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K Bonpocy o HaHOo¢OpMax MHKOMJIa3MONOJ0OHbBIX OAKTEPHH,
ocaxjaioiux Fe, Mn, Al(Fe,Mn) Ha cBoeii NOBEPXHOCTH
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Abstract. The concepts of the quantitative and qualitative microbial diversity of the natural habitats are changing
through stateof-the-art electronic and microscopic methods and molecular and genetic technologies of taxonomical
and quantifiation used. The acfity of a large amount of microbial small forms generated under stressed conditions in
the functioning of microbial communities is recognized. The attention drawn to a group of the known organisms consi
ered as mycoplasmie microorganisms, i.e. Metallogenium, Siderococcus, Gallionella capable to deposit Fe, Mn,
and Al (Fe.Mnjdepositing, as well as calcifying microorganisms, which have been noticed relatively recently-is dete
mined by general problems. Thiegnostics using DNA analgsis impeded by impossibility to isolate nucleic acids in
the presence of méral coating of Fe, Ma, Al, and Ca compounds on the cells. Representatives of these groups have the
tiniest forms up to 280 nm, giving way to the maximum allowable size ofr#8Qhat guarantee the pob8ity of rep-
lication. Our research testify that the microorgsms akin to Fe, Mn, Adepositing forms generated the mechanism of
survival due to the forming of very small specimens, i.e. hanoforms in close interaction wétiabaetaweeds and
fungi. The absence of a rigid cell wall allows for a close contact between parasite and host cells, and interference in the
cellular metabolism of the latter. Howevemmense danger to the environment is posed by calcifying nanobacteria
Their capacity to pass through the filters with the pore size 0.22 mcm ranksdipetimet with other factors of mass
and dangerous human and animal diseases. Apart from those mentioned above, up to 40% of ultrafine €&l (0.02
mcm) can be elected n various microbial communities. The interest to vial small forms has risen from time to time
since the early 20th century; however, it is only now that the key role of the processes of formearganizing -
nomes, removal and introduction in the gemof genetic material due to horizontal tsfer has been shown. Thesso
sibility of reduction of genomes forming small forms, nanobacteria asgertls and endosymbionts has been revealed.

The examples of ultramicrobacteria possessing nekmawn properts and structures have been provided. Attention

has been paid to the existence of microbesneiatondftbme f or m
teria changes under the action of stress factors, monogenesis replaced by conjugsrefore, beteria nanoforms

and nanobacteria have been recognized both as a way of temporary sta&gifit gonditions, and as a way of exis

ence.

Keywords: mycoplasmdike Metallogenium, Siderococcus, Gallionella, Al (Fe, Mepositing microoganism,
stage of interaction with bacteria, seaweeds and fundgifgégng nanobacteria; nanobacteria and bacteria nanoforms
of the natural habitats; bacterial biofilms, conjugation
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K uucsy cBOGOMHOKUBYLIUX MHKOTIJIA3MOTMOL0GHBIX
MHKPOOPTaHH3MOB OTHOCSITCSI TPEICTABHUTEJH, OCaXK/Ia-
tolipe Ha cBoell nosepxHocTh Fe, Mn, Al(Fe,Mn). JKe-
JlesoMapraHueBbliii MUKpoopranuam Metallogenium 6bln
BbisiBsieH B.B. [lepduibeBbiM Kak 03epHblit pynoo6paso-
BaTeJ/b. MUKpPOOHBI MelidaxK MapraHileBO->KeJe3UCTOH
MHKpPO30HbI uJa, Qopmupyembiii  Metallogenium u
Siderococcus, u3ydascsi B Kalu/UISIPHBIX MEJOCKONAX B
BOCIIPOU3BEIEHHOM B JIa60PATOPUH BTOPUYHOM HJIOBOM
npocuse. OCHOBHOE BHHUMaHHE YEJsI0Ch MOP(OJIOTH-
yeckuM ocobeHHoctsiM Metallogenium [1]. B nanbHefi-
mwem T.B. ApucToBcKoi OblIO MMOKa3aHO LIMPOKOE pac-
npocrpanenne Metallogenium B nousax [2]. Mcnosb3o-
BaHHe TPYINON HCC/e0BaTeNell CKAHUPYIOLIETO 3JIeK-
TPOHHOTO MHKPOCKOIA MPH H3yYeHHH MapraHUeBbIX H
JKeJIe30MapraHLeBbIX Pyl KPYMHEHIIHX MeCTOPOXKICHHH
MHPa BBISIBUJIO IPUYACTHOCTb MUKPOOHOTO COOOIIECTBA K
TpaHCOPMALHOHHBIM MPOLECCAM U aXKe COXPaHUBIIHE -
Cs1 UepPThI CTPOEHHST OT/EJbHBIX MPeaCTaBuTeNel | 3].

O6HapyxeHnblil T.B. ApHCTOBCKO# B HallIMX MOUYBax
¥ COBPEMEHHBIX JIaTePUTHBIX GOKcHTax [aBadCcKHX oCT-
poBoB Al-ocaKIIOIMHA MHKPOOPTaHU3M OblJl MPeICTaB-
JieH Kak ponctBeHHbiil Metallogenium-Siderococcus [2].
CkaHupylollee 3/J1eKTPOHHO-MHKPOCKOITHUECKOe H3yde-
HHe GHOMOP(HBIX CTPYKTYp B GOKCHTAaX Pa3HbIX MeCTO-
POXKIEHHH M TeOJIOTHYECKOTO BO3pacTa IOATBEPIHIIO
MPUHAIYIEKHOCTb GOKCHUTOB K TpYIIe 3K30TeHHBIX Py,
rJle OTJIO)KEHHEe aJIIOMHHHSI WIAET TYTeM perJIMKalU{ MO
6rosiorHuecKoil MaTpule. BaxkHasi posib B KOJIMUECTBEH-
HOM OTHOLIEHHH TIPH 3TOM NPHHAUIEKUT TIPOKAPHOTAM,
4TO COOTBETCTBYeT MX GOJIbLIEH PacrpOCTPAHEHHOCTH B
BEPXHHX YaCTsIX KOPbI BbIBETPUBAHHUS [ 4 ].

CJ10)KHOCTb OGHAPYKEHHUST U Orpe/iesieHnsi MophoJio-
rudecknx ocobeHHocTell Al-ocaxkiaiolero MUKpoopra-
HU3Ma He MpHBJEKAaeT K HeMy JOJ/LKHOTO BHHMAaHHSI.
Hamu moarTBepKaeHO €ro cyllecTBOBaHHE B JIepPHOBO-
TMOJI30JICTBIX T10YBAX, BBISIBJIEHO HAJHYHe B COBPEMEH-
HOM H3BEp:KEHHOM BYJIKAHHYECKOM MarepHaJie, MoKasa-
Ha crioco6HocTh Kpome Al ocaxnaTh Takke Fe u Mn [5-
7]. Ero cBsi3blo ¢ 06pa3oBaHieM BbICOKOIJIMHO3EMHCTOTO
BelllecTBa OOBSICHSIETCS] (PAKT MAaCCOBOTrO 3acesieHHst 110-
BEPXHOCTHOTO PBIXJIOIO CJIOSI BYJIKAHHYECKOTO LIJTAKOBO-
ro cy6erpara, 060ralieHHOr0 STHM BELECTBOM M OXBa-
TBIBAIOILIETO OTPOMHBIe ot [8-11].

K opranusmam: Metallogenium, Siderococcus,
Al(Fe,Mn)-ocaxnatouuit cienyet npucoeannuts (Gal-
lionella, dopmupyrotmii Fe-oT/ioxKeHHsT HA CBOUX CTPYK-
Typax [12-14]. DyeKTpoHHO-MHUKPOCKOMHYECKOE H3y4e-
nue B.B banamooit Gallionella BbisiBUJIO ee siBHYIO B3a-
MMOCBSI3b ¢ OaHa/IbHbIMH OGaKTepUaJIbHBIME KJIETKAMH,
0XapaKTepPH30BaHYIO KaK CKJIOHHOCTb Mapa3uTHPOBATD HA
Hux [13,14]. B mHacrosiiee Bpemsi Metallogenium,
Siderococcus, Gallionella oTHOCST K camnpo-(QUTHBIM,
CBOOOHOXKHUBYLIIUM, MHKOTIJIA3MOIOAO0GHBIM ~ OpraHu3-
MaM, HO COBPEMEHHLIMH METOJAaMM HX (HJIOreHeTHYe-
CKO€ TI0JIO’KEHHE TT0KA He TOATBEPKIEHO.

Hamna 3ajaua 3akstouanach He TOJIBKO B IeMOHCTpa-
UM CMIOCOGHOCTH CBOGOIHOKHBYILHX CArPOMUTHBIX Op-
ranusamon: Metallogenium, Siderococcus u Al(Fe,Mn)-
ocaXKaamollero K 06pa3oBaHUI0 MeJbYaHIINX, YJbTpa-
MHUKPOCKOIMHYEeCKUX (hopM-HaHO(opM. [1aBHOE — MOMbI-
TaThCs MOJOUTH K BBISIBJIEHHIO BO3MOXKHOCTH PEBEPCHH B
MCXOJIHOE COCTOSIHHE CTOJIb MaJIbIX OG'bEKTOB.

MeToMKa.

Ilns paccMoTpeHUst BOMpoca O B3aUMOJEHCTBHM
Metallogenium, Siderococcus u Al(Fe,Mn)-
OCaKJIAIOLLEr0 MUKPOOPraHU3MOB ¢ OaKTEpUsIMH, BOJO-
pocCJ/IsiIMH, TpUOAMH MCIOJIb30BaHbI MATEPUAJIbl PA3HBIX
BpeMEeHHBIX MTEPHOJIOB.

MnoBble o03epHble obpacTaHUsi Ha IEJEBBIX MeJO-
ckonax ObLid moJsydeHbl elle B 70 roapl BO BTOPHYHOM
JMareHeTHYeCcKoM mpoduse B JaGoparopuu bB.B. Ilep-
¢uabeBa. [lesockonbl ObIM MOMELIEHbI B COCYBl C J10-
MHHHpOBaHHEM B c(hOPMHUPOBAHHOM NPOdHIIe HAXOsIIIE -
rocst TaM uJa JJM60 MapraHiueBoi POCJONKH OTJI0KEHHUI,
J1160 yKee3ucToi. CPOK IKCMO3ULIMK OT 2 Hejlesb 10 1-2
MecsieB. Mexiy JIByX CTEKOJ IeJIOCKOINA HAaXOAHJIOCh
TpeTbe, TOHYalillee, TOKPLITOE C OJIHOH CTOPOHBI KOJIIO-
JMeBOH IJIEHKOH 110 CJI0I0 2KeslaThHBL. [locse skenosuuuu
pPacTBOPSIIM XKEJATHHOBBII CJIOH U3BATOrO MeJ0CKOoNa Ha
TIOBEPXHOCTH TOpPsTYel BOJbI JJIs1 OT/IeJIeHHsT o6pacTaHusl
oT crekJsa. M3yyann Kycouku ¢ HeHapylleHHbIM MHKpO-
GOLIEHO30M, HCIIOJIb3YsT 3JeKTPOHHBIA MHKpocKon Tesla
BS-242, YexocqoBakusi [ 15-17].

[losnHee mpu BbiceBe COBPEMEHHOTO H3BEPXKEHHOTO
BYJIKAHHYECKOIO MaTepuasa Ha »KUIKHe Cpejlbl C MOJIoY-
HOKHCJIBIM aJIOMMHHEM H3ydasu obpacTanusi, popMHpY-
IOlIMecs] Ha TPUOHBIX rHdax (oKpacka ajioMHHOHOM). B
9THX HAKOMHUTEJbHBIX KyJbTypax MOCTOSHHO OTMeyaJu
HaJIMuKe MeJIb4af1ImuX npeacTaBuTesel Al-
ocakzawollero Mukpoopranusma. O6pacTtaHus TOro xe
opraHuaMa Ha rpuOHBIX TH(]ax, HO yKe B KadecTBe [e-
ocakjawollero (oKpalldBaHHe »KeJTOH KpOBSIHOH co-
JIbI0), BBISIBJISIM Ha TOJIOAHOH arapu3oBaHHOH cpeje,
roMelLasi Ha OIHOM Kpato MaJiol yalku [leTpu ByJkaHu-
YeCKHUH MJIM TIOYBEHHBIN MaTepuaJ, a Ha APYyroM - KaHile-
JIIPCKYI0 CKpenky. McrosbzoBaHue cBeTOBOrO MHKpO-
ckona (Axiostar plus-Zess, ['epmanusi), a TakKe CKaHH-
pytotiero anekrponHoro (JEOL JSM-6390 LA, $Inonus,
Hafbl/IeHHe  30JI0TOM),  TOATBEPAMJIO  TPHUCYTCTBHE
Al(Fe,Mn)-ocaxatolero MUKpoOpraHu3Ma 1 HaJnuue y
Hero Hanodopm [5,6,9,11,18].

PesysbTathl.

M3yyeHne HeHapyllIEeHHOH apXUTEKTYpbl 06pacTaHuil
Metallogenium Ha TeJiocKONax MOATBEPIUIIO MPHUCYT-
CTBHE THIHYHBIX TPHXOC(epUIECKHX KOJOHHH B BepXHEH
4acTH c(OPMHPOBAHHOIO OMAapraHllOBaHHOIO 11€HO3a.
OpHako NpUBJIEKIH BHUMaHHE HHUTYATble paspacTaHus
HUKHEH 4aCcTH - MHOTOYHC/IEHHbIEe, OYeHb TOHKHE, pacra-
jarollecs: Ha MeJibyaiillie TeJia, KOTopble MoKa MOXKeM
JMILIbL KoHcTatupoBath (puc.l,a,6). Ecau BBepxy puc.l,a
(opMbl OueHb OpynHeHHble, 0Kosio 0.2 MKM, TO BHH3Y —
MmeJikue, 10 0.1 MKM.

[IpencraBurenu Siderococcus W3 0xKeJle3HEHHON
MPOCJIONKH HJIOBOTO TIPOUIIS TAKKE MeJIKHe — IJIOTHBIN
LEeHTP W CBETJIOe OKpy:KeHHe, GosiblIMHCTBO 0 0,15-
0,20 mMkm (puc.l,B). B 3TOM Ke HeHapyllleHHOM MHKPO-
001IeHO3€ 0XKeJIE3HEHHOT 0 CJI0sl UJla OTMEUeHbl KPYIHbIe
OaKTepHasbHble KJETKH C MeJbYallliMMH OPYIHEHHBIMH
CTPYKTypaMH Ha MOBEPXHOCTH. B ofHOM ciiydae — Ha ro-
BEPXHOCTH GAKTEPHH C ellle He OTAEJUBLUUMHUCS JAPYT OT
apyra ocobsiMu (puc.2,a), B ApPyroM — Ha OaKTepuH,
HACTOJIbKO 3aMyPOBAHHOH B MaHLUUPb OTJOXKEHHH, YTO
MPOMCXOIUT, BEPOSITHO, BBINAJEHHE HAPYXKY ee Cojep-
JKUMOTO C  pACMoOJIO)KEHHBIMM Ha HeM 00beKTaMu
(puc.2,6). Kak panee 6bu10 nokazano B.B. bBasauosoi,
BHECEHHE B 2KUIKYIO MUHEPAJbHYIO CPEey MOHOKYJILTYPbI
Siderococcus comnpoBOKIAIOCh PA3BUTHEM IOCJIEIHETO
TOJIBKO TIPH OMOJIHUTEJbHOM BHECEHUH IMOCTOPOHHHX
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6axtepuil [ 13,14]. Tperuii 06beKT pucyHka 2 - 6akTepust
HW2KHEH 4YacTH OMapraHllOBaHHOH MPOCJIOHKH HJIOBOTO
npoduJisi B OKPY’KEHHH pasHopasMepHbIX ocobeit Metal-
logenium, Tjie HATb MOCJeHEeNd MPOHU3bIBAET Teso GaK-
Tepuu (puc.2,B).

B wiesieBbIX mesiockonax, MOMEIIEHHBIX HeNoCpes-
CTBEHHO B MPHIOHHYIO YacThb 03epa Ha IJyOuHy 6 M, HaMH
OblIM TOJyyeHbl 0OpacTaHUsi U3 PbIXJIO Pa3bpOCaHHBIX
"6ssitiek” ot 10 MM g0 3-5 mm [15]. llenrpanbhas
yacTh OJISILIKA OKasajlach 3aHSITOH JIOMHKOM C TeJIOM
9BIJIEHOBOU Bojopocan Trachelomonas, MOKpbITbIM 06-
pacrannem Metallogenium (puc.3,a). dto ObUIO TON-
TBEPXK/IEHO aHAJOTMUHBIMH 0ObeKTaMH, HabJ/toaeMbIMH
NP 3JEKTPOHHOM MHKDPOCKOMHMPOBAHUU J1abOpPaTOPHOro
Marepuasa, NoJydeHHOro W3 BTOPMYHOIO HJIOBOIO MPO-
¢uns. OsanbHble (opmbl Metallogenium pacnosnara-
JIUCh Ha BEPTHKAJIBbHOM BbIPOCTE BOJOPOCIH (HOXKKA st
TMPUKpeIJieHns1 K cybeTpary), UMelolieM siBHble Jedop-
MalliH, a TakxKe BOKPYT ee joMmuKa (puc.3,6). OTmeueHa
necopMalusl OTIEJNbHBIX Y4acTKOB BbIpOCTA W pacraj
JIOMHKA, KaK H TeJla BOAOPOC/H NPH y4aCTHH TTOACENEHLA,
pasmepbl KoToporo 3auactyio MeHee 0,2 MM (puc.3,6,B).

[lo3nuee, npu u3ydeHnu oOpacTaHUil Ha TPUOHBIX
ruax (oKpacka aJloMMHOHOM ), ITOJTy4eHHBIX TIPH BbICEBE
COBPEMEHHOI0 U3BEPKEHHOTO BYJKAHUYECKOTO MaTepH-
asia Ha XKUJKHe Cpejibl C MOJIOUHOKHUCIIBIM aJlFOMHHUEM, B
HAKOIMHUTEJIbHBIX KyJIbTypax MOCTOSHHO OTMeYaJsd HaJlu-
Yyde MeJsibYaHIINX npeacTaBuresiedl  Al-ocaxnatoriero
MuKpoopranuama. O6pacTaHusi TOro ke opraHu3Ma Ha
rpubHBIX rHax, HO yXKe B KauecTBe ['e-ocaknmaiolero,
BBISIBJISIIM HA TOJIOHON arapu3oBaHHON cpefle, nomelias
Ha OJIHOM Kpaio Majod vawku [letpu By/axkaHuueckuit
WM MOYBEHHBIH MaTepuaJl, a Ha JAPYroM - KaHLEJsSPCKYIO
ckpenky. OKpallnBaHHe XKeJITOH KPOBSIHOH COJbIO.

CornacHo JjiurepatypHbiM jaHHbiM [13,14], npucyr-
cTBHe rpuba B KyJabrype Metallogenium He sBisiercs
caydaiiHocTblo. Metallogenium MoXeT pa3BUBAThCsl NPH
HaJIMYKMH COMYTCTBYIOLLMX MHKPOOPTaHU3MOB, a Ha Orpe-
JeJIEHHOH CTa/uK -1axKe KaK BHYTPUKJIETOUHbIH Napasur.
B HalueMm ciydae Ha npenaparax HaKOIUTEJbHOH KyJbTy-
pbl, MOJyYEeHHOH B MNPUCYTCTBHM MOJIOYHOKHCJIOTO ajlto-
MHHHsI, OOPbIBKH IPUOGHBIX T OyKBaJbHO ObIIH yIAKO-
BaHbl MeJIKHMH TejiaMu  Al-ocaxiaiolero opraHuama
(puc.4,a). AnajiornuHyto KapTHHy HaGJIOaJIH HA TOJION-
HOM arape B yauikax [leTpu, rje usydaemblii opraHusm
nposiB/sil ceGsl B KayeCTBe  »KeJe300CaKIAIOLIEro
(puc.4,6). KoHeuHblll pe3ysbTar AesITENLHOCTH - JIU3UC
rpubHo# HUTH (puc.4,B). CoryiacHO JUTEPATYPHBIM JIaH-
HbIM  3JIEKTPOHHO-MMKPOCKOIHYECKHX — HCCJIe0BAHUH,
rUbl MUKPOMHLETOB W UX KOHUAMH MOTYT ObITh HOCHTE-
JIIMM  MUKOTMJIa3MOTOA06HBIX OGaKTepHil, COOTBETCTBYIO-
LIMX [0 3JIEKTPOHHOH IJIOTHOCTH M BeJIMUMHE MeJbyaki-
LIMM TeJIbIIaM U B3POCJILIM KJleTKaM MuKoriasm [ 19].

O6cyxenue

Takum o6pasom, npu 3JIeKTPOHHO-
MHKDOCKOIIMYECKOM ~ PacCMOTPEHHH  B3aUMONEHCTBHI
Metallogenium, Siderococcus H Al(Fe,Mn)-
OCaXKJAIOLLEr0 OPraHU3MOB ¢ GaKTepUSIMH, BOLOPOC/ISi-
MH, TpuOaMH Hapsily ¢ OObIYHBIMH (hOpMaMH BbISIBJIEHbI
MeJibyaiiie. OcraeTcsi OTKPbITBIM BOIPOC O CIIOCOGHO-
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