AaKTHBHBIX BEIIECTB, HAaNpUMeEp, CTEPOHIHBIX TOPMOHOB U
neiikorpuenoB. Hanpumep, mpocrarnananesl, B 9actHOCTH PGE,, KOHIEHTPUPYIOTCA B O4arax BOCTIAJICHHUS B
60J'II)LL[I/IX KOHIICHTpaluAXx. Takoe siBiieHuE BIOJIHE 3aKOHOMEPHO, €CJIU YUCCTb TOT (baKT, YTO IIAaTOJIOTHYCCKHUEC
IIPOIIECCHI, KaK MIPABUIIO, COMPOBOXKIAIOTCS YCUICHUEM MEPEKUCHOI0 OKHUCIEHUS JIUIIUI0B KJIETOYHBIX MeMOpaH
" YBCIIMYCHUEM YPOBHA CBOGOZ[HI)IX paauKaJIoB B KJICTKAX. OTtBeTHAsA pCakuAa U €CTh aKTUBalUsd CUHTE3a, WIN
MPUTOKA U3 IPYrHX YacTed B 3Ty 30HY aHTHOKCHJAHTOB, B TOM uucie npocrarnananHoB PGE,, kotopeie u
HEUTPaIN3yIOT CBOOOIHBIC PaHKaIbl.

AHajoruuHas 3aKOHOMEPHOCTh XapakTepHa M JUIsl PACTUTENbHBIX OpPraHU3MOB, Y KOTOPBIX TIOJ
BO3JICHCTBHEM pA3IMYHBIX (PU3MUECKUX W XHUMHYECKHX CTPECCOB BO3pACTaeT SHAOTEHHOE CONEpKaHHE
a0cun30BOM KUCIOTHL. Vcxos 3 3TUX (PaKTOB MHOTHE MCCIICAOBATEIN U MIPHUITACHIBATIA HHTHOUTOPHYO POIb B
(U3NOTOTHYECKUX TIpoIeccax abCIM30BOM KICIOTE, KOTopas 6a3upoBaiach Ha OTACITBHBIX MOJCITBHBIX OIBITaX
[0 W3YYCHHIO SK30TCHHOW aOCIM30BOM KHCIOTHI KaK HWHTHOMTOpa POCTOBBIX MpoIeccoB. TeM He MeHee,
a0CIM30Basi KUCIIOTA TAKIKE MOXKET SIBISATHCS SPPEKTUBHBIM aHTHOKUCIUTENIEM, HEHTPAIU3YIOIUM CBOOOHBIC
paauKajibl B KIICTKE. U B sTOM cjlydqac €€ YBCIMYCHUE ABJIACTCA HeO6XOZlI/IMI)IM mpoueccoM u OTBETHON
peakuuei Ha yBelNn4YeHHe SHIOTEHHOTO YPOBHsI OKHCIIUTENEH B INTO30J1e U MeMOpaHax.

W3zBecTHO, 4yTO OIHUM M3 HauboJee BBHIPAKEHHBIX d(PEKTOB MEJaTOHUHA SIBIISIETCS TOPMOXKEHHE CEKPELHH
roHagoTpornuHOB. OCOOCHHO 3TO XapaKTepHO NpPU BO3AEHCTBUM pPa3IMYHBIX cTpeccoB. [Ipu 3TOM peakius
SHIOKPUHHONM CHCTEMBI TaKOBa, YTO KOJMYECTBO MEJNATOHMHA M CEKpeLus psiia TOPMOHOB IpU CTpecce
Bo3pacTaer (TJIIOKOKOPTUKOWABI HaJIOYEYHUKOB, ajibJIOCTEPOH, BA3OINPECCHH, TOPMOH pOCTa), TOrJa Kak
TOHAIOTPOIIMHOB U MHCYJIMHA CHIDKaeTcsl. [[0CKONbKY MEaTOHMH OTIMYAETCS OT alleTHICEPOTOHNHA HATMIHEM
METHJIFHON TPYIIIBL, TO MOXKHO IPENNOJIOXKHUTh, YTO YBEIMYCHHE KOIMYECTBA MEIATOHHMHA MOXET OBITh
CIIEICTBHEM MeTa0ONMYECKUX IPEBpaIIeHIH, Kak Ooiee (hU3UOJOTHUECKH CHIHHOACHUCTBYIOMIETO BEIIECTBA,
aleTHIICEPOTOHNHA:
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ALETUNCSPOTOHMH MpUcoeaMHEHKHS

PAaNWUHLIX PAOHKAN0E

[oBenenue e ITUX BEIIECTB B TKaHSIX OylIeT pa3nuyHo BcienctBue Hanuuust OH—rpynmel, kotopas u
MOJXKET ONPEACIIATh MEPEABIKCHHUE alleTUICEPOTOHHHA B TUAPOPOOHOH M TUAPOPHUIBHON cpene B pa3HOU
CTerneHd. MenaToHuH, Kak JMNO(UIBHOE COeAWHEHHEe, OyIeT MMETh OOJIbIIEee CPOJCTBO K JUMHUAHON (ase
MeMOpaH, T/ie ero JIelcTBre 1 OyneT OoJiee BEIPaKEHHBIM.
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Takum o00pa3zoM, MeXaHH3MBl MMMYHHOH 3aIlUTHl PEAJU3YIOTCS B TpeX HANpaBICHUSAX: 1) CHIDKEHHEM
KoJInuecTBa (HEHTpaiM3alys) OKUCIUTENIEeH IIOCPEIICTBOM YBEJIMYECHHUS KOJIMYECTBA aHTHOKCHUIAHTOB; 2)
CHIDKCHHEM KOJMYECTBA aHTHOKCHJIAHTOB IIOCPEJICTBOM YBEINYEHHS KOJMYECTBA OKHCIUTENEH; 3) yCHIIeHneM
CHHTE3a MJIM HOBOOOPa30BaHNEM BEIIECTB, CIIOCOOHBIX HHULIMHPOBATH OKHCIIEHHUE JIMITUIOB 1 APYTUX BEIIECTB
U, TaKMM 00pa3oM, pa3pyliaTh 4y>KEpOIHbIE Tela.

B nurepatype 3HauuTenbHoe BHUMaHuE yaenserca HAM®D, kak HU3KOMOJIEKYJSIPHOMY IOCPEAHHMKY B
JIECTBUU PA3NUYHBIX areHToB. Takoe BHHUMaHue HAM® He ciayyailHO MU OCHOBAaHO OHO, NPEXJIE BCEro, Ha
JTAaHHBIX KOJIMYECTBCHHOTO OIPEJEICHNS 3TOTO COEIMHEHHS IOA BO3JCHCTBHEM KaK XHMMHUYECKHX, TaK M
¢du3nueckux crpeccoB. Tem He MeHee, TOJA CIIy4allHOCTH BCE-TaKd MMeeTcsi MO0, eClIM MPOBECTH ele Gonee
CKpPYIIyJIE3HBIE HCCIIEIOBAaHHSA, TO HECOMHEHHO MOXXHO OOHAapy>KHUTb U Jpyrue OHOJOTMYECKH AaKTHUBHBIE
BEIIECTBA M, BO3MOXKHO, JJa)kKe B OOJBININX KOHIEHTpanuiax Hexxenn HAMO®. JleiictBurensHo, TAM® sBnsercs
OMOJIOTMYECKN aKTHBHBIM COEIMHEHHEM, HO M3MEHEHHE €ro KOHLEHTPAaLUUH 00yCJIOBIEHO UHBIM (pakTopoM u
MOXKET SIBJISIETBCS Y)KE CIIEICTBHEM JAeHcTBUs 3Toro (akropa (crpecca). [Ipu 3ToM n3MeHEHHE MPOHUIIAEMOCTH
MeMOpaH M HapylleHHe KoMmapTMmeHTanuu uoHoB Na' , K' Ca*"  Tompko ycunuBaercs HUAM®. Takue
BemlecTBa, Hanpumep, kak koprukorpornuH (AKTI), tupeorponnsiii ropmon (TTI) sBnsrorcss B
aKTUBHPOBaHHOM cOCTOsIHMM nHUIMaTopamu [10JI memOpanHbIX cTpyKTyp. Hdpyroe neno, uto HAM®, a Takxke
pas3MYHBIC HU3KOMOJIEKYJISIPHBIE COEAWHEHUs, HAalpUMep, TPOMOOKCHHBI MM IEPEKHCH, B TOM YHCIEC H
MAaJIOHOBBIM JWaibIeTHA, o0Jajgas MEHBIIUMH pa3MepaMu, Ooliee TOABWKHBL, a CIEIOBAaTEIbHO MOTYT
MIPOHMKATh KAaK B Pa3iIN4YHBIE CTPYKTYpHl CaMOW KIIETKH, TaK M B JAPYTHe KICTKH (TKaHH) W OKUCIATH TaM
pa3INYHBIE COCMHEHNUS.

HaGmomaemble 4acTo NPOTHBONOJIOKHBIE 3(GEKTH MOTYT OBITh OOYCIOBIEHBI JIBYMS IJIABHBIMH
MPUYMHAMU: aKTHBHOCTBIO COEIMHEHHSI C CBOOOIHOPAIMKAIBHOM COCTOSHHM M €r0 KOHLEHTpALUeH B MECTe
nevictBusi. KoHneHTpanus 1r000ro KCeHOOMOTHKA ONpeNeNsieTcsi ero pU3NKO-XMMHYECKUMHU CBOMCTBaMH, T.€.
JTUNO(GUIBHOCTBIO WIH THAPOMUIBHOCTBIO. DTHM U MOKHO OOBSCHHUTH pa3jiniHble (u3rosornyeckre 3hhexTs
ONM3KUX o CTPYKType  COEeIUHEHHUH. Hanpumep,  Takme  coeauHeHHS Kak  THPO3MH,
3, 4A—nurunpoxcudennnanannt (JJODA), nodamuH, agpeHatvH 1 HOPaJAPEHAINH, UMEs MTOX0XHE CTPYKTYPBI,
TIPOSIBIISIFOT Pa3IMYHBIA Onoornueckuii ahhexT.

CHy— CH—IMNH2 Ho CHo— CH—IHg
He COOH HO o
THPO3KH O0DA
HO— —CHy— CH—MNH5 Ho— CHy— CH— NHo HQQCHQ—CH—NH
HO HO L HO L (|:HS
HodhamuH HopagpeHanuH AnpeHanuH

B sToM cirywae modamuH, agpeHaTH U HOpaApEHAINH SIBILTIOTCS OoJiee THAPO(HOOHBIMU COSTUHEHHUAMH, T.€.
¢ OOJBIINM CPOJICTBOM K JIMIHUIHOM (haze MeMOpaHHbIX CTPYKTYp. ClieioBaTeNibHO, TUIO(UIbHbIE COSIMHEHNS,
nonazasi B JIMOUAHYIO a3y MeMmOpaHbl, MOTYT AOJTO (YHKIMOHHPOBATH OKHCIISISCh-BOCCTAHABIUBASCH,
HapyIas ee [eJIOCTHOCTh. B 3TOM cirydae KiieTKa He MOXXET MEeTa0OIM3HpPOBATh 3TH COSAWHEHHS MO MPUIMHE
TOI0, UTO OOJIBIIIMHCTBO (l)epMeHTOB, B YaCTHOCTH OKCHAa3, HAXOAATCA Ha IMOBEPXHOCTHU MeM6paH.

Crabunuzanusi CBOOOAHBIX PaJMKAIOB OKasanach KIIOYEBBIM 3BEHOM B pEAIM3alMU NOTCHIMAJIBHOU
Ouonornyeckoil akTUBHOCTH BewlecTB. [Ipum sToM, uem Oenee CTaOMIM3MPOBAH pajUKal, TEM BBIIIE €ro
TOKCUYHOCTH. Tak, Hanpumep, OJTU3KUE TI0 CTPYKTYPE MECTHBIC aHECTCTUKH JIMIOKAMH, XJIOPKAUH U TETPaKauH,
pa3inuyasch TOJEKO OOKOBBIMH PaTUKaIaMH, PE3KO pa3nudarorcs mo BenwmuuHe LDsy st mbrmreii. Hanbonee
TOKCHUYHBIM OKA3aJICS TETpaKawH, cTaOwim3anus CBOOOJHOTO pajvKaiga KOTOPOTO JOCTHUTAeTCS KakK 3a CYeT
6okoBoro pammkana C;HyNH, Tak m 3a cueT He3aMemeHHOTo OEH30JIFHOTO KOJblla. MeHbIas TOKCHIHOCTh
XJIOpIIPOKanHa 00yCIOBICHA 3aMECTUTENIEM B OEH30IHHOM KOJIbBIIE.

Juis MHOTMX OHMOJOTHYECKH AaKTUBHBIX BEIICCTB, HAMpPUMEp OJIOKATOPOB aapeHEPTHYECKUX HEHPOHOB,
KOTOpBIE TOPMO3ST BBICBOOOXKICHHE MEAHaTOpa HOpaipeHATMHAa W3 aJpCHEPTUYEeCKUX HEPBHBIX OKOHYAHHN
XapakTepHO HAJMYHWEe B CTIPYKType JHOO HEHACHIIICHHBIX CBA3ed (TyaHHIWHOBBIE TPYIIBI), JHO0
YEeTBEPTUYHOrO aToma a3oTa. [Ipu pas3iioKeHUH 4eTBEPTHYHBIX aMMOHHUEBBIX OCHOBaHUWi B peakiuu ['odmana
oOpasyrorcs onepunbl. CieoBaTeaIbHO OHONIOTHYECKass aKTUBHOCTh 3TUX COEJAMHEHUH 00yCIIOBIeHa HAIMYNEM
@®AT ¢ HeHACBIIEHHBIMU (PYHKIUSIMH.
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I/IHTepeCHO OTMCTUTh, 4YTO B 6OJ'II>HJI/IX KOHICHTpalUAX OTU IMpenaparbl OKa3bIBAlOT MCECTHOC
aHectesupylomee aeictBue. Ecim ke 9TH  coenuHEHHMs OJOKMPYIOT BBICBOOOXIEHHME Meauaropa
HOpaJpeHaIMHAa W3 aJAPCHEPrHMYeCKMX HEPBHBIX OKOHYAHWH, TO OHHM JIOJDKHBI JIEWCTBOBAaTh Kak
camocTosATeNbHble areHThl. CleoBaTeNnbHO, MHIIEHBIO Ul JEWCTBHS HAPKOTHYECKHX 00€300JIMBaIOIINX
IIpenaparos, B TOM YHCJIE U ONMOMJHBIX MENTUAOB, JOJDKHBI OBITh IIOCTIAHTIIMOHAPHBIC HEPBHBIE BOJIOKHA.

HaxkoruleHo MHOTO 3KCHEpHMEHTAIBHBIX ITAaHHBIX, KOIZIa KaKOe-TO XOPOIIO HM3yYEHHOE ICHCTBHE OIHOTO
BeIeCTBA CHUMAeETCs BO3JeicTBHEeM npyroro. Hampumep, neiicTBue STHIIEHa CHHMAaJIOCh 00pabOTKOH
2,5—-n0opbopHanuena, CO wmum HUTpaTa cepedbpa (Burg and Burg, 1967; Beyer, 1979; Sisler and Yang, 1984).
Taxkux mpuMepoB MOKHO NpuBecTH MHOTO. OOBSICHEHNE 3TOMY ABJICHHUIO OBUIO TPEIUIOKEHO B KOHKYPEHTHOM
B3aUMOJAEHCTBUM C PELENTOpaMH 3THIEHA. BO3MOXXHO, YTO 34€Ch MMEIOT MECTO YHCTO KOHIIEHTPALMOHHBIC
3aBUCHMOCTH JI€HCTBHSI CBOOOIHBIX PAJUKAJIOB, TAK KaK pa3IWdHbIe 3(PEKThl MOKHO MOTYYUTh MEHSS TOJIBKO
KOHIIEHTPALIMIO OJTHOTO U TOTO )K€ BEIlleCTBa.

H3BecTHO OOJBIIOE KOIMYECTBO BEIIECTB, HA3BAaHHBIX BTOPUYHBIMH IIPOAYKTaMH, KOTOPbIE CHHTE3UPYIOTCS
KakK paCTUTCIbHBIMH, TaK W JXWUBOTHBIMHU OpraHU3MaMH. Xors pOJb O3THUX BCEHICCTB MJIsI OPraHu3MoOB
MPOXYLMPYIONIMX WX HE COBCEM SICHA, MHOTME M3 HUX NPOSBISIIOT CHIbHBIE Omosnormueckue 3Qpdextsr u
SIBJISIFOTCSL OMACHBIMH JUISL IPYTUX BUAOB. PHU3HMOJIOrMYEcKas POJib MHOTMX BTOPHYHBIX IIPOAYKTOB XOPOLIO
ycraHoBieHa. B 310l cBsi3u XoTenock Obl 00paTUTh BHUMaHHE HA TaKKe BEllecTBa Kak (heHOIIBI (oI (pEHOIIBI)
pacTeHuil, akTHBHO (YHKIIMOHUPYIOMIKE B Meprox (GOPMHUPOBAHUS KIIETOYHBIX 00oJouek pacreHmid. Cyanba
9THX COEIMHEHWH MHTEPECHA TEM, YTO MOCJIE OTAAYH aTOMOB BOJOPO/A APYTUM BEIECTBAM U, TAKHM 00pas3om,
NPEBPAaTHBIINCH B CBOOOAHBIC DPAIAWKAIbI, OHM BBIBOAATCS W3 LMTOIUIA3MBI B 000JOYKY, TAE IyTeM
PEKOMOMHAIIMK TIPOMCXOJUT MX MOJMMEpU3alus B JUTHHHBL. TakuMm o0pa3oM, (EHONBI, ¢ OJHOH CTOPOHHI,
SIBIIIEOTCST OKCHIIAHTAMH, a C IPYTOH — YCHIIMBAIOT JKECTKOCTh KIETOYHOH 000JOUKH pacTeHHH. B cBs3U ¢ TeMm,
YTO MUTpPALMs aTOMa BOJOPOJa HA KUCIOPOJ ¢ OEH307IbHOIO KOJbLIA HEBO3MOXKHA, TO 9TH COCIUHEHHS MOTYT
100 OKHMCIINTD JPYTO€ BEUIECTBO, T.€. OTIIEIUTh BOAOPO/, WIIM KOHBIOTHPOBATh C 3THM BEILIECTBOM, 00pa30BaB
MECHEEC HOJIBI/I)KH]:Jﬁ KOHBIOI'aT, a 3HAYUT U MCHCC 6I/IOJ'IOFI/ILIeCKI/I aKTHUBHBIA arcHT. LIaLue BCEIo MmpoucxoauT
B3aMMOJICHCTBHE CBOOOJHBIX PAIUKAIOB 3TUX COCHUHEHHUH, T.C. MX HEHWTpaiu3alys KakK 3TO IOKa3aHO Ha
pUMepe KaTeXruHa, METHICBreHoa U OaTarasuHa | (puc. 2).

Xouyercst o0OpaTuTh BHUMAaHHE Ha TaKOM Kiacc OHOPEryJsTOpOB KaK IOJUIENTHABL. BoNbmMHCTBO
TIOJIMIIETITHIOB HE MOTYT NPOHHMKATh B OPraHU3M 4Yepe3 >KeJIyJOYHO-TIEYCHOUYHBIH TPaKT, a 3HAYUT HE MOTYT
JIOCTHTaTh KJIETOK-MuIIeHeH. CrienoBaTebHO, WX BBOIST C IIOMOIIBIO HMHBEKIMHA. Vcmonb3oBaHue STHX
COCAMHEHUH SABIAETCS NMEPCHEKTUBHBIM OTOMY, YTO OHH, HMesI HECKOJIBKO (DYHKIIMOHAIBHO-aKTUBHBIX TPYTIII,
3HAQUUTEIBHO MEUICHHEE TMOIBEPraroTcsl METa0ONIMYEeCKOMY pa3pymICHHIO M, CJIEAOBATEIbHO, MOTYT
(YHKIIMOHMPOBATh 3HAYUTEIILHO JOJbIIE B OpraHu3Me. B To ke BpeMs, Ipy HAIMYUH OJHOHM (YHKIIHOHAIBHO
aKTHBHOW TPYHIIBI, HOCJIE OTIIECIUIEHHs aKTHBHOTO aToMa BOJOpPOJA, B Cllydae IPHCOEIUHEHHS HE aToMa
BOJIOPOAA, a APYTOTO paguKaia, MOXKET IPUBECTU K PE3KOMY CHIDKEHHUIO OHMOJIOTHUECKOI aKTHUBHOCTH BEILIECTBA
WA €ro IOJHOM HWHaAKTUBaLMU. le/l HaJIMYUKU B BEHICCTBE HECKOJBKHUX (byHKIlI/lOHaJ'H)HO AKTHUBHBIX I'PYIIT
CHIDKCHUE OHMOJIOTHYECKOH aKTHMBHOCTH CTaHET 3aMETHO NP IIOJIHOM WMHAKTHUBAIMK BceX (DYyHKIHOHAJIBHO
AKTUBHBIX I'PYIIIL.

[Ipn wncmonp30BaHMM AaHTHHEOIUIACTUYECKHX BEIECTB Oojiee MEpCIEKTHBHBIM SIBISETCS TpsiMas WX
WHBEKIMA B 00sbHOM opraH. OOYCIIOBICHO 3TO TEM, YTO Pa3IMYHbIE TKAaHU IO Pa3HOMY METa0OJIM3UPYIOT OHO
n TO ke BemiecTBO. K TOMy jke nepeiBM)KEHHE BEIIECTB CYIIECTBEHHO OTJIMYAETCS B Pa3MYHBIX TKaHSIX.
Hannuune n ciektp (hepMEHTOB Tarkke OMpPEAENIAeT CKOPOCTh AKTUBALMHM KaK SHAOTCHHBIX, TaK M HK30TCHHBIX
MOTCHIATIBHO OMOJIOTHYECKH aKTHBHBIX BEIIECTB.

MHoTOUNCIEHHbBIE JaHHBIE CBUAETEIBCTBYIOT O BINSHUN OHOPETYJIATOPOB, a TAKXKE PA3ITMUHBIX (PH3UIECKUX
(akTOpoB Ha IKCIIPECCHIO T€HOB. B CBA3M ¢ 3THM, MBI BKpaTile OCTAaHOBMMCS Ha BO3MOXKHBIX MEXaHH3Max
PETyJsIIMK SKCIIPECCHMH T€HOB. B Hacrosmiee Bpems OOIIENPH3HAHO, YTO TeH — 3TO IOCIEN0BATEIbHOCTH
ne3okcupubonykinennoBoit kucnotel (JJHK, DNA), necymmas unbopmaimo o0 omnpeaeneHHoMm Oenke. Ceiiuac
m3BecTHO, uTo /IHK, Haxonsmascs B XpoMocoMmax, OpraHM30BaHa B HYKJICOTHIAX B BUJAE IBOMHON crmpaim
Yorcona u Kpuka u3 antunapamienbhbix mnemneit (Alberts et al., 1989; Lewin, 1985; Stent, 1978). Ona umeer
dopmy criupanu ¢ quamerpom okoino 20 A u pmmoit omHoro Hykneornaa okono 3,4 A.
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Puc. 2. Bo3moxHsie myTn GroTpanchopMalii KaTeXHHa, METHIICBIeHONa U GaTaTasuHa .
Fig. 2. Possible ways for biotransformation of catechin, methyleugenol and batatasin 1.

JHK B kjeTKe ymakoBaHa B XpOMAaTHHE M 3TOT MPOIecC KOHTPOIUPYETCS TUCTOHOBEIMH OelkaMu. [ ICTOHBI
HAXOJATCS IPUMEPHO B onuHakoBoM konmmaectBe ¢ JJHK. Hanbonee xopomo n3ydeHo maTh OCHOBHBIX OEIIKOB:
H3 u H4 (aprunmn-6orateie), H2A u H2B (ymepenHo oboramieHHbIe TH3UHOM), a Takke HS (ogeHp GoraTsiit
nm3unoM). benku H3, H4, H2A 1 H2B 00pa3yroT okramep B BUJIE HYKJICOCOMBI, Pa3Mepbl KOTOPOW COCTABIISIOT
npumepro 110x110%x55 A (Alberts et al., 1989; Lewin, 1985; Stent, 1978).

Kaxpgprii ren akcmpeccupyercst myTeM obOpasoBanus pubonykiemHoBoro (PHK, RNA) mocpemnuka, y
KOTOPOTO TIIOCIIEAOBATEIFHOCTh HYKJICOTHAOB TOYHO COOTBETCTBYET IIOCIEAOBATCIHHOCTH AaMHHOKHCIOT B
Oenke. JlBammath aMHHOKHCIIOT, OOHAPYXHBAE€MbIX B O€NKax, COCTUHSIOTCS BMECTE HENTHAHBIMH CBS3SMHU,
o0pasyroumMucs npu B3auMoericTBuu aMuHorpymsl (NH,) 0IHON aMHHOKHCIOTHI U KApOOKCHIIBHOW TPYIIIIbI
(COOH) pmpyroii.

ITockonbKy reHeTHYeCKUit KO TPUILJIETEH, TO KaX /10l aMUHOKHCIIOTE COOTBETCTBYET TPU PACIIONOKEHHBIX
pPAIOM OCHOBaHMA, Ha3BaHHBIE KOJOHOM. ['eHeTHUecKuil KOA CUMTBIBAaeTCS KaK CepHs TPUILIETOB, a Oelok
CHUHTE3MpYeTCsl IOCIEeNOBaTeIbHO C OJHOTO KOHIA A0 aApyroro. IlocienoBaTedbHOCTh HYKICOTHAOB
3alUCBIBAETCSI YCJIOBHO B HANPABICHHH OT 5'—KOHIA K 3'—KOHIly, YTO COOTBETCTBYET aMHUHOKHCIOTHOH
MTOCTIEIOBATEIbHOCTH, 3aIIICAHHON B HampaBieHHH oT N—koHma k C—xonmy. Ilomarator (Alberts et al., 1989;
Lewin, 1985; Stent, 1978), uro mepBuuHasi KCIpeccUsi T'eHa cOoCTOMT B cuHTe3e MaTpuuno PHK (MPHK,
mRNA), konmpyromreii onny nens JJHK. IIponiecc o6pasoBanne MPHK na JIHK Ha3biBaeTcs TpaHCKpHIIUeH, a
cOOp aMHUHOKHUCIIOT Ha 3TOW MaTpuie — TpaHciuauued. TpaHCIsus OCYIIEeCTBIsIeTCsl HA pubocoMax, KOTOpbIE
npuxpemuisitoress kK MPHK Ha 5'—xoHIie 1 nepenBuraroTcs BAOJIb NOMMHYKICOTHIHOMN LIENH MO0 HANPABICHUIO K
3'—KOHIly, TPaHCIUPYS KaXKAbI TPUILIET B aMUHOKUCIOTY. Ilo mpemnoxenutro Kpuka mocpemqHukoMm B
TpaHcmsiuun  cioyxutr  TpaHcnoptHas PHK  (TPHK, tRNA), xoropas wumeer TpHUHYKICOTHIHYIO
MOCJIEI0BATEIbHOCTh — AHTUKOJOH. AHTHUKONOH KOMIUIEMEHTapeH KOJOHY, COOTBETCTBYIOLIEMY JaHHOMN
amuHokucinore. Kaxzaas TPHK, y3HaBas cBoro aMUHOKHUCIOTY, Mpu ydyacTuu amuHoauuid-TPHK-cunTtasst
CBsI3bIBAETCs C Hell n oOpasyer amuHoami-TPHK. AmuHokucnoTa 00b14HO nipucoenunsiercs k 2'—~OH—rpymnre.
Awmunoarmuin-TPHK, B cBOIO 04epenp, crmocoOHa cBsi3piBaThCs ¢ pudbocomoit (Alberts et al., 1989; Lewin, 1985;
Stent, 1978).
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PubocomMbl mpencTaBisoT coOo¥ nBe cyOwacTHilbl: Oosblias W Mainas. [Ipu 3ToM OoJblas YacTHIA IO
pa3Mepam IMPUMEPHO B JiBa pa3a 0oJibliie MaJIoi. B oiHOM KjIeTKe, HanpuUMep OaKTepuil, MOXKET COACPIKATHCS 10
20000 pudocom. OCHOBHOI 0COOEHHOCTHIO pUOOCOM eCcTh TO, 4To Ha 60—70% ouu cocrost u3 pPHK (Alberts et
al., 1989; Lewin, 1985; Stent, 1978).

U GakrepuanbHble puOOCOMBI, 1 pUOOCOMBI 3yKapHOT 1o cBoeil popme cxoansl. Tak, Manas 6akTepHaIbHAs
cybuacTua TpejcTaBaseT coOol simncoua pasmepamu 55x220x220 A, a Gonbmas cy6uacTuna numeer
chepuueckyo dopmy pasmepamu 150x200x200 A. Iluronmasmaruueckue puGOCOMBI MIIEKONHTAIONINX
OTIIMYAIOTCS TOJNBKO HECKOJBKO OONBIINMH Pa3MEpPaMU.

IMockonpky PHK okazanace mocpemankom mexny JHK u 6enkom, To HEOOXOIUMO BKpAaTIle OCTAHOBUTHCS
Ha npomecce TpaHckpumimu. Cumnraercst (Alberts et al., 1989; Lewin, 1985; Stent, 1978), uro TpaHCKpHUIILIHS
MIPOUCXOIUT B TPU CTaIWM: MHHULMAINH, dIOHTanuu U TepMmuHanuu. Ilponecc cuatesa PHK ocymectsisercs
¢depmentom PHK-monmmepasoii, kotopas, mnepeaBurasch Baosib Mojekyssl JIHK, obpasyer uen» PHK,
MOCJIEI0BATENILHOCTh B KOTOPOH JIeTepMUHHUpYeTCss MaTpuied. MHunuanus o3HayaeT o0pa3oBaHue KOMILIEKCA
mexay PHK-nonumepazoit u JIHK B MecTe cTapTOBOM TOUYKM ¢ KOTOPOM MET BKIIOUEHUE TIEPBOTO HYKIEOTH A
B cUHTe3upyromuics TpanckpunT. Ydactok JIHK, kotopeiii orBewaer 3a mnpekpameHue cunreza PHK
HaspIBaeTcsl TepMuHaTOpoM. Obmee koimuectBo PHK-momumepas B kietke moxer pocrurate 7000 (mus E.
coli). Tlpu srtom cunre3 MPHK, TPHK u pPHK ocymectBisiercss oHoit n To# ke mommmepasoil. Tosbko
rosioepMeHT (HONHBINA (PepMEHT), coaepKaluuii curMa-(hakTop MOXET MHUIMUPOBATh TPAHCKPHIILHIO, TOTda
KaK DIJIOHTAINS OCYIIECTBIIETCS MUHIUMAIBHEIM (epMeHTOM. CHurma-¢hakTop mpugaetr GepMeHTy CIIOCOOHOCTH
y3HaBaTh Clielu(pUIecKre MeTa CBSI3bIBAHUS.

[o-BuamMomy, nBa (QyHAaMEHTAJIHHBIX XHMHYECKHX MpoOIlecca JIeKAaT B OCHOBE JEATEIBHOCTH YKHUBBIX
OpPTaHM3MOB — 3TO pPEaKIUH OKHCICHHS W BoccTaHoBieHUs. CiemosarensHo, kak JIHK, tak u PHK momkHbI
OBITH SKPAHUPOBAHBI OT Pa3PYMIUTENFHOIO AEHCTBHUS HHIOTCHHBIX okucnuTenei. Ilpm 3ToM KecTKUM
TpeOOBaHMEM K TaKOI 3alIUTHOM IUIEHKE JOJDKHO OBITH TO, YTO OHA caMa He JOJDKHA COIEepiKaTh PeaKTHBHBIX
TpyMII, CIOCOOHBIX 00pa30BhIBaTh KoBaneHTHBIE cBs3u ¢ JJHK. Ha aTy pons MOTyT npeTeHmIoBaTh HyKI€OCOMBI,
eclii XOTsl Obl OJHA CTOPOHA KOTOPBIX MOCTPOEHA M3 MOJIMaMHUHOB, OOpauieHHbIX amuHorpymmamu k JIHK.
Haxe, ecmu JHK u Haxomurcs B ckpyueHHO#l (opme, rie OOKOBbIE YYacTKH JIGHTHI MOJIBEPHYTHI Tak, YTO
9KPaHUPYIOTCS aKTHBHBIE €€ YYacTKM B OTKPHITOM (OTOJIGHHOM) BHJE, BEPOSTHOCTh OBITh aTaKOBaHHOM
CBOOOZHBIMU paJWKalaMd OYeHb BbICOKa. K coXaleHblo, NpUBEICHHbIE B MOHOTpaQUsIX, MOJEIH
pacrionoxxenus THK Bokpyr nyknmeocom ( Alberts et al., 1994; Lewin, 1985; Stent and Calendar, 1978)
MIPUBOJISIT OTPHIBUCTHIE JJaHHBIE O MEXaHU3MaXx €€ 3alUThl Ha TAKOH HyKJIEOCOMe.

IIpu onmcanuu runorerndeckoil mogenu xpanenusa JHK B sape mMbl JOMKHBI HCXOIUThH U3 TOTO, YTO Kak
JHK, tak u PHK nomkHBI OBITH 3alIWINEHB KaKOH-TO OOOJOYKON OT NEHCTBUS PAa3IMYHBIX (DEPMEHTOB H
OKCHJIaHTOB, TPEXIE BCETO HU3KOMOJCKYISAPHBIX CBOOOMHBIX paJWKaioB. Takwe a30THCTHIE OCHOBAaHHUS Kak
ITypHUH, aJCHUH, TYaHUH, MUPUMUANH U IATO3HWH, UMESI CHCTEMY HEHACHIIIEHHBIX CBSI3H SBIAIOTCS apUIaMH H,
CJIeZIOBATENIbHO, HE MMEIOT (YHKIMOHAIBHO aKTUBHBIX Tpyni. B To ke Bpemsi ypauwi, THMHUH, pu0o3a u
2—ne30Kkcupn603a UMEIOT OTKPHIThIE (YHKIMOHAJIBHO aKTUBHBIE rpymnmsl (puc. 3). Kak BUAHO W3 puCYHKa y
THUMHHA OTAENbHAS HEHACHIIIEHHAs CBSA3b 3acClIOHEHa (IKpaHHPOBAHA) METHIBHON TPYIOW, HO OCTArOTCA
AKTUBHBIMH JIBa aTOMa BOJOPO/ia MIPH aTOMax a30Ta.

Ecnmn rubpunnas uens JJTHK-PHK B mpouecce anoHrauuy 3amuiieHa OT BO3MOXKHOW He(epMEHTATUBHOM
aTaKy BHYTPUKJICTOYHBIMU ar€HTaMu, TO HUYEro HE U3BECTHO KaK 3alllilIcHa BTOpas LEIlb IIHK oT cnyqaﬁHoro
B3aUMOJICHCTBUSL ¢ HHM3KOMOJIEKYJSIPHBIMHM BEIECTBAMHM HJIM IIPOCTO C HyKJIeoTHIamu. Benp oOpazoBanue
CBsI3€il MEXIy HYKJICOTHIAMHM, KaK 3TO CJIEAYET M3 ONBITOB KMHETHKH PEaccolUalny, MOXET IPOUCXOJUTh U
6e3 yyactus (pepMEHTOB.

Xpomocoma sBiasiercst mectoM xpaneHus [JHK. Ilpu stom cocpenorouenne JJHK B kaxaoi oTaenbHOM
XpOMOCOME MOXKET OBITH OCHOBAaHO Ha ()YHKIIMOHAJIHHOM IIPHHIUIIE, KOTAA TE€HBI, HeCyIIiue HHPOPMALHUIO O
Oenmkax ¢ OMm3kuMU (QYHKIHUSAMH, CTPYIIIMPOBAaHBI B OJHOW XpoMmocoMe. Hampumep, TeHbI, OTBETCTBEHHEIE 3a
CHHTE3 MEMOPaHHBIX CTPYKTYP, MOTYT OBITh COCPEAOTOUYEHBI B OTHON CYOIUPEKTOPHH.

s mpenoTBpamieHnss OeCIopsSA0YHOTO MEePEMEIICHUS XPOMOCOM TI0 SIIPY OHM MOTYT HPUKPEIUIATHCA K
SIIEPHOM MeMOpaHe uepe3 yenmpomepy (centromere) Wi menomepol (telomeres). Tlpu 3TOM TpaHCKPHUIIIHS
Oynet npoucxonuts ¢ nenodyku JJHK, oOpamennoii k ueHtpy sapa. Ctpoenue xpomocomsl (Cr) U ynakoBka B
ueit JIHK npusenensr Ha puc. 4. BBepxy mokasaH oOLIHiA [UTaH pachojioxkeHus cyoaupekropuii (Sd) u reHoB
(Gn) B HuX B BHJE MeTeNb (C LEIbI0 YIPOLICHHUS PUCYHKA IETJIM HAPUCOBaHBI B BUAE IIPSIMOYTOJIbHUKOB). [Ipu
3TOM KpOMe IPOMOTOpa (promoter) uMeercst Ko XxpoMocoMmsl (a code of chromosome) u ko cyoaupekTopuu (a
code of subdirectory). Ha ¢parmente BHH3Y moka3zaHo pacnonoxenue JIHK B remax. Ilpeamomaraemsbiid
mexanu3M xpanenust JIHK npusenen Ha puc. 5. Ilpu otnenenuun unenouku JHK oxHoro rena ot xpomMocomsl
BMECTE C eIlle IByMsI HyKJIIEOCOMaMH 0 O0KaX MOXKeT 00pa30BEIBATECS CTPYKTypa TuaMeTpoM okoso 30 HM.
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Puc. 3. AsorucTbie OCHOBaHHUs (NHMPUMHIMHBI M IYPUHBI) M caxapa (Ae30KcMpr0o3a u pubo3a), BXOASIIKE B COCTaB
HYKJICHHOBBIX KHCIIOT. PAT — GyHKIIMOHAIBHO aKTHBHBIE TPYIIIIBI.
Fig. 3. The nitrogenous pyrimidines and purine bases, and sugar (deoxyribose and ribose) that form nucleic acids.

Paccmotpum Tenepp MexanusMm perukanuu JIHK w tpanckpunmum PHK B cBs3m ¢ mpemnaraembpiM
pacnonoxernuem JJHK B xpomocome. JTHK cBepxy, CHH3Y U C IBYX CTOPOH OKpY>KeHa HyKJIeocoMaMH (puc. 4 u
5). Ecnu cBs3p HIDKHETO psfa HYKIEOCOM OKaxkeTcsi Ooree skecTkod, To cmHTe3 HK mms mocnemyromeit
tpancopmanuu B PHK Oyner mpoucxoanTs ¢ y4acTHeM BepXHEW Iend HyKJIeoTHIO0B. MHuImanus npouecca
peIUIMKAKA HAauMHAETCsl C PACILUEIJICHUs IBOWHOMN IIENOYKH repea HadanoM reHa. [locie oOpazoBaHus IBYX
HHUIMHPYIOIIMX KOJOHOB MIPOUCXOIUT BCKpBITHE HemocpenacTBeHHo ToHHens ¢ JIHK u Haunnaetcs ee cuntes
Ha Kaxao# memouke. Ilpyu 3ToM HOBBIE HYKJIEOCOMBI NMPHCOENUHSIOTCS K HIpkHer mermouke JIHK cBepxy, a
BepxHell cHm3y. Takum o6Opazom JIHK mocTosSHHO 3amumieHa OT BHEITHETO CIIyY9aifHOTO BO3ICHCTBUS
pasimmuHbIX areHToB. [Tocie Beixoma ¢pepmenta JJHK-nommMepassl u3 TOHHENS 00pa3yeTcsl ABOWHONW KOMILIEKT
JHK u mykneocom. Cunte3 PHK moxer OvbiTh anamormueH JIHK, Ho BHOBB cunTesupoBanHas JJHK (reH)
BBITECHSIETCSI CO CJIOS HYKJIEOCOM Ha MOBEPXHOCTH (B MOJIOCTH SApa), IJI€ U MPOUCXOJIUT €€ MpeBpalleHrue B
PHK.

Nwmeronuecst nannsie (Alberts et al., 1989; Lewin, 1985; Stent, 1978) cBHIETENbCTBYIOT, YTO Ha OJHY
HYKJIEOCOMY TpHUXOAUTCs mpuMepHo oT 146 mo 260 map Hykieotumos (m.H.). Ilpemmomoxkmm, uro JHK
XpaHUTCS B TOHHENIE W3 HYKIEOCOM B  BHAC YeThIpexyroimpHHKa (puc. 4 m 5). DJIEKTPOHHO-
MUKPOCKOIHYECKHE
JaHHBIE CBMJIETENLCTBYIOT, uto nuamerp JHK paBusercs mpumepro 20 A. B neiicTBHTENEHOCTH OH MOMKET
ObiTh Menblie. J[st manpHeWmmx paccyxnaeHud pomyctuM, uto JIHK mmeer Bua JeHTHI, MOAKPYYEHHOH C
OOKOB, 4UTO BHEIITHE HAIIOMHUHAET criupaib. [loakpydunBaHue, BO3MOXKHO HEOOXOIUMO 1T 9KpaHupoBaHus QAT
OT BO3MOKHOI'O cilydyaiiHOro B3aumoneicTBus ¢ okucnurensimu. Eciu JJHK nMeer Bup JIeHTBL, TO OHA MOXKET
OBITh JIETKO PACIONIOKEHA Ha IMOBEPXHOCTH HYKJICOCOMBI B BHAe 3Mmeliku (puc. 4). Ilpm stom pacueTHOE
KOJIMYECTBO Map HyKIEOTHOB HA OJHY XPOMOCOMY yBeIUUUTCs. MHE TpyAHO CKa3aTh HA KAKOM MUHUMAaJIbHOM
PacCTOsAHUM CMOTYT HaXOJAUTCA ABE JICHTLI (Hecymne 10 ABC uerm), LlTO6]:-l CHJIBI OTTAJIKMBAHHUs HC BJIMAJIA Ha
npoctpancTBeHHoe nosioxkenue JJHK. He 3nas oTy BenuuuHy, s HE MOTY CKa3aTh CKOJBKO Map HYKJICOTHIIOB
MOKET BMECTHTBCS Ha HykjeocoMe miomaznbio 110x110 A,

[TockonbKy HyKJI€OCOMa COCTOMT W3 Pa3jIMYHBIX THMCTOHOB, TO, CJIEAOBATENIFHO, OHM JOJDKHBI HECTH
pasnnuHyo (QyHKIHOHANbHYIO Harpy3ky. Hykieocoma mmeer ¢opMy NpsIMOYTOJIBHOTO IapajuieNenunena, y
KOTOPOTO IIECTh CTOPOH MOTYT UMETh Pa3/IMYHbIM aMUHOKHCIOTHBIN COCTaB, U, CIENOBATEIbHO, Pa3INYaThCs
10 XUMHUYECKUM cBoicTBaM. JIuneBas u TelIbHAsA cropoHa HykiieocoMbl (ABCD A'B'C'D’), BepXHss U HIDKHASA
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(ABA'B’ u CDC'D’), a Takxe nse 6okoBbie (ACA'C' u BDB'D’) nomkHbl ObITh ONH3KH 110 XUMHUYECKOMY
COCTaBY, CEPALIEBUHA MOXKET COCTOSITh M3 OJHOTO THIIA TUCTOHOB (pHC. 5).

Moe mnpeamonoxkenne o HempsiMoM cuHTese PHK Oasumpyercs Ha XMMHYECKHX CBOWMCTBaX 3THX ABYX
HYKJIEMHOBBIX KUCJIOT. Bo-nepBuix, ¢ xumuueckord Touku 3penus JAHK comepkur TOIbKO THMUH, UMEIOLIUH
aKTHBHBIH aTOM BOJIOPO/Ia W OTIENbHYIO HEHACBHINIEHHYI0 CBs3b. HO HeHachllleHHass CBs3b 3acOHEHa
METWIBHOW TPYNIIOW, a aKTUBHBIM aTOM BOJOpoOJa OOpalleH BHYTPh MOAKPY4YEeHHOH JjeHThl. OH-Tpymmsl
JIe30KCUPUO03bI IeaKTHBUPOBAHbI, a aKTUBHOCTh aTOMOB BOZOPO/ia PE3KO CHU)KEHA BCIIEICTBHE KOH(PHUTYPALIIH.
Takum ob6paszom, B nemom JIHK sBusercs mouru mHeptHOil. K TOoMy ke Teopermueckn Hu JJHK, HE ee
OKpY)KEHHE HE JOJDKHBI COEPKaTh (DYHKLIHOHAIBFHO aKTHBHBIX TPYIIIL.

PHK, B otmmune ot IHK, nomkHa nepemeiaTbcsi BHYTPU KIETKU U, CIEA0BATENbHO, 1) €€ NPUKPEIICHUS
U TPAHCIIOPTHPOBKU HEOOXOIMMO 00pa3oBaHue OoJiee MPOUHBIX CBsI3ei. Bo3MOXKHO 1151 3TOTO, IBOHHAS CBSI3b B
TUMHHE JIEeMacKHpYeTCs IyTeM YAaJIeHHs METHILHOM IPYTIIBI, a 1e30KCHpru003a aKTUBUPYETCS ITyTEM BBEICHUS
OH-rpynnbl. BkiroueHne roToBbIX HyKJICOTHIOB C YPAaLMIOM U pr0030if BO BHOBb CHHTE3UPYEMYIO ABOIHYIO
mens JIHK MokeT BBI3BIBATh psii OCIOKHEHUH B CIIydae pa3phiBa IETIOYKH MAaTEPHHCKHX HYKIeoTHIOB. Ilpn
stoM B JIHK MOXEeT BKIMHUTBCS ypalui Wik pud0o3a cO BCEMH BBITCKAIOLIMMH MTOCIEICTBUSIMU.

[Mockonpky ckopoctb cuHTe3a PHK o4eHb BBICOKas (10 HECKONBKHX COT Map HYKIEOTHAOB B 1 C), TO 3TO
3HAYUT, 4TO packpyuuBanue cnupain JHK 10mKHO IPOMCXOAUTE ¢ CpaBHUMOM CKOPOCTBIO, YTOOBI 00eCTIeUnTh
HeIpepbIBHBIN Mpouecc anorHauuu. HeussectHo, rae cuntesupytores npyrue suasl PHK, B vacthoctu TPHK n
pPHK. M yx coBcem Huyero He roopurcs o ToM Kak nBrkercs depment mo JHK, ecnm cormacuo
npeanonoxenuto JTHK namorana Bokpyr Hykieocomsl (Alberts et al., 1989; Lewin, 1985; Stent, 1978). K tomy
Ke (epMeHTy emle HeoOXOOUMO M HENpepbIBHO IPOTHCKHBATHCS MEXAY HYKIEOCOM. TakKe HEH3BECTHO
nouemy ckopocth cuHte3a PHK npeBocxonut takoByto cunreza JJHK. IIpaBaa, Beicokas cyMMapHasi CKOPOCThb
cunreza PHK moxer ObiTh 00yciioBiieHa HaauyueM OOJBLIOrO 4Kcia KOMWI I'eHa, TPAHCKPHIIHS KOTOPBIX
OCYILECTBIIAETCS OAHOBPEMEHHO.

Ecnu 65m0ouyHBIN NPUHIUN TPAHCKPUIIMK MMEET MECTO, TO TPAaHCKPHUIIHMS T'€HOB OJHON CyOAMpEeKTOpHUU
MOJKET MPOUCXOTUT MPU HAJIHMYUHN KOAA CyOIUPEKTOpUH (MOXET OBITh 3TO €CTh PHTAHCEP) M KOJa XPOMOCOMBI
Jla’ke MPU OTCYTCTBHHU IIEPCOHANIBHBIX KOJJOB T€HOB.

KakoBa xe poib nouoB Mg”" B crumymsumn PHK—rmonmmepassi? Kak nporcxomut obpaszoBanue 3pHpHOIL
cBs13u? MIMEIoT 1M MecTO 3/1eCh OKHUCIUTENBbHO-BOCCTAaHOBUTENbHBIE Nponecchl? Ecnu 1a, To ckopocTh paboThl
PHK—mommepashl, MOXKET ObITh, ¥ 00YCIIOBJIEHA OKHCIIEHHeM-BoccTaHoBIeHHeM Mg® . Ctomb GhicTpas pabota
(epMeHTOB TpeOyeT HeNpephIBHOIO MOCTYIUICHUS B SIIPO MM HOBBIX (PEPMEHTOB, WJIM MX KO()EPMEHTOB B
BOCCTaHOBJICHHOM COCTOSIHUM, YTO KpalHe OCJOXHHUIO Obl pabory ¢epmenta. Eciu depmeHT umeer Ooinee
OJIHOTO AKTUBHOTO LEHTPA, KOTOPBIE MOTYT OBITh NPENCTaBJICHBI HMOHAMH IEPEMEHHON BaJICHTHOCTH HIIH
kosm3umMamMu NAD, NADP, FMN, FAD, To oH MoXeT paboTaTth Tak, 4YTO IPH BOCCTAHOBJICHUH, HAIpUMEp
LEeHTpa A, OH MOXKET ObITh OKMCIIEH 32 CYET MUTPALIMK JIEKTPOHA WIX BOAOPOJa B APYroi neHTp b. Oto MoxHO
NPOMJUTIOCTPUPOBaTh Ha mpuMmepe nentumuiTpancepassl (Kypunit, 1992). Ormemnsiss atoM BoIopoja,
HaxoOd1merocs mnpu yriepole, AKTUBHBIN LHCHTP HGHTI/IZlI/IHTpaHC(i)epaSI)I BOCCTAaHaBJIMBACTCA M CTAHOBHUTCA
HeakTuBHBIM. OZIHAKO, €CIIM aTOM BOJOPOJia MUTPUPYET Ha KUCIOPOA YXOJIsIero P—ydactka, BoccTaHaBIUBas
HOCIeJHUH, TO NeNTUAWITPaHC(Epa3a CHOBA CTAHOBUTCS aKTHBHOM, T.€. IEPBBIH YUacTOK SBISIETCS CBOOOAHBIM
panukanoM. M3BectHoe mHTHOMpOBaHMe akTuBHOCTH PHK-monmMepassl TOKCHHOM O—aMaHUTHHOM W MOXKET
CBUJICTEIHCTBOBATh 00 OKHMCIIEHUH €€ aKTHBHBIX IIEHTPOB. JT0 3HauuT, ytro PHK-nonmnmepassr MoryT padoraTs
KaK OKHCIHTE/IbHO-BOCCTAHOBHUTEIbHbIE (hepMEHTH 1 Mg®" MOMKET BBICTYIATh B POJIM OCHOBHOIO KOMIIOHEHTA
Ko(epMEHTHOM YacTu GpepMeHTa.

Kogpsl XpoMocoM MOMKHBI OBITh YHUKQJIBHBI Ul KaXHAOH XpomMocombl. OpHAKO, €CIM TEHBI
TPAHCKPUOUPYIOTCS MapauIeIbHO (BOZMOXKHO M OJTHOBPEMEHHO) C PA3HBIX XPOMOCOM, TO KOJBI CyOIHMPEKTOPHIA
MOTYT OBITh MIICHTHYHBI, KaK U KOJBl OTACIBHBIX T€HOB, €CIIM OHU CUUTHIBAIOTCS MHAWBUAYAIBHO B KaXKTOH
cyonupekTopu. IIoCKONBKY TpaHCISALMS aXe OJHOTO I'€Ha OCYIIECTBIAETCS NpH HAIN4YUs MH(OpMaLuu
MHOTuX Apyrux reHoB (pubocomsl, TPHK u n1p.), To mpeamoyrntensHbIM ObUIO OBl pa3MelleHHE Bcex
HEOOXOZMMBIX I'€HOB B OJHOW CYOIUPEKTOPUH IIPH HAIMYUHM OJHOTO KOJA CYOJUPEKTOPHHM U UISHTUYHBIX
KozoB TeHOB. IIpu TpaHCKpHNIMM TE€HOB B CYOJUPEKTOPHUH TEPMUHATOP MOXKET OBITH 3aMEHEH HHTPOHOM
(intron) (puc. 6). [Ipu 3TOM MOCIIEe TPAHCKPUITIIMN OJTHOTO TeHa MPOJOIKUTCS TPAHCKPHUIIIUS COCETHETO.

Uro xacaeTcs MPUPOIBI KOIOB XPOMOCOM U CYOUPEKTOPHIA, TO OHU MOTYT OBITh nByx1enodednsie JJHK mmm
PHK, uro memano Obl mx jerko Bocmpom3BoguMbiMu mpu perummkanuu JJHK u xpomocomsl. [pupoma kona
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MOJET OBITh TaKOBa, YTO TIOCJIC pa3pbiBa JABOMHOHN IEMOYKH KOJA B CyOJMPEKTOPHH MOXKET 00Pa30BhIBATHCS
KOMITJIEMEHTapHasi JBOWHAs IIEMOYKa C OJHOIENoYedHbIM (parmeHTroM Ha ¢epmente. [locie 3toro
AKTUBHBIN

A CHROMOSOME 1
Telomere Sd F1 Sd E1 sd D1 sd C1 sd B1 Centromere Sd A1l Telomere
Code of chromosome
B Code of subdirectory
Terminator Prorfoter l

GnB- SdC1- Chl GnA- SdC1- Chl

Puc. 4. T'mnorernyeckoe cTpoeHHe XpomocoMbl M ymakoBkd B Hedl JJHK. A — o6ummii Buj ynakoBku renoB (Gn) B
xpomocome; B — yBennuennoe nzobpaxenne reHoB A u B, Haxomsumxcs B cyoaupexropun (Sd) C1 xpomocomst (Ch) 1.
Fig. 4. Hypothetical disposition of DNA within the chromosome. A — general view of disposition of genes (Gn) within the
chromosome; B — increased picture of genes A and B within the subdirectory C1 of chromosome 1.
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S .
Nucleosome
Code of
chromosomu
Code of
Terminator Nucleosome DNA subdirectory
Promoter
B !
I {AARAARRARAI ; ; AMABARAARAI |
SES2 | ; ‘
nTYRIe T Wbl bbbl
C
4 ! 1 4 !
Terminator

Puc. 5. Ilpenmonaraemsiii crioco6 ynaxoku JIHK B xpomocome y sykapuor. A — HykseocoMa (nucleosome), mpoMoTop
(promoter), THK (DNA), tepmunarop (terminator), kox cyomupexropuu (code of subdirectory), kog xpomocomsr (code of
chromosome); B — cyOonupekropus (Buzg cnepenn); C — nepBeIi psig HyKICOCOM (BUI CBEPXY).

Fig. 5. Diagram of DNA storage within the chromosome of eukaryote. A, nucleosome, promotor, DNA, terminator, code of
subdirectory, code of chromosome; B, subdirectory (view in front); C, first row of nucleosomes (view from top).

ueHTp (epMeHTa neOIoKupyeTcss U (EpPMEHT CTAHOBHTCS aKTHBHBIM. Hampumep, KOMIUIEMEHTapHas IIeMOYKa
PHK (/IHK), naxomsice Ha PHK-momumepasze, MokeT OJOKHPOBaTh €€ aKTHBHBIA IeHTp (meHtpsl). [Ipu
pacIiernieHusT IBYXIIETIOYEYHOH MeTKH (IpOMOTOpa) O0pa3yroTcs MOBe MENOYKH HYKIeOTHAoB. Ecmm
B3anmoneiicteue PHK (IHK) oxHo#t crammoHapHOH, HaxomsIIeWcs Ha XPOMOCOME M IPYro MOIBIKHOM,
Haxogmeiics Ha PHK-nonmmepase, npuBonut k 00pa3oBaHHIO0 HOBOH JIBYXIIEIOYEYHOH CTPYKTYPbI, HaIIpUMep,
¢ Oonee MPOYHBIMU CBSI3SIMH, TO NPOMCXOJAUT JIeMacKUpoBKa akTuBHOro 1eHtpa PHK-monumepassr (JJHK-
MoJMMepa3bl) M OHAa OTMeYaThblBaeT BXOJ B TOHHENIb. AHAJIOTMYHOE B3aMMOJEHCTBHE 3— u 5'—koHuoB
sarpaounsix PHK mwm JJHK cooTBercTBeHHO ¢ 5— 1 3 —KkoHmamu xpomocomuoiil JJHK MoxeT mpHBecTH K
pa3peiBy asoitHo# nenouku JHK u nayany cunreza JJHK mis PHK. B ponu sxe TepmuHaropa TpaHCKpUIILUU
MOXKET BBICTYHAThb U caMa HyKJIeocoMa (WM JIpyras dYacTHlla, pUKpeIBaromas Bxon B ToHHENb ¢ JJHK)
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nytem oOpa3oBaHus Takoit cBsizu ¢ JJHK, koropast nerko oOpbIBaercst npu npuONIMKeHUH GepMeHTa U, TakuM
00pa3oM, IPOUCXOJUT MEXaHIMYECKas OCTAHOBKaA ee CHHTe3a (puc. 7).

BaxHO mOAUepKHYTh, YTO HA pasHbIX J3Talax pa3BUTHS KIETKH OT MEPUCTEMAaTH4ecKOH 0
nudGepeHIIMPOBAHHON MOTYT OBITH 3a[eHCTBOBAHBI OJHHU CYOTUPEKTOPHUH TEHOB, TOTAA KakK Apyrue OymyT
OTKJIIOUAThHCS TIOCIIE MPOXOXK/ICHHUS KJIETKOW ONpeesICHHBIX 3TAlloB pocTa U pa3BuThs. CienoBaTenbHo, B Y3KO
CrenraI3upOBaHHON 1 (hepeHIMPOBaHHON KIIeTKE MOXKET (DYHKIIMOHUPOBAThH TOJILKO HE3HAYUTEIIbHAS YaCTh
reHoB (CyOANPEKTOpHid TeHOB).

brnounas ¢opma ymaxosku AHK sykapuoT npenmonaraer, yTo Bce (yHKIHOHAIBHO OJIM3KHE CTPYKTYpPHBIE
TEeHBI JIOJDKHBI HAaXOJIUTHCS B OJHOW cyOaupexropuu. [103TOMy MeTOA KHHETHKH PeacCcoLUalud CyMMapHOH
JHK He cMoxeT naTh OTBET Ha MECTOIOJIOKEHHME I'€Ha B Xpomocomax. Jlaxe IBe OAMHAKOBOM JJIMHbI
HYKJICOTHHBIE LETOYKH, JlaBas OJIM3KWME JaHHbIE O KHHETHKE pPeaccolualud, HO OTIMYasCh COCTaBOM
HYKJICOTHIOB B HECKOJBKMX MECTaX, MOTYT JaTh JajJeKo He WAEHTHYHbIH Oenok. Kak s pabotel
KOMITBIOTEpHOH Tporpammsl ((daitna), Tak u aist paboTel reHa (Ouodaiina) BakHO He oOlIee YMCIO KOMaH.
(TOBTOPSIIOIUXCST MM YHUKAIBHBIX), &, MIPEXIE BCEro, MX MOCIEN0BATENBHOCTE paboThl. M Bee ke Bompoc o
TOM, YTO SIBISETCA CHTHAJIOM JUIA TOTO, YTOOBI CUMTAaTh HOBYIO TI'€HHYIO HMH(OPMAIMIO, WIM HOBTOPHTH
CUNTHIBAHHUE C YK€ BKJIIOYEHHOH, OCTAETCSI HESICHBIM.

Mauto u3BectHo (Alberts et al., 1989; Lewin, 1985; Stent, 1978) 0 TOM Kak KOHKPETHO MPOUCXOUT CHHTE3
JHK n PHK. Kak onun ¢epment, 6yap-ro IlHKaza nnu PHKasza, y3Haer kakoi HyKJI€OTH]] U3 IIECTH BHOB,
TCOPETUUCCKU HAXOAAUINUXCA B AAP€C, HY)KHO BKIIIOUYUTH B HaHHbIﬁ MoMeHT? B oTianune ot XOpo1o ONruCaHHOTO
KOJJOH-aHTHKOJIOHOBOTO MeXaHu3Ma cuHTe3a OenkoB ¢ ydactheM TPHK aHanormuHbIx MeXaHU3MOB I
omcanms cunte3a JJHK n PHK nme mpuBoantcs. Ilpoucxonut i curres JJHK u PHK ¢ ygactuem xakux-To
crpykryp aHaimormyHbix TPHK B cmaTe3e Oenkos, T.e. TpancmoptHeix PHK wmmu tpancmoprasix JHK mms
cunresa coocreenno JJHK u PHK ?

Uro mpencraBiseT coO00i cuUTHAJ, UCXOAANIMN W3 HUTOIUIa3Mbl M MHUIMUPYIOUIMHA TPAHCKPUIILUIO T'€HOB,
Heu3BeCcTHO. Ho mopasurenbHoe CXOCTBO B ICHCTBUM Pa3IMuHBIX BEIIECTB HA ATOT MPOLIECC YKA3bIBaeT HA TO,
4TO JUOO0 OHM MHAYLHUPYIOT OXHHM M TE€ K€ IOCPEAHMKH, JHOO 00pa3yloT BTOPMYHBIE NPOLYKTHI, KOTOPHIE
JIEHCTBYIOT CX0HO. HEeKOoTOpBIE CEKYIISIMY TT0 STOMY ITOBOLY MOTYT OBITh ciiemytomue. IlockonbKy nefcTBre
XUMHYECKHX 1 (PH3udecKuX (aKTOPOB HA OMOXUMHIYECKHUE MPOIECCHl OMOCPEI0BAHO 00pa30BaHNEM CBOOOIHBIX
panvKaioB, TO JIOTHYHO TPEIIIOJIONKHUTh, YTO aHAJIOTHYHBIM MEXaHW3M MPHUCYL] ¥ B OTHOLIEHHH HPOLIECCOB
peIIMKali M TpaHCKpunuuu. IIpociexuBaeTcst 4eTKas CBsI3b: OK30TCHHBIN (SHIOTeHHBIH) (akTop —>
MemOpaHa — otBeT. OTBETHasI peakiysi 3aBUCUT OT CTENEHU HapyIIeHHH MeMOpaHHbBIX CTPYKTYp. [lockonbky
Tr00Ble CTPECCOBBIE BO3ACHCTBHS CONPOBOXKIAIOTCA AaKTHUBAILMEHl CBOOOJHOPAJMKAIBHBIX MPOLECCOB, TO
NIEpBUYHAs PEaKIMs KJICTKU HalpaBJieHa Ha HEWTpaNIn3alno CBOOOAHBIX paaukanoB. Ilocie aToro BKItO4arTCs
OMOXMMHYECKHE TPOLIECCHI, HAIIPABJICHHBIEC HAa YCHJICHNE CHHTE3a aHTHOKCHIAHTHBIX CHCTEM M BOCCTAaHOBJICHHUE
LEJIOCTHOCTH W3MEHEHHBIX WM HOBPEXICHHBIX CTPYKTYp. OTOT 3Tall NPOUCXOAMT C Y4YacTHEM siipa H
COIIPOBOXKIAETCS KaK AKCIpeccHed “paboTarouniux’ T€HOB, T.€. Y€ IKCIPECCHPYEMBIX /0 Hadayla JIeHCTBHA
KaKoro-imbo areHTa, TaKk M HE SKCIPECCHPYEeMbIX jaoceiic TreHoB. CHrHAJIbHBIA (AKTOp, BIMSIONIUN Ha
9KCIIPECCHIO TEHOB, MOYKET HAXOJUTCS B CAMUX CTPYKTYpax, CHHTE3UPOBAHHBIX 110 “depTexam’’ ITHX YK€ TeHOB.

B ciygae xakux-ImbO CTPYKTYpHBIX WM (YHKLIHOHAIBHBIX M3MEHCHHH OH MOXKET OTAENATHCA OT ITHX
CTPYKTYp H, TPSIMO WM Yepe3 HEKMX MOCPEAHUKOB, MHHUIMUPOBATH 3KCIPECCHUIO TEHOB. bBombmmHCTBO
OMOXMMHUYECKHX MPOLIECCOB, TaK WM MHAYE, CBA3aHBI ¢ MEMOPaHHBIMHM CHCTEMaMH Ha BCEM IPOCTPAHCTBE OT
IUIa3MalIeMMBI 10 sipa. MeMOpaHbl NMEepBBIMH MOIBEPraroTCs BIMSIHUIO Pa3IMYHBIX areHToB. [ToaTomy, MOXHO
JA0NyCTUTb, YTO OAUH U3 IMECPBLIX CUTHAJIOB B AP0 U AJOJDKCH MOCTYIIATh OT MeM6paH. BO3M0)KHO, Ha 3Ty pOJib
MOTYT HPETEH/IOBAaTh OCIKH CBsSI3aHHBbIE ¢ MeMOpaHHbIMHU Jununamu, Hanpumep, memOpanubiii ¢ochonunua
(bochaTuAnIMHO3UTON CBSI3aH KOBAJIIEHTHO C OIPEACICHHBIMH OelikaMu. DT OENKH MOTYT OTHEISITHCS OT
JUNUAOB TIPH TIEPEKUCHOM OKHCICHHWH TociuenHux. Kpome Toro, pacman docharuanimHo3uToNa
COIIPOBOXKJAETCSI OCBOOO>KACHUEM JKUPHBIX KHUCIIOT, KOTOPBIE 3aTeM CIIy’KaT Jisi 00pa30BaHMsl aHTHOKCHIAHTOB
npocrariasanHoBoro psaa (puc. 1). JlormyHo Taxke, YTO €IUHUYHBIE OCBOOOXKICHHBIE OCNKM HE MOTYT
CIIy’)KUTh CHTHAJIOM JUISl KCIIPECCHH TeHoMa. JIJisi 3TOro MOXKeT MOHaJAo00UThCsl arperanus HECKOJIBKUX THIIOB
0eJIKOB, KOTOpBIE 00pa3yloT CTPYKTYpHI C OONbIIeH MOJICKYJIsApHOH Maccoi. OIHAKO 3TO BO3MOXHO B TOM
ciyuae, ecnu xpaneHue JJHK opranuzoBano no 61o4HoMy mpuHIMIY. B 3TOM cityuae skcmpeccupyercst Bes
nHpopManys HeoOXOoIuMas IUIsi BOCCTAHOBJICHHS HE TOJIBKO MeMOpaHHBIX (OCOOIHUIHUAOB, HO U OENKOB, a
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Puc. 6. Cxemaruueckoe pacnoyoKeHHe T'eHOB B CyOIUPEKTOPUH C OAHUM NIPOMOTOPOM, TEPMHUHATOPOM M MHTPOHAMH. A —
PACIIOJIOKEHHE T'eHOB B CYOAMPEKTOPHU BJOJIb JUIMHHOM OCH XPOMOCOMBI, B — pacnonoxeHne reHoB B CyOIUpeKTOpHU
HONEPEK XPOMOCOMBI.

Fig. 6. Cross section through the genes within the subdirectory that has promoter, terminator and intron. A, the arrangement
of genes within the subdirectory along the long axis of chromosome; B, the arrangement of genes within the subdirectory
across the chromosome.
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Puc. 7. Ipennonaraemsrit Mexanusm cunresa JJHK u JJHK mist popmuposanus PHK.
Fig. 7. Diagramatic interpretation of the hypothetical mechanism of DNA synthesis and synthesis of DNA for RNA
formation.

TaKKe JIMIHUIO0B U3 Oucios MeMOpaHbl. OOHapyXHBaeMble CTPECCOBBIE OENKHM MOTYT TaKkKe OBITh CIICACTBHEM
SKCIPECCHUM TE€HOMa IOJ BO3ICHCTBHEM CTpecca. BO3MOXKHO TakXke, YTO OKHCIMTENbHBIE IPOLIECCHl B
MeMOpaHax MOTYT IPUBOANTH K YBEIMUCHHIO 1TOP B SIIEPHON MeMOpaHe U B PO MOTYT IOCTYIIaTh BELIECTBA
OO0JIBIINX pa3MEpOB, YEM B HOPME.

B 3axioueHne Xody OTMETHTh, YTO CTEP)KHEBAs 4acTh NPHUBEICHHBIX B KHUTE padOT OblIa BBINOIHEHA C
1979 no 1986 rosl, 01HAKO M3—3a CyOBEKTHBHBIX NPUYMH ObLIA OIyOIMKOBaHA TOJIBKO B ITOCIEIHNE TObI.
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