Nekumuna 1. Lect_ 01 _Introduct

anurpadbl K Kypcy. QpHCT ['ekkernb 1 BBeAEHNE UM
TEPMUHA «3Konorusa». OpraHn3m ¢ TOYKM 3PEHUS IKONOra.
Cpefa ¢ Toukn 3peHuns opraHnama. KombunHaTopHas
cuctemMa criocoboB NoNyyYeHUsa IHEPrnu n yrnepoaa.
buocdepa. 3.3tocc, B.UN.BepHaackun, C.B.BuHorpagckuw.
Xumunyeckme arnemeHTbl B coctaBe opraHnamoB. CHNOPS.
DOTOCUHTES U OAblXaHue






Jnurpad Ko BCcemMy Kypcy:

"... 51 He HaxoXXy nNpupody cMoJib NMPSIMOJIUHEeUHOU
u pauyuoHasibHol. Ymo meHs1 usymsissiem - amo He
ee 3JlecaHMHOCMb U co8epleHCMeae0, HO CKopee
ee cocmosiHue: oHa maKoea, KaKk OHa ecmb U
HUKakasi opyeaasi. 51 npedcmaesisiro npupooy e eude
XopouweHbKoU deaywku. brnazopodHoU, HO He
cosecemM ornpsimHou. HemHo20 e36asiMOWHOU.
HemHoz20 6ecmosikoeou 8 pabome. [Jenaroweu mo,
Ymo OHa Mo)kem, meM, 4Ymo Haxooumcs y Hee Moo
pykou. Omcroda ucxooum MOsi 20moe8HOCMb K

caMbIM HerpeockKa3yeMbIM cumyayusim.”
®paHcya XKakob (Francois Jacob) «La statue intérieure»



“ ... A la nature, Jacques [Monod] attribuait
cartesianisme et élégance. D’ou son golt des
solutions uniques. De mon cote, je ne trouvais pas le
monde aussi strict, aussi rationnel. Ce qui m’
étonnait, ce n’etait ni son élegance ni sa perfection,
mais plutot son état. Qu’il fat comme il est et non
pas autrement. La nature, je la voyais assez bonne
fille. Généreuse mais un peu sale. Un peu brouillone.
Travaillant au coup par coup. Faisant ce qu’elle
pouvait avec ce qu’elle trouvait. D’ou ma tendance a
prevoir les situations les plus varieés...*

Francois Jacob p. 430 La statue intérieure
Edition Odile Jacob 1987



«Nothing In
biology makes
sense except
In the Iight of

evolution..

Dobzhansky T . 1973. The American Bio ology

Teacher. V. 35. P. 125-129




“Nothing In
evolutionary biology
makes sense except In
the light of ecology”

P Gr ant, R. Grant, How and Why Species Multiply:

The Radiation of Darwin's Finches (Princeton Univ. Press,
Princeton, NJ, 2008)



“Nothing in evolution or
ecology makes sense
except in the light of the
other...”

F. Pelletier, D. Garant, A. P. Hendry, Eco-evolutionary

dynamics. Philos. Trans. R. Soc. B 364, 1483 (2009)






OpPHCT [ekkenb
Ernst Haeckel
(1834-1919)

c accucTteHTom - H.H.
Muknyxo-Maknaem
(1846-1888)
KaHapckue o-Ba,
1860 T.

[oa Bbixoga «BceobLuen
Mopdbonorumny», rae obin
BBeOEH TEPMUH
«3Koorna»




GENERELLE MORPHOLOGIE
DER ORGANISMES.

ALLGEMEINE GRUNDZUGE
“DER ORGANISCHEN FORMEN-WISSENSCHAFT,

MECHANISCH BEGRUNDET DURCH DIE VON

CHARLES DARWIN.

REFORMIRTE DESCENDENZ-THEORIE,

YOX

- ERNST HAECKEL.

ERSTER BAND:

ALLGEMEINE ANATOMIE
DER OLGANISMEN.

»E PUR SI MUOVE!®

MIT ZWEI PROMORPHOLOGISCHEN TAFELN.

BERLIN.
. DRUCK UND VERLAG VON GEORG REIMER.




[ ekkenb, 1866 r.
"BceobLan mopdonorusa:

OOwume oCHOBbI HayKn 00
opraHu4yeckux dopmax,
MeXaHN4YeCKM OCHOBaAHHOW Ha
Teopuu 3BONIOLUM,
pecbopmupoBaHHon Hapniom
HapBUHbLIM"



JKONormsa —
HayKa O >XMBOM
obrnuke
ounocdoepsil



Charles Krebs (1985):
«...9KOJ102US1 — HayKa o

ge3aumodeucmaeusix,
ornpedodesisirowux
pacripocmpaHeHue u
obusiue op2aHU3MO8»



4T0 ecTb
OpraHu3m c

TOYKU 3peHuUs

aKonora?




C TO4YKM 3peHuns 3Korsnora
OpraHM3mMbl — 3TO ANCKPETHbIE
obpa3oBaHuA, oOmMeHuBaloLMecs
C OKpYyXarlLlien cpenoun
BelleCTBOM U U3rotaBnmBaroLime
U3 mMmaTepuara 3Tou cpeabl CBOW
Konuwu



YepHelii KBagpaT
Kasumup Maneeuy

y £
)

XoncT, Macno,




4TO ecTb cpeaa
C TOYKU 3pEeHUs
opraHnama?







U3 6onee yem 100 xumunuyeckumx
3ryIeMEeHTOB 3eMHOM KOpPbl B cCOCTaBe
BellecTBa opraHnamoB — okono 20.

N3 HUXx

npucymcmaeyrom eceaoa:

Bogopop (H), yrnepog (C),
a3oT1 (N), kucnopog (O),

¢ocdop (P), cepa (S)



Paul G. Falkowski, Tom Fenchel, and Edward
F. Delong

The Microbial Engines That Drive
Earth's Biogeochemical Cycles

Il Science 23 May 2008.
Vol. 320 no. 5879 pp. 1034-1039

http://www.sciencemag.org



Paul G. Falkowski et al. 2008

...our current environment reflects the historically integrated outcomes
of microbial experimentation on a tectonically active planet endowed
with a thin film of liquid water...

Okpyxawwasa Hac cpepa eCTb 0600LLEeHHbIN
pe3yrnbTaT 3KCNepUuMEeHTUPOBaHUA MUKPOOOB Ha
TeKTOHUYEeCKMN aKTUBHOMU NraHeTe, CHa0OXXeHHOW
TOHKOM NJEHKOU XUaKou Boabl

Microbial life can easily live without us; we, however, cannot survive
without the global catalysis and environmental transformations it
provides.

MukpoOHas XKU3Hb JIerko MOXeT NPOoXnUTb 6e3 Hac,
HO BOT Mbl HEe MOXEM NMPOXUTb 0e3 rmodanbHOro
Katanusa n npeodpasoBaHuA cpeabl, KOTOPYI OHA
NnpoBOAMT...



Published by AAAS

Fig. 1. A generalized biosphere model showing the basic inputs and outputs of energy and
materials.
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Fig. 2. A schematic diagram depicting a global, interconnected network of the biologically
mediated cycles for hydrogen, carbon, nitrogen, oxygen, sulfur, and iron.

-
= (O,-mediated
== \n-mediated
= Fe-mediated
| S-mediated
| w N-mediated
= H,- or C-mediated
v I v [\ 4 v
Mn2+  NH4* Fe2+ HS™ CH; [ Hyo €= [CH,0] <=
A ruu M VYN A Tu A AN
> O i >Respiration
->Mn4+
—p NO3
. s N. fixati
ﬂ?ﬁé Fe3+
i ! SO%
2 co, =
i - . } h
| 2 2
< +COg
S _I > Photosynthesis
-

P G Falkowski et al. Science 2008;320:1034-1039

AYAAAS

Published by AAAS



U CTOYHHUK dHEPIrUuun

Caer OxucanrebHO-
BOCCTAHOBUTCJ/Ib-
HbIE peaKIuu
NUcTou- C O ®oToaBTOTPOPBI XemMo0aBTOTPOPbI
HUK 2 (unanodaxTepum, (BomopoaHbIe GaKTEpHH,
MypILypPHbIE CEPHbIE MeTaHoOpasyIiue
yrie- 0aKTepUH ¥ HEKOTOPbIE apxe0aKTepum,
pona JApyrue rpynnsl OaKkTepuii, HUTPpU(PUIUPYIOLIHE
pacreHus) OakTepuu U PAA APYrUX
rpynin 0axkrepui)
OpraHn- DororereporpoPul XeMorereporpodnl
CCKOE (OpuTpodakTepum, (MHOrMe OaKTEepUHu, B TOM
1 reJJH00aKTepUu, HeCepHbIe yHcie - 0aKTepum-
BCIIIC- NypIypHbIE OaKTEePUH) NEeCTPYKTOPHI, BCe IPUOLI,

CTBO

BCe ’KMBOTHbIE)




% The Nobel Prize in Physiology or
Wy Medicine 1965

"for their discoveries concerning genetic control of enzyme and
virus synthesis"

Frangois Jacob André Lwoff Jacques Monod



AHpape JlbBoB (André Lwoff) n ero mama Mawa CnmoHoBMY (OBotOpoaHas cecTpa
xyooxHuka B.CepoBa, reponHst ero KapTuHbl «[eBylliKka, ocBeLleHHasa COMTHUEMY )



CneBa - bonee nosgHuin noptpet Mapum CumoHoBund (Mme Lwoff) paboTtel CepoBa.
Fanepes [1'Opca, MNapuxk



I'pynnbl OpraHu3MoB, Bbl/ieJIeHHbIE€ B 3aBUCMMOCTH OT HCTOYHHKA YIJIepoaa u
IHEPTUH, a TAKIKE XapaKTepa OKHCJIsIeMoro cyocrpara

N cTouyHuK 3HEpruu

Cser OKuUCIUTENBHO-
(®otorpoder) BOCCTAHOBUTEIbHBIC PCAKIINN
(Xemotpodnr)
OxucrnsieMbie CyOCTpaThl (IOHOPHI OxucrnsieMbie CyOCTpaThl (JOHOPHI
AIIEKTPOHOB) AIIEKTPOHOB)
Heoprannueckue Opranunueckue Heoprannueckue Opranuueckue
BEIIECTBA BEIIECTBA BEIIECTBA BEIIECTBA
(JIutorpoden) (Opranotpodsr) (JIutorpoden) (Opranotpodsr)
CO ®oTomUTOaBTOTPOPHI ®OoTOOpPraHoaBTO- XeMOJIUTOaBTO- XeMOOpraHoaBTo-
Hcrtou- 2 (umanoOakTepuw, TpodbI TpodsI (BOIOPOAHBIC TPOdBI
HUK (AbTo- MypITypHBIE CEPHBIC (HeKOTOpHBIE OakTepuu, THOHOBBIE | (MeTaHOOpasyloue
Tpods) OakTepuu, pacTCHU) ypITypHbIE OaxTepuu, apxebaKTepun)
OaxTepun) HUTPUDULIUPYIOIIHE
yIyIe- OaxTepun)
ponaa
Opranu- doTomuToreTepo- doToopraHorerepo- XEeMOIUTOTEeTEPO- XeMOOpraHoreTepo-
Heckue Tpo(bI Tpo(sI (HecepHbIE Tpo(bI Tpo(bI
COCANHC-
i (HEeKOTOpBIC MypITypHbIE (cynbdaTBOCCcTaHaB- (6OABITMHCTBO
(Terepo- OakTepuu ¢ OakTepun) JIMBAIOIIME U HEKO- OakTepuii-
Tpodb) AHOKCUTECHHBIM TOpBIE BOIOPOJIHBIE JECTPYKTOPOB,
(bOTOCUHTE30M) OakTepun) IrpUObI, ’KUBOTHBIE)




Mponeng Mine (lOxnHas Adpuka, rnybuHa 2.8 km.
http://web.uct.ac.za/depts/geolsci/dir’/hons2000/index.html



Environmental Genomics
Reveals a Single-Species Ecosystem

Deep Within Earth

Dylan Chivian,2* Eoin L. Brodie,?? Eric ). Alm,%>* David E. Culley,®

Paramvir S. Dehal,>? Todd Z. DeSantis,?* Thomas M. Gihring,® Alla Lapidus,’
Li-Hung Lin,® Stephen R. Lowry,” Duane P. Moser,’ Paul M. Richardson,’

Gordon Southam,® Greg Wanger,° Lisa M. Pratt,*>12 Gary L. Andersen,?3

Terry C. Hazen,?3? Fred ). Brockman,*® Adam P. Arkin,%** Tullis C. Onstott'*1*

DNA from low-biodiversity fracture water collected at 2.8-kilometer depth in a South African
gold mine was sequenced and assembled into a single, complete genome. This bacterium,
Candidatus Desulforudis audaxviator, composes >99.9% of the microorganisms inhabiting the
fluid phase of this particular fracture. Its genome indicates a motile, sporulating, sulfate-reducing,
chemoautotrophic thermophile that can fix its own nitrogen and carbon by using machinery
shared with archaea. Candidatus Desulforudis audaxviator is capable of an independent life-style
well suited to long-term isolation from the photosphere deep within Earth’s crust and offers an
example of a natural ecosystem that appears to have its biological component entirely encoded

within a single genome.

more complete picture of life on, and
even in, Earth has recently become
possible by extracting and sequencing
DNA from an environmental sample, a process
called environmental genomics or metagenomics
(/-8). This approach allows us to identify mem-

Such microorganisms are of particular interest
because they permit insight into a mode of life
independent of the photosphere.

One bacterium belonging to the Firmicutes
phylum (Fig. 1A), which we herein name Can-
didatus Desulforudis audaxviator, 1s prominent

Pt PPN 1wt

Science 10 October 2008:
Vol. 322 no. 5899 pp. 275-278

genome of this organism appeared to possess
all of the metabolic capabilities necessary for
an independent life-style. This gene complement
was consistent with the previous geochemical
and thermodynamic analyses at the ambient
~60°C temperature and pH of 9.3, which indi-
cated radiolytically generated chemical species as
providing the energy and nutrients to the system
(1), with formate and H, as possessing the
greatest potential among candidate electron
donors, and sulfate (SO42 ) reduction as the
dominant electron-accepting process (/7).

DNA was extracted from ~5600 liters of fil-
tered fracture water by using a protocol that has
been demonstrated to be effective on a broad
range of bacterial and archaeal species, includ-
ing recalcitrant organisms (/6). A single, com-
plete, 2.35-megabase pair (Mbp) genome was
assembled with a combination of shotgun Sanger
sequencing and 454 pyrosequencing (/6). Sim-
ilar to other studies that obtained near-complete
consensus genomes from environmental sam-
ples (5, /7), heterogeneity in the population of
the dominant species as measured with single-
nucleotide polymorphisms (SNP) was quite low,
showing only 32 positions with a SNP observed

IPhysical Biosciences Division, Lawrence Berkeley National
Laboratory, Berkeley, CA 94720, USA. ®Virtual Institute for
Microbial Stress and Survival, Berkeley, CA 94720, USA.



baktepua Desulforudis audaxviator,
npeacraendatowiag cobon Leny 3KOCUCTEMY,
ABNAETCA eAUMHCTBEHHbIM obuTaTenem
noa3eMHbIX Bog, obHapyXeHHbIX B KOXKHOW
Adpuke Ha rnyouHe 2.8 kM. Boga (BospacT
KOTOPOWN N3MEePSAETCA MUNTTIMOHAMMN NET, UMEET

TemnepaTtypy 60° n HacbllweHa cynbdaramn).

O reHome D.audaxviator cMm. noapobHee: AnekcaHap

MapkoB. B HeOpax 3emriu HauOeH MUKPOob, xusywuu
cam r1o cebe // AneMeHTbl:

http://elementy.ru/news/430872



DNA from low-biodiversity fracture water
collected at 2.8-kilometer depth in a South
African gold mine was sequenced and
assembled into a single, complete genome.
This bacterium, Candidatus Desulforudis
audaxviator, composes >99.9% of the
microorganisms inhabiting the fluid phase of
this particular fracture

«Audax viatory — omea)xHbIU

nymewecmeeHHUK
Science 10 October 2008: Vol. 322 no. 5899 pp. 275-278



Its genome indicates a motile, sporulating,
sulfate-reducing, chemoautotrophic
thermophile that can fix its own nitrogen
and carbon by using machinery shared with
archaea. Candidatus Desulforudis
audaxviator is capable of an independent
life-style well suited to long-term isolation
from the photosphere deep within Earth’s
crust and offers an example of a natural
ecosystem that appears to have its
biological component entirely encoded
within a single genome
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Fig. 2. Genome of D. audaxviator, with key genes highlighted. (Innermost
ring) GC skew [average of (G-C)/(G+C) over 10,000 bases, plotted every
1000 bases]. Transition at the top (near dnaA) is origin of replication.
(Second ring) G+C content [average of (G+C) over 10,000 bases, plotted
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Chivian et al., 2008. Science. Vol. 322 (5899): 275-278
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buocmepa



buocoepa -
obnacTtb 3emMnu,
HacerneHHast XUBbIMM
opraHM3mamum v
HaxoasiWwasacsa noa nx
BIIMSAHUEM












YT0ObI NOHATL YCTPOUCTBO
bnocdepbl, Ha HEE€ HYXHO
B3rMAHYTb KaK Obl CO
CTOPOHbI — OTAANUTbLCA

B NPOCTPAHCTBE

BO BPEMEHMU



bunocdodepa Bo3Hukna 3.5
Munnuapaa net Tomy Hasaga.
OHa BpsO nu
npocyuiecTByeT ewe obonee
1.5 MnunnuapaosB net



JBonumnsa onocoepbl —
HeoOpaTumas
nocrneaoBaTeNibHOCTb
coObITUN, NOPOXAEHHaS
reoxumMmm4yecKkomn
aKTUBHOCTbIO OpPraHU3MoB



Jdyapo 3rocc
(Eduard Suess)

(1831 — 1914)

B 1870=x 2o00ax
npeosioxurs
mepMUH
«buocopepar




CornacHo 3toccy 6uocghepa - ogHa n3
«obono4yek» 3emMnu, - Ta, B KOTOPOW
NPOTEKAET XN3Hb

[Tomrmo Brocdepbl OH BblOENAN eLlle Tpw
«0DONOYKNY:

HMTOCQGQM

rmnapocge

aTMOCQeQM



bunocdepa BKknrovyaeT BCHO
rmgpocdepy, BEpXHIOK 4YacCcTb
nutocdepbl U HUXKHUE CTIoN
aTMocdepbl



Brnagnmup
ViBaHOBUNY
BepHaackuu
(1863 — 1945)




”

HAYYHOE XHMHKO-TEXHHYECKOE H3JATENBLCTBO
HAYYHO TEXHHYECKHA OTHEAN B. C. H. X.

\ SPO JEHHHTIPA
Now 1926

| v e~



Cepreun Hukonaesun4 BuHorpagckumu
1856-1953

B 1896 rogy capopmynupoBan
npeacTaBreHne O XU3HU Ha
3emMrie Kak 0 cucteme

B3aUMOCBSA3aHHbIX
ONOreoxXMMmniyecKunx
LMKIIOB,
KaTanusnpyembix
XUBbLIMU CYLLIEeCTBaMM




U3 6onee yem 100 xumunuyeckumx
3ryIeMEeHTOB 3eMHOM KOpPbl B cCOCTaBe
BellecTBa opraHnamoB — okono 20.

N3 HUXx

npucymcmaeyrom eceaoa:

Bogopop (H), yrnepog (C),
a3oT1 (N), kucnopog (O),

¢ocdop (P), cepa (S)






1. Bce, kpomMme ¢pocgpopa, mo2ym
obpa3zoebieamb siemy4ue
cOeOUHeHUs

2. bonee 99% sewecmesa
op2aHuU3mMoe rpuxooumecs
MOoOJIbKO Ha Yembipe 3/ieMeHma:
8000p00, yasiepod, azom u

Kucsiopod



CO, + H,O + 3Heprus ceeTta
— (CH,0) + O,

rae (CH,O) — o6obwieHHas chopmyna
yrrneBoaoB

CO, + 2H,'°0O + aHeprus cBeTa
— (CH O) + H,0 + '°0,



AHOKCUIreHHbIN (DOTOCUHTES:

CO, + 2H,S + sHeprusa ceeta —
(CH,O) + H,O + 28

OKcureHHbIN pOTOCUHTES:
CO, + 2H,0 + 3Heprusa ceeta —
(CH,0) + H,0 + O,



[IbixaHue:
(CH,0) + O, — CO, + H,0 + aHeprus
POoTOCUHTES:

CO, + H,O + sHeprua — (CH,O) + O,



Yruepon oumochepsnl
(B ruratonHax, 10°r)

Best autochepa >T75 000 000
Best rmapocdepa (oxkeaHbl) 38 400
Atmocgepa ( CO, ) 720

Macca :XUBBIX OPraHU3MOB 600 -1 000




Yriepoa aurocgepnl
(B ruraronHax, 10> r)
Bcero > 75 000 000

KapOoHnars! kanenusa u maraus | > 60 000 000
(0OcaOYHBIC TOPO/IbI)

Keporen (ocagounoe opranu- | 15000 000
4ECKOE BEIIECTBO)

M ckomaemMoe TOIIMBO (YTOJIb, 4 130
Topd, HEDTH, Ta3)




Yraepoa rugpocdepst (B I'r, 101 1)

Bcero > 38 400
PacTBOpeHHbIe OUKAPOOHATHI H
KapOOHATHI (B 1[EJI0M) 37400
PacTBOpeHHbIC OMKAPOOHATHI U 670
KapOOHATHI (IIOBEPXHOCTHbIE BO/bI)
PacTBOpeHHbIe OUKAPOOHATHI H
KapOOHATHI (INIyOMHHbIE BO/AbI) 36 730
Opramunyeckoe BemecTrBo 1000
(pacTBOpEeHHOE U B3BEIIEHHOE)
BoaHas 0Mora (Macca JKHBBIX 1.2
OpPraHu3MoOB) )




Yriepoa arMoc@epbl 1 OPraHuYECKOro BemecTrsa
Ha nosepxnocru cymu (B I'r, 10° 1, 10'° r)

Atmocepa ( CO, ) 720
Ha3zemuasa Ouora (B 1ejiom) 1800-2200
Macca )KMBbIX OPraHU3MOB 600 -1 000
Macca oTMepIIuX OPpraHu3- 1200

MOB HaA MOBCPXHOCTH 3CMJIN




