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1. [inoTesa Tennux BOONM

[OapsiHy 1871 p. nucae B OQHOMY 3
nucrise: "lMowmnpeHa gymka, Wwo BCi yMOBU
ONs BUHUKHEHHS XXMBOrO OpraHiamy, gkl
MOIM KONUCb ICHYBaTW, ICHYIOTb | B HALL
yac. Ane SKLWo HaBiTb yaBUTKU cODI, WO B
SKIN-HeOyOb HEBENUKIM TENMiN BOAONMI, LLO
MICTUTb yCce HeoDxigHe (amiak, coni
dbocdopHOI KNCIIOTK Ta iH.), @ TAKOX
OAOEPXKYE CBITNO, TEMNMO, ENEKTPUYHY
EeHeprito i T.4. Mir 6u XiMiYHUM LLSIAXOM
yTBOPUTUCA BINOK, 3aaTHUN A0 nodarnbLUnX

L CKnagHunx nepeTBopeHb, To Xiba He
3p0O3yMiso, Lo B HaLl Yac BiH byB Ou
. HeranHo KuM-Hebyab 3'igeHuin abo
Yapab3 Jlapsin (1809-1882) 9 .
NOrMUHYTUW, TOAI AK 40 BUHUKHEHHS XXNBUX

* ICTOT LbOro TpanuTucb He Morno". °




2. KoanepBaTHa rimoresa

1) JKuTTs BUHUKIIO a010T€HHUM ILUISXOM.

2) bioJioriuyH1i €BOJIIOLIT ITepeayBaia JOBra
XIMI4HA €BOJIIOLIIS.

3) BUHUKHEHHS )KUTTS — €Tall €BOJIIOLIT MaTepii
y Bcecairi.

4) 3aKOHOMIPHOCTI BUHUKHEHHSI OCHOBHHUX €TalllB
KUTTSI MOKE OyTH IIEpEBIPEHO B J1a0OpaTopli:
aTOMH — MPOCTI MOJIEKYJIN — MAaKPOMOJIEKYJIN —
KOallepBAaTH — IPOOIOHTH — OAHOKIITHHHI
OpTaHI3MHU.

4) IlepBuHHa atMocdepa 3eminl Maia
BIJTHOBJIFOIOYMI XapaKTep, a MepIil OpraHi3mi
OyJIu reTepoTpodhamu.

5) MoJIMBICTh TOBTOPHOTO BUHUKHEHHS JKUTTSI
Ha 3eMJI1 BUKJIIOUEHA.

npodecop 010ximii
Omapin Onexkcanap IBaHoBUY
: (1894-1980) 4



Teopis koanepBariB:

1)KoaniepBaTHi cucTeMu — 0araToOMOJIEKYJISIpHI CUCTEMH, SIK1
BIJOKPEMUJINCS B1J HABKOJMIIIHHOI'O CEPEAOBUIIA T AHUMHU MEMOpaHaMHU
2) IcTopisa ofiHI€ET KoallepBaTHOI Kparuil CYTTEBO BIAPI3HsIACS BiJ 1HIIMX,
K1 3HAXOJUJINCS MOPYHY.
3) UumM nOBLIBHIIIE TPOXOASATH B KOAllEpPBATHIN YaCTHHI IIPOLIECH, TUM
CTIMKIIIA CUCTEMA.
4) IlepeTBOpEHHS KOALIEPBATHUX YACTHH Y BIIKPHUTI CUCTEMHU,
BUHUKHEHEHHS 3/TaTHOCT1 JO CaMO30€pEKEHHS — SIK IEPBUHHUN €Tarl
€BOJIOLII1 KOaIlepBariB.
5) IlocriliHe 301IbIIEHHS B KOallepBaTax OpraHi30BaHO1 PEYOBUHHU SIK
JIPYTUi €Tall BAHUKHEHHS KIIITHHMU.
6) BuHUKHEHHS JTUHAMIYHHO CTIMKMX CHCTEM SIK TPETIN eTall
BUHUKHEHHS KJIITHHHU.
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7) HykJI€1HOBIM KMCJIOTI HAJIC)KUTh BaroMa poJjib B OpraHi3allli >KUBUX CUCTEM,
OJIHAK BOHA HE € CAMOJIOCTATHIM €JIEMEHTOM, a IIPEJICTABIISIE COOOI0 BChOTO
JIMIIIE YaCTUHY 3arajibHO1 OpraHizalli ’KWBOi CUCTEMHU.

8) Ilomanpliia €BOJIIOLIIS MOB’A3aHAa 13 3MIHIO (DEPMEHTATUBHUX
(KaTaITUYHKX) CUCTEM B KIIITHHI.

[TapagurmMu OnapiHa: B OCHOBI OOMIHY YCIX Cy4aCHHUX JKMBUX OpPraHI3MIB
JICKUTH 34aTHICTh BUKOPUCTOBYBATH OPTraHIYHI CIIOJYKH SIK BUX1THUAM
Marepian Jjis 010CciHTe3a OUIKIB, HYKJICIHOBUX KHCIOT Ta 1HIIUX CKJIAJOBUX
POTOILJIA3MH.

3arajlbHUM JJIs1 BCIX OpraHi3MIB CIOCOOOM OTpUMAaHHS €HEprii 3
OpraHIYHUX PEYOBUH € 1X aHACPOOHUM PO3KJIA/I.
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On the origins of cells: a hypothesis for the
evolutionary transitions from abiotic geochemistry to
chemoautotrophic prokaryotes, and from prokaryotes

to nucleated cells

William Martin!® and Michael J. Russell?

"nstitut fiir Botanik III, Heinrich-Heine Universitaet Diisseldorf, Universitdtsstrasse 1, 40225 Diisseldorf, Germany
2Scottish Universities Environmental Research Centre, Scottish Enterprise Technology Park, Rankine Avenue, East Kilbride,
Glasgow G75 0QF, UK (m.russell@suerc.gla.ac.uk)

All life is organized as cells. Physical compartmentation from the environment and self-organization of
self-contained redox reactions are the most conserved attributes of living things, hence inorganic matter
with such attributes would be life’s most likely forebear. We propose that life evolved in structured iron
monosulphide precipitates in a seepage sue hy drothermal mound at a redox, pH and temperature gradient
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of life

(Hydrothermal vents and the origin

The chemistry of life is the chemistry of reduced
organic compounds, and therefore all theories for
the origin of life must offer testable hypotheses to
account for the source of these compounds. The best-
known theories for the origin of organic compounds
are based on the notion of an ‘organic soup’ that was
generated either by lightning-driven reactions in the
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William Martin*, John Baross*, Deborah Kelley* and Michael J. Russell8

Abstract | Submarine hydrothermal vents are geochemically reactive habitats that harbour
rich microbial communities. There are striking parallels between the chemistry of the H ~CO,
redox couple that is present in hydrothermal systems and the core energy metabolic
reactions of some modern prokaryotic autotrophs. The biochemistry of these autotrophs
might, in turn, harbour clues about the kinds of reactions that initiated the chemistry of life.
Hydrothermal vents thus unite microbiology and geology to breathe new life into research
into one of biology’s most important questions —what is the origin of life?

and presents a better understanding of the chemical con-
straints that existed during the evolutionary transition
from geochemical to biochemical processes.
Hydrothermal vents occur at sea-floor spreading
zones and have a global distribution (FIC. 1): vent systems
have been discovered at almost all sea-floor locations
that have been studied in detail”. At spreading zones,




['ioTe3a XxeMoaBTOTPO(HOTO MOXOMKEHHS KIITHHU

)

Paccena, Xeina 1997

KATTS BAHUKJIO HA BEJIMKUX DIMOWHAX (ONMU3BKO 4 KM), B Ty KHOMY
CEpEJIOBHIII B TAPOTEPMAIIBHUX JKEPETIAX;

2) rapsiya Boaa (mo 350 rpagyciB) Hecsa KOJIOiIH1 YaCTKH, SIKI

3)

yTBOPIOBAJIA MOPHUCTI CTPYKTYPH, B OCHOBI SIKUX OYB MOHOCYJIb(P11

3aj113a T1 1HII CyJb(1Ad METAIB, 1 KpIM TOTO Hecjaa 0araro pi3HUX

pedorun CO, H,N,, NH,, CN~, CH,COO, H,CO, CH,, H,S,
KOPOTKI1 aJIK1JI-CyJIb(1au;

CTIHKM IIOPUCTUX CTPYKTYp 3a0e3IeuyBajd NOCTIHHE JKEPEIIO
€JIEKTPOHIB, KaTAJIITUYH] PEAKIIli Ta MATPUMYBAJIN BUCOKY

KOHIICHTPAIlIK0 OPTaHIYHUX PEYOBUH BCEPEINHI;

4) pi13HULSA B KUCIIOTHOCTI1, TEMIEPATYPl Ta PEAOKC-TTOTCHITIAT M1

3oBHIHIMU (TeMm. 350 rp., pH 9-10) Ta BHyTpimHIMuU (TeMm. 60
rp., pH 4, redox potencial 500 mV) po3unnamu 3a0e3neuyBaiu
MOCTIMHICTh T€OXIMIYHUX YMOB JIJIsi BAHUKHEHHS TIPe1010JIOTTYHUX
CTaHIB.
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a) BIAKJIaAU MOHOCYIb(]iaa 3aii3a, sKi
YTBOPWJINCS B T1APOTEPMATIbHUX
JpKepeax “depHUX KypuiabHUKIB” 360
MJIH. POKIB TOMY Hazaj

b) 3pi3 BigkiIaaiB miputy (Bik 360 MiH
POKiB)

C) TEX caMe, ajie 30LIbIICHO

d) mopucTi CTPYKTYpH CYIbdhiay
3ai3a, ikl OyJIu OTpHMMaHI B
J1a00paTOPHUX YMOBaX
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cooler, more oxidized,
more acid Hadean ocean
<30°C, pH ca.5.5

the universal ancestor
(not free-living)

temperature-, redox-,
and pH-gradient
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Eranu:

1)
2)
3)
4)
5)

Epa npebioTuuHO1 X1Mii

Epa PHK

Epa JIHK

Epa JIHK ta npoteiHiB

Epa yHiBepcaibHOIO HE BIILHOIO-ICHYFOUOTO aHIIECTOpa

Paccen ta Xeis1 miakpecatoBaly, 0 HiKa HYKJIETHOBO-KMCIOTHA
€BOJIIOIIS HE MOXJIMBA 0€3 MIATPUMYIOUO0i Fe0XiMii, O1IbII
M13HIII01 010TeoX1Mii Ta O10X1MIi 3aBEpIIICHHS, 100 3a0€3NEeYNTH
CTIMKY KOHIICHTpAIIiI0 ITOJIMEpa3HUX MPOAYKTIB (HaIIpUKJIal
HYKJICOTHJIB), 1110 € OCHOBOIO ISl PI3HUX BapiaHTIB peruTiKaiii.
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eubacteria e Mojienp YTBOPEHHS

IS B1)1bHO-1CHYIOUMX KIIITHH

1) YcknagHeHHs 010XIMIYHHX
IIPOILICCIB
HezanexxHe BAHUKHEHHS
010XIMIYHUX MPOIECIB, IO
MPUBEJIO 10 CUHTE3Y JIMIIIB
HeszanexxHe BAHUKHEHHS
010XIMIYHUX MPOIECIB, IO
MPUBEIIN 10 CUHTE3Y
€JIEMEHTIB KJIITUHHO1
000JIOHKH
Y TBOpPEHHS KJIITUHHOI
000JIOHKH Ta KOHCepBaIlls
OKMCJIFOBAJIbHO-
B1HOB/IIOBAJIbHUX MPOIIECIB
BCEpEIMHI KIIITUHU

6) IlosiBa mepimx
XEMOABTOTPO(PHUX BLIHHO-
ICHYFOUMX KIIITUH

free-living cells
(chemoautotrophs)

of redox chemistry
at cell surface

independent invention:%a
of cell wall biochemistry.:s

*

independent invention
of lipid biosynthesis

invention of most
biochemistry

the universal ancestor , . .
(not free-living) #EY 4 ‘l
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