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BeegeHue: MNpuUHUMNbI NOCTPOEHUA
ononorm4yeckmx nosiMmMepos

Top-down: PeKOHCTpYKUMA OpeBHUX
OpPraHM3MoB U UX cpeabl OONTaHnA

Bottom-up: O630p HOBOCTEN NO aONOreHHOMY
CUHTe3y OmononnmepoB

3akntoyeHune: beckucnopogHblie
reorepmarnbHble NOMAA U NPOUCXOXKAEHUE XKU3HMU



Xun3Hb — 3TO B3anmoaencreme

Tpex TUNOB KOAUPYEMbIX OMononnmepoB —
OHK, PHK v 6enkos
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UcTouyHUK pucyHKa: macroevolution.narod.ru



http://macroevolution.narod.ru/vlasov.htm
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MUcTouyHUK pucyHka: www.umbc.edu, ¢ UamMeHeHussMun



http://www.umbc.edu/

OHK, ne3okcnpmnboHyKknenHoBas
KUcnoTta, nosimmep U3 HyKneoTnaos
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UcTouHunK pucyHkoB: www.mathcell.ru



PHK, pnboHyknenHoBasi KNCNOTA,
nonnmMmep N3 puboHyKrneoTnaos
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UcTouyHuk pucyHkoB: www.mathcell.ru
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UcTtouHuk: www.umbc.edu, ¢ UBM@HEeHUAMM



http://www.umbc.edu/

[TloaTOMY B npuUCyTCTBMU BOAbI
onononumepbl pacnagaroTcs
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UcTtouHuk: www.umbc.edu, ¢ UBM@HEeHUAMM



http://www.umbc.edu/

[TloaTOMY B npuUCyTCTBMU BOAbI
onononumepbl pacnagaroTcs

BoaHbIn napagokc:
CnoHTaHHoOe,

He TpebyroLwiee aHeprumn
obpa3oBaHue 6enkoB Unu
nonuHykneotnaoB (PHK, OHK)
He MOXeT UAaTu B BoAe

UcTtouHuk: www.umbc.edu, ¢ UBM@HEeHUAMM



http://www.umbc.edu/

CuHTe3 Oernka - TpaHcnAuus

Koanpyemasa JHK
UHopmMmauus
.  CuYnTbiBaeTcsa B BuAae
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suaouasct sxoaucis ¢ AHK
I e a4 ™ NpM cuHTe3e 6enkos
F i Ll ML+ uuG 6
2|n?1lKu,|u<y6uwmnm : Mogon GGG @ pM OCOMaMM
prbocoMM CoBMPANTCR B FHOOCC 2 : mOROM UUC
KOMELAEKC 30: KO20H AAG
3' Parawonie TPHK (rpamcosprinse i
PHK) HECYT PATHISE ANTHKDR0-
MM, COOTBETCTRYIONME / : ;
xogomas MPHK. Asienoxu- T & / * %
CAOTA, COOTRETCTRYIOEAN . 1 s '.-'_ d
“CBOEMY' KOJONY, PHCOSNNE- O ) 3 Y AN
Ma k gpyrosy xosy TPHK i et [ ‘ »
4. Ha pubocosme TPHK macTpassarwros
nporus MPHK. Kogon u anmmxogon
AORHM CORNARATH, HMave TPHK
OTCOCAMMRETCR
5' Moy AMHIOKHCAOTAMK OGPATYETCR
BENTHAMAR CrRab. PacTyman
ROAHBCHTHANAR HENL BEPEMCTICTOR
ma TPHK » coceaneft noomgmm.
PrGocoMa 3CAICT OAMN WA B0 {
MPHK, wrobu casaarms cacymouyw ' Ha MOACKYARPHOM YPORHE BPOHCNOINT
sosexyay TPHK NPOBEPKA COOTBETCTEMR KOIOH-INTHKOZION.

Ecan paccTonnmne Mexay OCHOBAHMAMM

6' MoANDENTIANAR BENL MINHHACT nesepwoe, TPHK orcoeammnercn

CROPINHRATICR B Geaox

UCTOYHUK pUCYHKa: dataved.ru



http://macroevolution.narod.ru/vlasov.htm

CuHTe3 6enka Ha pu6ocome  CTPYKTypa pubOCOMHBIX
cyobveanHuy,

oonbLwan

UcTtouyHuk aHnmauun: Wikipedia



Mup camopocTtaTouyHbiX PHK

Arperatbl monekyn PHK moryT camu cebs
pennuuupoBaTb (Lancaster, Joice, 2009),

Monekynbl PHK moryT obpasoBbiBaTh pactyLwjue

KOrmIOHMU Ha TBepAaoM cyocTpare (A. b. HYeTBepuH,
A. C. CnupuH),

CuHTe3 benka Ha pnbocome ocyLlecTBNAETCA
monekynamu pubocomanoHou PHK (pPHK),

PHK Bupychbl obxogsatca 6e3 [1HK.



KoHuenuua nepBuyHoctn PHK

Obina npeanoXxeHa
AHapeeMm HukonaeBuyem
Bbenosepckum B 1957 r.

«...BpSsi4 N Ha paHHUX 3Tanax pa3BUTUSA XXU3HU
BO3HUKNn ogHoBpemeHHo n PHK, n OHK.

Ham npencraBnsieTcs, YTO BO3HUKHOBEHUe
puboHykneotunaoB u 3ateMm PHK O6b110 nepBUYHbIM.
OHK BO3HMKNa 3Ha4YUTENbLHO NO3Xe U napansneribHoO
C YCINOXXHeHueM (PyHKUUUN N Bce bonbLuen
anddepeHunaumen nportonnasmMbliy.



Top-down: PeKOHCTpYKUMA OpeBHUX
OpPraHM3MoB U UX cpeabl OONTaHnA



Nothing in biology makes sense except in
the light of evolution.

Theodosius Dobzhansky

Buonorna nmeeTt cMbICH TONbKO
B CBeTe 3BONIOLUUN.

deodoculi
'pucopbesuY
JobpxxaHckulu

UcTouHUuK pucyHka: institucional.us.es



Kak MOXXHO CpaBHMTb
BCe XXuBble opraHn3mbl?

Bopuc Kynukos (www.boriskulikov.com)



UCTOYHUKN PUCYHKOB:
acces.ens-lyon.fr n wikipedia.com

Kapn Bese (Carl Woese)
BbIOpan AnAa cpaBHeHUSA
nocnenoBaTesibHOCTHU
HYKNeoTUAOB MOJEKYy’
punoocomanbHou PHK.
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PHK manowu
pndocomMmHOM
cyOobeauHuubl eCTb BO
BCEX OpraHM3max.
OHa cogepXnUT Kak
MEHSOLWMUECH, TaK U
KOHCepBaTUBHbIE
y4acTKU, MO3TOMY
cpaBHuBasa pPHK
MOXXHO onpenenaTb U
aanbHee un brnnskoe
pPOACTBO.

UcTouHuk pucyHkoB: Wikipedia



Tpu AOMeHa XXU3HWU

bakmepuu o O
O

O

O
O

O

CpaBHeHue nocnepnosartenbHocTten 16S pPHK BbisBUNo
Hanuuyue Tpex aomeHoB Xu3Hu (Woese et al., PNAS, 1977;
Woese et al., PNAS, 1990).

Figure: Daria Dibrova, the pictures of life forms were taken from the Wikipedia



CpaBHeHMe nepBbIX ABYX OaKkTepnanbHbIX FreHOMOB
BbISABUIO HanNu4uue scero 256 ooLwmx reHoBs.

Proc. Natl. Acad. Sci. USA
Vol. 93, pp. 10268-10273, September 1996
Evolution

A minimal gene set for cellular life derived by comparison of
complete bacterial genomes

ARCADY R. MUSHEGIAN AND EUGENE V. KOONIN*
National Center for Biotechnology Information, National Library of Medicine, National Institutes of Health, Bethesda, MD 20894

Communicated by Clyde Hutchinson, University of North Carolina, Chapel Hill, NC, May 17, 1996 (received for review March 11, 1996)

Apkaaun EBre'v-u‘/’l
MywersiH KyHuH



MeToAabl cpaBHUTENbHOW
reHOMUKN NO3BONAIOT,
aHanNM3upys NosnHble
reHomMbl, NpeacKasbiBaThb
dyHKUMN OONbLINMHCTBA
3aKoaAMpoOBaHHbIX B reHOMax
OenkoB.

Muxaun
NanbnepuH

Kupa
MakapoBa



B buonoruu npeakoBbie (hOpMbl PEKOHCTPYUPYIOT,
BbISBNAA 00LMe CBOUCTBA NOTOMKOB.

CpaBHMBasA apxen n 6akTepumn MOXHO
«PEKOHCTPYyUpoOBaTb» UX oOLero npeaka

bakTtepuun Apxen JYKapuoThbl
CrmpoxeTbl  [pam- Chloroflexales 3HTaME6bl causeBUKU YKUBOTHBIE
Mo3UTUBHbIE Methanosarcina FpubhbI
6aKTepumn . ~
Methanobacterium | Frano6akrepuun
MpoTteoGakTepun PacTeHUs
LMaHo6 Methanococcus "
aHoGaKTepum Hhysopum
P T. celer Pysop
Planctomyces Thermoproteus XKryTuKoBble
Pyrodicticum
Bacteroides TpuxomoHagbl
Cytophaga
Thermotoga Mukpocnopuaum
Aquifex AvnnomoHagbl

UcTouyHuK pucyHka: Bukunegus



Habop 13 ~ 60 kogupyrowmx 6eriku reHoOB eCTb Y
Bcex opraHnamoB (Koonin, 2000).

OTU reHbl ObINK U y nocriegHero npeaka
KNMeTOYHbIX OpraHu3mMoB

(LUCA, Last Universal Cellular Ancestor)

bakTtepuu Apxeun JYKapuoTbl
CrmpoxeTtbl [pam- Chloroflexales 3HTaMEGbl ChuseBukmn YKUBOTHBIE
Mo3nUTUBHbIE Methanosarcina pubbl
BakTepumn .
Methanobacterium | Fano6akrepuun
MpoTteo6akTepun ‘ PacTeHuA
LiaHo6 Methanococcus "
aHoG6aKTepum Hpyzopun
P T. celer Py0p
Planctomyces Thermoproteus XryTmKoBble
Pyrodicticum
Bacteroides TpuxomoHagbl
Cytophaga
Thermotoga MuKpocnopuaum
AvnnomoHagbl

Aquifex

LUCA

UcTouyHUK pucyHKa: Buknnegusa



Kakum obin LUCA?

Protein function EC number
(if available) E .
enku LUCA:
45 6enkos,
Translation and ribosomal biogenesis
Ribosomal proteins (33) - yqaCT Byllo I'uMX B
Conserved translational factors 3.6.5.3 C M HTe3e 6en Ka )
(EF-G, EF-Tu, IF-1, IF-2, elF5-a)
Most tRNA synthetases (6) 6.1.1.-
Pseudouridylate synthase 5.4.99.12 1 6ej10K TpaHCKpM numnnm ;
Methionine aminopeptidase 3.4.11.18
Transcription
DNA-directed RNA 2.7.7.6
DN drected RNA 3 benka pennukauum,
Replication
Clamp loader ATPase 2.7.7.7
(pol 11, subunit y and T)
Topoisomerase |A 5.99.1.2
DNA primase (dnaG) 2.7.7.-
Repair and Recombination
5’-3’ exonuclease (including N- 3.1.11.-
terminal domain of Poll)
RecA/RadA (Rad51) recombinase -




Kakum obin LUCA?

Protein function EC number
(i available) Benkun LUCA:
Chaperone function Oenkn metabonuama
Chaperonin GroEL 3.6.4.9
Nucleotide and amino acid Hy KNneoT MAO B ,
metabolism
Thymidylate kinase 2.7.4.9 dMNWHOKMNCAN OT, caxa pOB
Thioredoxin reductase 1.8.1.9
Thioredoxin - N nNn Mno B
CDP-diglyceride-synthase 2.7.7.41
Energy conversion
Phosphomannomutase 54.2.8
Catalytic subunit of the 3.6.3.14
membrane ATP synthase
Proteolipid subunits of the 3.6.3.14
membrane ATP synthase
Coenzymes
Glycine 2.1.2.1
hydroxymethyltransferase




Kakum obin LUCA?

Protein function

EC number
(if available)

Protein Secretion

Preprotein translocase subunit
SecY

Signal recognition particle
GTPase FtsY

3.6.54

Miscellaneous

Predicted GTPase (YchF,
PF06071, 1JAL, 20HF, 2DBY,
2DWQ, 1NI3)

S-adenosylmethionine-6-N’,N’-
adenosyl (rRNA)
dimethyltransferase (KsgA)

2.1.1.48

Benkun LUCA:

Oenkun cekpeuuun
OernkKoB U3 KIeTKMU,

3 MeMOpaHHbIX Oerka



YTo MbI 3Haem npo LUCA?

LUCA ymen cuHTe3npoBaTb Oeriku Ha
pndocomax.

Boina nu JHKy LUCA — oo cux nop He SICHO.

HapeXxHo XpaHUTb U BOCNPON3BOAUTL Oonblumne
konu4yectBa nHpopmauuun LUCA He mor,
NO3TOMY KaXAbl¥ OpraHUu3mM Mor CUHTe3upoBaThb
TOJNIbKO HECKOJIbKO OenkoB n MeTadboriuToB.



MeTtabonutbl u chepMeHTbl AOMKHbI ObINN
«0bodLwWwecTBNATLCA», NPUBOAA K
B3aMMO3aBMCUMOCTMU, YTO NOBbLILLIANO
CTabUNbHOCTb COOOLLECTB U 3awmLlano oT
napasuToB.

JTa B3aUM0O3aBUCUMOCTb CYLLEeCTBYET U cenyac
n obecneynBaeT yCTOUYUBOCTb Onocdepsbl.



LUCA - KoHCcOopuuyMm -
B3aMMO3aBUCUMBbIX U “ S )
CMOCOOHBbIX K CUHTE3Y o

6enkoB 1 MeTabonuToB A S
opraHM3moB, o6UTaBLUKX, N
BO3MOXHO, B MOPUCTbIX T & @
HeopraHn4eckux

OTIIOXEeHUAX.



Diverse :

bacteria H*-tight membrane
’-" Ly -
N

1] L\

W n:
N NN %
ot / y
”~ ~
\ //’ z” :"-.:.: ~ el N

—
’-——II:‘

* - . a..,:"h
7 Sodium \M

S roto-archaea > >
[( proto- 1! \"‘\f 7 o
\' bacteria 27/ AP
~ — S
— — P ‘\\ I — —- ————— 1
~ 4 Na- eycle 1> Na*-tight membrane i
WL e o oo -
11Ancestor with
Na="1 ATP 1] sodium .
. -
‘@ ADP+P// energetics .:,‘ e "".‘;.‘
! // L/ “
Na.+\ _— .". ‘.
etoot2. - \ o s
. " ADP+Puy
b eeccsecaccasecins w ATey AL
ADP+P <, + Porous membrane $ ‘:o. .:0.
................... ‘." .“‘

ATPL’_‘//-' B g
. ::. FIV-type

sy .
** " Helicase & pore translocase

From: Mulkidjanian et al., 2009, TIBS

\\/
/
7

[lockonbKy nepBble
KNeTKn oomeHuBanuchb
MeTabdbonutamm, ux
MeMOpaHbl OOMKHbI
ObINn ObITb
NpoHMULaeMbIiMU AnNs
ManbIX MOHOB.

MOHHBbIE coCcTaBbI
LuTOMn1Ia3mMbl nNepBbIX
KNeToK U nx cpen
oOUTaHUA OONXHbI
ObININ ObITb CXOXMW.



UOHHBLIN cocTaB uuTonna3mMmbl O4EHb CUJSTILHO
OTJIN4aeTCA OT XUMUN NPpUPOoAHbLIX BOOOEMOB.

Bce kneTku cogepxat donblimne KonmyecrtBa
nepexoaHbIX MeTannoB, Takux Kak Zn, Fe, Mn.

OTpaxaroT num 3TM 0CO0EeHHOCTU cpeay
oOMTaHUA nepBbIX KNEeTOK?
Hackonbko 3T cBOUCTBa ApeBHUe?

Mopckaa Boaa BoAa ApeBHero okeaHa uurtonna3ma
Na* 0.4 >0.4 0.01
K* 0.01 ~0.01 0.1
Ca®" 0.01 ~0.01 0.001
Mg?* 0.05 ~0.01 0.01
Fe 108 (mostly Fe3*) 10~ 103 to 107*
Mn?* 1078 107® to 1078 10°°
Zn®* 107° <10712 103to 1074
Cu 107° (Cu?) <1072% (Cu™) 107>
Cl™ 0.5 >0.1 0.1
PO, 107° to 107° <107 ~107% (mostly bound)

Mulkidjanian et al., 2012, PNAS



L"VIHKOBblﬁ ﬂapa.D,OKc ATMOSPHERE

log [PO, (atm)]

ConoepxaHune Zn?*
B COBPeMEeHHbIX KneTkax .

ConepxaHue Zn?*
B ApeBHeM TR
OecKucnopoaHoOMm

oKeaHe o

-~ g

LUCA xun B mecTax,
ooratbiX LMHKOM?

4 3 2 1 0
Billion years ago

From Anbar, 2008, Science

log [Concentration (M)]



MoHHBLIN cocTaB uMTOnsasmMmbl NOXOX B
OakTepusax n apxesix, XoTs OHU N pPa3oLWSINCb
> 3.4 Mmunnuapaa net Ha3sag.

bakTepun Apxeun JYKapuoThbl

CrmpoxeTbl rpam- Chloroflexales SHTamMEbbl CapseBukm YKMBOTHBIE

MO3UTUBHbIE rpubbl
G6akTepum

|

Methanosarcina
Methanobacterium | Fano6akTepumn

PacTteHuA
WHcpyzopum

MpoTeo6akTepumn

Ly 6 Methanococcus
aHoGaKTepun

Planctomyces Thermoproteus

noj XKryTMKoBble
Pyrodicticum

Bacteroides

Cytophaga

Thermotoga

TpuxomoHagbl

Mukpocrnopuaum

Aquifex AvnnomoHagbl

UcTouyHUK pucyHKa: Bukunegua



NMepexoaHble meTannbl B 6enkax LUCA

Protein function EC number | Functionally Monovalent cations Divalent cations
(if available) relevant Functional | Presencein| Functional |Presence in at
inorganic dependence at least dependence | least some
anions some structures
structures
Translation and ribosomal biogenesis
Ribosomal proteins (33) - - TK*, {Na - K*, Na* - Mg?*, Cd?*,
Zn?*
Conserved translational factors 3.6.5.3 PO TK*, NH,*, - Mg?* Mg?*, Zn?*
(EF-G, EF-Tu, IF-1, IF-2, elF5-a) JNa*
Most tRNA synthetases (6) 6.1.1.- PP, TK*, {Na* K* Mg?*, Zn?* | Mg?*, Zn?*
Pseudouridylate synthase 5.4.99.12 PO, * - K* Mg?*, Zn2* Mg?*, Zn2*
Methionine aminopeptidase 3.4.11.18 - - K*, Na* Fez* Mn?2*, Zn%*
Transcription
DNA-directed RNA 2.7.7.6 PO,* - Na* Mg?*, Zn2* Mg?*, Mn?*,
polymerase [q, B3, B’] Zn?*
Replication
Clamp loader ATPase 27.7.7 PO,* - - Mg?2* Mg?*, Zn2*
(pol 11, subunit y and T)
Topoisomerase IA 5.99.1.2 - K*> Na* - Mg?2* Zn?*, Hg?*
DNA primase (dnaG) 2.7.7 .- PP, - - Zn?* -
Repair and Recombination
5’-3’ exonuclease (including N- 3.1.11.- PO,* - - Mg?2* Mn?2*, Zn2*
terminal domain of Poll)
RecA/RadA (Rad51) recombinase - PO,* K* K* Mg?2* Mg?*




NMepexoaHble meTannbl B 6enkax LUCA

Protein function EC number |Functionally Monovalent cations Divalent cations

(if available) relevant Functional | Presence in at Functional Presence in

inorganic |dependence| least some dependence | at least some
anions structures structures

Chaperone function
Chaperonin GroEL 3.6.4.9 PO * K* K* Mg?* Mg?*
Nucleotide and amino acid
metabolism
Thymidylate kinase 2749 PO,* - Na* Mg?* Mg?*
Thioredoxin reductase 1.8.1.9 - - - - Mg?*
Thioredoxin - - - - - Cd?*, Zn?*
CDP-diglyceride-synthase 2.7.7.41 PO,* TK*, {Na* No entries Mg?* No entries
Energy conversion
Phosphomannomutase 5.4.2.8 PO * - - Mg?* Mg?*, Zn?*
Catalytic subunit of the 3.6.3.14 PO,* - - Mg?* Mg?*
membrane ATP synthase
Proteolipid subunits of the 3.6.3.14 - - - - -
membrane ATP synthase
Coenzymes
Glycine 2.1.2.1 - IMcC* - IMg?*, Mn?*, -
hydroxymethyltransferase Ca%*




NMepexoaHble meTannbl B 6enkax LUCA

'BceoOwue n notomy gpeBHeuLline
' KINeTOYHble CUCTEeMbI HYXXOaloTCA
'B MOHaX Zn?*n Mn?*.

Protein function EC number |[Functionally Monovalent cations Divalent cations
(if available) | relevant Functional | Presence in at Functional | Presencein
inorganic |dependence least some dependence | at least some
anions structures structures
Protein Secretion [
Dranratain tranclaraca eiihiinit | Zn2+ | I



mobanbHbIN reHOMHbIX aHaNU3 NokKkasbIBaeT,
YyTO Xerieso-coaepxawme pepmMeHTbI
BO3HUKJIIN NO3Xe LUMHK-coAepKalmnx

Events per genome per 10 Myr

.
- - Gene gain rate
2 4 6 8 10

Gene loss rate
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B npupone 6onbLine KOHUeHTpauum
LUHKA HaONoaaTCH TONbLKO B
MeTaslJIOHOCHbLIX BoAax ropsa4ymx
MCTOYHUKOB



ZnS obpasyeT KonbLeBUAHbIE OTIIOXKEHUS BOKPYT
rmyooKoBOAHbLIX rMAPOTEPMasibHbIX UCTOYHUNKOB

100 M

sLack sHoRN | OTnoxeHua ZnS

DEE
METALLII —

' ruaporepmanbHble
MCTOYHUKMU
DATIONAL CONTACT c to _ 200-30000
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FACIES
=y S QUARTZ

t° rmgporepmManbHbIX i
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ALTERATION PIPE

ITIZED * HEMATIZED BASALT

FIGURE 1. Schematic diagram of the modern TAG sulphide deposit on the Mid-Atlantic Ridge. This repre-
sents a classic cross-section of a VMS deposit, with concordant semi-massive to massive sulphide lens under-
lain by a discordant stockwork vein system and associated alteration halo, or “pipe”. From Hannington et al.
(1998).
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ZnS n MnS MmoryT
BoccTaHaBnuBaTb CO, Ha YP-cBeTy

BapuaHT 1:

ooraTtble ZnS n MinS
OTJI0OXXEHUA BOKPYr
rops4mx NCTOYHMKOB Ha
MOPCKOM MenkoBoabe?

BapuaHT 2:
LInHKOBbLIN ooratble ZnS n MnS

npyAabl U NYXXU BOKPYr
wa? KOHTUHEHTarNbHbIX

reorepmMmaribHbIX CUCTEM?
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MOHHBLIN cocTaB UUTONMa3Mbl OMEHb CUSILHO
OTJIN4aeTCA OT XUMUN NPpUPOoAHbLIX BOOOEMOB.

Bo Bcex knetkax kanuvsa oonblue, 4eM HaTpus

Hackonbko gpeBHee 3TO CBOUCTBO?

Mopckasa Boaa BoAa ApeBHero okeaHa uurtonna3ma
Na* 0.4 >0.4 0.01 ]
K* 0.01 ~0.01 0.1
Ca** 0.01 ~0.01 0.001
Mg?* 0.05 ~0.01 0.01
Fe 1078 (mostly Fe3*) 10~ 103 to 107*
Mn?* 1078 107® to 1078 10°°
Zn®* 107° <1072 103to 1074
Cu 1072 (Cu?") <1072 (cu™) 10~°
d 0.5 >0.1 0.1
PO, 107° to 107° <10~ ~107? (mostly bound)

Mulkidjanian et al., 2012, PNAS



“..the very earliest organisms must have been of the micellar
or ultramicroscopic kind... These had as yet no nuclei and an
enclosing membrane could have been only of the most

elementary character.

From the first there must have been an adjustment in the
composition of very simple organisms to that of their
medium,.... which diffusing into each minute multi-micellar

mass brought into it the inorganic elements in the
proportions in which they obtained in the external medium.”

Archibald Byron Macallum, 1926

UcTouHuk chotorpadmmn: Wikipedia



MoHBbI Weno4vyHbiX metannos B benkax LUCA

Protein function EC number | Functionally Monovalent cations Divalent cations
(if available) relevant Functional | Presencein| Functional |Presence in at
inorganic dependence at least dependence | least some
anions some structures
structures
Translation and ribosomal biogenesis
Ribosomal proteins (33) - - TK*, {Na - K*, Na* - Mg?*, Cd?*,
Zn?*
Conserved translational factors 3.6.5.3 PO TK*, NH,*, - Mg?* Mg?*, Zn?*
(EF-G, EF-Tu, IF-1, IF-2, elF5-a) JNa*
Most tRNA synthetases (6) 6.1.1.- PP, TK*, {Na* K* Mg?*, Zn?* | Mg?*, Zn?*
Pseudouridylate synthase 5.4.99.12 PO, * - K* Mg?*, Zn2* Mg?*, Zn2*
Methionine aminopeptidase 3.4.11.18 - - K*, Na* Fez* Mn?2*, Zn%*
Transcription
DNA-directed RNA 2.7.7.6 PO,* - Na* Mg?*, Zn2* Mg?*, Mn?*,
polymerase [q, B3, B’] Zn?*
Replication
Clamp loader ATPase 27.7.7 PO,* - - Mg?2* Mg?*, Zn2*
(pol 11, subunit y and T)
Topoisomerase IA 5.99.1.2 - K*> Na* - Mg?2* Zn?*, Hg?*
DNA primase (dnaG) 2.7.7 .- PP, - - Zn?* -
Repair and Recombination
5’-3’ exonuclease (including N- 3.1.11.- PO,* - - Mg?2* Mn?2*, Zn2*
terminal domain of Poll)
RecA/RadA (Rad51) recombinase - PO,* K* K* Mg?2* Mg?*




MoHbI WenovHbiX metannoB B 6enkax LUCA

Protein function EC number |Functionally Monovalent cations Divalent cations

(if available) relevant Functional | Presence in at Functional Presence in

inorganic |dependence| least some dependence | at least some
anions structures structures

Chaperone function
Chaperonin GroEL 3.6.4.9 PO * K* K* Mg?* Mg?*
Nucleotide and amino acid
metabolism
Thymidylate kinase 2749 PO,* - Na* Mg?* Mg?*
Thioredoxin reductase 1.8.1.9 - - - - Mg?*
Thioredoxin - - - - - Cd?*, Zn%*
CDP-diglyceride-synthase 2.7.7.41 PO,* TK*, {Na* No entries Mg?* No entries
Energy conversion
Phosphomannomutase 5.4.2.8 PO * - - Mg?* Mg?*, Zn2*
Catalytic subunit of the 3.6.3.14 PO,* - - Mg?* Mg?*
membrane ATP synthase
Proteolipid subunits of the 3.6.3.14 - - - - -
membrane ATP synthase
Coenzymes
Glycine 2.1.2.1 - IMcC* - IMg?*, Mn?*, -
hydroxymethyltransferase Ca%*




MoHbI WenovHbiX metannoB B 6enkax LUCA

Protein function EC number |[Functionally Monovalent cations Divalent cations

(if available) | relevant Functional | Presence in at Functional | Presencein

inorganic |dependence least some dependence | at least some
anions structures structures

Protein Secretion
Preprotein translocase subunit - - - - - Zn?*
SecY
Signal recognition particle 3.6.5.4 PO * - K* Mg?2* Mg?*
GTPase FtsY
Miscellaneous
Predicted GTPase (YchF, - PO * K* - Mg?2* -
PF06071, 1JAL, 20HF, 2DBY,
2DWQ, 1NI3)
S-adenosylmethionine-6-N’,N’- 2.1.1.48 - - - Mg?2* -
adenosyl (rRNA)
dimethyltransferase (KsgA)




MoHBbI Weno4vyHbiX metannos B benkax LUCA

Protein function EC number |[Functionally Monovalent cations Divalent cations

(if available) | relevant Functional | Presence in at Functional Presence in
inorganic |dependence least some dependence | at least some
anions structures structures

Pro
Pre
Sec

s« BCceoOL e n NoTomMy ApeBHenLIne

GTI

v KfleTOYHbleé CUCTeMbl, TOMUMO MOHOB
o ZNn%'n Mn?*, HyXxparoTcs ewe B MoHax K*.

S-a
ade

dim

~ Hv oauH n3 3atnx doepmeHTOB He
3aBucuT ot Na-.




[lepBble KNeTku, ckopee BCero,
obuTtanu B cpene, cogepKawieu
OonbLie Kanusa, 4Yem HaTpus

n boraton nepexoaHbIMU MeTanamMm u
dochopHbIMM cCOeaANHEHUSMMN.

oe Ha gpeBHeun 3emre
Morrna ObITb Takasa cpena?



“It is...very probable that in the
primal oceans .... the potassium
present was in excess of the
sodium...”

Archibald Byron Macallum, 1926

B ApeBHeM oKeaHe ObINO
Oonblue Kanus, Yem HaTpua??

UcTouHuk dpotorpacumn: Wikipedia



Hu B Kakux gpeBHUX MOPCKUX

WU OKeaHCKUX cuctemax

Karvs He Morno ObITb 6onbLUue YemM HaTpuUS.
[lepBble KNeTKn He MOrnu pa3BUTLCA B
MOPCKOUN BopAe.

5 Ibduction
valcano
- Contirent

convection currents molten core

NCcTOYHUMK pucyHKa: www.nasa.gov



OcTaloTCcA KOHTUHEHTAalNbHbIE reoTtepmMmalribHbie
CUCTeMbl, rge MOXXHO UCNoJib30BaTb U SHEPIUO
COJIHEe4YHOro cBeTa, hu reoTtepMalsibHyrO dHepruro.

rift ~ ocean ridge subduction
ocean yolcang  (diverging transform PN a— plate 3 volcano
margin) fault  plate 2 -— continent

plate 1 (converging margin)

NCTOYHUK pUCyHKa: www.nasa.gov



KOHTUHeHTanbHbIe reoTepMaribHble CUCTEMbI?

rift  ocean ridge ‘ subduction
ocean volcang (diverging ransiorm , plate 3 valcano

- fault I ocean trench
L margin plate 2 _
\ plate 1 rginj (converging margin) -— continent

e
o
v e

4,267+5 Myr J4,353+8 Myr

|

CTtapeuwue reonorm4vyeckume poccunum,
LLMUPKOHUEBbDbIE rpaHynbl Bo3pactom 4.4-4.1 Ga,
00pa30BbIBaASINCb B KOHTUHEHTAaNbHbIX
rPaHUTHLIX pacnsiaBax, B YCNOBUSAX,
HanoOMMHaBLUUX COBPEMEeHHbIe 30Hbl CYyOayKUUMn

U3: Wilde et al. Evidence from detrital zircons for the existence of
continental crust and oceans on the Earth 4.4 Gyr ago (2001) Nature



Ha cywe reotepmMmarnbHas XUAKOCTb, NOAHUMASACD,
Ha4yMHaeT KMneTb U pasgenseTtcs Ha ABe ¢da3bl -
XUOKYI0 U ra3oobpa3Hyro, NnapoByHO.

Y HUX pa3HbIN XUMUYECKNUN COCTaB.

MapoBbie BbIOpOCHI, HecyLmne
CO,, H,S, and NH; un notni K*

[MlapoBas ¢pa3a

TepMmanbHble

oboraiweHa otor L i
netyuyvmum Vapor s c-  moHamu Na*u CI
dominated .- ' ¥ Liquid
BeE LI.l,eCT BaMU zone o7 o0 dominated
’ > ‘a”i‘°“1 zone
S Emuun® X
Takmmum Kak CO.,, o

H,S, and NH,.

Leaching of metals
from the rock by

hot fluids Meteoric
water

Magma
chamber

Mulkidjanian et al., 2012, PNAS



dymaponbl U Kunsawme rpaseBble KOThbl
oOpa3yroT reoTepmMaribHble Nnons

MyTHOBCKOe reotepmanbHoe norsne, Kamuartka,
(dboTorpacdhmm A.6.H. AHHbI C. KapsaruHomn)



AHapewn
BblyKoB,
reon. -t
MIY

ans TepMalJibHbIX AICTOYHUKOB
MOXHO NMOPO3Hb onpeanesyinTb
XUMUYECKNUN COCTaB XUOKOCTU U napa



Table 2. Concentration of some essential elements in the water of thermal springs and in the
condensate of the same springs

Spring Number

Element S6-14 S6-15 S6-16 S6-17 S6-18 $6-19
Water composition, parts per billion
t,%C 94.00 93.00 89.00 93.00 96.00 96.00
pH 0.50 -0.28 0.25 -0.58 -0.09 -0.30
B 95,109 54,142 35,927 72,639 83,813 133,910 CotHoweHue
Ca 279,893 121,911 455,703 213,657 334,430 168640 K*/Na*B
Fe 384,075 174,308 245,163 258,688 446,416 250,982 -
K 89,606 138,879 22,881 882,720 86,835 155,190 | reorepmManbHou
Mg 168,491 68,883 118,968 78,648 202,059 98,071 XUOKOCTMU :
Mn 7,355 2,909 3,358 3,942 9,424 4,325 no 1.4
Na 128,609 100,599 79,224 479,027 143,699 121,597 | -
NI 120 80 82 96 503 67

B napoBou cpaze noHsl K* 6onee netyyuu, 4em noHbl Na*

d 200./ £L13.£ 444,94 3uU.v Ju.u £00.7

Fe 760.4 216.3 798.5 10.7 154.6 99.4

K 15,787.2 45.5 2,317.2 22.6 37.6 8,398.6

Mg 141.0 48.7 138.9 2.5 15.5 24.5 CorHoweHwne
Mn 9.0 2.3 7.0 0.1 19 2.3 K*/Na* B nape:
Na 5,427.1 127.8 797.6 14.9 50.7 30825 | 1o 2.9

NI 6.2 0.4 0.2 0.2 1.3 1 S )

P 18.0 5.2 11.8 2.0 6.6 43

Ti 18.7 16.6 8.3 0.5 2.6 4.1

Zn 19.0 3.4 12.8 6.0 6.9 10.8

For Mutnovsky volcano, Kamchatka peninsula, see Methods and refs. 62, 95.



boratbin noHaMmn K* napoBOM KOHOEHCAT TaKXe

cooepXuT MHoro docdara, aMmmMUaka,

cepoBogopoada u yrriesoaoponos.

Table 2. Concentration of some essential elements in the water of thermal springs and in the
condensate of the same springs

Spring Number

Element S6-14 S6-15 S6-16 S6-17 S6-18 S6-19
Water composition, parts per billion

t, °C 94.00 93.00 89.00 93.00 96.00 96.00
pH 0.50 -0.28 0.25 —0.58 -0.09 -0.30
B 95,109 54,142 35,927 72,639 83,813 133,910
Ca 279,893 121,911 455,703 213,657 334,430 168,640
Fe 384,075 174,308 245,163 258,688 446,416 250,982
K 89,606 138,879 22,881 882,720 86,835 155,190
Mg 168,491 68,883 118,968 78,648 202,059 98,071
Mn 7,355 2,909 3,358 3,942 9,424 4,325
Na 128,609 100,599 79,224 479,027 143,699 121,597
K 140 29 22 (o7 5O3 A7
P 7,399 8,615 6,434 33,689 7,568 9,163
Ti 9,170 2,345 2,300 3,106 8,533 7,874




Ha COBpPEMEeHHbIX reoTepmMarnbHbIX NOJNIAX

BblOpacbiBaeMblu cepoBoaopon

OKMCNAeTCA KUCIoOpOoaAOM BO3ayXa
A0 KOHLUEHTPUPOBAHHON CEPHOU KUCIOTbI.

Table 2. Concentration of some essential elements in the water of thermal springs and in the
condensate of the same springs

Spring Number

Element S6-14 $6-15 S6-16 S6-17 S6-18 $6-19
Water composition, parts per billion

|_L$ 24.00 2200 8000 9300 20.00 %JHLI
pH 0.50 —0.28 0.25 —0.58 —0.09 —0.30
B 95,109 54,142 35927 72,639 83,813 133,910
Ca 279,893 127,911 455,703 213,657 334,430 168,640
Fe 384,075 174,308 245,163 258,688 446,416 250,982
K 89,606 138,879 22,881 882,720 86,835 155,190
Mg 168,491 68,883 118,968 78,648 202,059 98,071
Mn 7,355 2,909 3,358 3,942 9,424 4,325
Na 128,609 100,599 79,224 479,027 143,699 121,597
Ni 140 89 82 96 593 67
P 7,399 8,615 6,434 33,689 7,568 9,163
Ti 9,170 2,345 2,300 3,106 8,533 7,874
Zn 657 324 734 471 830 439



Ha gpeBHen 3emre Kucnopoaa B atmocdepe ewye
He ObINo, NO3TOMY:

YCITIOBUA HA reoTepManbHbIX MNOSIAX ObINU ONIU3KK
K HeUTparnbHbIM;

KpeMHUeBble YacTULbl HE CIIUNannchb B rPA3b,
a, Oyayum oTpuuaTtesibHO 3apsXXeHHbIMMU,
oOpa3oBbIBaniv NOPUCTbIE MMUHbI UIN LLeOSIUTLI;

MoHbI NnepexoaHbIX MeTansnoB Bbinaganv B Buae
cynbchmnaoB meTansnoB, CIOCOOHbIX
(dboTo)kaTanmnanpoBaTb XMMUYECKUE peaKkuum.



beckucnopoaHblie reorepmMmanbHble NONA:

boratbin pasnnyHbIMMU
BelwlecTBaMu nap
KOHOeHCUpoBarcs u
BbiCbIXasn Ha

NMNOBEPXHOCTAX —_
iotic
MMHeparioB, CNOCOOHbLIX | =
reactions, the
KaTaJIn3u pO BAdTb catchment area
pea KU‘M N CUHTE3A. Pond of condensed vapor

YacTb KOHAeHcaTa, oxJfaxaasch,
cTeKarna B BOOOEeMbl,
B KOTOPbIX U MOINIU OOUTaTb NepBble KIEeTKN



Bottom-up: O630p HOBOCTEN NO aONOreHHOMY
CUHTe3y OmononnmepoB



MbI npoBenu PeKOHCTPYKLUUIO, CNYCKasACb
BHU3 NO BETKaM ApeBa XU3HWU

Top Down
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MO>XHO NN PEKOHCTPYUpPOBaTb XUMMNYECKUEe
peakuuu, KOTopblie MOrnn NPpUBOOUTDL K
cuHTe3y npeawectBeHHuKoB PHK n denkoB?

EUKARYOTES
Animals Fung Plants
BACTERIA ARGHAEA |
Otherbacteria  Cyanobacteria Crenarchaeota Euryarchacota Algae
Prat i
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ceriathat g o gh‘mr plasts
z U F .
h | Other singl
7 e cell eukary
\ Bt gave rse to mitochondria —%
W' Bacts — E tt

Common Ancestral Community of Primitive Gells

UcTtouHuk: Doolitle, 2000



1953 roa: Ctennu Munnep nponycTun aneKTpnyeckKkue
pa3pagbl Yepe3 cMeCb rasoB, UMUTUPYHOLLYIO NEePBUYHYIO
aTmocdepy (B OCHOBHOM, BOOAOPOA U MeTaH).

Habnopanocb obpa3oBaHue opraHNM4YeCKnxXx coeanHeHUn
BMNMOTb A0 NPOCTENLLNX aMUHOKUCIIOT.

C bonee peanMCcTUYHON, HENTPANbHOMU
aTmocdepon o6pasoBaHNA aMUHOKUCTIOT
NnpakTU4Yeckn He Habnoaanochb.

Be3ycnewHbIMM ObINN U NOMNbLITKU BECTU
abuoreHHble CMHTE3bl B MOPCKOU BoAe,
NOCKOJIbKY BoAa He CoCOOCTBYeT peakunam
nonMmepusauuu.

UcTo4uyHukK pucyHka: http://www.coolhunting.com



http://www.coolhunting.com/

AnneH WoddcTann nonpoboBan B3ATbL BMeCTO BOoAbI
dopmamua — «CBOOOAHOXMBYLLYIO MENTUAHYIO CBA3bY.

O H O H H
T |l | ) P
C HsN cC—C N—C E"‘\.
H/ \NH | | OH
2 H CH;

MpocToe HarpeBaHne popmamuaa gaBano aMUHOKUCHOTbI
U a3oTUCTble oCHOoBaHuUA. B npucytctBum poccarta
CMOHTaHHO obOpa3oBbIBanuchb gochonponsBoaHbie, AN
Nosfly4eHus1 KOTOpPbIX B BOAE HYXXHa 3Heprusi.

AneH WoddcTann,
YHusepcutet Konopapo




U3 popmamupa, HarpeBasi ero, MOXXHO NOJSTY4YUTb BCe
a30TUCTble OCHOBaHUA U aMUHOKUCNOTbI
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Huknac Xya (Nicolas Hud) n coaBTopbl nony4nnu
afleHUH, TMNOKCaHTUH U r'yaHWH, NPocCToO

ocBewana dopmamupg YD-CBETOM.
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Bce HykneoTnabl OTNNYaOTCA NOBbILLEHHOW
doToycTONUMBOCTLIO B YO.

Bpems XXn3Hu Bo30yXAeHHOro COCTOsIHUSA

HYKJ1IeoTUA0B O4YeHb KOpPOTKO, MeHee 1 nc,
a YeM Kopo4e 3TO BpemMsi, TeM HUXXe BepPOATHOCTb

doTOo-guccoumnaLmnn MoneKynbil.
y
oS
Bo3byxneHHOe TPUNNETHOE

LAV a VAV,
cocToauwve (TH)

BosbyxaerHoe
CUHFNETHOE
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1o noaBneHua Kucnopopga B atmocdepe He
ObIJ10 3aLUTHOro 030HOBOIO CJIOS.

B oTcyTCTBME O30OHOBOrO Cnos
yneTpadgpumoneroBoe odny4vyeHue
noBepxHOCTU 3emMrnu ObINo ropasao
UHTEHCUBHee, YeM cenyac.

YnbTpadnoneTtoBbIN CBET MOI CNYXUTb
KaK NCTOYHUKOM 3Heprum (Ckynayes, 1969),
TakK n (pakToOpoOM eCcTeCTBEHHOro oToopa.



Becbma manoBepoATHO,
YTO BbiCOKasa pOTOYCTOUYUBOCTL
a30TUCTbIX OCHOBaHUMN Crly4yauHa.

Bonee BepoATHO, YTO 3TN coeaANHEHNA ObINn
oToOpaHbl Kak Hanbonee hoToycTonUYUBbLIE
A0 TOro, Kak OHW Ha4vanm CnyXuTb
HOCUTENSAMM reHeTu4YeckKkon nHdopmauuu.



YHuKanoHaa ooToyCTOMYNBOCTb a30TUCTbIX
OCHOBaHMN MoOrria cnocobcTBOBaTbL 00pPa30BaHUIO

PHK-nopgo6HbIx nonnmepos (2003).

BIVIC Evolutionary Biology o
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CBupeTtenbCTBa B NOSb3y y4yacTtus potocenekumm
B OoTOOpe HyKneoTnaos (nony4yeHHble nocne 2003 r.)

Bpems XKU3HM BO30YXXOEHHOrro
COCTOSIHMUA a30TUCTbIX OCHOBaHUM
oka3anocb meHee 100 fs

(1 dhbemTocekyHaa — ato 10-1° cekyHAbl)

“The ... bases ...appear to be optimized with
respect to photostability. This property can
explain the selection ... at the beginning of the
biological evolution. They may have played the
role of integrated sunscreens in the earliest
biopolymers (presumably RNA)”.

abs

UcTouHuk: Sobolewski and Domcke, The chemical
physics of the photostability of life, 2006



Bpems XKU3HM BO30YXAEHHOro COCTOSAHUA
YOTCOH-KPUKOBCKUX Nap OCHOBaHUN ObISIO OLEHEHO KakK
HeckonbKo pemtocekyHa (Abo-Riziq et al, 2005)

<1 Fig. 3: Equilibrium
structures of the
guanine-cytosine (a) and
adenine-thymine (k)
Watson-Crick base pairs.
Colour code: yellow:
carbon; blue: nitrogen;
red: oxygen; grey:
hiydrogen.

“The biologically relevant Watson-Crick structures
of GC and AT are distinguished

by uniquely efficient excited-state deactivation
mechanisms which maximize their photostability”.

UcTtouHuk: Sobolewski and Domcke, The chemical physics of the
photostability of life, 2006



FAILED NUCLEOTIDES A NEW ROUTE
In the presence of phosphate, the raw materials

C MHTE3 N p“ M M.D‘M HOBbIX for nucleobases and ribose first form 2-amino-

oxazole, a molecule that contains part of a sugar

HYKrneotTnaoB B (bOpMaM nae and part of a C or U nucleobase. Further reac-

tions yield a full ribose-base block and then a

no (Powner et al_ 2009) full nucleotide. The reactionsals_oproduce

“wrong” combinations of the original mole-
cules, but after exposure to ultraviolet rays, only
the “right” versions—the nucleotides—survive.

Chemicals present before first living cells

| 2-aminooxazole

Adenine (A) Guanine (G) Phosphate

PYRIMIDINES b  Arabino- -
oxazoline N

0
: .
HNY 4 3CH HN{4§ﬁ—CH3

2
/ 8 /CH /,C\1/CH

I I
H H
Uracil (U) Thymine (T) Cytosine (C)

Figure 217
Molecular Cell Biology, Sixth Editien
© 2008 W. H. Freeman and Company

Nitrogen \ Phosphate

* Phosphorus RNA NUCLEOTIDE

UcTtouHuk pucyHka: Ricardo, Szostak, 2009, Scientific American.



NMpoaomxurtenbHoe ocBeLleHue CMecu pasfinvyHbIX
pPUOOHYKNeoTUAOB U pUOOHYKNeo3naoB YP-cBeTOM
NPUBOAUIIO K pa3pyLUeHUI0 pa3fiMvHbIX KONPOAYKTOB,
OCTaBNAA TONMLKO NUpMMmnANHoBbIe HyKneoTtuabl PHK.

There must be some (photo)protective mechanism that
"provides a means whereby ...the ... activated
pyrimidine ribonucleotides needed for RNA synthesis,
can be enriched relative to other ... products"” (Powner

et al. 2009).



Y®-KBaHTbI, 0MEBUOHO, y4aCcTBOBAasiM B
oTOope NPUpPoOAHbIX a30TUCTbIX
OCHOBAHUN —

obpa3oBaHue nepBbix PHK-nogobHbIX
NOSIMMEPOB LUJSI0O HA COSNTHEYHOM CBeTY.



CanagvHo, au Maypo 1 nx coTpyaHMKNU OOHapyXUnmu
TepMOoAUHAMMNYECKOE KOKHOX:

Ecnn dopmamunpa 6onee 30%,

NOSIMHYKNeoTuabl cTabunbHee MOHOHYKNEeOTUAOB,
YTO O3Ha4YaeT BO3MOXHOCTb CMOHTAHHOrIo
obopa3oBaHusa PHK-nonumepos

Pacpaane 3pHecTo
- CanaguHo A1 Maypo

it
-4 iy




OTKyaa Morno B3fATbCA MHOro chopmamumaa Ha
apeBHen 3emne?

TemnepaTtypa KnneHus popmamumaa n gpyrmux
npocTbix ammaoB — okono 200°C.

[MoaTomy B nrodou npupoaHOU cucrteme, rge
NPONCXOAUIIO UCNapeHue, aMmuabl, ecriv ObIinu,
AOMXKHbI ObINN HaKanNJIMBaTbCA.

CtunBeH beHHep (2006): «XKM3Hb BO3HUKIA B NYCTbIHE,
roe BCA BOAa ucnapsnacb, a BbinagasLwwun C
aTMocdrepHbIMM ocagkamMmu cpopmamuma octaBancs»

UcTtouHuk dpotorpacdhumn: NASA



NcToYHUK caxapoB?

EanHCTBEHHas NnokKa naBecTtHast
aBTOKaTanuMtTunyeckasli peakums — ato
oTKpbITOe byTnepoBbimMm B 1861 roay
obpa3oBaHue cmecu C4-C6 caxapoB u3
¢dopmanbaernpa B npucycTBMU MOHOB
MeTannoB, 3Ta peakuus yckopseTcs
Y®d-cBeTtom (B. NMapmoH, 2010).

{
e T T
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UcTouHuk: Wikipedia
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MoXxHO ogHOBpPEeMEeHHO CTabunuanpoBsatb pudo3sy un
npeaoTBpPaTUTb «KapamMeriuauuio» caxapos,
Ao6aBuB MHoro 6opHou kucnortbl (C. beHHep, 2010)
MHoro 6opHou KUCNoTbl
B APEeBHUX NYCTbIHAX — 3TO BpPAA JIN...

o}
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[eoTepmManbHbLIN KOHOEHCAT COAEPXUT A0
10 MM ©GopHOM KMCnoTbl, KOTOpPaa nsdbnparternibHO
HakannuBaeTcH B napoBou a3se.

Table 2. Concentration of some essential elements in the water of thermal springs and in the
condensate of the same springs

Spring Number

Element S6-14 S6-15 S6-16 S6-17 S6-18 $6-19
Water composition, parts per billion
| @ 94.00 93.00 89.00 93.00 96.00 96.00
nH 050 =028 025 =028 =000 =030
|B 95,109 54,142 35,927 72,639 83,813 133,910 I

Ca 279,893 121,911 455,703 213,657 334,430 168,640

Fe 384,075 174,308 245,163 258,688 446,416 250,982

K 89,606 138,879 22,881 882,720 86,835 155,190

Mg 168,491 68,883 118,968 78,648 202,059 98,071

Mn 7,355 2,909 3,358 3,942 9,424 4,325

Na 128,609 100,599 79,224 479,027 143,699 121,597

Ni 140 89 82 96 593 67

P 7,399 8,615 6,434 33,689 7,568 9,163

i 9,170 2,345 2,300 3,106 8,533 7,874
AHppen
BblyKoOB,
reon. -1

MIy



PekoHCTpynpoBaHHaaA XMMUKaMK
cpeaa obpa3oBaHUA NepBbIX
OnomMmorneKkysn cooTBeTcTByeT
yCNOBUSAM OE€CKMUCNOPOAHbIX
reoTepmManbHbIX MOJIen.

UcnapeHue reotepmanbHOro
KOHOeHcaTa [AOMKHO ObINo
conpoBoOXAaTbCA oOpa3oBaHMeM
NPOCTbIX aMNA0B U
HakonneHmem Ooparta, chocaTta
N OpraHNM4YecKux coeauHeHun Ha
(dboTo)kKaTanuTnyeckux
NOBEPXHOCTAX MUHEpPasroB.

After chemical reactions created the first genetic build-
ing blocks and other organic molecules, geophysical
processes brought them to new environments and

concentrated them. The chemicals assembled into more
complex molecules and then into primitive cells. And

some 3.7 billion years ago geophysics may have also
nudged these “protocells”to reproduce.

RNA BREEDING GROUNDS

In the water solutions in which they formed, nucleotides

would have had little chance of combining into long

stdhlttgtfmt Btdth
right conditions—for example, if molec ! adhes

forces bro ghtth mc I e together between microscopic

Iy of clay (above)—nucleotides might link up into
single strands similar to modern RNA.

UcTouyHuk pucyHka: Ricardo, Szostak, 2009, Scientific American.



3akntoyeHune: beckucnopogHblie
reorepmarnbHble NOMAA U NPOUCXOXKAEHUE XKU3HMU



CueHapun BO3HUKHOBEHUA
)KU3HU B OCBELLEHHOM,
6oratTon ammpgamum cpepne
6ecKncnopoaHbIX
reoTepmManbHbIX Mosfieun
AaeT PU3NKO-XUMMNYyeckoe
obocHoBaHue mupy PHK.

PucyHok: René Magritte, c uasmeHeHunammn
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UcTouHukm pucyHkoB: Sobolewski and Domcke, The chemical
physics of the photostability of life, 2006 n www.mathcell.ru



MapoBas caza cneuuncdpumnyeckm oboralieHa LUHKOM

Spring Number

Element S6-14 S6-15 S6-16 S6-17 S6-18 S6-19
Water composition, parts per billion

£ 7C 94.00 93.00 89.00 93.00 96.00 96.00
pH 0.50 -0.28 0.25 —0.58 -0.09 -0.30
B 95,109 54,142 35,927 72,639 83,813 133,910
Ca 279 893 121911 455 703 213 657 334430 1
Fe 384,075 174,308 245,163 258,688 446,416 250,982 I
K 89,606 138,879
Mg 168,491 68,883 CoTtHouweHue Fel/Zn
Mn 7,355 2,909 o
Na 128,609 100,599 B reoTtepmMmaiibHOU XXNOKOCTHU .
Ni 140 89
P 7,399 8,615 okono 500
Ti 9,170 2,345 2,300 3,106 8,533 7,874

I Zn 657 324 734 471 830 439

Condensate composition, parts per billion
pH 2.29 2.19 2.54 2.03 1.05 2.03
B 2,635.0 84.4 1,092.3 184.6 214.6 4,295.5
Ca 566.7 2192 424.4 30.0 90.0 288.9
E 760.4 216.3 798.5 10.7 154.6 99.4

K 15,787.2 45.5 2317 2 22.6 376 8.398.6
M 141.0 48.7 ~
e 50 .» COTHOLleHMe B napoBou a3se:
Na 5,427.1 127.8
P 18.0 5.2 11.8 2.0 6.6 4.3
I 18 7 16.6 83 05 26 41

I Zn 19.0 3.4 12.8 6.0 6.9 10.8

For Mutnovsky volcano, Kamchatka peninsula, see Methods and refs. 62, 95.



beckucnopoaHblie reorepmMmanbHble NONA:

NMNockonbky FeS
npeuunnuTUpyeT oObiCcTpee,
yem ZnS n MnS,
cynb(duabl UMHKa U
MapraHua AOJIKHbI ObININ | s

condensation

HaKannmmBaTbCHd Ha reactions, the

o catchment area
«npoxsfiagHoOUu» Pond of condensed vapor
nepudcgepun

reoTepmManbHbIX Mosfien



JHepreTukKka paHHeu XU3Hu:

[MepBble opraHn3mbl, CKoOpee BCero, obinum
rereporpodamu, NnoTpeodonAoLWMMUN aONOreHHOo
CUHTEe3UpPOBaHHbIe OpraHN4YecKue MoneKkynbl.

OpraHuyeckmne coeaMHEeHUA MOrnu
00pa30BbLIBATLCA KaK Npu abnoreHHOm
dboTOoCUHTE3€E, TaK U B pe3yribTaTte peakuumn
rmaopoTepmMmarnibHOro U3aMeHeHus B TorLe
ropavYnx ckarl.



®doccopHble coeguHeHnsa n noHbl Mg?* B 6enkax LUCA

Protein function EC number | Functionally Monovalent cations Divalent cations
(if available) relevant Functional | Presencein| Functional |Presence in at
inorganic dependence at least dependence | least some
anions some structures
structures
Translation and ribosomal biogenesis
Ribosomal proteins (33) - - TK*, {Na - K*, Na* - Mg?*, Cd?*,
Zn?*
Conserved translational factors 3.6.5.3 PO TK*, NH,*, - Mg?* Mg?*, Zn?*
(EF-G, EF-Tu, IF-1, IF-2, elF5-a) JNa*
Most tRNA synthetases (6) 6.1.1.- PP, TK*, {Na* K* Mg?*, Zn?* | Mg?*, Zn?*
Pseudouridylate synthase 5.4.99.12 PO, * - K* Mg?*, Zn2* Mg?*, Zn2*
Methionine aminopeptidase 3.4.11.18 - - K*, Na* Fez* Mn?2*, Zn%*
Transcription
DNA-directed RNA 2.7.7.6 PO,* - Na* Mg?*, Zn2* Mg?*, Mn?*,
polymerase [q, B3, B’] Zn?%*
Replication
Clamp loader ATPase 27.7.7 PO,* - - Mg?2* Mg?*, Zn2*
(pol 11, subunit y and T)
Topoisomerase IA 5.99.1.2 - K*> Na* - Mg?2* Zn?*, Hg?*
DNA primase (dnaG) 2.7.7 .- PP, - - Zn?* -
Repair and Recombination
5’-3’ exonuclease (including N- 3.1.11.- PO,* - - Mg?2* Mn?2*, Zn2*
terminal domain of Poll)
RecA/RadA (Rad51) recombinase - PO,* K* K* Mg?2* Mg?*




®doccopHble coeguHeHnsa n noHbl Mg?* B 6enkax LUCA

Protein function EC number |Functionally Monovalent cations Divalent cations

(if available) relevant Functional | Presence in at Functional Presence in

inorganic |dependence| least some dependence | at least some
anions structures structures

Chaperone function
Chaperonin GroEL 3.6.4.9 PO * K* K* Mg?* Mg?*
Nucleotide and amino acid
metabolism
Thymidylate kinase 2749 PO,* - Na* Mg?* Mg?*
Thioredoxin reductase 1.8.1.9 - - - - Mg?*
Thioredoxin - - - - - Cd?*, Zn%*
CDP-diglyceride-synthase 2.7.7.41 PO,* TK*, YNa* No entries Mg?* No entries
Energy conversion
Phosphomannomutase 5.4.2.8 PO * - - Mg?* Mg?*, Zn2*
Catalytic subunit of the 3.6.3.14 PO,* - - Mg?* Mg?*
membrane ATP synthase
Proteolipid subunits of the 3.6.3.14 - - - - -
membrane ATP synthase
Coenzymes
Glycine 2.1.2.1 - IMcC* - IMg?*, Mn?*, -
hydroxymethyltransferase Ca%*




®doccopHble coeguHeHnsa n noHbl Mg?* B 6enkax LUCA

Protein function EC number |[Functionally Monovalent cations Divalent cations

(if available) | relevant Functional | Presence in at Functional | Presencein

inorganic |dependence least some dependence | at least some
anions structures structures

Protein Secretion
Preprotein translocase subunit - - - - - Zn?*
SecY
Signal recognition particle 3.6.5.4 PO * - K* Mg?2* Mg?*
GTPase FtsY
Miscellaneous
Predicted GTPase (YchF, - PO * K* - Mg?2* -
PF06071, 1JAL, 20HF, 2DBY,
2DWQ, 1NI3)
S-adenosylmethionine-6-N’,N’- 2.1.1.48 - - - Mg?2* -
adenosyl (rRNA)
dimethyltransferase (KsgA)




doccopHble coeauHeHns n noHbl Mg?* B 6enkax LUCA

Protein function

EC number
(if available)

Functionally Monovalent cations Divalent cations
relevant Functional | Presence in at Functional | Presence in

= Bbicokoe coaepxaHue ¢pocopHbIX =
> coeJMHEHNU B reoTepmanbHOMN -
i )KWAKOCTU MOrno obecneuynBaTb -
+ 06pa3oBaHue hocthopnnMpoBaHHLIX
s:MoneKkyn, Takux Kak AT® nnu I'To,

“ U noaaepXXMBaTb IHEPreTUKy, =
OCHOBaHHYIO Ha nepeHoce

doccaTHbIX rpynn.




beckucnopoaHblie reorepmMmanbHble NONA:

B KaXXabin reoTepmMmanbHbIU NPyA CTeKan «ypoXxau»
OpraHu4YecKunx MorieKyrsn U3 ero Bogocoopa.

TonbKo NnepeHoCcuMble BOOOUN coeaNHEeHUsA
MO nonagaTtb B Takue npyabil.

Inflow of :O"

abiotically
"+ synthesized

. substrates , , ’

Zc_me of abiotic
photosynthesis

Abiotic
condensation reactions,
the catchment area

B ¢ 3
Ponds of condensed vapor KW B

T . e
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UV-protected h:i:.:itat of protocells



beckucnopoaHblie reorepmMmanbHble NONA:

Copepxawme cynbdpunabl
MeTansnoB ocaaku
AOMXKHbI ObINU 3aWMLWAaTb
nepBble KINeTKU

oT Y(P-KBAHTOB.

Cnoun ZnS B 5 mkM
ocnaonset
Y®-nsnyuyerHme B 10'%pas
(kak 6onee 100 m BOALI)

Inflow of m

abiotically
synthesized

substrates ; , ?

Zone of abiotic
photosynthesis

UV-protected hg'ﬁitat of protocells



[NlopucTtble, copgepxawme cynbdpuabl MeTannoB
OTNIOXXEeHUA AOIMKHbI ObINMN UMEeTb CNOUCTYIO

CTPYKTYpY.
BepxHue cnou Mmornu Katanu3ampoBaTb
cboToOXxmmuyeckue peakumm u, nornowana YP-KBaHTbl,
3awuLiaTb oobuTaTenen HMKHUX CNnoes

OT XeCTKoro ynbrpaduonera.

CoobwwecTBa hoTOTPOPHBLIX MUKPOOPraHU3IMOB U
NOHbIHE YCTPOEHbI NOA0OHbLIM 06pa3om.

MukpoOHbIN MmaT

http://textbookofbacteriology.net/themicrobialworld/microbial_mat.xsecs.jpg



beckuncnopopgHblie reotepmbl
npeAanararoT peLieHue
«BOAHOIO napagokKcay»:

Boaa nocTosAAHHO nocTynaeT, HO B
BuAe napa, YTo He npendaTcTBYeT
peakuuamMm KOHOeHcauuu Ha

BbICbIXalOLWMNX NOBEPXHOCTAX.

1
# E



He3aBUCUMOCTb OT KNimMmaTta

Ha reotepmanbHbIX
nonax
nopgAaepXxuBanacb, Kak
B MHKyOaTope,
NOCTOSAAHHaA cpeaa, He
3aBucCsiLias OT CMEHbI
BpeMeH roaa.

C y4yeToM TOro, YTo «CBETUMOCTb» COJIHLA
AonxkHa obina coctaBnAaATb 70% OT cOBpeMeHHOMU,
Ha reoTepmMalsibHbIX MOJSIAX MOIIO ObITb

NMPOXnagHo, YTO AOMKHO ObINI0O cnocobcTBOBATL
«Mupy PHK».

Image: Dominique Decobecq



[eoTepMmarnbHble CUCTEMbI CTOCOOHDI
cyLlecTBOBaTb MHOrMe MUIJIMOHBI NeT; 3a 3TO
BpeMsi nepBbie OpraHM3mMbl MOrnu o63aBecTUCh
HenpoHMLaeMbIMU ONS1 MIOHOB MeMOpaHamMu U
CYMeTb 3aCennTb OKeaH.

rift ~ ocean ridge T — o subduction
yolcanc  (diverging e, Pi3L8 volcano
™. margin) fault  plate 2 ocean trench “7;.‘ _ —reiia

[convenging mangin)

— |

e
e B b W

e S ==

\ / wl \
\ )y \
Y W

convection currents

molten cong

NUCTOYHMK pucyHKa: www.nasa.gov




[eoTepmMbl versus

beckucnopogHbie reorepmMmaribHble
nons obnaganu BcemMu
npenmyLlecTtBamMm rinyookoBoaHbIX
KYPUNbLNKOB — HEOPaHU4YEeCKUMU
KOMMapTMeHTaMu, Katanumsatopamum u
MCTOYHUKAMMN OPraHnKu - U NOMUMO
3TOro...

Image: Wikipedia



[eoTepmManbHbIe nonsa odbecnevynBanu:

1) ACTOYHUK opraHmn4yeckux n pochopHbIX
coeauHEeHUuMN,
2) NMopucTtble CTPYKTYPbI, BbICTNaHHbIE

MOLLUHbIMU ((hOoTO)KaTanmnsaTtopamu,
TakmuMmu Kak ZnS and MnS,

3) BO3MOXHOCTb KOHUEHTpauum peareHToB
npu ncnapeHum,

4) BopoeMbl C XMMNYECKUM COCTaBOM,
MOXOXUM Ha LUTOMNna3my.



JKCnepuMeHTanbHoe MoaenmpoBaHue
(doTo)Xxmmmnyeckux npoueccoB Ha
OecKUcnopoaHbIX reoTepmMaribHbIX MOMAX
MOXET NMPOACHUTb PaHHUE 3Tanbl 3BOSTIOLUN.
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CornacHo OnapuHy n XonaeuHy
XXU3Hb BO3HMUKNA
B «NepBUYHOM OYyNibOHEe»

'ycTomn pacTtBOp
opraHu4ecKux
MOJIeKYys1 MOr
cyLiecTBOBaTb
TONbKO B
OorpaHU4YeHHOM
obbemMe XUOKOCTM...

Image credit: Bill Sanderson / Science Photo Library



JfieKTpUYecTBa u _;

;l?’.
e -":.."',..‘i:'ft-'t"

sI NpeTepneTsb ewe

| i W | ® A B
e e

CROXHbIE NPeBpalLeHNs..»

10] 1) 5

Yapnb3 D,épBMH,1 871r.

Darwin was right! Study claims
life on Earth DID begin on land

and not in the sea |
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