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[MpakTnyeckn obLuensBecTHa posib XeMoaBToTPdOB / NIMTOTPOG OB B
dopMMpPOBaHUM MECTOPOXAEHUN U BbIBETPUBAHUN, OOHAKO pe3ynbTaTbl
3TON BUOreoXMMMYECKONn akTUBHOCTU U MacconepeHoca, OonocpeayemMoro
XeMoaBToTpodamMn, KapanHanbHO pasfinyHbl B 3aBUCMMOCTU OT MOHHOIO
cocTaBa cpefbl, coneBblx 3ddEKTOB NPoOBOAMMOCTU N anarpamm [ypbe
COOTBETCTBYHLUNX YCINOBUN YKa3aHHOM aKTUBHOCTU, a TakKXe psaa UHbIX
PU3NKO-XUMNYECKMUX XapaKTEPUCTUK, YACTO HE pacCMaTPUBAIOLLMXCA KaK
dakTopbl BO3OeNCTBUA (A8 ynpoleHns mogenen). buoreoxummnyeckme
npeacTaBreHnss paHHero nepuoaa, Ha KoTopbix 6asnposanncb Mogenu u
KMHEeTMYeCKne noaxoabl K aHanuay nogobHbIX NMpoueccoB, SBAATCA, Mo
OONbLUNHCTBY KpUTEpPMEB, (PEHOMEHOMNOMMYECKUMU U KIMMUPUYECKUMUY,
HO He pacKpbIBalOT CyTb MPOLECCOB, MPOUCXOAALLNX Ha rpaHuLe cpenbl,
npoLeccupyeMmon MMKpoopraHmamamMmm, U NOBEPXHOCTU XeMOaBTOTPOKOB
KaK aKTUBHbIX areHToB, MPOoLEeCCUPYIOLWNX AaHHYlo cpeny. Mexay Tem, ¢
TOYKM 3peHns Bruoxmmmyeckon puamkm (U, B 4YaCcTHOCTU, BUoNormyeckon
KWHETUKM), MEXAHN3MbI, peannayomnecsa Ha rpaHmue pasgena as unm
B e€ Andpdy3MOHHON OKPECTHOCTHU, ABMAIOTCA ONpeaensowmmMmm B Taknx
cny4yasix, Tak Kak BBOJ BeLecTBa B K MUKPOPEAKTOPHbIE» KOMMNAPTMEHTbI
BMONOrM4eckoro NPOMUCXoXAeHUs 1 arperaumsa npn GuoMmnHepanmsauyuu,
Kak npaBuio, NPOMCXOAAT onocpeoBaHO NOBEPXHOCTLIO BMoMeMbpaHbI.
N3 cneundunyHOCTM XeM0oaBTOTPOMPOB K XMMUYECKN-PA3SIMYHbIM cpeaam
MOXHO KOPPENATUBHO 3aKSTOYMUTb, YTO CBOMCTBA MeMbpaHbl Y HUX TaKxKe
pasnn4yHbl U, KaK MUHUMYM, HE NMPOTUBOpPEYaT YCOBUAM UX HAXOXOEeHUS
B NPUPOAHOM MUHeparnbHon cpene. O4eBMOHO, YTO 3TO NPSAMO CBA3AHO C
MeXaHu3mMamm genctemna membpaHol B aTon cpeae. Jltobble MexaHU3Mbl,
onpegensawwme MemobpaHHy0 akTUBHOCTb B HEOPraHM4eckon cpeae, no
onpenenenunto, OMKHbl SABNATLCA MeXaHM3MaMn B3aMMOLENCTBUSA 3TON
cpenbl ¢ MembpaHon, cregoBaTesibHO — MeXaHU3MaMn B3aMo4encTBus
CTPYKTYPHbIX eanHUL, obecneymnBatowmnx Tpadmk HeopraHN4YeCKNX MOHOB
CKBO3b MeMOpaHy (TpaHCMEeMOpPaHHbLIN NepeHoc). TaknmMm CTPYKTYPHbLIMA
eaNHULaMM ABMSOTCA MOHHbIE KaHarbl KIETKWU, TOYHEE UX COBOKYMHOCTb
— T.H. KaHanowm [1], 4to obecneunBaeT GanaHc nepeHoca 1 cneunduky B
KWHETMKE MeMBpaHHbIX npoueccoB. NMonynaumMmM MOHHBLIX KaHanoB OYEHb



YyBCTBUTENbHbI HE TOMBbKO K OKpYyXatLlen cpefe, HO N K COMpsiKeHHbIM
C anekTpodmanonorndeckon pyHkunen Habopom napameTpoB MemobpaH
[2]; namMeHeHne KOMNIIEKCHOM NapamMeTpuKn KaHarioMma XeMoaBTOoTPO(oB
NPUBOANT, C APYron CTOPOHbBI, K U3BMEHEHUIO 3(P(PEeKTUBHOCTU NPOLLECCOB
BOIIM3KN NX NOBEPXHOCTU W, KaK CrieacTBmne, NU3MeHEHU0 adPEeKTUBHOCTH
Buoreoxnmmyeckoro nporeccuHra cpeabl. OTaenbHble YCoOBUA MOTYT He
TONbKO AeCeHCeTU3npoBaThb KaHarsbl [3], HO U NPUBECTU K YTHETEHMUIO U
rmbenn nonynsaumin KneTok XxeMoTpodoB, YTO, ECTECTBEHHO, NPUBEOET K
O0OHYreHno adhHEKTUBHOCTU BMOreoXMMNYECKOro NpoLeccuHra cpeabl B
cuny Hyneson a(pPEKTUBHOCTU NOHHbBIX KaHamoB.

N3BECTHbI MOHHbIE KaHarnbl, B3auMmogencTeyrowme ¢ 60bWNHCTBOM
9N1IEMEHTOB M B3aUMOOENCTBYHOLWMX C MeMbpaHOM areHToOB B oporeHese,
MUHeparnoreHese, Metamopduame (M XMMmmyeckon TagoOHOMUN, KOTOPOW
onpeaensieTca CoOXpaHHOCTN MHAMKATUBHbBIX 0OpasuoB B cTpaTurpadum /
NpnbnmxeHHon dromopdonornyeckn-onocpegoBaHHon gatmposke). Kak
npUMepbl MOXXHO MPUBECTU CTPYKTYPbI KaHarnomMa, B3anMogencTeyoLme
(Mo pasHOMY M CENEKTUBHO, XOTS U He Bcerga abcontoTHO) c: Fe [4], Mg
[5], Zn [6,7], Gd [8], La [9], Cs [10], rmapocynbdatom [11], He roBops 06
00LLIEeN3BECTHbIX KarnbLMEBbIX, KanneBblX, HAaTPUEBLIX, XNTOPHbIX KaHanax
N BO3MOXHOCTU UX He abCOomMTHON CENEKTUBHOW perynsaunm oTinYHbIMK
OT HOMUHarbHbIX MOHaMK, COOTBETCTBYIOLWNMU pagaM 3aMecTuTenen u
PYHKUNAM CENEKTUBHOCTU. YUNTbIBAs 3BOSTIOLUUOHHO PaHHUIN XapakTep U
NPOCTYI0 PU3UKO-XMMUYECKYIO peann3aumio NOHOCESNEKTUBHbBIX KaHanos
N PYHKUNA CENEKTUBHOCTU, COOTBETCTBEHHO, BO3MOXHO CHUTATb, YTO Ha
AO0CTaTOYHO paHHUX cTaamnax (Hanpumep, COOTBETCTBYIOLUX FreHe3ncy u
YCIOBUSIM MPOUCXOXOEHUS DKeCcnennnToB) Mornu paboTtatb kaHanombl
aBTOTPOGYOB, BKOHAsA HE COXpaHUBLUMXCA «npobnemMHblx» (shadow life)
[12,13]. YunTbiBasg BO3MOXHOCTU U30TOMHOIO (PPaKkLMOHMPOBAHNA — KaK
yrnepoga [14], Tak u HeopraHN4eckux 3fIeMEeHTOB, MeTannoB (NpegmMmeTsl
KOMMEeTEHUMN MeTarnioMUKN U 3NIEMEHTOMMUKM [15], COOTBETCTBEHHO),
B X04e DMOreoXmMmn4eckon OeaTesibHOCTU «niiaHeTapHON MUKPOBUOTLI»,
MOXHO rapaHTMpoBaTb y4yacTue KaHarnoma u membpaHoma nmMToTpodoB
B BuonornyeckoMm ppakumMoHMpoOBaHUN U30OTOMOB B XoAe (hOpMUPOBaHUS
MECTOPOXAEHUN U BblBETPUBaAHNA (NpeaMeToM membpaHomukn [16] ona
AaHHbIX Cry4YaeB OOMMKHa ABNATLCA COBOKYNHOCTb MeMbpaH nonynsumm,
B3aMMOAENCTBYIOLEN NOCPEeACTBOM MOHHbIX KaHAroB U peanuaytoLwen ¢
MX NMOMOLLBIO KaK PUIbTPYIOLLYO, COPOLMOHHYIO N BroKaTanuTUyeckyto
PYHKUMIO, TaK U1 KOMMYHUKALMOHHYIO / KOOPOWUHUPYIOLLYO MacconepeHoc
B FOMOreHHOM N0 HEKOTOPOMY napameTpy cpefe unu obnactu cpeabl).

[Mpennaraetcsa ncnonb3oBaHue ONA Lesien CUHXPOHHOIO U3MepeHUs
aKTUBHOCTM KaHaroma npokapuoT 1 pe3ynbTaToB UX BMOreoxmMmmnyeckomn
N U30TONHO-JPPaKLNOHMpPYIOLLEN aeaTenbHOCTN TexHUK MC-naTy-knamna
[17,18], n30TOMHLIX METOO0B NoKarbHOM hukcauum noteHumana [19,20].
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Chemoautotrophic and lithotrophic microorganisms are known to
participate in the deposit formation and the rock weathering, but the
results of such chemoautotroph-mediated biogeochemical activity and
mass transfer strongly differ depending on the ionic composition of the
medium, the salt conductivity effects and the Pourbaix diagrams of their
medium, as well as on some other physico-chemical parameters which
are often not considered as the active external factors for the sake of
simplicity.



The early biogeochemical considerations underlying the models and
kinetic approaches to the analysis of such processes are mostly
phenomenological and empirical and do not disclose the essence of the
processes occurring at the boundary between the medium processed by
the microorganisms and their active surface. Meanwhile, from the
standpoint of biochemical physics, and especially biological kinetics, the
mechanisms realizing at the interface or in its diffusion viscinity are
decisive in such processes as the reagent input into the microreactor-like
biological compartments and aggregation upon biomineralization, which
are usually biomembrane-mediated. Specificity of chemoautotrophic
microorganisms to the chemically different media indicates the difference
in their membrane properties within the natural mineral medium. Any
mechanisms determining the membrane activity in the inorganic medium
are in fact the mechanisms of interaction between the biomembranes
and the external medium, i.e. the mechanisms of the structural unit
operation providing the transmembrane ion transport. Such structural
units are represented by the cell ion channels or rather their complex
known as channelome, providing the ion balance and the specificity of
the membrane process kinetics. There are well known ion channels
interacting with most of the chemical elements / agents which can be
potentially involved in orogeny, mineralogenesis, metamorphism and the
weathering processes as well as in the chemical taphonomy. The
simplicity of the physico-chemical principles of designing the ion channel
functional analogs and the early evolutional emergence of the primary
ion channels allows to propose that at the very early stages (e.g. at the
time of the origin of jaspillites) the channelomes of chemoautotrophic
organisms could operate, including those of the extinct representatives of
the ‘shadow life’. The possibility of the isotope fractionation in microbial
communities within the biogeochemical activity of the planetary
microbiota ensures the participation of the channelome and
membranome of the lithotrophs in the biological isotope fractionation
during the deposit formation and weathering processes.



