OBOJIIOLMSA BUOJIOI'MYECKNX MEXAHU3MOB 3AITACAHWA DHEPT' N
B. II. CKYJIAYEB

Mockosckuii eocyoapcmeennwiii ynusepcumem um. J1/7.6. Jlomonocosa

B ocnogy 260110yuonHOl KOHYenyuu OuodHepeemuKy NOJI0NCeHa 2unome3a o mom,
4Umo Ha 3ape CMano8lIeHus: HcuzHu aoenunosas yacmo AHD u AJD-co-depocawux
KOgepmenmos  UCNONb308ANACH 6  Kauecmee  aHmeHHbl,  VIdeniuearoujell
yaempaghuonemosulii ceem, KOMOpPbI 6 me 8peMeHa O00CMuU2al HNO8epXHOCMU
oxeana. I[locnowenue yrompaguonema obnecuano obpazosamue AT® uz AHD u
H;PO; unu  cmumynuposano  npomexkanue — peakyui,  Kamaauupyemvlx
Koghepmenmamu.

BBEJIEHUE

Hcnonb30BaHre BHEIIHUX YHEPTETUYECKUX PECYPCOB ISl COBEPILIEHUS MOJIE3HOM
paboTsl — yHUBepcanbHas (YHKIHS BCEX KUBBIX CUCTEM. CTOJb jK€ HETPETOKHBIM
(akTOM SBJISIETCS TO OOCTOATEIBCTBO, YTO XUMHUS COBPEMEHHOM JKU3HU Oa3upyeTcs
IPEKJEe BCEro Ha MpOLEccax, OCYIIECTBIsAEMbIX OeIKaMU U HYKJIEHHOBBIMU
KucnotaMu. YTo kacaercsi 6EKOB, TO UX BBIAAIOIIAACS POJIb B )KU3HEHHBIX SBICHUSIX
00BSCHSIETCS, CKOpPEE BCETO, HEOOBIYaitHBIM PA3HOOOpa3ueEM CBOMCTB MOJIEKYJI ATOTO
KJ1acca, 00YCJIOBICHHBIM HAIMYUEM B HX CTPYKTYPE CAMBIX Pa3TUYHBIX XUMHUYECKHX
rPYNIUPOBOK, KOTOPbIE YAAETCS YHUKAIbHBIM 00pa3oM pacriojoKuTh B
npoctpaHcTBe. Bot mouemy cpenu 6noxumMukoB ObiTyeT apopusm: "benok Moxer
Bce". OHaKo B SIBHOM IIPOTUBOPEYUH C 3TOM MaKCUMOM HaxoauTcs (akr,
COCTOSIIIMI B TOM, YTO TaKWe BaKHEHIIne GyHKIINHN KIETKH, KaK XpaHCHHE U
peanu3aiys reHeTH4ecKor nHpopMauu, 00eCcIIeYnBaIOTCs IPEKIE BCETO
HYKJIEMHOBBIMH KHCJIOTaMH, a COCTaBJISIOIINE UX MOHOMEPbI-HYKIIEOTH b
HCIOJIb3YIOTCS KJIETKOM B KauecTBe KO(EpMEHTOB U "KOHBEPTUPYEMO
HHEPreTUYECKOM BatoThl". B mpuHIMIIE MOXKHO MpeACTaBUTh cede, HaIpuMep,
0COOBII O€TTOK, KOTUPYIOIINUM CTPYKTYPY Apyrux 0enkoB (kak mpyman korga-to H.K.
Koub110B) mitn KoepMeHTBI, CA€TaHHbIE U3 AMUHOKHUCIIOT JTMOO0 JPYTrUX BEIIECTB
HEHYKJICOTHJIHOW mpupoibl. M eciu 3TOro B IEUCTBUTEIIBHOCTH HE MTPOUCXOIHUT, TO
HY)KHO MCKaTh KaKue-TO JOCTaTOYHO BeCKHE OCHOBaHUA. Huxke n3noxeHa
KOHLEMIMS, TPEeANoIaraonas, YTo pelieHne 3arajiki JIEXKUT B IPOUCXOKICHUN
JKU3HHU.

COBpeMeHHLIe OHMOXUMHUYECKHUE MCXAaHU3MBI, 0e3 COMHCHH, HCCYT Ha cebe
OTIICYATOK 3BOJIFONMOHHOTO ITPOIIJIOTO, TaK CKA34aTh, ”pO,I[I/IMBIe mATHA" cBOEH
HCTOpPUMU. He HUCKIKYCHO, YTO BI)I60p IMaJI Ha HYKJICUHOBBIC KHUCJIOTHI 110 ITPUYUHE,
CCTOHS YK€ HC aKTyaJ'ILHOI‘/JI, HO CBIFpaBHIeﬁ pemarouyro poJjib Ha 3ap€ CTAaHOBJICHUA
KHBBIX CUCTCM.

Om pedakyuu. TIpuHsB penieHue onyoIuKoBaTh JaHHYIO CTAaThIO, PEAKOJIIETHS
TMoIIJIa Ha HAapYIICHHUE MPpaBiia He MyOJIMKOBATh CTAaThH, COAEPIKAIINE JIUIITh



COOCTBEHHBIE THIIOTE3bI ABTOPOB U HE MOCBSAIIEHHBIC UCKIIOYUTEILHO OMUCAHHIO
MOCJICTHUX JOCTHKEHUM MUPOBOM HAyKH B 00JIACTH MHTEPECOB aBTopa. Takoe
OTCTYIUIEHHE OT MPaBHJIa OOBSICHSIETCS TEM, UTO aBTOP pazpadboTa
0011e010IOrMUECKYIO TUIIOTE3Y, MHTEPECHYIO BO MHOTMX OTHOIICHHUSX.

HcxomHol MOCKITKON B HAIIIEM PACCYXKIACHUU OyeT THIOTe3a O TOM, 4TO B T
JlaJIeKhe BPEMEHA, KOI/1a 3apOKAaIach JKU3Hb, A30TUCThIE OCHOBAHUS HYKJICOTHI0B
CIIY’KWJIM TOW aHTEHHOMW, KOTOpasi yJIaBiIuBalia ylIbTpapHrOIeTOBbIC KBAHTHI,
OTBETCTBEHHBIE, KaK MbI [10JIaraeM, 3a YHEproodecrneyeHue nepBUIHbIX
OMOXMMHUYECKUX peakiuid. B pa3BuTHe 3TON CHCTEMBI B3IJIA0B PACCMOTPUM
BO3MO)KHbIE ITyTH BO3SHUKHOBEHUS! OCHOBHBIX YHEPI€TUYECKUX MEXAaHU3MOB
COBPEMEHHBIX KHUBBIX CYIIECTB.

"VJIbTPA®HOJIETOBBIMI ®OTOCHHTE3" C AIEHNHOM B KAYECTBE
AHTEHHBI, VJIABJIMBAIOLIEU CBET.

Cunre3 ATO u3z AJI® non aeiictBueM ynbTpaduosaetoBoro ceeta. [IyTs oT cmecu
OpPraHMYeCKUX U HEOPTaHMUECKUX MOJIEKYJ K MepBOH KHUBOH KJIeTKe ObLI, 1O0-
BHUJIUMOMY, CTOJIb JOJIOT, YTO TPeOOBAJICS HEKHMIl TTOCTOSIHHBINA UCTOYHUK YHEPTHUH,
JOCTYIHBIN B TEUEHUE BCETO NIEPUOA BOSHUKHOBEHHUS )KU3HU. Cpeny BO3ZMOXKHBIX
KaHJUJATOB Ha POJIb TAKOTO UCTOYHMKA, I10KAITYH, TPEAIIOUYTUTEBHEE BCETO
yibTpaduoneToBslii cBeT. OH MOTIOMASTCs TIOOBIMI XUMHYECKUMHU BEIIIECTBAMH,
PE3KO MOBBINIAS UX PEAKIIMOHHYIO CIIOCOOHOCTH Oarozapsi 00JIbIIOMY 3aracy
SHEpPruM ynbTpaduosieToBOro kBaHTa. ECTh OCHOBaHMS cUMTaTh, YTO Ha 3ape
OMOJIOTNYECKOi 3BOIIOLUH YIIbTPa(HUOIETOBbIE KBAHTHI CBOOOIHO JOCTHT AN
MOBEPXHOCTU 3EMIIH, TUIIICHHOW B T€ BPEMEHA COBPEMEHHON KHCIIOPOICOACPIKAIICH
aTMOCQepsl ¢ ee MOTIOIIAILINM YIbTPa(UOIETOBbIH CBET 030HOBBIM CIIOEM.

Monenupys atmochepy apesHeitmeit 3emnu, K. Caran npuien kK BBIBOAY O
cylecTBoBaHUM B Hel "okHa" B o6mactu 240—290 HM, Ipo3pavyHoro A
yABTPa(uOIETOBOrO CBETA, TOCKOJIbKY OCHOBHBIE POCThIE KOMIIOHEHTHI 3TOM
atmocdepst (H,O, CHy, NH3, CO,, CO u HCN) nornomaroT cBeT kopoue 240 HM, a
dbopmanbaeru, TaKkKe BXOAUBIINM, Kak MOJAraroT, B €€ COCTaB, UMEET MaKCUMYM
noryomienus amuaaee 290 uM. imenHo B aToM "okHe" pacmosararoTcs
CHEKTpaJbHbIe MAKCUMYMBI TYPUHOB U MTUPUMUIMHOB.

Eme B 60-¢ roas! C. IlonamnepyMa 1 COTpYTHUKHU SKCIIEPUMEHTAIBHO TIOKA3alH,
4TO 00y4eHHEe yIbTpaduOIECTOBHIM CBETOM CHHUIBHON KUCIOTHI BEJIET K
XUMHYECKOMY CHHTE3Y a/IeHHHA U TyaHnHa. OOHapyKeHO TakKe, 4TO 00JIyueHne
CMeCH MeTaHa, aMMHaKa, BOJOPO/ia U BOJIbI BBI3BIBAET O0Pa30BaHNE KaK MYPHHOB,
TaK ¥ MAPUMHUINHOB, IPHYEM C HAaHOOJBIINM BBIXOIOM IS a/ICHUHA.
VYabpTpaduoneToBslil CBET MOKHO HCIIONIB30BATh TAK)KE JJISl CHHTE3a aJIEHO3MHA U3
aJieHuHa U puOO3bI U Jaliee aJleHO3MHMOHO- U udochaToB U3 afieHO3uHA U
srunmeradocdara. Ho, mokanyii, HanbOosiee BaXKHBIN OMBIT OBLUT IOCTABJICH TEMU JKE
aBTopamu ¢ AJ[®. Oka3zanocsk, uro ooirydaenue cmecu AJI® u stmn-meradocdara
yIbTpaduoIeTOBbIM CBETOM jaeT AT® ¢ 10CTaTOUYHO XOPOIIUM BBIXOJIOM, IPHYEM
ATOT MPOLECC JEMOHCTPUPYETCSI B CTPOTO CTEPHIIBHBIX YCIOBHAX M B OTCYTCTBUE
KaKux-1100 OeIKoB.



K. Caran u C. [lonamnepyma npuBOAAT CIAEAYIOUIAE TOBOJbI B TTOJIb3Y 3aKIIOUCHUS
0 TOM, YTO B KaU€CTBE aHTEHHBI 715 YIbTPa(UOIETOBOrO CBETA aJICHUH UMEET
MpEUMYLIECTBA 10 CPABHEHUIO C APYTUMH ITYpUHAMH U MIUPUMUINHAMU:

1) HanbonpIlee MOTJIONICHHE CBETA B CIIEKTPATbHOM "OKHE", 0 KOTOPOM IILIa Pedb
BBIIIIE;

2) HanOobInask CTAOMIIBHOCTD K Pa3pyLIMTEIbHOMY JICHCTBHIO YIbTPa(HOIEeTOBOrO
CBETa U

3) Gonbinee BpeMst )KU3HHU BO30YKJIEHHOTO COCTOSIHUSI, BO3HUKAIOIIETO B OTBET Ha
MOTJIONICHHE YIbTPapUOIECTOBOTO KBaHTA.

Pacuets! JI.A, Britomengensaa u M.M. TeMkuHa NpuBIeKIN Hallle BHUMAHHUE K TOMY
(bakTy, YTO BEMUYMNHBI U3MEHEHHSI CBOOOTHOM SHEPTUU MPU HAPYILIEHUU
apoOMaTUYECKO CTPYKTYpHI aiecHUHA OJM3KH K 3Hepruu peakuuu cuareza AT u3
AJI® u Heopranuveckoro docdara.

HpI/IHSIB BO BHUMAHHE BCC HA3BAHHBIC BBIIIIC 06CTO$[T€J'II>CTBa, MBI ITPEAITOJIOXKUIIN
cIemyromuii Mexanu3M GochopuIMpOBaHUs 3a CUET yIbTPadUOIETOBOTO CBETA B
MEPBUYHBIX KHUBBIX KIETKaX:

1) anennnoBas yactb AJl® nornomaer yapTpadroneToBbIi KBaHT, YTO NEPEBOIUT
ee B BO30YX/IEHHOE COCTOSIHUE C HApYILIEHHON CUCTEMOM IBOMHBIX cBsze. [Ipu
9TOM aMUHOTIpyIiIa aJ€cHruHa, COOTBETCTBYIOIIAA B OOBIYHOM COCTOSSHHUH
apoMaTU4eCKOH, MproOpeTaeT CBOMCTBA anu(aTuieckoil, 4To obyeryaer ee
MEKTPOPMIBHYIO aTaKy aToMoM (ochopa Heopranudeckoro docdara;

2) Bo30yxaennbiit anenun AJIl® dbochopunupyer-cs, napas usomep AT, Tpetuit
dbocdopmi1 KOTOPOro HAXOAUTCS MPU AMUHOTPYIIIE aICHUHA;

3) dochopu mepeHocUTCs ¢ aeHrnHa Ha KOHEUHbIN (BTOpoi) docdar AD. Takoii
MIEPEHOC JI0JDKEH 00JIeTYaThCsl TEM 0OCTOSTEILCTBOM, UYTO PACCTOSTHUE MEKTY
aMHHOTPYIION ajieHuHa U BTOpbIM dochaToM B AJ[D B TOUHOCTH paBHO pazMepy
emie ogHOTO (Tperbero) gocdarHoro ocrarka. [lepenoc docdopuia ¢ age-HUHOBOU
"rosioBbI" HyKiI€0THIa Ha (pocaTHBIN "XBOCT" JOIKEH COMPOBOXKAATHCS €r0
cTabunu3anuen, MNoCKoIbKY BecbMa J1a0uiIbHbIN (hochoaMu] 3aMEHSIETCSI HA MEHee
naOunbHbIA pochoanruapua (puc. 1).

CTa,[[I/II/I 2 ¥ 3 TUMIOTETUYHEI U IIpU3BaHbI 00BSICHUTH MeXaHu3M cuHTe3a ATD noa
JeHCTBUEM y.]'ILTpa(l)I/IOJ'IeTOBOFO cBeTa B onbITax C. HOHaMHCPYMBI " COTpYAHUKOB

[3].

AJITEHMHCOAEPXAIIIUE KO®EPMEHTLI.

AJICHUH ¥ peXe APYyrue MypHHBI WU MAPUMUIHHBI BXOJIST B COCTAB KIIFOYEBBIX
KO(EepMEHTOB U POCTETUYE-CKUX TPy (PEePMEHTOB, TAKUX, KAK HUKOTUHAMHU1a]Ie-
muauHykteotun (HAJ), BukotnramMunanesnHmaykneotuadocdar (HAJID*),
dnasunanenunauaykiaeotun (PA), kobhepment A (KoA), Tmamunonupodocdar



(npousBoaHoe ButamuHa B, BuTamun B,. Bee aTu coennnenus, Kak npaBuio,
MIOCTPOEHBHI 110 OJTHOMY M TOMY e npuHuuiy. OHu coaepkat: 1) Ty Wi HHYIO
(YHKIIMOHATBHYIO TPYIITY, HEMOCPEACTBEHHO YYaCTBYIOIIYIO B KaTanuse, 2) MypuH
WJIU PEKe TUPUMUIUH U 3) THOKYIO CBS3KY, MO3BOJISIIONTYIO COJIU3UTH JABE APYTHE
yacTu MOJIeKyJbl. OCOOCHHO HATJISIHO YCTPOWCTBO AUHYKICOTHUIOB: B HUX TIOCKUE
octatkn HukotHHaMuaa (B HAJT  u HAJI®") mimm moamnokcasuna (B ®AJ) nexar
Ha TaKXe MJIOCKOM OcTaTke ajgeHuHa. [IpoaeMoHCcTprpoBaH MepeHOC SHEPTUHU OT
ocTaTKa aJleHMHa K OCTaTKy HUKOTHHAaMUJa UM U30aJUIOKCa3uHa B OTBET Ha
MOTJIONICHUE aIECHUHOM yIbTpauoIeTOBOro KBanTta. [loaToMy MOKHO
MIPEJIITOJIOKHTD, YTO aJICHUH, BO30YKIasiCh YIbTPAPHUOIECTOBBIM CBETOM, TepeIaBall
SHEPrUi0 Ha PYHKIMOHATBHYIO TPYNITy KOepMEeHTa, KOTOPBI UCIOIB30Bal ATy
SHEPTHIO JJI IPOBEJCHHS SHEPTOSMKHUX XUMUYCCKUX PEaKIuil (Harpumep,
BOCCTAHOBJICHHSI IPOCTHIX BEIIECTB CPEABI 10 O0sIee CIOKHBIX COSTUHEHHIA
MEPBUYHOMN KIETKH).
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Puc. 1. Cxema "ageHnHoBoro" (hoTOCHHTE3a — MPEANOIAracMOTro MEPBUYHOTO



MEXaHHM3Ma 3amacaHus SHEPTrUH B )KUBOU KiieTKe. KBaHT ynbTpadroneToBoro ceera
MIOTJIONIAETCS aICHUHOBOM YacThio aneHo3unaudocdara (AD), mepeBoss ee B
BO30YyKICHHOE cocTosiHUE. Bo30ykaeHue oberdaer mprucoeAnHEHNE
Heopranuyeckoro (ocdara (P) k amuHorpynme aaeHuHa. B pesynbrare o0pasyercs
OAJID, uzomep anenozuntpudocdara (ATD), rae Tperuit pocdat npucoeMHEH HE
K mupodochaTtHoMy "XBocTy", a K aneHuHOBOM "rosoBe" AJID. 3aTem nporcxoaut
nepenoc gocdara ot "ronoBer" Kk "XBocTy" ¢ 06pazoBaHuemM o0braHOTO ATO.

PHK, THK, BEJIKM 1 MEMBPAHBI.

B nanpHeiiem He CIUIIKOM crieln(UUHBIA U HEperyaIupyeMblil KaTaius,
OCYILECTBIISIEMBI HU3KOMOJIEKYIISIPHBIMU KO(hepMeHTaMH, ObLI JIOMIOJTHEH (a 3aTeM U
BBITECHEH) MPOIIECCAMU C YYACTHEM BBICOKOMOJIEKYISPHBIX KaTAIU3aTOPOB-
(bepMEeHTOB, OTIINYAIOIIUXCS OTPOMHOM U30UPATENbHOCTHIO B OTHOILICHUH
CcyOCTpaToOB ¥ BO3MOXKHOCTBIO peryInpoBaTh kaTanus. [lo-BuauMomy, nepBsIMu
dbepmenTamu O6bUTH puOOHYKIIEUHOBBIE KHCIOTH (PHK) — monmmepsr,
COCTaBJICHHBIE 13 MOHOMEPOB-HYKJICOTHAOB. MOXKHO MOJIarath, 4To aJl€HUHOBBII
¢dorocunTes KaTanuzuposaiics kommiaekcamu PHK ¢ marauessivu consimu AJID u
docdara. [Tpu arom PHK morna 661 BEIMOIHATH TaKKe pPOJIh aHTEHHBI, COOMparOIIe
yIabTpaduOIETOBBIN CBET U Nepeaaronieil Bo3oyxaenue Ha AJ[D.

Hano cka3atp, 4To e1ie ¥ cerofHs B HEKOTOPbIX (B€CbMa HEMHOTOYHCIICHHBIX )
cilydasix OMOXMMHUYECKHE PEaKLMU MOTYT KaTalu3upOBaThCsl B HICKYCCTBEHHBIX
YCIIOBUSIX pUOOHYKIEMHOBBIMH KUCJIOTaMH (TaK Ha3bIBAEMbIMU PUOO3UMAMU).
OnHaKo HECOMHEHHO, YTO KaTAIUTUYECKUE (YHKLIMU COBPEMEHHBIX OPraHU3MOB
OCYIIECTBIISIIOTCS Oenkamu, 001aIarouMu ropasao 6omsimmm, yueM PHK,
pasHooOpa3ueM XMMUYECKHX TPYINIHUPOBOK U UX COUETAHHH.

CunTe3 0enKoB, BKIIIOYAs KOAUPOBAHUE UX CTPYKTYpbI, IEPBOHAYATIBHO
OCYIIECTBIISJICS pUOOHYKICMHOBBIMU KUCIOTaMU. 3aTeM (PYHKIMS KOJUPOBaHUS
Obu1a nepenana 1e30KkcupuOoHykiIenHoBbIM KucinoTaM (JJHK), a cam karanus cran
o0cnyxuBaThes kommuiekcamu PHK u crienmanshbix 0enkoB (pubocomaMu u
bakTopamMu TpaHCIALUH), THPOPMALMOHHBIMU U TpaHcnopTHeIMU PHK 1
COOTBETCTBYIOIIUMHU (hepMEHTAMH.

Jpyrum BakHeHIIMM H300peTeHneM OMOIOrHUeCKOM 3BOJIOLUYU CTATIU )KUPBI U
YKUPOIOJI00HBIE BEIIECTBA, Mpexk/ie Bcero hochomunuabl. 3aMmedareabHO
0c00eHHOCTHIO (OChHOIUINIOB SBIISETCS UX CIIOCOOHOCTh CAaMOIPOM3BOJIBHO, 0€3
KaKoH-JIM0O0 MOMOIIM U3BHE, 00Pa30BBIBATh TOHUANIITYIO TUICHKY, HETIPOHUIIAEMYIO
JUI TUAPOGMIBHBIX BEILECTB, TAKHUX, Kak HyKieoTHabl-kopepmenTs!, PHK, THK,
OeNKH 1 yriIeBOAbl. JTa TUICeHKa (MeMOpaHa) MpeACTaBIIsIeT CO00M OUCITON,
00pa30BaHHbBIN ABYMs psiAaMu MOJIEKYI (GocOoaUnmI0B, COTPUKACAIOLINXCS
ruapoPoOHbIMHE (YTIIeBOIOpOIHEIMHE) "XBocTamu'". [Ipn 3TOM rrIpodHIIEHEIE
"rosoBel" (hocdaTHbIe OcTaTKK) HOCHOTUTHIOB OKA3BIBAIOTCS HA IBYX
MIPOTHBOIOJIOXKHBIX TOBEPXHOCTSIX MEMOpaHHI.

C obpazoBanuemM MeMOpaH CcTaja0 BO3MOKHO TOBOPUTH O NMEPBUYHOM )KUBOM KJIETKE,
COZIEP’KUMOE KOTOPOH OBUIO OTJENICHO OT BHEIIHEN CpeJIbl JOCTATOUYHO HAIeKHBIM
Oapbepom. [TosiBIIeHHE KIIeTKH Kak 000CO0IEHHOT0 MEJIbYaNIIero Mmy3bIpbKa MOTIIO



ObI CHIrPaTh POJIb B 3AIIUTE OT HEOIATONPUATHBIX APPEKTOB YAbTPAPUOIETOBOTO
00JTydeHusl.

Kaxk n3zbexars pazpymureabHbiX 3QPeKToB yabTpaduoIeTOBOrO CBETa
3amacHble SHEPreTUYECKUE PECYPCHI U TIUKOJIII

VYaeTpadroneToBslii cBeT — 00010A00CTpOoe opyxue. OH XOPOoIIl TEM, UTO CIIOCOOEH
pa3Bs3aTh pa3HOOOpa3Hble XUMUUECKHUE PEaKIUH, CPeId KOTOPBIX MOTYT OBITh
HoJIe3HbIe, KakK, HanpuMmep, pochopuinrpoBanue aJeHMHOBONW aMuHOTpynnbl AJ[D.
Ho B T0 xe Bpems (1 10 TOM ke IpUYUHE) YIbTPapUOJIETOBbIN CBET ONACeH: OH
MOJKET Pa3pyLINTh YK€ CUHTE3UPOBAHHbIE MOJIEKYIIBI XKUBOW KJIETKH. OIHUM U3
CI0coO0B YMEHBIIUTD YAbTPAPHOIETOBYIO OIACHOCTh MOTJIN CTaTh 3allacHbIE
BEIIIECTBA — HYHEPreTUUYECKHUE PECypChl, 00pa3yeMble Ha CBETY, YTOObI 3aTeM
WCIIOJIB30BATHCSA B TEMHOTE. Y IHTPA(PUOIIETOBBIN CBET, IOCTUTAIOITHUN TOBEPXHOCTH
OKeaHa, He MOXET IIPOHUKATh Ha CKOJIbKO-HUOY/Ib 3HAUUTENIbHYIO [NTyOUHY H3-32
MYTHOCTH, HaJIM4Hs PACTBOPEHHBIX BELIECTB, MOTJIOIMAIONIUX YIbTPadHOIETOBbIE
KBAHTBI U, OBITh MOXET, (PIIYKTYaIlMH IUIOTHOCTH MOPCKOM BO/IbI. DaKTHUECKU
TOJIbKO OY€Hb TOHKHI MOBEPXHOCTHBIH CII0M MmoaBepraercs 6oMOapIupoOBKe 3TUMU
KBaHTaMH. J[aHHOE 0OCTOSATENBCTBO MO3BOJISIET MPEANONI0KUTE CIIEAYIOIUN
MeXaHHM3M 3HeprooOecnedeHrs MepBUYHbIX KUBBIX KiIeToK. [lon neiictBuem
JBUKEHUS CJIOEB JKUIKOCTH B OKE€AHE KJIETKH MOCTOSIHHO LIUPKYJIMPOBAINA MEXIY
TOHKOW BEpXHEH TUICHKOW BOJIBI, TOCTYITHOU JIsl YABTPadruoIeTOBOTO CBETA, U
Oosiee rITyOOKUMU CIIOSMHU, KOTOPBIX OH He AocTurai. [Ipu atom BOIM3H
noBepxHocTu npoucxoami cuare3 AT®, ucnonpzoBaBmerocs A 00pa3oBaHUs
PE3epBHBIX COEAMHEHHH, KOTOPbIE 3aT€M PaCILEIUIINCh Ha TITyOUHe, MOAIePKUBAs
pecunte3 AT®. B pesynbraTe KOPOTKHE SKCIO3ULIUU Ha YIbTPa(UOIETOBOM CBETY
YepeIOBILIICH C ropa3zo 6osee AIUTEIbHBIMU NIEPUOIaMHU, I/1€ YAbTPapHOIETOBON
omacHOCTH yxe He Obuto (puc. 2). Kpome Toro, pe3epBHbIC BEIIECTBA TOMOTATN
KJIETKaM IIEPEXUTh HOYb.

XOpoLUMH KaHAUAATAMU Ha POJIb DQHEPIE€TUUECKOr0 pe3epBa MEPBUYHBIX KIETOK
MOTIJIM OBITh HEOpraHu4eckue nupo- u noaudocharsl. OHU U CETOAHS UTPAIOT ITY
POJIb y HEKOTOPBIX BUJIOB KUBBIX cylecTB. Hanpumep, B kieTkax rpu0oB
nonudocatsl 00pazyrorcs u3 ATD B ycinoBusix U30bITKa YHEPreTHUECKUX PECYPCOB
u pacuierisitores, AaBasi AT®, npu nepunure uCTOUHUKOB SHEpruu. OIHaKo B
MOJABJIAIONIEM OOJIBIIMHCTBE JOUIEIIINX JI0 HAC OPraHU3MOB (DYHKIIHIO JIETKO
MOOWIIN3YEMOT0 SHEPreTUYECKOr0 Pe3epBa BBIIOIHSIIOT He nonudocdarsl, a
yrieBoabl. x cunTes 3a cuet sHeprun AT® (rimkorenes) npencrabiseT coooit
JUINHHYIO TI0CJIE0BATENBHOCTh PEAKIIMN, HAMHOTO 00JIee CIIOKHYIO, YEM CHUHTE3
nonudocpartos uz ATO.
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Puc. 2. DHepreTuka nepBUYHOM KUBOW KJIETKH, OCHOBaHHAas Ha "aIeHUHOBOM"
dotocuntese. [Ipenmnonaraercs, 94To ynbTpadroaeTOBbIC KBAHTHI, TOCTUTAS
MOBEPXHOCTU MEPBUYHOTO OKEaHa, UCIOJIb30BAIKUCH KIETKOM i cuHTe3a AT,
KOTOPBI 3aIycKaj CUHTE3 YIiIeBo10poAoB (rnukorenes). Kinerka, ypnexkaemas
MOTOKOM OKEaHCKOMW BOJBI C IOBEPXHOCTH HAa HEKOTOPYIO TNIyOHHY, OKa3bIBallaCh
BHE JIOCSTAEMOCTH YIbTParoIeTOBOTO 00IydeHUs. 3AeCh MPOUCXOIUIIO
paciierieHle HaKOTUIEHHBIX YIiieBoJ10B U cuHTe3 AT®, nucnonbs3zoBasiuierocs ajs
COBEPIIICHHS KJICTKON Pa3IUYHBIX THIIOB MOJE3HON PabOTHI.

[TpeumytiecTBO yrieBooB nepea nonudocharaMu COCTOUT B TOM, YTO B HUX
3armaceHbl He TOJILKO PHEPIHs, HO U "CTpOUTENbHBIN MaTepuan'. Paciiennenue
yraeBoI0B (rukoin3) aaetT moMuMo AT® kapOOHOBBIC KMCIIOTHI, TAKUE, KaK
MUPOBUHOTPAIHAS KHCIIOTA, KOTOPAsk MOXKET MCIOIb30BAThCS KIETKOW MPH
OMOCHHTE3€ CaMbIX PA3HOOOPA3HBIX COCTMHECHUM.

Ornucanpl 1Ba OCHOBHBIX THIIA TJIMKOJK3a. B oHOM citydae (ciupToBOE OpOKeHHE)
KOHCUYHBIMH ITPOAYKTAMHU PACHICIIIICHUSA YITICBOAOB OKAa3bIBAIOTCSA STHUJIOBBII CIIMPT U
YIJIEKUCIBIN Ta3 — BEIECTBA, JIETKO MPOHUKAIOIINE Yepe3 MeMOpaHy KIETKU. DTO
00CTOSITENLCTBO UMEET KaK MPEUMYIECcTBa (HET IpoOIeMbl TEPETIOTHEHHSI KIIETKH
KOHEYHBIMU MPOJAYKTAMU TTUKOJIN32), TAK U HEIOCTATKH (TPYAHO BEPHYThCS Ha3aj,
K YIJI€BOY, €CJIM KOHCYHBIC ITPOAYKTHI Y>KC BBILIIN U3 KJICTKU U pa36aBI/IJ'II/ICI> B
OKeaHe BHEIIHEH cpeibl).

Yka3aHHBIA HEIOCTATOK OTCYTCTBYET BO BTOPOM, CETOJIHS ropasao boiee
pacrpoCTpaHEHHOM THUIIE TJIMKOJIN3a, KOTJJa KOHEUHBIM IIPOJTYKTOM OKa3bIBAETCSI
MOJIOYHAS WM KaKas-mu0o Apyrast KapOOHOBast KUCI0Ta. MOJOYHAS KUCIOTa HE
IPOHMKAET Yepe3 MeMOpaHy, He MOKUIAeT MpeJleNbl KIETKU U MOTOMY MOXET ObITh
UCTIOJIb30BaHa KJIETKOM [T PECHHTE3a YIIIEBOAOB, KOT/Ia BO3HUKAET TaKas
BO3MOXHOCTh. HeyjauHo JuIb TO, YTO MOJIEKYIIbI MOJIOYHOM KHCIIOThI, 00pa3ysich,
JUCCOLMUPYIOT ¢ 00pa3oBaHHEM MOHOB JIaKTaTa v Bojopoja. [locnennue Takxe He
MOTYT MPOWUTH Yepe3 MeMOpaHy, OCTAIOTCA B KJIETKE U 3aKUCIIAIOT €€ COIEPKUMOE,
3akucIeHne, eCH ero He MPeJOTBPATUTh, TOIDKHO MPUBECTH K THOETH KIICTKH H3-3a
KHCJIOTHOH JleHaTypaiuu 0enkoB. Pemenue 3Toil mpo6ieMbl ONUCaHO B CIEAYIOIEM
paszeine.



IMPOTOHHBIE KAHAJIBI U H-AT®A3A IPEJOTBPAILIAIOT 3AKUCJIEHUE
KJIETKU ITPU I'NTUKOJIN3E.

Y coBpeMEeHHBIX KJIETOK ITpobieMa MPOHUKHOBEHUS Yepe3 KICTOUHYI0 MeMOpaHny
BEIIIECTB, KOTOPBIE CaMy MO cebe He MOTyT CKBO3b Hee IIPOMTH, peraercs ¢
IIOMOILBIO BCTPOEHHBIX B MEMOpaHy OEIKOB-IIEPEHOCUNKOB. B 4acTHOCTH, N3BECTHBI
OenK1 — MEePEHOCUYUKH HOHOB H'. Tak Ha3biBacMBbIii dakrop Fy — 6enok, Bxoasimuit
B coctaB H' -AT®-cuHTa3b1, 1eiicTBYeT Kak nepeHocunk H' uim npoToHHbIH KaHalL.

MO>KHO NMPEeANOI0KUTH, YTO y MEPBUUYHBIX MIMKOIUZUPYIOMUX KiIeToK (aktop Fy
(yHKIMOHMpOBAN IpH OTCYTCTBHH (akTopa F,, BToporo kommonenta H -ATd-
CHHTa3bI, paspernas nonaMm H', 06pasylomumcs Ipy IIUKOIU3E, HOKHHYTH PeJIeNbl
KJIETKH. TeM caMbIM ITPEAOTBPAIATIOCh 3aKUCICHUE BHYTPUKIETOYHOM CPEIbI,
KOTOpas OKa3bIBaJach B PABHOBECUHM 10 HoHaM H' ¢ BHEKIIETOUHOM cpeIoii.
EnMHCTBEHHBIM OrpaHUYEHHEM TIMKOJIN3a B TAKOW CUTYallUU JOJKHO ObUIO CTaTh
3aKHUCIICHUE BHEKJIETOYHOM CPE/bl, YTO aBTOMATUYECKH BEJIO K 3aKUCIICHUIO
COJIEP’)KUMOTO KJIeTKU. CHATh JaHHOE OrpaHUYEHHE MOKHO ObLIO TOCTPOUB OEI0K
— nepenocunk uonos H' (paxtop Fo) apyrum 6emKxom, Ha3pBaeMbIM (akTopoM F,,
CIIOCOOHBIM MCNOIb30BaTh d3HEPrui0 AT® 11 akTUBHOM OTKAYKU U3 KJIETKU HOHOB
H yepes axrop Fy. U3BecTHO, uTO H'-AT®-cunTa3a (KOMIUIEKC dakropoB Fou F,),
JeiicTBys B 00paTHOM HaIlpaBlIEHUH, CIIOCOOHA KaTalIU3UpPOBaTh BMECTO CUHTE3a
AT® rugpomnus AT, conpsbkeHHBIH ¢ oTKaukoi nonoB H'. DToT mporecc Hocut
nassanne H' -AT®da3n0ii peaxiuu. MoXHO moarath, 9To ¢ odpazoBanuem FT-
AT®a3bI 3aBepIInIOCh GOPMHUPOBAHNE TIEPBUYHON KIETKH, HCIIOIb30BABIICH
yIbTPapuOIETOBBIN CBET B KAUECTBE HCTOUYHUKA SHEPTUU JIJIS )KU3HEIEATEIbHOCTH

(puc. 3).

BO3HUKHOBEHUWE ®OTOCHUHTE3A, MCITOJIb3VIOILEIO BUAVMBII
CBET.

baktepropo1oncuHoBbIN POTOCHHTES.

Co BpeMeHeM BCce MEHbIIE YIbTPapUOIETOBBIX KBAHTOB JJOCTUTANIO TTOBEPXHOCTH
3emun. [Ipuunnoit TOMy OBIJI0O 00pa30oBaHKE 030HOBOTO CJIOSi aTMOC(EPHI B
YCIIOBUSIX MOBBIIICHUS B HEM KOHIIEHTpaIuu kuciopoaa. Kuciaopoa o6pa3oBbiBaics,
MMo-BUANMOMY, BCJICACTBUC q)OTOJ'II/ISa ImapoB BOJBI IO HeﬁCTBHCM TOT'O XK€
ynbTpaduoneToBoro o0aydeHus. UToObl BBKUTH B HOBBIX YCIOBUSX, IPEBHUE
KJIETKH JTOJDKHBI OBUTH IEPEKITIOUUTRCS C YABTPa(UOIETOBOTO CBETa HA KaKOH-T100
WHOU MCTOYHUK SHEPTUH, BCE €Ille TOCTYIHBIN I HUX B HOBBIX YCIOBHSX. Takum
HCTOYHHKOM CTall, BEPOATHO, BI/I)II/IMI)H\/JI CBCT.
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Puc. 3. Kak nmepBuuHas KjieTka Moria n30aBUTHCS OT

HoHOB 1-I", 06pa3yeMbIX IIIMKOIM30M: a - obseryeHHas quddy3us nonos H*
nocpeacTBoM Oenka (dakropa Fy), obpasyromero FT-npoBoasimuii myTh CKBO3b
KJIETOUHYI0 MeMOpaHny; 6 - komiuiekc paxktopos Fo u F, (H*-AT®a3a) aktuBHO
oTKauuBaeT U3 kjeTku nonsl FT 3a cuer runponusza AT®D. MeMOpaHHbIE TUITHIBI
MOKa3aHbl TOPU3OHTAIBHON IITPUXOBKOM, OCITKH HE 3aIITPUXOBAHBI

Jpyroii crieHapuii HBOJIOLUH MOT ObI COCTOSITh B TOM, YTO BO3HUKHOBEHUE
(doToCHHTE3a, HCIOIB3YIOIIEr0 BUIUMBIN CBET, MPOU30LLIO €IIe A0 TOMYTHEHHS
aTMocdepspl, a UMEHHO IIPY IPOHUKHOBEHUU JKU3HU B OoJiee ri1y0oKue YpOBHU
OKeaHa, JIMIIEHHbIE yIbTpaduonera. 3aMeHa ONacHOro yIbTpaduoneToBoro
M3JIy4eHHs Ha 0€30TacHbI BUJAUMBINA CBET MOTJIA ObI OBITH TEM MPU3HAKOM,
KOTOPBIi1 JIET B OCHOBY €CTECTBEHHOI0 0TOOpa Ha JAHHOM JTarie 3BOJIoIH. B
paMKax 3TOM KOHIIENIINY CO3/IaHUE 030HOBOT'O CJIOSI UMEET OMOTeHHYIO ITPUPOY,
SIBUBIIHMCH PE3YIbTaTOM (DOTOIM3A BOJIBI CUCTEMOH XJIOPOPHILIIBHOTO (POTOCUHTE3A
3€JICHBIX OaKTEepHil U IIMaHO0AKTEePUH.

Hosprlit poTocuHTE3 NOHKEH OBLI, KaK U npesxe, 00pa3oBeiBaTh AT®, KOTOPHIN K
TOMY BPEMEHH YK€ TIPOYHO 3aHSUT MECTO B IIEHTPE METa0OIMUECKON KapThl,
BBITOJIHSASA POJIb "KOHBEPTUPYEMOM dHEPreTUYECKON BaItOThl" KIeTKU. OTHaKO
aJICHUH YK€ HE MOT UIpaTh poJib yJIaBIMBAIOIIEH CBET aHTEHHBI, TAK KaK €ro
MaKCHUMYM IOIJIOLIEHNUS HaXOAUTCS B YIbTPaduOIETOBOM, a HE B BUAUMON 001acTH
cnekrpa. Jlo Hac 1omuy aBa Tuma GOTOCUHTETUUECKUX YCTPONCTB, UCIIONb3YIOINX
BUJMMBIH cBeT. B kauecTBe aHTEHHBI B OJTHOM U3 HUX CITYKHUT XJIOPO(QHILI, a B
JIpYroM — MPOU3BOJHOE BUTAMUHA A, peTHHAJIb, COEAMHEHHUE C 0COOBIM OETIKOM,



Ha3BaHHBIM 0AaKTEPUOPOIOIICUHOM. XJIOPOPHILT OOHAPYKEH Y 3€JIEHBIX PACTEHUH U
HOYTH Y BceX (POTO-CHHTE3UPYIOUIMX OaKTepuil. MICKiIIoueHne cocTaBiseT oHa
IpyIIa cojie- U TeIIOYCTOWYMBBIX apXeOaKkTepuid, coepkanux 0aKTeprOpOIOTICHH.
TeMm He MeHee NMEHHO OaKTEPHOPOIOTNICHH BBITTISIIUT KaK SBOJTIONMOHHO TIEPBUYHBIH
MEXaHU3M 3aacaHusl KJIETKOM SHEpruy BUAUMOTO CBETA.

BaktepropoaoncuH — CBETO3aBUCHMBIH MPOTOHHBINA Hacoc. OH CIOCOOEH aKTUBHO
oTkaunBath HOHB H'" M3 KJIETKH 3a CYET SHEPIHH BUAMMOTO CBETA, MOTIOMEHHOTO
pPETHHAJIEBOM YacCThIO €ro MOJIEKYJIbl. B pe3ynbrare cBeTOBas SHEPrusi IpeBpariaeTcs
B TPAHCMEMOPAHHYIO PA3HOCTh YIEKTPOXMMHUUECKHX TIOTEHIMANOB HOHOB H
(CokpallleHHO MPOTOHHBIN MOTeHIMAN, UiId Apgt). i 6akrepuit Apg+ — 310
cBOGOIHAs YHEprHs HOHOB H', OTKAYaHHKIX U3 KIETKH BO BHENIHIOW cpey. Monsr H
KakK Obl CTpEMSTCS] BEpHYThCS B KJIETKY, TJI€ UX CTAJIO MEHbILIE U IJI€ BOSHUK
HEJ0CTaTOK MOJIOKHUTEIBHBIX JIEKTPUUYECKHX 3aps10B U3-3a JEHCTBUA
GaxTepropooncuHoBoro H' -Hacoca. DHeprus cBera, 3anmaceHHas TaKUM 00pa3oM B
BUIE Ay, OCBOOOIUTCH,

ecyi Mo3BoauTh HoHaM H' BOHTH 06paTHO B KiIeTKy. Y MHKPOGOB, MMEIOIINX
0aKTepHOpPOIOIICHH, HOHBI H* Bxomsar yepe3 komIiekc (paxkropoB Fo u F, Takum
00pa3zoM, 94TO OCBOOOKIAIOMIASCS SHEPTHS UCTIONIb3yeTcst st cuHTe3a ATO.
HerpynHo npeacraButh cede, kak BO3HUK (porocunTe3 AT, karanusupyeMsblii
OaxTepuopoaoncuHoM u komiuiekcoM FoF,. C nosiBnennem 6akTepruopo1orncruHa
KJIETKA Hay4yw1ach cO3AaBaTh A+ 32 CYET BUOUMOIO CBETA, a 3Ta Ay,
00pa30BaBIINCH, MPOCTO PAa3BEPHYJIA BCIIATH H+-AT<D33Hy}0 peakuuio,
CYILLECTBOBABIIIYIO PAaHEE B KAUECTBE MEXAHU3Ma OTKAYKU U3 KIETKU
rikomuTHdeckux nonos H'. Tak kommnexc FoF, mor npeBpatutbes u3 AT®assl B
AT®-cunrerasy (puc. 4).

YcTpoiicTBO 6aKkTepuOpOJONICHHA HAMHOIO TPOILE

CUCTEMBI XJIOpopHILIbHOTO (poTocuHTe3a. benkoBas yacTe 6akTeprOpoOAOIICHHA
IpeJcTaBIsieT cO00M OJHY MOJIMIIENTUAHYIO LIENb CPEIHEN TMHBI, KOTOpast HE
COJCPKUT APYTUX KOPEPMEHTOB U MPOCTETUYECKUX TPYII, KPOME PETHHILTSL.
BbakTepropoaoncuH Ype3BbIYaitHO YCTOMYMB: 0€3 TOTepH aKTHBHOCTH €T0 MOKHO
KUIIATUTD B aBTOKIaBe npu + 130°C, uzmensts cogepxanue NaCl B ombIBaromiem
MeMOpaHy pacTBOpE OT HYJIS 10 HAChIIEHMs, B IIUPOKUX Mpezenax MeHsTh pH atoro
pactBopa. bosee Toro, MOXXHO yAaJIUTh BBICTYNAONIUE U3 MEMOpaHbI KOHIIEBbIE
YYaCTKHU MOJIMMENTUA-HOM LIETIH U 1a)Ke pacIIeNUTh 3Ty Lelb B OJJHOM MECTE IO
cepeauHe 0e3 ymiep6a Juist akTUBHOCTH Hacoca. B To sxe BpeMs 23 PeKTUBHOCTD
OaKTepruOpOAOIICUHA KaK TpeoOpa3oBaTesi SHEPrur CpaBHUTEIBHO HU3Ka: Bcero 20%
SHEPIUU CBETOBOIO KBaHTa MpeBparaercs B Apys. [Ipu 3TOM Ha 0J1MH MOTJIOIIEHHBIN
KBAaHT Uepe3 MeMOpaHy HepeHOCHTCs ouH HoH H'
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Puc. 4. bakTeprnopoaoncHHOBBINA (POTOCUHTES CO-

nentoOuBbIX apxebakrepuil. Monsl H* oTkaunBaroTCst U3 KIETKU
0aKTEpUOPOAOIICHHOM - OETIKOM, COZIep KalllUM PETHHAJb B KauecTBe XpomModopa, To
€CTh I'pYNIUPOBKH, TOromaromeit Buaumsiii ceet. Monsl H* Bo3Bpamatorcs B
KJIIETKY, ABurasch "mox ropy" uepes H*-ATdazusiit kommuiekc FoF,. I1pu sTom
okasbIBaetcs, 4to 1-I'-AT®a3a karanu3upyer oOpaTHYIO PEaKIHIo, TO €CTh CHHTE3
AT®, a He ero runponu3

Xn0popuabHbIN POTOCHHTE3

XmopoWIIBHBIN (OTOCHHTE3 OTIANYACTCS OT OAK-TEPHUOPOJTOTICUHOBOTO OOJIbIIIEH
3P HEKTUBHOCTHIO UCIIOIB30BaHUS CBETOBOr0 KBaHTa. OH yCTPOEH TaKuM 00pa3zom,
4TO TGO Ha KaXK/IbIil KBAHT TIEPEHOCUTCS Yepe3 MeMOpaHy He OJIiH, a Ba noHa H',
60 oMuMo TpaHcropta H' mpoucxonut 3anacanue sHepruu B opMe yrieBoioB,
cuntesupyembix u3 CO; u H,O. BoT mouemy 6akTepropo0TICHHOBEIN (HOTOCUHTE3
OBLI OTTECHEH ABOJIIOLMEN ¢ aBaHCIIeHbl. OH COXpaHUIICS TOJIBKO y OaKTepHii,
KHUBYIIMX B 3KCTPEMaJIbHBIX YCIOBUSX, /1 00Jiee CI0XKHBIN U MEHEee yCTOMUUBBIN
XnopopuibHbINA (POTOCUHTES, O-BUIUMOMY, IIPOCTO HE MOKET CYIIECTBOBATh.

Xnopo@uinbHbINA (POTOCUHTE3 KaTauU3UPyeTCsl PEpMEHTHOM CUCTEMOH,
BKJTIIOYAIOIIEH HeCKOJIbKO OenkoB. KBaHT cBeTa morsomaercs Xa0popuiiom,
MOJIEKYJIa KOTOPOTO, Nepeiiisi B BO30YKIEHHOE COCTOSIHUE, MIEpeaaeT OJIUH U3 CBOMX
3JIEKTPOHOB B (POTOCMHTETHUYECKYIO LIEMb IEPEHOCA IIEKTPOHOB. JTa LIENb
IpeJICTaBIsIeT COO0M MOCIe10BaTEIbHOCTh OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX
(bepMeHTOB 1 KOhEepMEHTOB, HAXOAIIMXCS BO BHYTpEHHEH MeMOpaHe 6akTepuil uiu
XJIOPOTIJIACTOB PaCTeHUH, I/Ie JIOKAIM30BaHbI TAKKe OCIKU, CBSI3aHHBIE C
xsopoduiom. KoMIoHeHTHI Lienu cojiepKar, Kak MpaBUiio, HOHbI METAJJIOB €
NIEPEMEHHOI BaJIGHTHOCTBIO (KeJIe30, MeJlb, PeXKe MapraHell Uiau HUKenb). [Ipu aTom
KeNe30 MOXKET BXOJIUTh B COCTaB TeMa (B TAKOM cllyyae OeJIKM Ha3bIBalOTCS LIUTO-
xpoMamu). bonbliiyto posib UTparOT Takke HET€MOBBIE KEJI€30MPOTEU b, TJ€ HOH
J&KeJe3a CBsI3aH ¢ OEJIKOM yepe3 cepy LUCTEHHA WU pexe a30T ructuanHa. [lomumo
HMOHOB METAJIJIOB POJIb IEPEHOCUUKOB 3JIEKTPOHOB UTPAIOT MPOU3BOIHBIE XUHOHOB,
TaKue, Kak YOUXMHOH, HIIaCTOXMHOH M BUTaMMHBI Ipynibl K.



[Tepenoc o 1enu 31eKTpoHa, OTHATOTO OT BO30YKICHHOT'0O XJI0pohuiLia,
3aBepIIaeTCs M0-Pa3HOMY B 3aBUCUMOCTH OT TUMA (POTOCHHTE3A. Y 3€JIEHBIX
OakTepHii, UCIIOJIB3YIOIIMUX KOMIUIEKC XJIopoduiia u Oenka, Ha3pIBaeMblil
dotocucremoii 1 (puc. 5, a), nponykrom okassiBaetcss HAJIH, To ecth
BoccTaHoBjeHHas hopma HAJ[' . BoccTaHABIHBAACK, TO €CTh HPUCOSAMHAS IBA
snextpona, HJII" cBs3eBaet Taxoke oxuH H'. B nanpHeiineM 06pa3oBaHHbIH TaKHM
obpazom HA/IH okucnsercs, nepenasasi CBOil BOAOPOJ Ha pa3iIMuHbIe CyOCTpaThl
OMOCHHTE30B.

Yro kacaercst xj10poduiuia, OKUCIEHHOTO LIETbI0, TO Y 3€JI€HbIX CEPHBIX OaKTepuil
OH TIOJTYYUT HEJOCTAIOIIUH JIEKTPOH OT cepoBoaopoaa (H,S). B pesynbrare
00pa3yroTCs TaKkKe AIeMEHTapHas cepa U HOH H. Bbenok, okucnsromuii H,S,
pacrosoeH Ha BHELTHEH MOBEPXHOCTH OaKTepHalbHOM MeMOpaHsbl, a OeIok,
Boccranasnuparomumit HAJI', — Ha BHyTpeHHel ee ToOBepXHOCTH. BoT modyemy
OKa3bIBAETCA, UTO 3aITyCKAEMBIH CBETOM TIepeHoc d1eKTpoHoB ot H,S k HAJT
o6pasyeT nonsl H' cHapy»Xu 1 IOTpebseT X BHyTpHU 6akTepun. IIpu 3ToM
BHYTPEHHUI 00BEM KIIETKH 3apsyKaeTCsl OTPULIATENbHO OTHOCUTENFHO BHEIITHETO.
Tewm cambim cosznaercs J1/y+, koTopas motpebmnsiercs H'-AT®-cunTasoit
(xommexcoM ¢aktopoB Fo u FJ, obpazyromeit AT® npu nepenoce nonos H "mog
ropy", To €CTb CHapyH BHYTpb.

Jpyroii Tun 6akTepuanbHOro (OTOCHHTE3a OOHAPYXKEH y MypIypHBIX OakTepuit
(puc, 5, 6). 3nech nericTByeT HAOOP (PEPMEHTOB, OTIUYAIOLIUXCS OT PEPMEHTHOTO
KOMIUIEKCa 3eJIeHbIX OakTepuid. 1o Hecymas xjopopuit porocuctema 2 u
xkomruiekce I1I. Kak u B npeapinyiem ciydae, Ipouecc HaYMHAETCs C MOTJIOIIEHUS
KBaHTa XJI0po¢mioM. [lepBoHadaNbHO MMEPEHOC AIEKTPOHOB MPOUCXOAUT TI0
dorocucreme 2.

3areMm Bcrynaet komiuiekc 111, cnocoOHbIN TpaHCIIOPTUPOBATDH ANEKTPOHBI
CONPSIKEHHO ¢ 0TKaukoil nornoB H' u3 Gaxrepuu. IIporecc 3aBepmaercs
BO3BpalleHueM ieKTpoHa ¢ komruiekca Il na xmopodumn. Uto kacaeTcss HOHOB H,
TO OHM BO3BpAIIAIOTCA B KJIeTKy yepe3 H -AT®d-cunrasy, oopaszys ATO.

OTnuuuTenbHas yepra GOTOCUHTE3a Y MyPIYPHBIX OAKTEPUN COCTOUT B TOM, YTO
cucTeMa He HYX/1aeTcsl BO BHEILIHEM JJOHOpE 3JeKTpoHOB. OTkauka noHoB H*
OCYILECTBIISICTCS TyTEM LIUKIMYECKOTO IIEPEHOCA IIEKTPOHOB, MOIIEPKUBAEMOTO
sHepruel csera. /laHHOe 00CTOSTENBCTBO MOKHO OTHECTH, ITO-BUMMOMY, Ha CUET
HBOJIOLIMOHHOTO YCOBEPIIEHCTBOBAaHUS (POTOCHHTE3a MyPIyPHBIMU OaKTEPUSIMH,
KOTOpBIE [0 MHOTMM MPU3HAKaM SIBJISIFOTCS HBOJIFOLIMOHHO 00Jiee MPOIBUHYTON
IPYIIIOH, YeM 3eJIeHbIe CepHbIe OaKTEPHH.
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Puc. 5. Xnopopumnsryusiii poTOCHHTE3 3€NIE€HBIX CEPHBIX (a) U MyPIYPHBIX (6)
OakTepHii: a - XJIopopuILL, CBI3aHHBIN C 0COOBIM OETKOBBIM KOMILJIEKCOM -
dotocucremoii 1 (OC1), Bo3OykmaeTcsi KBAHTOM CBETA U OTAAET DJCKTPOH IO LIETH
AIEKTPOHHBIX nepeHocunkoB Ha HAJ[*. BoccranasnuBasics, HA/[* cBsi3piBaeT
BHyTpHKJIeTOUHBIH noH H*. [ToTepst anekTpoHa Ha Xs10poduiuie KOMIIEHCHPYETCs
OKHCIIEHHEM CepOBOAOPOAA A0 cepbl M HoHa H* cHapyxu 6akTepuaabHOM KIETKU.
Jemwxenne H* BHyTps kieTkn yepe3 komruieke Fy F, naer AT®; 6 - xnopodu,
cBsi3aHHBIN ¢ 6enkoM GoTtocuctemsl 2 (PC2), moriouiaer KBaHT CBETa U 3aIlyCKaeT
LIUKJIAYECKUH MIEPEHOC MNIEKTPOHOB. B 3TOM mporecce y4acTByrOT IEPEHOCUYUKHU
anektponoB ®C2 u gononaHUTeNbHOTO OenkoBoro komiuiekca 1. ITepenoc
anekTpoHOB KomIuiekcoM 111 conpsixen ¢ oTkaukoil noHoB H* u3 kiretku.
Otkauannsie HoHBI H* Bo3Bpamatotcs yepes komiieke Fy F, ¢ oOpazoBanuem ATO.



Crenyromum marom B 3BOJIIOLUHN (POTOCHHTE3A CTalH, 10-BUTUMOMY,
ano6akrepuu. Llenb nepeHoca 3JeKTPOHOB B 3TOM CIIydae MpeACTaBisieT coOon
KOMOUWHaIMIO: a) poTocucTeMbl 1 3eneHbIx 0akTepuii, 0) poTocucTeMsl 2 U
komruiekca Il mypmypHbIX GakTepHii U B) JOMOJHUTEIBLHOIO KOMILIEKCA,
pacierusroniero Boxy Ha O, 1 H' (puc. 6). ®akTHUECKH JOHOPOM 3JIEKTPOHOB
BMECTO CEPOBOI0PO/Ia (BCTPEUAIOIIETOCs B IOCTATOYHBIX KOJIMYECTBAX JIUILb B
HEKOTOPBIX MPUPOIHBIX HUILIAX ) CIIYKUT BE3/ECyIlas BOja, 3a1achl KOTOPOH
NPaKTUYECKH HEOTpaHUUEHBI. B pe3ynbpTaTe KOHEUHBIN aKIenTop IEKTOPOB —
HAJI®" BoccTaHaBiImBaeTcs, a Boja okucisiercsa. O6pasytomuiicss HAJIOH
OKHCIISIETCA 3aTE€M CJIOKHOW CUCTEMOM BOCCTAHOBJIEHMSI YTIIEKHUCIIOTO ra3a 10
rI0K03bl. TakuM 00pa3oMm, (OTOCHHTE3 IUAaHOOAKTEPHH MapaIIIENIbHO C
oOpazoBanuem AT® maet yriieBosl — OAHO U3 IJIaBHBIX PE3EPBHBIX BEIIECTB
COBpPEMEHHBIX KHUBBIX KJIeTOK. HeT comMmHeHuit, 4yTo iuaHo0akTepus sBiseTcs
HBOJIIOI[MOHHBIM MPEALIECTBEHHUKOM XJIOPOIIJIACTOB — OPTaHeI 3€JIEHBIX
pacTeHHi, SHEPreTHKa KOTOPBIX YCTPOEHAa B OCHOBHOM IO TOM K€ cXeMe, UTo
MoKa3aHa Ha puc. 6.

Puc. 6. Xnopodmwmuipablii poTocuHTe3 MaHoOakTepun. KBaHT cBeTa, MOTIONICHHBIN
xjopoduuioMm ¢GorocucTeMsbl 1, BO30YXIaeT MEPEeHOC SJICKTPOHOB IO IICTH, YTO
3aBepiraercs BocctaHoBieHneM HAJID* no HAJI®H. OxwucneHHblil Xjaopoduiia
dotocuctemsl 1 BoccranaBiuBaeTcsi kKomruiekcoMm III, koTopelii, B cBOIO ouepenp,



MOJIy4aeT JEKTPOH OT (hoTocucTeMsbl 2. JlonupoBaHue 3eKTpoHa POTOCUCTEMOI 2
TpeOyeT eme OJHOro KBaHTa cBeTa (IMOTJIONIAEMOro XJIOPOQHILIOM 3TOH
¢orocucremsr). Iloteps  smexkTpoHa Ha  xJopopmmae  dorocucTembl 2
KOMITCHCHPYETCSl 32 CYET OKHCJICHHS MOJIeKYyJbl BoAbl 10 O, u H*. depmeHTHI,
KaTaJIM3UPYIOUIME BCIO IeNb peakuuii mepeHoca anekrpona or HO mo HAZID*,
pacmoJioKeHbl B MeMOpaHe TakuM oOpa3oM, 4uTto uoHbl H* oTkauumBaroTcs wu3
OakTepHaJIbHON KJIETKH, YTOOBI 3aTeM BOWTH BHYTpb uepe3 FoF, u cnenare AT®. B
XJIOpO-IIIIACTax 3€JEHbIX PACTEHUH IPOUCXOMAAT T€ K€ COOBITHSA, HO OpUEHTALUs
BceX (DepPMEHTOB MPOTHBOIIONIOXKHA TOM, KOTOpas UMEET MECTO Y IIMaHOOAKTEpUU U
noka3zaHa Ha puc. 6. COOTBETCTBEHHO Yy XJIOPOIUIACTOB (DOTOCHHTETHYECKAs IIETb
HakauusaeT UOHBI WI' BHYTpB, a komIuieke FoF, mepeHocut ux Hapyxy.

JIBIXATEJIbHBII MEXAHW3M SHEPI'OOBECITEUEHM .

[ToGo4HBIM TPOAYKTOM (POTOCHHTE3A Y IMAHOOAKTEPUN U PACTEHUI CITY)KUT
MOJIEKYJISIpHBIN Kucopoa. Hapactanue ero KOHIIEHTpaIi B aTMOC(epe MPUBEINIO K
MOSIBJICHUIO (PEPMEHTOB, YOMPAIOIINX dTOT CHJIBHBIN OKHUCIUTENb, OMTACHBIHN JIJIs
KU3HEIEATENILHOCTH. BeposiTHO, mepBoil GpyHKIHeH hepMeHTOB,
BocctanaBnuBaromux O, o H,O, 6b110 CHUKEHUE BHYTPUKIECTOYHOW KOHIICHTPAITNHT
kucnopona. OnHako B JalbHEHIIIEM adpoOHast KIeTKa Hay49uIach H3BJICKATh MOJIb3Y
W3 3TOr0 MPOIIECCa, CO3/IaB ABIXaTEIbHYIO IIEMb 3JIEKTPOHHOTO TPAHCIIOPTA,
COIPSYKEHHOI'0 ¢ OTKAaYKOW MOHOB H".

JlpIxarenbHas 11eTlb HEKOTOPBIX COBPEMEHHBIX OaKTepHuil BKIIIOUACT YK€ 3HAKOMBIi
HaM koMIutekc III, ciy:xammmii CBA3YIOIKUM 3BEHOM MEXAY ABYMS APYTUMU
OenkoBbIMH KoMILIekcaMu. OIHaKo 3TO yxe He porocucteMsl 1 u 2, a pepmMeHTHI,
BBINOJIHSAOLIME (DYHKIMH, TIPOTUBOMOJIOXKHbIE TAaKOBBIM (poTocuctem 1 u 2.
DepMeHTBI, 0 KOTOPBIX UIET peub, ObLIN Ha3BaHbl KOMIUIEKC | u komuieke ['Y.

Kommekc [ He BoccTaHaBIMBaeT HUKOTUHAMU/I-HBIN HYKJIEOTH/I, @ OKUCIISIET €TO.
Kommekce IV He okucnsier Bogy 10 O,, a BocctanaBnupaet O, 10 BoJibl. B utore Mol
MMEEM CJIOKHYIO IIeTIh peakiuii, HaunHaroumxcs ¢ okuciaenns HAJIH u
KOHYaroluxcs BocctaHoBieHueMm O,. Bee Tpu komIuiekca AbIXaTeNbHOM LEenH
CII0COOHBI OTKAYNBATh U3 KiteTKH HoHbl H CONPSIKEHHO € MEPEHOCOM 3JIEKTPOHOB

(puc, 7).



Puc. 7. Mexanusm apixatenbHOro (hocopuarpoBa-Husi B a9pOOHBIX OaKTEpPUIX U
MUTOXOHIpUAX. PepmenTHbIe KoMIUIeKcHl |, III u IV karanusupyror nepenoc
anektpoHoB oT HAJIH x O, ¢ o6pa3zoBanuem Bojibl. [lepeHoc 31eKTpOHOB CONpsiKeH
¢ oTkaukoit nonos H*. Bozspamenue nonos H* uepes FoF, npuBoaut k cuntesy
ATO

[Tono6HO TOMY Kak XJOPOILIACTHI MPOM3ONUUIH OT IHAHOOAKTEPUU, MUTOXOHAPUHU
JKUBOTHBIX, PACTEHUN U TPUOOB BEAYT CBOE MPOUCXOKIEHUE OT a3POOHBIX OAKTEPHUH.
[loaToMy HEyOWBUTENBHO, YTO MHUTOXOHJA-pHAIbHAS  JbIXaTelbHAs  IICMhb
OTIHMCHIBAETCS TOM K€ CXeMOH, UTO U300pakeHa Ha puc. 7.

3AKJIIOYEHUE

3HaHUsI, HAKOIUICHHBIE NTPU U3YYEHUU COBPEMEHHBIX OPTaHU3MOB PAa3IMYHON
CTENEHH CJI0KHOCTH, TIO3BOJISIOT C(HOPMYJINPOBATH HETPOTUBOPEUNBYIO KOHIIEIIHIO
HBOJIIOIMM OMOIHEPTETUUECKUX CUCTEM. DTa KOHIETLHS 1aeT KJIt0Y K TOHUMAaHUIO
HE TOJIBKO ITyTe CTaHOBJIEHHUSI MEXaHU3MOB MPEBPAILEHUS SHEPTUH B KJIETKE, HO U
MO3BOJISIET OOBSCHUTD, TOUYEMY XMUMHUS U (PU3HKA KUBOW KIETKH 0a3upyroTcs Ha
JIBYX OCHOBHBIX KJIacCaX BEIIECTB: a) HyKJIEMHOBBIX KUCIOTaX U HYKJIEOTHAAX U O)
6enkax. Bkpartue cucrema B3Iis10B, 0 KOTOPOH UAET pedb, MOXKET OBITh
CYMMHPOBaHa CIEAYIOLEH CXEMOU 3BOIFOLNH KU3HH.

1. O6pa3zoBaHne a30TUCTHIX OCHOBAHUH (IIypUHOB U MUPUMUIUHOB), @ 3aTEM U
HykieotunoB u3z H,O, NHs, CO,, HCN 1 HEKOTOpBIX Apyrux NpoCTEUIINX

COeMHEHUH Mo/ ecTBUEM YibTpaduoneToBoro uanydenus CoaHia.

2. Ucnonp30BaHne OCTaTKOB aJICHUHA, a 3aTEM TAKXKC APYTIUX IIYPUHOB U



OUPUMHUIMHOB B HYKJICOTHAX JJIS MOTJIOUICHUS yAbTpadroaeToBoro ceera. [lpu
3TOM 3HEpPrus yJIbTpa(roIeTOBbIX KBAHTOB OKa3bIBAETCS IBUKYIIEH CHIION 1UIs
cunre3a AT® uz AJI® u docdara umm U1t OCYIIECTBICHUS IPYTUX SHEPTOEMKUX
peaknuii KopepMeHTaMU-HYKJICOTHIaMHU (aJI€HU-HOBBIA (POTOCHHTER).

3. OGpa3oBaHue PE3ePBHBIX BEMICCTB 3a c4eT SHepruu ATD (rIIMKoreHes) ¢ Tem,
yTOOBI MX MOCJEAYIONIEE PACIICIUICHHE MOTJIO TToiepkath pecunte3 AT® npu
OTCYTCTBUH YJIBTPa(hHOIETOBOTO cBETA (IJIMKOJIU3).

4. I3MeHeHHe CIeKTPaIbHBIX CBOMCTB aTMoc(epbl, CTaBIIEH MII0XO0 MPOHUIIAEMON
Ui yabTpaduosera, 1 3aMeHa "ajeHuHOBOro" poTocuHTe3a Ha (POTOCHHTE3,
HCITOJIB3YIOIIUI BUMMBIN CBET. B KauecTBe MUTMEHTOB UCIIOJIb3YETCS PETUHAND, &
3areM xjaopo¢mni. B pesynsrate AT®, ObIBIIMIA 10 TOrO Kak npeoOpa3oBaTenemM
CBETOBOM DHEPIUH, TAK U "KOHBEPTUPYEMON IHEPTETUUECKON BAIFOTON", yTpaunBaeT
HEPBYIO U3 3TUX ABYX (DYHKIMH, COXpaHUB TOJIBKO BTOPYIO.

5. YBenuuenue koHueHTpauuu O, B aTMocdepe B pe3yIbTare AeATeIbHOCTU (OTO
CHUHTE3MPYIOLINX OPTaHU3MOB U MOsBICHNUE (PEPMEHTOB, MOTIIOLIAIONIIUX KUCIOPOJ C

OEJIBI0 €0 ACTOKCUKAIIUU.

6. CozraHue COBpEMEHHBIX JIbIXaTENbHBIX CUCTEM, Tpeodpasyomux B ATD
SHEPTHUI0 OKUCIEHHS CyOCTPaTOB KUCIOPOAOM.
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