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Mpeavcnosue pegaKropa nepesoja

MuKpoOHONIOTHA B HACTOSILEE BPEMSA TIO NPAaBY MOXKET CYUTATLCA OHOH W3
OCHOBHBIX JHCIHILIMHH OHOJIONNH, NOCKONLKY Oe3 3Hauua ocobeHHOCTEHd MH-
KPOOPraHW3MOB Helib3s MOHATH BCET0 MHOTOOOpa3HMs MH3HM Ha 3emie, yc-
JOBHHA ee NouBMeHHA H 3pomouHd. OrpoMHOE IHAYEHHE MMENO H Mpoao-
HACT MMETh HCCIENOBAHWE MHKPOOPraHW3IMOB [UIA Pa3sBHTHA TAKHX HAYK,
kak OHOXMMHS, MONEKynapHas Ouonorus, redetdxa, buodmMinka, IKOMOTHA
H pHI OPYIHX.

BoauukHOBeHHEe M DLICTpOe pazeuTHe OHOTEXHOJO0THH, NpHobpeTaloWicH
Bce GONBINEE 3HAYCHHE B HAPOJHOM X03ficTee, HaMpyeTca NpekiLe BCero Ha
HCNOMB30BAHUH MHKPOOPraHHIMOR KAK NPOAYIIEHTOB MHOKECTBA NMOJE3HBIX
BCIECTB, KaK-TO: KOPMOBOTO Oesika, MHOIMX (epMEHTOB, aHTHOHOTHKOB,
CTEPOUAHLIX NPENAPATOR, AMHHOKHCIOT, BHTAMMHOB H apyrux. Bosmoxkuo-
CTH MMKpPOOPraHH3IMOB B 3TOM OTHOUICHHH ype3Bhivaiino senuku. Ha we-
N0/Ib30BAHUH MHKPOOPTAHH3IMOB OCHOBAHEL METOILI IEHETHHECKOH HHXKeHe-
PHH, NO3BOJNIOMNE CO3NABATL HOBLIC IITAMMEI, 00NaNarOMMAE MOJEIHBIMH
cBOficTBaMi M o0pasyromMe psl BaXHbIX BEILICCTE.

Boasmoe 3HaveHMe HmMeeT paipaboTka cnocoGoB PaUMOHATRHOTO HC-
NOJL30OBAHNA DHOXMMHYECKOH AKTHBHOCTH MMKPOOPraHM3IMORB IUIA MOBLILIC-
HHA IJIOA0POANH NOYB, J0DBMI MOMESIHEX HCKOMAEMEIX, BOCIIONIHEHHR Hep-
reTHYECKHX PECYDPCOB M OMHCTEH OKPYMAaOIUCH Cpefll OT MHOIHX 3arps3-
HAIOLLMYX BEILECTB.

BmecTe ¢ TeM OCTAETCA HEODXONUMBIM H3BICKAHHE 3PHEeKTHBHHX CIIOCO-
608 GOpLOK C HEKOTOPHIMH MHKPOOPTaHH3MAMH, BhiZHBaOIMMH 3abonesa-
HHS YEI0BEKd, HMBOTHLIX H PACTEHHIL, 8 TAKKE NOPYY NPOMBILIJIEHHBIX H31e-
AMii ¥ HeWenaTenbHLie M3MEHeHHA B okpyxaromeli cpene. Takum obpazom,
Kpyr npo6ieM, TpebyOmHx HHTEHCHBHOTO W rNyGOKOro HM3yYeHHHA CBOHCTE
MHKPOOPraHM3MOB, BECHMA IWHPOK W MOMKET OBITh PEIIEH JHIIL YCHIHAMKA
CIEMHATHCTOR PA3HOTO NpodiiIs, HO XOPOIIO 3HAKOMEIX Takke ¢ BHonorHeH
ITHX MENLYARIINK KHBRIX CYIIECTB.

BricTpoe HakomneHHe IHAHME B pasHMX 0BJacTaX MHKPODHOIOIHH, Kak
H BO MHOTHX APYTHX Haykax, omnpeaeiseT NoTpebHOoCcTh B MOCTOAHHOM 0BHO-
BACHUH y4eDHRIX nocofuil AnNs CTYAEHTOB, KOTODHM YHTAKOTCH COOTBET-
CTBYIOILHE KYDCHL

3a mocseasHe TONB NOABAIOCH IHAYUTE/IBHOE YHCIIO PYKOBOJCTB MO MH-
kpobHosoruy, The B TOH WIH HHOH CTENeHN OTPANKEHB! NOC/ISIHHE LOCTIDKE-
HHA 370i Hayk. OmHO K3 HUX—HOBOC H3laHue KHHIrH npodeccopa TeTTHH-
revckoro yausepcurera (PPIN) ILT Mbaerens «Obmas mMuxpodrosorusy,
KOTOpas Brncpebic Oua onybankoBana B 1969 roay W 3a npouienues Bpems
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nepens3aasanack BoceMb pa3. OnHo 2 ee H3daHud ObUO NepeBeacHO Ha pyc-
CKHif A3BIE W omyDaukoBaHO m3natenkcTROoM «Mups B 1972 roay. Dot
yieDHHK OKazancia BechbMa NOJE3HBIM NOCODHEM AN CTYIACHTOB-OHOIOrOB
}‘HHBEPCHTET{'FB H plljl_e'i JPYIrUux BY30B, B I{i.'ITﬂPbII HMEHYTCH KYPChL MHK[}D—
GHOTOTHI.

Jocrounctea yuebunka I'. T, lllnerens cocToAT B TOM, 9TO NPH KPATKOM
H3AMKEHHA OCHOB MHKpODHOIOTHA ABTOP CYMEN IIOKa3aTh Boe pasnoobpa-
3IMC B BAXKHOCTH 310 Hayky. Ocobenuo Donbioe BHHMaHHE B y4eOHHKE y/e-
JIGHO PACCMOTPEHHI0 (H3HOMOTHH H IPONeccoR MeTabomiaMa pasHuX Cpynmn
GakTepuii, ABTAIOWMACA BaXKHEHIIHME OOBEKTAMA MHKPOGHOTOTHE.

ITo cpaBHeHHi0 ¢ NPOULIBIME H3JAHKWAMH KHHIZ JAONOJHEHA PAIOM
HOBBLIX [AHHBLIX, KACAIOUMXCA HEIABHO OTKPHITHIX (OpM MHKPOOPTaHHIMOB
(apxebakTepnii 1 aApyrux), OHOXMMHH, MOJCKYJMPHOH GHOIOTHH, TEHETHKH
H IKOJIOTHH pa3HbiX MHKPOGOB, a Tak¥e WX MPAaKTHYECKOro 3HayeHns. Mare-
PHANT H3JI0WEH YETKO, XOpPOLIO CHCTEMATHIHPOBAH H JIErKO BOCNPHHHMAETCA.
DrToMy cnocobeTRyeT Hanwuue GOALIIOIO YHCAA pHcyHKOB u Tabmun. Ilo
CBOEMY COJlepXaHuio yueOHHK Bau30K K Kypey obuedl MHKpODHOIOIHH, YH-
TaeMOMY [74 CTYIEHTOB-OROJ0rOB B yHuBepcuteTax, Ho ectk Bece ocHopa-
HESA TI0JIATATh, 9T0 OH DyieT Takke NMOJE3eH UM ACHUPAHTOB, HAYYHBIX CO-
TPYAHHKOE M ClieUMaHCTOR, paboraronmx B pasHbix ofiacTax MHKpobHO-
JIOTHYECKOH NMPOMBINIIEHHOCTH.

E.H. Kondpameesa

Mpeaucnosue K 6-my U3gaHWIO

B nactonmeM 6-m H3NaHHH MO-HOBOMY NMOCTPOENO TOALKO HECKONBKO 4B,
TAK KaK JUT8 5-r0 M31aHUA MHOTHE [Napk OLIH HANKCAHED 38HOBO KM pac-
inperbl, Bo Beex raapax yUTEHR! yCnexy CPaBHHTENbHON GHOXHMHE, dmino-
JIOFHH W 3KOMOIHH MHEPOOPraHH3MoB. BONBIIMHCTBO H3MeHeHHMIl kacaeTcs
aHa3pobHEX GakTepHii, B YacTHOCTH apxebaktepwil. Cranosutcs Bee bonee
OYEBH[HBIM, YTO BIaHMOozeHcTBHe OpraHnIMoB B Ouochepe Heas3s NOHATH
Ge3 netaapHOTo 3HaHuA U3IMONOIrHH DakTepui; BakTepuu oxHU Morax Bul
MOLIEPHHBATD KPYTropopoT BEINECTE Ha HAILeH IlaHeTe, TOridd Kak 2yKa-
PUOTHI Ha 3TO He CHOCODHEL

Sl cHopa JlONKEH BRIPA3NTH OMArOJAPHOCTL KOAJNETaM W CTYICHTaM 3a
NpOECCHOHANBHYI) KPHTHKY H MHOTOYHCIEHHBIE Tpeiioxenus. OTBers Ha
4HKETH! H3JATENECTBA M OJATOXKENATE/NBHBIE, KOHCTPYKTHEHBIC KPHTHYECKUE
3AMEYAHHA OKAIAMHCh oucHb nomxezHEIMH, K coxanesmo, ue OBI0 BOIMOX-
HOCTH YYECTE BCE NPEIIOKCHHA, CYLLECTBEHHO PACUMPHTD OTAENBHBIE I/1aBhI
WM CHaBIHMTE KauIylo TJIaBy 3ak/IOveHHEM M TepedHeM BONPOCOB A 3a-
KpEIICHHA NPOUHTAHHOrO. DTO 3aja4a CeMHHADOB, NPOBOUHMLIX Oapa-
JIEITBHO € JIEKIHAMH, B HECHIEIHOTO CaMOCTOATENBHOIO HIYMCHHA MATEpHa-
na, llocmemiiee cyuwrecTBeHHO ODJEr4aeTcs TeM, HTO KHHra cHabweHa
ODLUMPHBIM IPEAMETHBIM YKA3ATENEeM M CAHCKOM Y4eOHMKOB, MOHOTpadmii
# ob3opunx cTaTeH.

Momumo Koader, YHOMsAHYTHIX €le B UPEAHCIOBHH K |-MY H3ILaHHIO,
OonbmIyio MOMOUE MHE Okazalw b. Ppuapux u M. Koryr, a Ttakxke
M. P. Aunpesen w b. Bosun, Muoro pucynkos cienana K. Ulmuar: 6Gea ee
noMoLH B nepepaboTke W PENAKTHPOBAHHE HTO HOBOE W3LAHHE HE [IOABH-
nock 6b1. Bl ke creyet nepeaapecoBath HIArONapHOCT: YHTATENSH 33 TO,
YTO COXPAHEHA HHUIKAR CTOAMOCTD KHAIH. BripamkenHyro MHOwo euie B 1968 1.
UPH3HATEIBHOCTE H3AaTensCTBy «I'eopr TuMe» 1 Ha cel paz B MONHOH Mepe
NOATRE P IakD.

Mue xoTenock bl ete NOGIATOMAPHTE MO CEMBIO M [IPEKIIE BCETO Xe-
HY, a Takwe MOHX MCTeH, KOTOPRIE, HECMOTPHA HA TO 4TO % ObLIA TAK 3aHAT
cBoeil paboroil (win uMenno nodromy?), namm cebe xopouryro mopory
B AHIHH.

lFerruniren, oxTaGps 1984 1.
X.I. W ezen



Mpeavcnosue K 1-My U3naHWIO

Muxpobio/I0THA 3aHMMAETCH IPEHMYINECTBEHHO H3ydeHHeM rpuboe, Gaxre-
puit n Bupycos. Paznuynble npeiacTaBUTENN ITHX TPYON No cBoemy mMopho-
JAOTHYECKOMY M (H3HOA0IHIECKOMY MHOTOODpa3IHio He ycrynaioT obnextam
TAKHX «KJIACCHYECKHX» pa3fienon Ouonorum, kak Goranuka u 3o0n0rus. Hay-
UEHHE MUKPOOPraHH3IMOB BHECHO 33 NOCHEAHHE TOJLl OrpoMHBIH BKIaj
B perienne paxkued wnx npodiaem obmeil Guonornn. MMKPOOPraHUIMEL BECh-
Ma ynobubt nna paboTer; GHCTPHIl POCT, BHICOKAaA cOCOBHOCTL K ajanTa-
UHH 0 PAJ OPYTHX HEHHBIX CBOHCTB CACHANH HX H3m0OIeHHEIM 00BEKTOM
18 GHOXHMHKOB H TEHETHKOB.

B pacnmopsaeHHH H3yHarOIHX MHKpPOGHONIOIMIO HMEETCH Pail NpeBoc-
XOOHBIX y4eOHUKOB, Takux kak «Obmas mukpobuonorua» Creilnuepa ¢ co-
asropamu, «Mu3np Gakrepuitn Tumana u «MukpoGuonorusy» aBuca ¢ co-
apropaMH (cM. cnMcox auTepatype). OpgHako CpeAM MHOTOYMHCIEHHBIX
PYKOBOACTB He DLUIO Takoro, rae Gut B cxaToll dopme OBIIH HANOKEHE OC-
HOBHBIE CBEIEHHS N0 obmed MukpobHonoruu, HeobXOaAHMBIE HE TONMLKO MH-
KpobHONOraM, HO W JIMLAM, H3Y4AIOWHM DOTAHNKY, 300I0rHI0, hapmakoio-
M0, CENBCKOE XO3AHCTBO, MEOMIMHY, XuMMIo B du3nky, Hactosmas kunra
PaccYHTAHA HMCHHO HA 3TOT IMMPOKHIl Kpyr unTaTenei. Mul noctasuau cebe
Henbio Aath obumil 0630p MO MHKPODHOMOTHH HAPAAY € HEKOTOPLIMH Clie-
[HUATLHLIMH CBEASHHAMH B Halewne NMpolydHTh MHTEpeC K AaiikHelinemy
HiydeHHIo npenMera. [Ipu 3TOM MBI HCXOAHMH M3 TOFO, YTO YMTATENL YKE
obnajaet onpeneneHHLIMH IHAHHAMH B 00JacTH OGHONOrHH, HaNMpUMEp yC-
BOWJI TO, 4TO COODIMAETCA B KPATKUX pPYyKOBROACTBAX Mo BoTauuke H 30070-
THH, BBILLEALINX B TOH *e cepuu uznaHui. KpoMe Toro, Mu CTpeMHIuch mno-
OymMTe 4uTaTens kK OOCTOSTENLHOMY H3YYCHHIO CMEKHBIX JHCIMILIHH,
B NepBYyIO ovepens obmieit Suoxumuy. Baxweiiinue Metabonigeckue peakimu
NpeICTABICHE HAMM JIMIIL B caMOM ODIeM BH/E, nocTaTodHO nogpobHo
OMHCAHB TOJBKO TC MeTAGOANYECKHE IPONCCCH, KOTOPBIC THIHYHBL A
MHEPOOPTaHH3MOB,

JLas 1010 910Gk NOJHEE OTPAINTE OCHOBHBIC BIAHMOCBAIH, MBI COCPE/I0-
TOYA/IM T71aBHOE BHUMAaHKE Ha du3nonorun Gakrepud. ITonuManHe Moneky-
JIAPHBIX B3aUMOOeHCTBHE aemaer OWosorHi Dosee mpocToil u nerde obo-
3pUMOH. MHOTOYMCACHHBIE BHEIUHHE NMPOABICHHA XU3HH M DHOXUMHYecKUe
ApOLEecCh YAAETCA CBECTH K HeKMM ODMIMM NPHYMHAM, K OrpaHHYCHHOMY
YHCJY IEMEHTADHEIX CTPYKTYP H TpOMECCOB, a4 TAKKE THIIOB CTPOCHHA
u MerabonuiMa. B cBoro ovepenh 3HAHHE 3THX TIOCNCAHHX TMO3BOMACT YCTa-
HOBHTE ONIPEACICHHBIC IBPHCTHYECKHE TPHHUMTLL, MOAE3HBIE H MWIA OMHCa-
TeALHOTO noaxona. Takum ofpazoM, NpoHUKHOBEHHE B raybHHY cmocob-
cTBYeT 1 Gonpllel mMpoTe oxpara M3yyaembx npobiem.

Mpeancnosne x 1-my wspganmo 9

Baageodaprocrmu. 3a MHOroodpasHyio NOMOLIbL, KPHTHEY H COBETH, KO-
TOPHIE s MOJIY4HA CO CTOPOHBI MOHX COTPYAHHKOB, § XOHMY 3ECh BHIDAIHTH
ocobyo npusHarenshoctb . Knaycy, V.D6epxapury, T Forrmambky
1 H. INpennury. 3naunrensioe yuactie B pabore npuxsia a-p K. Mmuar.
be3z ee yyacTHs B COCTABICHHH JCKHIOB PHUCYHKOB, B npopaboTke TekcTa
H €ro peoak THPOBAHHH CBOCBPEMEHHOE 3ABEPILICHHE PYKOTHCH 0Ka3anock Ok
Hepo3MOXHLIM. H Gnarogapen JI. [uennsbexepy 3a CBOSBPEMEHHOE B KOM-
METEHTHOS BHINOMHCHHE PHCYHKOB W M. Beackon-3a nepenedartky Tekcra
H COCTAB/ICHUE MPEIMETHOTO YKAZaTENA.

A npuaHaTeneH TaKKe BCEM KOJUIETaM, NPEIOCTABHBIUMM B MOE pacro-
paxenue Heonybnnkopannnie Gotorpadmu WM BeicOKOKauecTBeHHBIE (HOTO-
KONHK yke onyDIMKOBaHHHX WLTIOCTpanuil. BeckoprcTHOe paspelledue Bo-
CIIPOM3BECTH 3TH W/UIIOCTPALHH TOXKE AOTKHO BbITh yNnOMsHyTo ¢ Graro-
JAPHOCTREOD.

H makowen, cnemyer oTMeTrHTh ocolyio 3aciyry magarenscrsa «[eopr
Tume», p3aBuIcro Ha cebs TPy M3NATH CCPHIO BECHMA HENOPOTHX, XOPOLO
OOpPMIICHHLIX KPATKHX Y4eOHHMKOB IO OHOJOTMYECKHM HAayKaMm.

leTTHdren, noadbps 1968 r.

X.I. Maezean



1. MonomeHne MUHPOOPraHM3MOB
B Npupoae

1.1 Tpu UapcTBa: HMBOTHbBIE, PaCTeHUA
W NPOTUCTBI

Paznuuus BO BHEINHEeM BMIE H B CTPOEHHH WHBOTHBIX M PACTEHMH, CIyAKUB-
e BIAOTH A0 NPpOIII0rd CTONETHA OCHOBOH KJIEDCHI;IHKH.HHH HHBBIX CY-
OIGCTB, BHAHBI ¢ MEPBOTrO BArjaia. DTH PaIHUUs ONPEJEIstoTes IPHHIH-
NHATBHOR pashiueill B cnocobe muTaHEA KHBOTHBIE NUTAOTCA TFOTOBLIMH
opraHuueckiMH BewecTBami (C-retepoTpodHo), KOTOpLIC BHYTPH HX Teda,
B MUIEBAPHTENLHOM TPAKTe, NEPEBAPHBAIOTCH W BCachiBatoTCA. B nponecce
IMOPHOHANLHOIO PA3BHTHA WHBOTHOTO NHILERADHTENLHAA NONOCTH Obpa-
IYETCA ¥ HErO MyTeM BMAYMBAHHA CTEHKH 3@POJILIIIA HA CTAAHM TacTpyis-
UMM 3TOT OPONECe HOJDKeH ofecrmewnTh 00pazopaHHe BHYTPECHHHX BCACH-
palommx nosepxHocrei. Takoll cTpyKTYpHBIH NPHHUMI XapakTepeH A
BCErO KHUBOTHOTO NAPCTBA, OT KHuredHononocTHrx (Hydrozoa,; npumep - ru-
Opa) A0 BHICIIHKX NMO3BOHOMHBIX.

Pacremms ¢ ux copepmeHHo HHBM C-asToTpodHbIM Cnocobom MHTAHKS
yCTpoeHbi coBcem HHade. OHH CHHTe3MPyHOT BEWICCTBA, HeoDXooWMBIE 118
NOCTPOEHUS Tejd, NPAMO W3 HeOpraHWvecKHX COelMHEHHH, HCTMOIb3ya co-
JIHEMHBIH CBET KaK MCTOMHHE 3Hepriu. POTOCHHTETHYECKH AKTHBHBIE KIETKH
H TKaHH C UOrJIONAKMIHMH CBET NHTMEHTAMH (XIopoduinaMu U KapoTH-
HOMIaMH) OPHEHTHPOBAHLE Y PAcTCHHH BO BHEIIHICHO cpeay W oGpasyior
GonbilMe HapyXHBIE MOBEPXHOCTH. JIpyrHe BaKHeHIUHE DPa3imIHA MEXIY
HHBOTHBIMH ¥ PACTEHHAMH Kacalrcs KISTOYHBIX 0DOmoYek. cnocoBHOCTH
K GXTHBHOMY NepEIBIKEHHI0 H CNOCOBHOCTH CHHTE3HPOBATE ONpPEIeIeHHBIE
BCIIECTRA.

[lapcTea XMBOTHBEIX M pacTeHMil Morin OLITh pasrpaHHYeHbl 1OCTATOHHO
YeTKO, A0 TEX MOP MOKa MATO 4TO BRUIO HIBCCTHO O MHKpOOpranusmax. Ja-
#e rpulbl HMETH CTOALKO ODIMX ¢ pacTeHHAMH UPHZHAKOR, YTO, HECMOTDA
Ha reTepoTpoHOCTL, WX MOKHO BLLIO0 OTHOCHTE K pacTeHHaM. Tpyauee Owi-
A0 pelMTh, K KAKOMY 1lapcTBY cjlelyeT OTHecTH BaxkTepuii, CAM3IEBHKH
M [OpYrie ONHOKIETOYHbIC OPraHu3Meul [11s TpeTherce napcraa ®HBBIX CY-
tfecTB OBUI0 MpEIOKEHO coDupaTentHOE HaspaHHe npotweTsl ([ekkens,
1866 1.).

llapcTRo mpoTHCTOR OXBATHIBAET OPraHHW3MBl, OTIHYAIOIMECA OT XKH-
BOTHWX W pacTeHuid cnaboii mophonorudeckoi mHddeperunpoBgoi,— 310
riapHEIM 06pazoM ofnokmeToMHbe. [10 CTPOEHHIO CBOMX KAETOK IPOTHCTHI
MOryT ObITE TIOApPA3IeneHbl HA [BE YETKO PA3rpaHHYeHHBIe rpynnel. ¥ Beic-
LWHX MPOTHCTOB KJICTKH CXOAHBI C HBOTHBIMH M PACTHTENbLHBIME KJSTKAMH
310 IyKapHoTh. K HHM OTHOCATCE BONOPOC/IH, IPHOB H NpocTeiline,

1. Monowenwe MukpoopranuiMos 8 npupoge 11

K rpyiiie HH3JMX WPOTHCTOR IIPHHAILICKAT fakTepH, B TOM 9HCJE LHAHO-
faxTepuH (CHHE-3eNIeHRIe BONOPOCTIH); 3TO NPOKAPHOTEH], KOTOPHE MO CTpoe-
HWIO CBOMX KJIETOK CYUIECTBEHHO OTJIMYAIOTCH OT BCEX [APYTHX OpPraHu3IMOB,
K GaxTepusM OTHOCATCA TAKKE PHKKETCHH - OOIHTaTHBIE BHYTPHKIETOYHBIE
napazuThl. Hazpanue «MHKPOOPraHA3IMBL? YKASLIBAET JMIIL HA MAJIYIO BCJH-
YHHY BCEX 3ITHX CYMIECTB, KOTOPRIE B HNCHCTBHTEABHOCTH HBARMOTCH NPOTH-
cramu. Bupycsl, KaK HEKACTOYHEIE 9aCTHIB, MOKHO HPOTHBONOCTABHTE BCEM
OPTraHHIMAM; OHH He CNOCODHB PAa3MHOKATECA CAMOCTOATENBHO, HX PENpo-
AYKLHS MOKET MPOHCXOAMTE TOMABKO BHYTPH KHBBIX KIETOK.

12 MpOKaPHOTLI ¥ IYHAPHOTI

DrnemMeHTapHOR (uindeckod eaMHHUEH KHBOTO HBINETCH KNETKa, 310 Ha-
HMCHBIITANA ‘K‘HJHECI‘]OCOﬁHaﬂ COHHHIA. Mo CROEMY XHMHYECKOMY COCTABY BCE
KHBLIE CYLIECTBA O4EHBL CXOAHH. OCHOBHBIC KOMNOHEHTH BCAKOH KAETHM-
910 Ae3okcHpHOOHYKIeHHOBan kiucnota (JIHK), puGOHYKICHHOBBIE KHCIOTH
(PHK), 6enku, aunuas ¥ dhochonunuis. M3yYeHHE TOHKOIO CTPOSHHA pas-
JHYHEIX THIOB KJIETOK [O3BOJIHAO, OJH3KO, BHIABHTE 3AMETHHIC PA3IN4Ms
Mexay BaxTepHamu W pHaHOGAKTEPHAMHU, € OJHOH CTOPOHBL H KHBOTHBIMH
M pacTeHHAMH (BEJIHOMAs TAKKE HX MHUKPOCKOMHYECKH MA/BIX NpPEACTABMTE-
nefl)—c¢ apyroii. Pasnuyus Mex1y TEMH A JIDYTHMH HACTOABKO TIyGOKH, 4TO
ITH JIBE TPYHIEI OPraHH3MOB NPOTABONOCTAB/IAIOTCA APyl OpyTy Kak Mpoxa-
pHOTHI H JyKapHOThi. T1pOKAPHOT MBI BIpAaBE PACCMATPHBATL K3K DPeJIMK-
TOBHE (OPMBI, COXPAHHMBIIMECH C CAMEIX PAaHHUX BpemeH OHONOTU4ECKO
3BOJTIONMH, @ MOMBJCHHE JYKAPHOTHYCCKHX (OPM, BO3HHKIIAX H3 NpOkKa-
PHOT,~ KaK BEJTHYAHIINA CKa4oK B HCTOPUM KH3IHH,

DYKAPHOTH HMEIOT HCTHHHOE aapo. Ono couepxuT npeobraparouryio
HACTh IEHOMA JIYKAPHOTHYECKOH KieTku. ['eHOM B OCHOBHOM TIPENCTARICH
HaBopoM XpPOMOCOM, KOTOpPhIE B XOA€ NPOMECCa. HAZBIBAEMOIO MHTO3OM,
yABaUBAIOTCH W PACMPENE/IAOTCH MEKIY NOICPHHMH KIeTKamH. B xpomoco-
max JIHK Haxoputcs B CBA3H C TMCTOHAMH. B 3ykapHOTHYECKOH KJCTKC
HMEIOTCA H apyrie opravenisl, cogepkaime THK - Mutoxonnpuu u (y pac-
TEHHH) XTOpONAACTEL, HO B 5THX OPraHeiiax HaxoAHTCA JIHIUE OYEHE MaJlan
YACTE KJACTOMHOIO reHOMA, KOoTopas npeacrasneHa monexynami JIHK, zam-
KHYTBIMH B k0abno. PubocoMel B sykapmoTideckoif knetxe Bojee xpynmbie
(805), wem y mpokapHor.

MpoxkapuoTsl HE HMEIOT OKpyxeHHoro membpanod sapa. JIHK e puue
3AMKHYTOH B KOJIBLO MOJEKY/Ih cBODOAHO PacloiaracTes B HHTOIUIAIME.
DTa «GakTepHATbHAR XPOMOCOMA» COOCPKHT BCIO HeOBXOAMMYIO 8 pas-
MHOKEHHA kNeTEd HHpopmaumro, KpomMe Toro, B npokapHoTHieckol Knetke
MOTYT COHEPMATHCH OdeHb HeBoMbume konbuepwe Momekyan JTHK -mnas-
MH/EL; Be3 HEX, 0/IHaKD, KleTka MoxeT obolitice. IMpokapuoThyeckas kaer-
Ka OPraHellil HE COJEPHKHT II{)}IpaZﬂ;EDBHHE K/AETEH HA KOMNAPTMEHTRI MEHEE
BRIDAKEHO, 4eM ¥ Jykapuot. Pubocomer Menbiue (705). ¥V npokapuor pubo-
COMBI, hepMeHTR DEIKOBOTO CHHTE3a M COCTAB KNETOMHOH CTEHKH HMET
paa ocobeHHocTel, GiaroLapia KOTOPhIM HA KAETKY MOTYT crnend(uiecku
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BosneHcTBOBATE MHOTHE aHTHOHOTHKNA. O Apyrix pasznanynax GyaeT ckazaHo
nozke (pasn. 2.2).

IMpokapuoret Mopdioiorduecks oTHocHTensHo cnabo gudwpepenuupo-
BaHBI, MO3TOMY CPEJM HHX MOMKHO Da3/M4HTh JIMIIL OFPAHHYEHHOE YHCIO
tdopm. B ocHosHOM 3710 nubo chepudeckue GopMbl, JIubO MpAMEE H H3IOT-
Hyrhle manoykn. C TakMM BHEIIHHM «eAHHOODpPAzHEMy» YAMBHTENLHO KOH-
TpacTHpyeT 4pe3bbiaiinoc mMuoroobpalie H NMIACTHYHOCTE MeTABOIMYECKHX
npoucccos. B To BpeMA Kak KHBOTHBIE W PACTEHHA HYKOAKOTCH B MOJIEKY-
JARPHOM KUCAOPONE, MHOTHE IPYIIE NPOKAPHOT CnocobHK XuTh De3 mocry-
na sosayxa (B aHaIpobHLIX YCIO0BHHX), Mony4ad HeoDXOAMMYIO O pOCTa
IHEPTHIG B pesynbrate OpoXeHHA HAW aHaspobHoro awixanua. [JIpyrde
TPYNNBI NPOKapHOT 001aai0T cnocoBHOCTLIO HENOIB30BATL IHEPTHIO CBLTA
H CTPOAT HYKHBIC MM BEIECTBA NHDO W3 OPraHMYECKHX COCHHHEHWil, anHbo
H3 YrACKHCA0ThI (IBYOKHCH yriacpona). Hexotopwic Haktepuu mMoryT nosy-
YaTh JHEPrHi0 NyTeM OKHCICHHS PATHYHBIX HEODraHHWYECKHX COSHNHHEHHH
unn anemeHtoB. Cpean DaktepHil IIHPOKO PacHpOCTPAHEHA TAKKE CrocoD-
HOCTB K (DHKCALHH MOJEKYJIAPHOTO a30Ta.

brarogapa takoif d¢u3aKonOrHYeckoii PaIHOCTOPOHHOCTH M IMOKOCTH,
a4 TAKKE BLICOKOH CKOPOCTH CHHTETHHECKHX NPONECCOB W pOCTa, NPOCTOMY
CTPOCHHIO KIETOK M HECIOMHON CTPYKTYPE IeHeTHYCCKOTO anmapara npoka-
PHOTHE B MOCIENHUE ACCATHICTHA CTANH WIMOOICHHEIM O0OBEKTOM NpPH H3Y-
YeHHH MHOTHX npobnem obueil Guonornn. Mmenno sto obcroarenscTro
(napsaay ¢ HENOCTATKOM MECTA) ABHIOCE NMPHYHHOM TOTO, 4TO B HAlleH KHHTe
riaBHOe MecTo Dyder oTBeacHo OuomorHH GaxTepHil

1.3 YyacTue B KpyrosopoTe BeLLIecTs

B cooTpercTBuM €O cBOEH ponbio M GyHKuHEH B DamaHce MPHPOAB Opra-
HH3MBI PA3NC/AAIOTCA Ha TPH FPYINLL 3eNeHME PACTCHHA CHHTE3UPYIOT Opra-
HHHYECKHE BEILECTBA, HMCIONL3YH JHEPIHIO COJHUA M YIUIEKHCIOTY, MO3TOMY
HX Ha3LBalOT npolayHenTamu. JKHBOTHEIE SBAAIOTCH NOTpedHTeasAMH (KOHCY-
MEHTEMH); OHH PACXO0YIOT 3HAYHTEILHYIO YACTL NMEPBHYHONW GHOMACCH IS
MOCTPOEHHA CBOEro Tefa. Tena KUBOTHBIX M pacTeHHil B KOHOE KOHUOB Mou-
BEPralOTCH PAIOMEHHIO, NIPH KOTOPOM OPraHHYeCKHE BENmIECTBA TPEBpa-
LAOTCH B MHHCPAJILHEIC, HCOPraHWMCCKHC COCAMHCHHA. DTOT TPOMECC, Ha-
3bIBACMBIH MHHEDATM3ANMeH, OCYLIECTBIAIOT B MEPBYK o4depenk Tpubsl
H OakTepun; B Banance MPUPOAL OHM CyKaT AeCTpyKTopamu. TakuM o6pa-
30M, OHOBTEMEHTH YYACTBYIOT B UMK/IMMECKHX NpOileccax. 31eck YMECTHO
KOPOTKO OCTAHOBHTBLCH HA OMOTEOXMMHYECKHX KPYTOBOPOTAX YIIEepoaa, a3o-
14, hochopa W cephl

Kpyrosopor yraepoaa. B kpyroBopoTe yriepoda MHKPOODTaHHIMBI Bhi-
ANOJHAOT GYHENHIO, OYEHL BAXHYIO [ NOAACPKAHHS XKu3HH Ha 3emie.
Oun obecneunsaloT MHHEPATH3ANHIO YIIIEpond, NMepeBefcHHOrD 3elIeHBIMH
PACTCHHAMHE B ODPraHHYMECcKHe COCOHHCHHA, H TEM CAMbLIM [NOAZCPRHBAOT
BeckMa HeycToliuuBoe pasHosecue (puc. 1.1). Armocdepusii soanyx comep-
#UT uyTh Goasme 0,03% asyoxucH yriepona (12 mxM/n). ®ovocuHTeTH -
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Pre. 1.1. KpyrosopoTt yraepoga B Suochepe. Lindp oxono cTpenok yRaskBawT ro-
Aonoil obopot CO, (bukcanus, obpazopanne, obmen). PorocHiTeTHYeckad dmkcanns
YrIEKHCIOTH 3CNEHEIMH PACTEHRHAMH GHICTPO McToumna Gui ee sanacel B atMoctdepe,
ecin O OPraHMMeCKHE COGOMHEHHA HE PA3IATAINCE MHEPOOPTAHHIMAMH H HE OKHC-
aamuck 4o CO,, 4TO BOCHOJHAET 3anac yriaexucnoTs B posgyxe. Ckurawne yrnepon-
CONEPXALIETD HMCKONAEMOTO TOIJEBA (HedyTw, NpPHPOOHOrO rasa, Yris) HPHBOAMT
K nocreneHHoMy pocty coaepxanua CO, B aTtMmocdepe.

CKas Ke MPOAYKTHBHOCTE 3C/ACHLIX pacTeHuit Tak sBeiuxa, yro szamac CO,
g arMochepe Obll D HMeuepnan npumepHo 3a 20 ner. DT0 OTHOCHTENLHO
KOpOTKuil CpoK B uenopedeckHx Maciutabax BpemMeHH; Beib CUMTAETCH, 4TO
3AMacoB 3HEPrHH M yrns Ha 3emne xpaTdT Ha cpok ot 1000 no 3000 aet. Ha-
#e ecan yvecth 2anacel CO, B oxeanax, TO 3TOIo rasa xpaTuao Owl JIMIUL
nmpuMepHo Ha 2000 ner.

3eneHbIM pacTEHHAM MPHILIOCH GR BCKOpe NpekpatuTh dukcanmio CO,,
ecnu OBl HHIIINE XHBOTHEIE H MHKPOOPraHHIMHE He ODECnedHBAIH BO3Bpa-
MIEHHE ITOTO ra3a B aTMocdepy B pe3yabTare HEMPEPLIBHOH MHHEPA M3ANH
oprammyeckoro maTepuaga. B obmem Ganance BewiecTs Ha 3¢MHOM Luape
NOYBeHHEIM GakTepHaM U rpubaM NPHHATICKHT He MEHEIIAA POk, deM do-
TOCHHTE3HPYIOLHM 3e/EHHM PacTeHHAM. B3anM03aBHCHMOCTE BCEX JKHBBIX
CYWECTB HAa 3emne Haxouut Haubosiee ApKOE BLIPAXEHWE B KPYroBopoTe
Yriaeposa.

CraenyeT OTMETHTE €l OJHY 0CODEHHOCTh MPOIECCE MHEHEPATH3IALNH:
HeDOoIbINEd YACTh MHHEPATHIOBAHHOTO yraepoxa (1-1,5%) noctynaet B at-
smocdepy ve B iae CO,, a B popme Merana. IToT ras obpasyerca k3 opra-
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HHYECKHX BEIUECTE B MECTAX, HENOCTYMHLIX JUIE KHCIOPOAa BO3/1yXa (B [104Be
TYHp, HA PHCOBBIX [OJIAX, B PyDIE KBaYHBIX), NONAACT 3aTEM B aTMOChepy
W oxucmiercs tamM OH-pagukanamu wepes oxucs yrepota (CO) no CO,.
B nponecce 00pa3oBaHMA METAHA, TAK KE KAk W ApPYrHX TA30B, BCTpedaio-
WMXCA B ciaenoBhlx koHuentpaumsx (H, CO, N,0, NO,), yuacteyior
rIapHEIM 0DpazoMm BakTepuu.

Mops Ha nepBt B3rAAl K@KYTCH OIPOMHBIM PE3EPBOM YIJIEKMCIOTHL
OJIHaKD cnemyeT y9ecTh, 910 Ckopoctk oGmena CO, atmochepn ¢ CO; mo-
peit, rue Goaee 907, sroro seuiecTpa Haxoautcs & dopme HCOS, ovens ma-
Ja; 3a OuuMH Tog Takum o6pazom oOMEHHBACTCA TOJIBKO HECATAA HACTH AT-
mochepHoil  apyoxmcH yraepoja. K tomy ke B rajoobmeHe mopa
¢ armochepoil  yIacTBYeT JMIIb TOHKHH NOBEPXHOCTHBIA COH BOIBL
Orpomubie konuuecTea CO,, HaxoAAUHECH B OKEAHAX HHKE CIOH TEMIIEpa-
TYPHOI'O CKa4Ka, BHIXOIAAT Ha MOBEPXHOCTh UL B HEMHOTHX ob:acTax (3a-
najynas Adpuka, Huin) u oborawaior tam atmoctepy (mo (L05%). Ve Ha
NPOTHREHHH MHOIMX JIET COIEpKAHME ABYOKHMCH YIJIEPO/A B BO3AYXC HE-
yEJI0HHO BodpacTaeT. C 0iHOMH CTOPOHEL, 9TO CAEAYET OTHECTH 34 CHET CKM-
rapHua HedTH B yras; B 1976 1. Ha 3emie OLUIO H3PACXOIOBAHO (B OCHOBHOM
cogoxeno) okomo 3,210 T wedru. C opyroil CTOPOHBL NOBHINEHHE KOHIEH-
paunn CO, B atMoctepe CBA3aHO, BEPOATHO, ¢ YMEHbLIEHHEM HOTOCHHTE-
THHecKOd (MECAUMH yriepoga B pe3yiabTaTe CBeNéHHS OONBIIMX A€CHBIX
MACCHBOB M Jerpananin nouesl. CiaeayeT nog4epkHyTh, 910 MupoBoil okean
npeacrasnaer coboil mommylo DydepHylo CHCTeMy, KOTOpas CTPCMUTCH
noiepxuBats cogepxanne CO, B armocdepe Ha onpeneTeHHOM YPOBHE.

B pesynbrare dotocunrernyeckoil dmkcanuu CO, 3enenbIMH PacTEHHA-
M 0Bpa3ylTCA B NIEPBYI0 OYEPENL CaXxapa H APYTHE POUCTBEHHERIE HM CO-
enuHenna. OcHOBHAA Macca (HKCHPOBAHHOIO Yriepoaa Kak ¥y [ApeBecHBIX,
TAaK W ¥ TPABAHMCTHIX PACTEHHI HAa Bpems OTKAanbBaeTca B dopme moiM-
MepHBiX yraesonos. [lpumeprno 609 npyokucH yraepopa, QUKCHPYeMmOH Ha
cylie, wieT Ha oBpaiopaHue JpeeecHHEL [IpeBecHa cocToMT Ha 757, u3 mo-
JHCAXAPHAOB (LEII0/I034, FeMHNEIUTION03b], KPaXMarl, NEKTHHE 0 apabuHO-
rajakTaHbl) ¥ COAEPKHUT ML HemHOTHM Bonbme 205, nUTHHHA W JIMTHA-
Hoe; Benka B Hell odeds mamo (1%)). V 3jakoB W ApYrHX TPABAHHCTHIX
pacTeHHil cojaepkaHre MMOJHCAXAPHIOB EIE BLILIE.

MMpeobiaananue NONHCAXAPHIOB CPEAM MPOAYETOBR ACCHMHITALMH 3e/1eHBIX
pacTenuil 00ycnoBauBaeT GONBLIYIO POJb CAXapoB B MHTAHHH BCEX MKHBLIX
OpraHH3MOB, HYKIAIONAXCA B Opranudeckoil muwe. Imokosa u Apyrie ca-
xapa B GopMe NOIMMEPOB—3TO KOJIHYECTBEHHO Npeobaajaonme cybCTpaThi
JLTIA NPOLECCOB MHHEPAIH3ALNH B IIPHPOIE; B BHIE MOHOMEDPOB OHH CIIYHKAT
NPEANOYHTASMBIMH THTATEILHEMH BELECTBAMH 114 DOJBIIMHCTBA reTepo-
TPOHHBIX MHUKPOOPIaHHIMOB.

Kpyrosopot atora (puc. 1.2). LlenTpansHoe mMecTo B KpyropopoTe asorta
3aHAMaeT aMMOHHE, OH SBNsSETCS NPOAYKTOM paiiomeHns GeMkoB H amu-
HOKHCIIOT, NONAMAIONIMY BMECTE ¢ OCTATKAMH XHBOTHOTO H PacTHTEIBHOTO
NPOMCXOXKAEHHA B NO4BY. B XOPOIIO a’pHpyeMBIX NOYBAX AMMOHHH noasep-

raetcs HuTpuduKanEn; 6akTepu ponor Nirrosomonas u Nitrobacter oxuc-
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Pue. 1.2. KpyroeopoT azoTa.

THAKOT Er0 10 HUTPHTAa W HUTpata. B KauecTre HCTOMHHKA 430T4 DACTEHHA
MOTYT HCIIONL30OBATE H CCHMHJIKPOBATE KAK aMMOHHH, Tak W HHTpaT. B or-
CYTCTBHE KHCIOPOA M3 HATpaTa qOpasyeTcs MOMEKYIAPHBIE a30T (JEHHTPH-
Guxanug). Baktepuu, ydactByioumie B 3TOM TNponecce, HCIIONbLIYHOT 1IPH
3TOM HHTPAT B KA4YeCTBE OKHCMTENH (AKNENTOpPa BOJOPOMA), T.€. «IbLIAT:
¢ nomomsio NO; eMecto Oy ) B 3TOM Cllyyae rOBOPAT O «HHUTPATHOM HBIXA-
Huiy. Jlenutpudkanns Bener ¥ norepe azora noupoil. Hapany ¢ stum Bak-
TepHH ClOCODHE B K dukcanuy MONEKYIApHOTo a3oTa. CealbiBaroiMe a3or
Bakrepun ®MBYT WH CBOGOAHO B novse (Bie cumOMO3a), Wi B cumBuHO3e
C BBICIUHMHK DACTEHHAMH (cHMOHOTHYeckue azordmHkcaTops). OCHOBHYHO
pOsib B KPYTOBOPOTE 430Ta HADANY C WUBOTHLIMH H DPACTEHMAMH WIpaloT
DaxTepHu.

Kpyrosopot doctopa. B Guochepe docdop npeacrabien nouts Mekmo-
HHTEARHO B Broe ochartos. B wupbix oprasuamax docthophas kuciora cy-
wecteyer B dopme apupop. Tlocne orMupanus xieTok 3mH 3dupu Grictpo
paziaratorca, HTO BejdeT K ocoGokaeHmo wonoB docdoprol kucaoTe. Jo-
CTYNHOH juia pacTenuii gopmoil docdopa B novse cayxat cBoGOIHBIE HOHEI
oprodocdoproit krcnorel (H,PO,). Mx KOHUSHTpaMMS 44CTO OMEeHb HU3KA:
POCT pacTeHuii, Kak NpPaBuiIo, TMMHTHDYETCA He obuMM HemocTaTkoM toc-
ata, a 0Bpazosannem MalOPACTBOPHMBIX €TI0 COCAMHEHHUIl, TAKMX KaK ama-
THT # KOMILTEKCDI ¢ TA#KEIbIMH MeTautamu. 3amacel dochaTos B mecTopox-
ACHHAX, MPUTOAHBIX 174 pa3pabOTKH, BEIMEH, H B oboapumom Byyiiem
MPOH3BOJICTBO Ce/LCKOXO3AHCTBCHHOM NMPOAYKIMK He Byler OrpaHHYHBATLCH
HexocTraTkoM Qocdopa; ogHako docdat HoMKeH GLiTh liepeBeficH B PacTBO-
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puMyio dopmMy. Bo Muorux mectax dochar w3 ynobpenuil nonanaer B npo-
TOYHBIE BOJOCME! ¥ 03epa. Tak Kak KOHUEHTPAIHA HOHOB MEJIE3d, KAJIbIHA
H amOMHHHE B BOJOEMAaX HEBRICOKA, (ochaT ocTaeTcs B PacTBOPEHHOM dop-
Me, 4TO MPHBOOMT K 3IBTPOH3IANMM BONOEMOB, OcobeHHO OGiaronpusTHOH
A4 Pa3BUTHA a30ThURCHPYIOmMX uHaHodaxTepuii. B noueax xe ui-za obpa-
30BaAHUSA HEPAacTBOPHMHEX colell docdare vame scero OmcTpo cranoBaTCH
HENOCTYNHBRIMA I8 YCBOCHHA.

Kpyrosopor cepw (puc. 1.3) B xupbix kieTkax cepa npencTasieHa
raaBHbM oGpa3oM cyTbGIIAPUIEHBIME IPYINAMIE B CEPYCOAEPKAIIMX AMH-
HOKHCAOTAX (MMCTEHH, METHOMHH, rOMOUMCTEHH). B cyxoM Bewecrse opra-
HH3MOB 11018 cepht coctasnaer 1%, [pu anaspobHoM pasnomeHHH OpraHu-
HECKHX BEIICCTB CYJIbOTHAPHIBHEIE TPYNIBI OTILENASIOTCH decysbdiypasamu;
obpajopaHue CepOBOAOPOOA TIPH MHHEPATM3ANHH B AHAPOOHBIX YCHOBHAX
Ha3bIBaKOT Takme NecyiabdypuposaHdem. Haubonwume konmuuecTBa BCTpe-
HAIIETOCA B MPHPOAE CEPOBOAOPOLA 0DPa3yloTCH, OOHAKD, NPH JHCCHMH-
JAHOHHOM BOCCTAHOBJIEHUH CYIb(ATOB, OCYLIECTRIAEMOM CYNbaTpeayii-
pyYMowHMH DakTepHaMH (cM. pasa. 9.2 u puc. 9.4).

10T cepoBoiopon, 0OpalyOmMiiC B OTCYTCTBHE MOJEKYASPHOrD KHe-
J0poja B OCAAKax BOAOEMOB, MOXKET OLITh OKHCASH aHa’pobHuIMH doTo-
TpotHeMH BakTepuamu (Chromatiaceae, pasa. 12.1; 12.1.2) no cepul u cynb-
jata. Korma ceposonopos mnupoHukaer B 30HE, comepxanme O, oOH
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JHCCHMMNRLHOHHOR BOCCTAMORNEHME CEDE

Pue. 1.3, Kpyrosopot cepui. I. Cynsdat BoccranasnmsaeTca a0 cynbHaa s Xone ac-
CHMHIAUHOHHOH cynbhaTpeayKUMH, ¥ HA KAKOe-TO BPEMSA Cepa aKKyMyJIHpyeTcs
B KHBEIX OPraHiIMaX B opraduyeckoil ceazannoil dopme—n feaxax. 2, Cepa ocpobo-
KAaeTed B NPOUECCE PAIpYIUetis DeTkos B oTuennelns S? ~ ot amunoxucnoT, 3 u 4,
Cynedun B aspobnbix yonosrsx Moxer okMcaaThes nubo aBuoTHvecks no cepsl Wim
cynbtara, nudo ¢ nomometo GakTepuit (Beggiatoa, Thiothrix) uepes cepy a0 cyibda-
Ta. CroGoanan cepa B a3poGHIX YCIOBHAX OKHCTAETCA THoDauMMIaMy no cyanparta
(4). B anaspoGuux ir:nomnx cynedHa moweT GriTe okucacH GoToTpodEsME GakTe-
puamu no cepul (Chlorobium) wnn no eynwdara (Chromatium). B anaspoGreX ycno-
BHAX BOIMOKHO ABCCHMHIALMMOHHOE BOCCTAHOBICHAE cymbharta go cymsiduaa (cyne-
datpenyuspyommme  GarTepuamu — Desulfovibrio, Desulfotomaculum) (5) u cepm o
cynbthrna (Baxtepramu Desulfuromonas) (6).
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Tabmana 1.1. Pacnpenenenue GuoanemMenTos B Mopckoii soge (Kalle K.,
“Das Meerwasser als Mineralstoffquelle der Pfllanzen.” Handbuch der
Pflanzenphysiologie, Bd. IV, Springer, Berlin, 1958, ¢ cokpaueHnaMH)

CoaepkaHHe B
InestenT “}:g:n:;‘gmel. Sgﬁ::‘g“;:ﬂ: g)}:lomeune
mm F ¥ (A), r/m {
Kanwmi 1 390 390
Yrnepoa 30 28 ~1
K peminii 0.5 05 1
Azor 50 03 0,06
@octhop 0.6 0,03 0,05
Cepa 1 900 900
Keneao 1 0,05 0,05
Bana nuii 0,003 0,0003 0.1

okHenseTcs 1ubo abuoTHuaeckum oBpazoM, miubo arpobHbIMH cepobakTepus-
M no cynndara (pazg. 11.2). Cepy, HeoOxoauMyo LIS CHHTE3a Cepycolep-
WALHX AMHHOKHCAOT, PACTEHHA M 4acTh MHKPOOPraHdiMOB MOJYYAKT my-
TeM ACCHMMIALHOHHON CyIRpAaTPesy M, MUBOTHEIE Ke MM0JIY4al0T BOCCTa-
HOBJICHHBIC COCAMHEHHS CEphl ¢ NHIIEH.

doctop w a10T kKak GAKTOpPL:, JTHMHTHPYIOUHE NPOJAYKUHIO OHOMACCHL
INeMEHTAMH, KOTOPHE OrpAHHMHBAKT POCT PACTEHMI W TeM CAMbIM [Ipo-
Ay Guomacckl, sasiotes docdop w azor. Onu HrparoT Takyw poib
W Ha cyure, M B okeanax. Ha 3ToT cyeT WMEIOTCA TOMHBIE JaHHBLIE 4J% MOpP-
cxoii pogel. OCHOBRBaACH HA paHHEIX Taba. 1.1, MOKHO PacCYHTATE, CKOMb-
k0 GHOMacce Momer DBITH cOo3faHo (B rpamMmMax cyXOro BEIIECTBa) W3 3.e-
MEHTOB, CONCPHKALMXCA B OAHOM kybomerpe mopckoii soaw. M3 28r
yraepona (C) moxer obpazopathca 60-100 r Guomaccw, W3 03 r asora
M)-6r1, a uz 003 v dochopa (P)—T1oasko 5r. Orcioga ciaemyer, 4TO npo-
AYKIHI0 BHOMACCH B KOHEYHOM CHMETE AHMHTHPYIOT docdarer. Taxum obpa-
30M, B MOPCKOH BOAE Nae a30TOMKCHPYHOLME OPraHuIMbl—puaHobakTe-
pPHH—HE HMEIOT CEJEKTHBHOIO NMPEMMYMIECTBA Nepel OpyTHMA.

14 MuHpoopraHWamel Ha cnyHbe yenoseHa

Hecenyumii B MUk pobHOIOTHH BHIHT NPakTHYECKOC 3HAYCHHE MHUKpOOpra-
HH3IMOB B NEPBYIO OYCPElb BO BPCAC, KOTOPHIH OHH NPHYMHMIOT HCIOBCKY,
KHBOTHBIM H DPACTEHHAM. DTHMH DOICIHCTBOPHLIMH (NATOTCHHEIMH) MH-
KEPOOpraHdIMaMi M Hx cneniguYeckuMH OCODEHHOCTAMHE 3JAHHMANOTCH Ta-
KHE HaykH, KaK MEOMIMHCKAH W BETEPUHapHAA MHUKPOOHONIOIUA, & Takxe (-
TONATONOrHA. XOTH MHKPOOPraHMiMbl W B apyrux chepax NpHPOUBI, H
B NPOMBINLIEHHOCTH BHICTYINAIOT MHOTAA B POJHM BPeAMTeNed, WX POIk KaK
noJe3ubiX OPraHu3MOB CYILECTBEHHO npeobnanaet. OHM yKe HABHO 3aBOCBA-
TH cebe MPoMHOE MECTO B JIOMAIIHEM XO3AHCTBE, 4 B NPOMBINLIEHHOCTH OHH
COBEpIlIeHHO HeoDXxomumbl. Mx HCnMoab3ywoT B CaMBIX pa3fIMyHLIX OTpac-
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18 1. NonoxeHHe HHKPODPraHMIHOB B Npupoae

JiAX ~ OT NepBHYHON nepepaboTKH CelbCKOX03RHCTBEHHEIX ITPOUYKTOB 10 Ka-
TalK2a CIOKHCHIIMX 3TANOB XHMHYECKHX CHHTC3OB.

KaaccHieckne MHKpoOHOJOrHMecKHe nponipodcTea. Ha nmpumepe nupoga-
'FICHHﬂ H BHHOJIESIHA C HCHOIL3OBAHHEM Jj,'pﬂ}ﬁmﬂ]‘l‘l, BBLITIEYKH XJ'IEGH. H I'['pH'II'G—
TOBIEHHA MOIOYHLIX I]pDﬂyK‘I’DB C HOMOIIBHY MOJOYHOKHCILIX EH.KTEPHI‘:E,
4 TAKWE [OMYYEHHA NHUIEBOTO YKCYCA PH Y44CTHH YKCYCHOKHCBIX Oakte-
PHH CTAHOBHTCH OYCBHIHBIM, YTO MHKDOODPraHH3IMBI OTHOCATCA K CTApEH-
IHM KYIBTYPHBIM «pacTeiuamy. B SAnoiun n MruoHesswn coesbie Hobul na-
JaBHA HEPEPHEHTHHHID'WH C HNoMOUILKY MHHETHATEHKX FPHEOB, ﬂpﬂ&“j(cﬁ
B MONOMHOKHCNLIX DakTepuid. Eciu He cYMTATH NMOJIYYEHHS ITAHONA, B NpO-
MBIIJICHHOM NPOHIBOACTEE HHAMBHIYAJBHBIX BENIECTB MHKPOOPraHHIMBI
HaMallH HCIONR30BATE JHIIE B INMOCIEIHHE 1HIECTRIECAT JIET. Ve B MepHOIL
EPBOH MHPOROH BOMHLL ¢ OMOWBKY YIPABIAEMOTO JPOXAEBOTO Opowe-
HHH HO}[}‘HB.I'.IH Fﬂ]-l'[{epl-ﬁ']. MUJ’ED"!HER B JIHMOHHad KHCIOOTEI, B 60.,’11;[.].]“}( K-
JHYECTBAX HEOOXONMMEIC OJIA HHINCBOH NPOMEIINECHHOCTH, TMPOHIBOMAATCA
¢ NOMOUIBK MOMOYHOKMCHBIX Oaktepuii u rpuba Aspergillus niger cooTrer-
CTBEHHO. HZ JelieBhix, ﬁﬂTaTHK YriaepoaaMe OTXOA0B Ii!“[e}'l SPD}KCH_HH‘
OCYIIECTRIAEMOrD KNOCTPHAMAMA K DawiiaMy, MOKHO NOIYMATE ApETOH,
Dytanom, 2-nponaHol, DYTAHAHON H IPYrHE BaXHLIE XHMWHECKHE COeIHHE-
HHA.

IMpon3soncTeo anmbroTHROB. C noABNeHHEM AHTHOHOTHKOB HACTYNHAA
HOBaf MOXa B MEIMIHHE H @HPMHHEBW‘IE{:I{OI:& FIPIJMI:.I[[IHEHHDCTH_ ];.."Ia]"O-
apA OTKPBITHIO NEHMUKIHHA M IPYTHX NpoxykToB Metabommsma rpuGos,
AKTHHOMHICTOR M HHBIX MHEPOOPTaHH3MOB 4el0BEYECTBO NpHOOPENo BbICO-
koathhek THBHOE opyxue 1na DopebH ¢ DakTepHanbHwMH HHekuuamu. V-
MEUmo PoJOmKAIOTCA IOHCKH HOBHWX aHTHOHOTHKOB. TeopeTudecku nepe-
NMEKTHBHBIM KaMETCA W NYTh NPAMEHCHHA AHTHOMOTHKOB Aad GopbOwi
€ BHPYCHEIMH OONE3HAMH M ¢ OMYXOTAMH BHPYCHOTO MPOHCXOKOEHHA

Hobsle MuKpoOHLIe NPoMIBOACTER. KacCHYECKHE BHAK BPOXKEHHA 10MO0J-
HAKTCA HOBBIMH NMPHMEHEHHAMH MHK'pOﬁDB B XHMHUSCKHX [MPOHIBOICTBIAX.
Wz rpubos noaydaror KapOTHHOMOHW W cTepouibl Korja BhIACHHIOCH, 4TO
Corynebacterium glutamicum w3 caxapa u COMH aMMOHHA ¢ OONBIIMM BEIXO-
ILOM CHHTE3HPYET MIYTAMWHOBYH) KHCAOTY, OLUIM HONy4elkl MYTAHTEI B paz-
paboTanbl METOUb], ¢ IOMOLIBIO KOTOPBIX MOKHO B DosbMx Maciutabax
IIPOH3BOAHTE MHOTHE aMHHOKHCAOTHI, HYKTCOTHIB H PeakTUBLl mis Broxu-
MUHECKHX HCCTENOBaHHHA. MUKPOOPraHH3MEl HCMONB3YIOTCA XHMHKAMH B Ka-
HECTBE KaTAIM3ATOPOB NI OCYLIECTBJIEHHA HEKOTOPBLIX JITAIOB B JUIMHHO
LeNH PEAKiIHi CHHTE3R ; MHKPOOHONOTHYECKHE [1PONECChl N0 CROSH XHMuYe-
CKOH CHENMBHIHOCTH H N0 BRIXQAY NPOJYKTA NPEBOCXOAAT XHMHYECKHE pe-
aknuu; GepMEHTDl, TpUMEHAEMBIE B IPOMEINUICHHOCTH,— AMHIA3Ll JUIA TH-
ApOJIH3A Kpaxmaid, NPOTEHHa3Wl I8 0DpaboTKH KoM, NEKTHHA3LL A
OCBETJIEHHA (PYKTOBHIX COKOB H JPYIHE — NOAYHAIOT U1 KYILTYP MHKPOOPIa-
HH3MORB.

Mononoasnoe noJoKenne MEKPOOPramnIMos. CHeIveT OTMETHTD, 4TO He-
KOTOPHIE BH/Ib] CHIPLA, JOCTYIHLE B 0CODEHHO DONLIIMX KONHYECTEAX, TAKUE
kaK HeTh, NPHPOAHLIA Taz WIH (EAMHON034, MOTYT HCHOML3IOBATHCH MH-
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KPOOPTaHH3MAMHE | NepepafaThBATHCE MMM B KIETOMHBIH sMarepHan (6uo-
Maccy) WAH B [IPOMEKYTOUHEIC MPOIYETHL Bhigensemble kacTkamu. Mu-
KPOOPTaHH3MEL, TakuMm o0pazoMm, HelaMeHHMEI TpH «oblaropasHBaHHi»
ITHX HEODBIMHEIX BHAOB CRIpBLH JUIH DHOTEXHOJOTHYECKHX MIPOECCOR; OCBOS-
HHE TAKOTO CHPEA DHONOTHYECKHMH TEXHOMOTHAMH TOJILKO Ha4aTo,

Conpemenusie gocTenus remnoil wmmenepud. Hayvenwe mMexanuimos
nepeaun reHoB v GakTepuil M yqacTHa B 3TOM MPOHECCE BHEXPOMOCOMHBIX
3JEMEHTOB OTKPBLIIO BO3MOKHOCTE BENtoueHus wyxepoanoid JTHK B daxte-
PHANBHBIE KJACTEH, I'eHeTHYeckne MAHHITYTANHH NO3BONAKOT BHOCHTE HE-
OONbILHE OTPE3KH HOCHTENEH reHeTHYecKOH MHBOPMAIHHM BRICIIMX OPTAHH3-
MOB, HAmpHMep 4enoBeka, B DAKTEPHIO W 3ACTABIATL €e CHHTEIHPOBATH
cooTBeTCTRYHONME DesikH. BriosHe oCyweCTBHMO HNPOM3BOJACTEO TOPMOHOB,
AHTHIEHOB, AHTHTEN W Apyrux DenkoB ¢ nomousro Oakrepuit. [enatorcs
TA4K&KE IMONBITKH NEPeJaTh PACTEHMAM CHOCODHOCTE K a30ThHKCAUMK B Je-
YHTH DOJIE3HH, CRAZAHHLE ¢ OHOXHMMYECKHMH nedexTamu.

HenocpedcTEeHHAN NPHMENHMOCTL OCHOBONOJATAIITHY HAYYHBIX 3HANWH,
[ToneiTEa NEPEYHCIHTE B ITOM PA3IENE BCE BHIlLI TEXHOMOTHH M NPOAYKTHI
HpDMHHJJ‘]EHHDﬂ MHKPDEHD‘JIOTHH, d TAKKE HHBIC, NOKA JHIL TpREInoaa-
raembie, 0BIaCTH ee NPUMEHEHHA 3aBena Gnl Hac cnMmukoM aaneko. Ceasb
MexaY QYHIAMEHTANBHBIME HCCASIOBAHWAME H TIDAakTHKOH B MEKpoGHomo-
I'HH, KdK H BO BCEX CCTECTBCHHRIX uaykax, oyeHb tecHa: «Her npuxnagHbix
HAYK... HO Ka¥/Jasd HAyKa HMEET MHOTO NPAKTHYecKkHX npunoxenui» (JI. Tla-
crep) [“Il n'y a pas des sciences appliquées... Mais il y a des applications de
la science™ (Pasteur)].

15 O6Lyue caoucma MUWHPOOPraHKM3MoB

[Tpusnak, noayyHBIIHE OTpAXKEHHE B CAMOM HAa3BaHHH «MHKPOOpPIa-
HHUIMBD — 9TO Majaf seamqupa ocolu. OHa He TONBKO NOCIYAKHAA UPHIHHOH
OTe/eHHs ITHX OPTaHA3MOB OT KHBOTHRIX U PACTEHHH: C HEHO CYLLECTBEHHO
cBAzaHbl TAKKe 0cobeHHOCTH MOpdONMOrHE MUKPOGOB, aKTUBHOCTL M nna-
CTHYHOCTE HX MeTaboauiMa H PacpoCTpaHeHHE MX B NPHPOUE, & TAKKE
yuoberso obpaiieHus ¢ HAMH B naBopaTopuu.

Paiveput ocofin M COOTHOWEHRE MEWTY NOBEpPXHOCTEI MW ofibemom. [lnamerp
GoneiuupcTRa GakTepuil He NpeBBILAET THICAYHON A0MH MHIUIHMETPA. DTa BENMYH-
Hil =1 MHKpOMETP (MHKPOH), HAH 107 MM,~K cTana «apimioM» Mukpobuonora,
lannele © TOHKOH CTPYKTYpe KAETKM MPHBOOATCY B HaWoMmeTpax: | uM = =
MEM = 107 ° mm. PasMepsl Menkux mHanoOakTepuit, Ipoxaeii W npocTelimx Haxo-
astea B onpepenax 10 MEM. ¥ 3THX CTONBL MAJLIX OPraHHIMOB COOTHOINIEHHE MEXIY
NIOBEPXHOCTEIO M 0DbeMoM ouens Benuko. Ecawn ky0 ¢ anunodi rpaneit 1 cm (obuemom
| cv') pasbure wa EyGHKM ¢ gaMnol TpaHed | kM, Mt nomyssm [0'? xyGueos
abnemom no 1 Mem? kamasit. CyMmapnas nosepasocTs 9THX kyGukor B 10000 pas
Bonbilie, yeM NOBEPXHOCTE HeXoanoro kyGa. OOnem 1 mrwm® xapakTepen s cpeaweil
DakTepHanbHON ENETEH.

BOMLUIOE OTHOLIEHHE NOBEPXHOCTH K ODBEMY NPHBOAMT K MHTEHCHBIEH-
LWEMY BIaHMOIEACTBHIO C BUEILHEH CPeloil; ¢ 3THM CBA3AH 0Yelb DLICTPLIH

a



20 1. MNonomeHne MUKPODPraHKIMOE B NpHpode

Tatmna 1.2. HuTencHBEOCT: ARXAHWS MHKpoOpranuiMor u Tkanei (Qp,, Mem O,
Ha | Mr cysoro BeluecTsa B | u) B Bpems remepankn OarTepuit (Bpems yaBOeHMA)
IpH TEMICPATYPAX, ONTHMATBHBIX T8 HX POCTA

: 3 Temnena- Bpema re-
ﬁ:?ﬂ&l‘:‘-‘leﬂ.mﬁ TT;!I:IIEPE Qo, Opranmm ‘.ymefg :ﬁ}::uun,
Azotobacter 28 2000 Bacillus megate- 40 22

ritim
Acetohacter 30 1800 B. subtilis 40 26
Pseudomonas 30 1200 Escherichia coli 40 21
IMerapexne npox- 28 1o B. stearothermo- 60 11

WH philus
[Moukw W nededs 37 10-20 B. megaterium 70 13
Kopuu, auctea 20 0,5-4 B. coagulans 70 14
B. circulans 70 14

olMen BemieCTBAMH MEXIY CPEMOH H KIeTkOoll MHOTHX MHMKPOOPTaHH3MOB.
Mpaeuno Pybuepa (1893) riacuT, 4T0 SHepreTHdeckHil obOMeH XKHBOTHOIO
B [I0KOE NPONOPIHOHAICH HC MACCe, & MOBCPXHOCTH ero Tenaa, Ecam aTo mpa-
BHIIO, B COOTBETCTBHH € €70 CMBICJIOM, PACIPOCTPAHHTE HA OTACTBHEIC TEA-
HU ¥ MalBle KJIETKH, TO CIEAYeT OKHAATh, 4TO YPOBHH MeTabONH4eckod ak-
THBHOCTH OyiayT pa3/iuMuYaThcd HA HECKOABKO Nopamkop. Kak BugHo w3
1abi. 1.2, HHTEHCHBHOCTE mMeTaboan3Ma, H3MEpeHHas nmo motpebnenio O,
NelicTBHTENBHO 3aBUCHT OT pasmepos TkaHeld u knerox. CoorBeTcTBEHHO
BLICOKH H CKOPOCTH NPHPOCTA MHKPOOPTanH3IMOB. ToMy, KTO pa3mMBIILUIAET
o npobaeMax obecneveHHA MHILEH pacTyIUero HaceneHus Jemin, byner uH-
TEPECHO Y3HATH, 4TO B OpraHuisme onHoro Owika Becom 500 xr 3a 24 g ofipa-
ayerca npumepHo 0,5 kr Genka; 3a 3ro ke Bpema 500 kr gposkiked MoryT
cuHTeauposatk Gonee 50000 kr Genxa

TTaacTHYHOCTE MeTaB0aH3Ma, V BLICIIHX PACTCHHE H MUBOTHBRIX H3MeHe-
HuA 0OMEHA BenecTE OTHOCHTENRHO MKECTKO OTPAHHYEHE! HMEIOMMCA Ha-
bopomM GEPMEHTOB; B NMPONESCCE HHAMBHAYAMBHOTO DPA3IBHTHA coctap dep-
MEHTOB ¥ HHX, KOHEMHO, MEHNETCA, OIHAKO MPH NMEpEMEHe YCIOBHil BHelmed
CpPEnbl TAKHE H3MCHCHHA BECBMAa HE3HAYMTETbHBL MHKpPOOPraHuIMbl OTIH-
HAIOTCH HecpaBHHMO Gonbiuel rubkoctwio. [Una Gaktepuil BricoKas cmocob-
HOCTE K agantaimu (npHcnocobieHHIo) coBeplueHHO Heobxoguma. 2To
ONpeieNaeTCs HX MAIkIMH pasMepami. B kaeTke MHKpokokka Halnerca me-
CTO TONbKO [ HECKOLKHX COTEH ThiCHY OenkoBbix monexyl. Ilosromy ne-
HYXHBIE B 1aHHOE BpeMs (DEpPMEHTH HE MOTYT collepkaThes npo samac. He-
KOTOpEIC (EPMEHTEI, CAYKAINHE A4 NepepaboTER NMHTATE/IBHEX BCLICCTE,
CHHTEIMPYIOTCA TOABKO TOTOA, KOrOa COOTBETCTBYIOIICS EBCISCTBO MO-
ABnAeTcA BO/M3N kaerku. Takue MHAYUHOenbHHE QEPMEHTH MOTYT COCTaB-
nate no 10% obmero Genka, copepkamerocs B knerke. Takum obpazom,
KAETOYHEIE PETVIATOPHBEIC MEXAHH3MEI ¥ MHUKPOOOB MIpaloT CYmECTBEHHO
foablIylo podab W NposBaaioTca DoJiee OTYETIIHBO, YEM Y APYTHX JKHBEIX
CYILIeCTB.

1. Monoxenne MHUKpoOpranHimos B nphpoge

Pacnpoctpanene Mukpooprammsmos. Mannie pasMepsl HMENT 3HAYEHHE
W 118 3KoJorsd. MHOTHE pacTeHHs M MMBOTHBIE, HbIHE LWMPOKO PACTIPO-
CTpaHHBIOHECH Oaronaps 4eq0BeKy, BCTPEYAJIMCh paHBLIC JAINL HA OT-
JeNBHBIX KOHTHHeHTax. B ornmdue ot storo Gakrtepun (Brmodan nuanobak-
TEPHH) BE3NECYIIM: MX MOKHO HalTH B apkTHYeckHX obiactsx, B BOIE W
B BRICOKHX C0axX atmocheprl. Bunosoii coctae ux Bo Bcex MecToobHTaHMAX
B IUHPOKHX [Ipele/iax CXO4eH ¢ MX BHIOBBIM COCTABOM B nodse. Baarosaps
CBOEMY MAJIOMY BECY MHKPOOPraHM3IMBl JIETKQ PACHPOCTPAHAKITCH C BO3-
AVIIHBIMU NOTOKAMU. B CCTECTBEHHRIX YCNOBMAX HU OO MecTOOBHTAHME,
HH OfHH CyBGCTPAT HE HYKIASTCH B CHENHANLHOM 3apRKEHHM Kakum-THOO
MHKpODOM. BTHM OOCTOATE/NLCTBOM WNOAL3YIOTCH IS NOAYYEHHS HAKONH-
TEABHEIX KYABTYp. [aKk NMpaBuio, JOCTATO4YHO OJHOTO Tpamma CaJoBoi 1o-
4Bbl, 91700 HaiTH BAL GaktepHil, cnocoOHEI pacTH 3a cver nroboro mpu-
pogHoro Bewectsa, MUKPOOpPramM3MEl CYIIECTBYIOT [OBCHOLY; Cpeia
Dﬁpﬂﬂﬂj‘[ﬂef JIHIOL TO, KAKHE l:l]l:lpMH ﬁy,!ly'l" B DAHHOM MECTE AKTHBHO pa}
mHokaTeCA, Co3zmasas B NpoDHpKE COOTBETCTBYROLUHE CEJCKTHBHEIC YCIO-
BHH, MOMHO H3 HeDOILIIOTD KONHYECTBA 3EMIIH HIIH Hia, a B ocobRIX Ciy-
yagx ¥ M3 APYrUX MATCPHATIOB NONYYATh HAKONMUTEIBHBIE KYJABTYDH, 2 M3
HHX H 4HCTBIE KYIbTYphl OONBIIMHCTBA M3BECTHBIX MHKpPOOPTaHU3MOB.

Ko/muecToenssie paboTsl B YenexH reMeTHYeckHXx Hecaenoanwd. Metojm,
C NOMOLIBRY KOTDPHI MO¥HO Bhlpa!i.lHBaTh B na&)pa*mpnn MHI:‘.]JOOpI’B.—
HuzMbl, paspaboramn O. Bpedensa, P. Kox u ero mkona B npoLuIoM Beke.
BmﬂHHE B "paKTﬁF}i leO'I'pa'IHHI TNMHTATENEHRIX Cpﬂﬂ,. )‘l‘IﬂU‘I‘HEHHHK Kena-
THHOH HWIH arapoM, NO3BOJIHIIO HIOMHPOBATE OTAEMLHBIC KIETKH, CAEIHTH 34
HX POCTOM B KOJOHHH H MNOJY4aTh 9MCTBHIE KYAbTYpbl. PaspaBorka cram-
HAPTHRIX METOA0B CTEPH/IH3ANNN H NPHIOTOBJIEHHH IMTATEILHLIX CPEX NPH-
BEna K GHCTPOMY PAIBHTHIO MeduuMHcko#d Mukpobronorud. Xota eme Kox
OMACAN KONMHYECTBCHHBIC METOHE, WX MpeHMymmecTBa npm pabore ¢ Muk-
poopraiu3MaMu ObIIH NOHATH TOJNBKO B mocienHwe 50 nmer. Masme pas-
MCPhL MHKPOGPFH.H}I3MDB NO3BOJIAHOT MNOAYYATH B D,I[Hoﬁ Hp&ﬁl{p}:ﬂ HIH
yamke [letpu ® HecnenoBats WONYmauMH, cocrosmme u3 10°-10'Y or-
JENBHBIX KNETOK, H Oaarojapa 3ToMy BRISBNATL TAKHE pegkue cobuiTHa, kak
MYTaid MJIM  nepefads npuoDpeTeHHOro NPHIHAKA, HE HYKIAACh
B CHOMXHBIX BCNOMOTATCIBHEIX CPEOCTBAX W JIOBONBCTRYACE MaikiM Ipo-
cTpaHcTBOM, OrpoMHbie yeneXH BHOXHMHYECKHX B IeHETHYECKHX HCCIE/l0Ba-
HHii He B NOCASHHION OYepelb AOCTHTHYTHI Gaarosaps merxocTu obparre-
HHsA ¢ DakTepHAMHL



2. HneTKa 1 ee CTpyKTypa

Mepsue cregenus ob obuell OPraHu3auK M TOHKOH CTPYKTYPE KneTkn Ownl-
JH MONYYEHB! ¢ IOMO IR ONTHYECKHX MeTomoB. I1o Mepe cOBepleHCTROBA-
HHA OMTHIECKHX NPHOOPOR W YIYYIIEHHA TEXHHKH MHKPOCKONHPOBAHAA POC-
JW M HAIIH  3H3AHHA O MHUEPOMOPGONOTHH KIETEM H €€ OTAEMBHBIX
KOMIIOHeNTOR. JlantueAlliee pasBUTHE CBETOBOH MHKDOCKOIIHH, 4 TAKKEe Yib-
TpadHoIeTOROR 1 /IeKTPOHHON MHKPOCKOMMH NMO3BOIWIO CYLIECTBEHHO MoO-
BLICHTDL PazpellIAroINyHo ClOcODHOCTE ONTHYECKHX NPHOOPOE; TEMHONO/ILHAR
# (pa30BO-KOHTPAcTHAN MHKpOCKOmHA obserduna HabmrogcHHe KUBOH KieT-
kM. HecoMHEHHD, H NMOHBMHE MHEPOCKOIHA, ocobeHHO VIEKTPOHHAR, B CO4e-
TAHHM CO CAOMHOH npeasapuTensHoil obpaboTkoil BuoMOrHYeckoro Marte-
pHana OCTACTCH BaKHEHIIMM METONOM HccaenopaHus, [lns momydeHHs
LOMOMHUTEABHLIX CBeACHHI O MONCKYIAPHOM YpOBHE NpHXouuTcH mpube-
raTe K KOCBEHHBIM @IM&CKHM H XHMHYeCKHM meToldam, ¢ [MOMOLIbHY KO-
TOPBIX CTATO BOIMOKHBIM BRIACTATD H MCCACO0BATE OTAE/ABHLE KAETOYHBIE

KOMIOHEHTRI.

Pue. 2.1. KomOuuHpoBantas ciema CTPOEHHA JYKAPHOTHYECKOH  (pacTHTe/sHo#)
kiaeTEM (mo 3utre). Bax- pakyonm; [ - aukTHocomel: KCm—kneTounas cTensa; Slu—
IMITHANEE  kanenekn; Mum—suToxoHIpus, Mmp—Mmukporpyboukn; IT- nopwl
¢ nmasmonecqamn; [TM - nnasmarndeckas menmbpata; CIT—ceKpeTOpHHE Ny3IHPEEH
(3xzouuTo3); XNi-xnoponnacrel; [fIa—untonnaima; H - supo.

2. Knetka w ee ctpyxtypa 23

W32 pa3pyiieHHEIX KNETOK (rOMOTEHATOB) MeTOAOM HHdepeHIHATBHOTO
UEHTPH(YTHPOBAHUA DLUTH BRIJIENEHB! OTAENLHBIE OPralenibl ¥ (PpPaKium,
YTO TMO3BOAMAC H3Y4YaTe HX OHOXMMHYECKMMM MeTojamu, bparomgaps
KOMOHHALHN ONTUYECKHX W DHOXHMHHYECKHX METOUOB YAANOCk GHICTPO BH-
ACHHTL CTPYKTYDPY M (YHKIHMH OpraHe/l H HHBIX COCTABHBIX YaCTeH KJIETKH.
B pesynerare ITHX HCCHeuoBaHUA  DBIIO YCTAHOBJIEHO, 9T0 3YKapHOTLL
H NPOKApHOTH 10 MHOTHM OCODSHHOCTAM OTAHYAROTCA APYT OT Apyra.

Beskas KIETEA COCTOUT W3 NMTOILIA3MBI M SAEPHOTO MAaTepHaNa, CHapy-
WH €8 OrPaHHMHBAST IIA3MaTHYeCKan MeMOpaHa. IToT npomonidacm MOKET
OBITE OKPYXEH ee KAeTOYHONH CTeHKOH, BHMMONHMONEHR B OCHOBHOM MeXa-
HAYeckMe YHKUHH; CTEHKAa HMESTCH Y PACTHTENBHBIN KIETOK H y KJIETOK
GoMBIUMHCTBA DaKTEPHH.

Mui KpaTko PacCMOTPHM OCHOBHBIE OCODEHHOCTH 3IYKAPHOTHYECKHX
H NMPOKAPHOTHYECKHX KJETOK (3YHUTOB H APOTONHTOR). THIHMHEIM nipelcTa-
BUTE/IEM 3VIHTOB MOKET CAYKHTE 3MOPHOHANBHAR DacTHTENLHAs KJIeTkKa
{prec. 2.1).

21 SyHapuoTHyecHan HneTHa (ayuuT)

Kaerounoe mapo. Crpyktypa sapa W cnocol ero  JeneHHs — BamHenIIne
H CaMBble XAPAKTEPHBIE NPU3HAKH, OTIHYAIOUHE 3VEKAPHOTHYECKYIO KAETKY
(pue. 2.2) ot npokapuotvdeckoi. Aapo (ueTepdaznoe) OKpyXeHO agepHo#
oboJio4koii - gBycnoiioi nepdopupoeannoii memopanoit. [IHK, Hecywas re-
HETHYCCKYI0 MHOOPMANMIO, pacnpeiencHa MEeKLY OTACIBHBIME CyGnenuHu-
LAMH — XPOMOCOMAMH, KOTOPBIE CTAHOBATCH BHAMMBIMH TOJIBKO BO BPEMH jie-
NeHus siipa, Aapo gendres nyrem murosa (puc. 2.2); muros obecrieunsaer 1)
HUCHTHYHYIO PEIYILIMKAIMIO TEHETHMECKOTO MATEPHATE (4TO BHAMMEIM
oBpa3oM MPOABAAETCH B MPOLONBHOM PACLIENICHHH XPOMOCOM H yOBOCHHH
ix wucna) u 2) nepenady nonHoro Habopa XpoMOCOM KamaoMy H3 JOYEpPHHX
anep. Kak MPOHCXOONT YABOCHHE XPOMOCOM, €LLC HE BIIOJIHE BLIRCHEHO. Pac-
HpEﬂ,E,HEHHE XPDMQCDM MOWET BEITL TEPDCJIBEEHD C MoMOIMLEEY CBETOBOIOD

Pue. 2.2, Cxema MUTOTHYECKOTO [EISHHA JHIIOMAHOR KNeTkn. HAapo colep®u1 no
ABE XpOMOCOMBL KR TOr0 BEILHL, IIDJ'I)"‘ICHI{L.II! oT ]JD,[IHTEJIBF{ ll‘!a-_ CREME — KPaCHBIE
H vepHble). B peaynnTate MHTO3A XPOMOCOME! PacnpeaciftoTcs IMOPOBHY MEX 1Y
obenmn novepauvi kneTkamit. A. B npodase cTanoBaTcs BHAMMBIME YXe TPOIOIb-
HO PACIUEHHBIUHECA XPOMOCOMB, Aaepaas obonoyxa ucuelaeT. b. B meradaze xpo-
MOCOMBI DACTIONIArAKTCA B 3xBaTophanenofl unockoctv. B. B anadase nonosunin
PACIUSIHBIUHXCH XPOMOCOM OTTATHBAROTCA HWTAMH BEPETEHA K 11POTHEOUO/IOKHEM
nomtocaM. I, B renodase novepiue xpoMoCoMEl, BHOBL NIPOAOJIEHG PACIIENHEIHECH,
OKpPYXAOTCH AIEpHOA MeMmOpaHOM, (locne 4ero sapo NEPEXOIMT B WHTepdu3HOe
COCTORHHE,
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MHUKPOCKOMA M MO3TOMY H3BECTHO YiKE AaBHO. B TO BpeMs kak uHTeppasHoe
AOP0 B CBETOBOM MHKPOCKONE KaKETCA ITHIIEHHLIM Kakoii-mubo €eTkoi
CTPYKTYDHI, BO BpeMd €I0 [AEIEHHA XPOMOCOMEl YKOPaYHBAIOTCA H CTAHOBAT-
CH BHINMBIMU. 3aTeM OHH PAaclONaraloTcs B OJHOH NIOCKOCTH, 0Gpa3ya k-
aamopuaabkye nagemunky. B pesynbrare COkpanieHns HuTeid BepereHa no-
JNOBHHKH TNPOJA0JBHO PACIIENHBIIMXCH XPOMOCOM PacXOmATCH; BEPCTCHO
HCYHE3AET, XPOMOCOME CTAHOBATCH HEBHIMMBIMH H JOYEDHHE sapa OKpY-
HAWOTCA CHOBA ANepHBIME 000/0YKaMH.

V peex BLICIUHX PacTeHH H XUBOTHHIX B MPONECCE NOJMOBOIO pasMHOME-
HHs MPOHCXOAMT CMEHA AepHBIX da3. ITpH onnOmOTBOPEHHM MONOBHIE KJET-
KM (rameThi) ¥ HX fapa ciMBaloTcd, 00pasys 3mroty. OTIOBCKOE H MATCDHH-
cKOe sfpa BHOCAT TPH OIJIOAOTBOPEHHH OIHHAKOBOE YHCIO XPOMOCOM (n);
TakuM 06pa3zoM, ALPO IUFOTHE CONCPHUT ABOMHHON Xpomocomubi Habop
(2n). MHBIME CTIOBAMMH, TAMETH — FAMIOKAHEE KICTKH (T.€ KJASTKH C OAHHM
HabopoM XpOMOCOM), & COMATHYECKHE KIICTKH — AHLIonaHbIe (¢ 1ByMA Habo-
pamu). TTosromy npH 08pa3loOBaHUH TaMET CACAYIOMIETO MOKONCHHA HHCIO
XPOMOCOM B KileTKe (2n) N0JKHO YMEHBIUMTHCH Basoe (2n/2 = n). Copokyn-
HOCTh [NPOMECcCOB, MPHBOAANIMX K YMEHBILEHHIO YHCIA XPOMOCOM, HAZBIBAIOT
Mei010M HIH peayKIMOHHBIM Jenennem (puc. 2.3). Meitos - paxuelinmii npo-
HECC Y OPraHH3MOB, PAsMHOKAIIMHEXCA TMOJOBHMM NYTEM: OH NPHBOOHT
K ABYM pe3yibTatam: 1) & nepekoMOHHHPOBAaHHIO OTIIOBCKHX H MATEPHH-
CKHMX HACTEOCTBEHHBIX (AKTOPOB (reHOB) M 2) K YMEHBILICHHIO YHCAA XPOMO-
com. Meiios HauMHAETCA ¢ KOHBIONAIMME XPOMOCOM — KAXIAR XPOMOCOMaA CO-
EAMHASTCA ¢ COOTBETCTBYIOWEH (TOMONIOrHYHOH) XpoMocomoH, mpoHcxona-
med or upyroro poautens. Bo BpeMa KOHBIOTalMH TYTEM pa3pnipa
H NEPEeKPecTHOTO BOCCOCAMHEHHA (KPOCCHMHIOBEDA) MOKET NPOHCX0AHTh 06-
MeH dparMeHTaMi OOHHAKOBOH NMHHBI MEXKAY TOMOJOIHYHBIMH XPOMOCO-
MaMH. 3aTeM CACAYET ABYKPATHOE pasfe/cHHE CIAPCHHBLIX PACILCHHBIIMXCH
XpOMOCOM, W B pe3ynbTaTe oOpa3yrOTCH 4EThLIDE KISTKM, Kaxaoas H3 Ko-
TOPBIX HMEET ramionaHoe anapo. Takum obpalom, B mpoitecce meiosa He
TOJBKO MPOMCXOAHT «NEPETACOBKA» XPOMOCOM MATEPHHCKOIO H OTILOBCKOID
IPOMCXOMKIAEHHA, HO MOMET MPOM30HTH U ODMEH CerMeHTAMH MEXOy TOMO-
JAoTHYHBIME XpomocoMami. OBa npoiecca NPUBOMAT K HOBHIM COYETAHHAM
T€HOB (K MX PEeKOMOHHAINH).

@0

@@

r

Puc. 2.3. Cxema Meiioza. Meiios NpHBOAHT K NEPEKOMOMHHPOBAHHIO OTLOBCKHX
H MATEPHHCKHX [CHOB M K YMEHBILEHHI0 BABOE YHCIa XpomMocom. CHasana 1npoHcxo-
JMT KOHBIOTALKA FOMOJOrHYHBIX XPOMOCOM (A), B TrOMONOrH ODMEHHBAKTCH YYacT-
Kami (KPOCCHHTOBED); B PE3y/ILTaTe ABYKpaTHOro obpasosanua sepeted (B u B) xpo-
MOCOMb] PACXOAATCHA; HPH 3TOM PACXOAATCA TAKKE M TOMOJOTHYHBIE XPOMOCOMBI
{B): B peaynnTaTe NOMYHAIOTCA METHIPE KAETKM C© ranjonaHsmu sapamsu ().
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Y MHOrHMX HH3IIHX PacTeHWi, BKIIOYAas BOJOPOCAM, 4 TAKKe ¥ mpocreld-
[IHX PEAYKLHA YHCIE XPOMOCOM MPOHCXOAHT Cpasy nocie obpazoBanus M-
TOTBI, TAK 4TO OpPraHH3M OKa3kiBAeTCH TAIOHAHBEIM. ¥ DACTEHHid ¢ rerepo-
tdasHod (aHTHTCTHYCCKOi) cmeHOH noxojeHmil (MXO0B, NANOPOTHHKOR)
TANJIOHIHBIE (OKOJIEHHS YePeayloTcs ¢ AHIIOHIHBIMH,

Xpomocomet sykapuot coctosT M3 Hutell JIHK, ¢ koTophiMH cBAzanml
MHOTOYHCACHHbIE OenkH. YacTe 3THX OenKoB COCTABNAAKOT THCTOHHR —OC-
HoBueie Genxu. JHK # ructodb, no-BHOMMOMY, ACCOUHHPOBAHBL OPYr
C OpyrosM BechbMma ynopsanaoueHHEIM o0pazoM W 00pasyioT HYEJIEOCOMBI—
CTPYKTYPHBIE CYDBENHHHUIB XPOMOCOM,

B appe na xpomocomioil JJHK obpasyerca mPHK. Uepes nopsl B snep-
HOii MeMOpaHe oHa TPAHCNOPTHPYETCA B MMTOMIa3My. B nHTephasHom sape
MOKHO BHOETE SAPHILKO; OHO coacpkuT anpuukoeyw JHK, B xoropoi
3akmodeda uHGopManus gas noctpoenns pubocomuoi PHK u, pepostho,
TpanciioptHoii PHK. O6e st PHK cHHTe3pyioTcs B SApLIIKE H TOMXe
nepexoidT B udTonAasMy. B sMOpHOHANBHBIX KIeTKax W B AHICKNCTKAX Co-
JEPKHTCA TO HECKONBKY WIH TMOMHOTY AApGILIEK.

B syxapuoTHucckoll KneTke ANpo — BaXHEHuMA, HO He ENMHCTBEHHBIH HO-
CHTE]b IeHeTHYeCKOH uHpopmauny. YacTs Takoil HHGOPMalHH COOCRUTCR
B JIHK mutoxomapuii ¥ xJ0poniacTos.

Hutomaasma. [Tporonnact cHapy®H OKpY®eH IiasMmatHyeckoil membpa-
HOMl. [Ins 3ykapuoTHdeckol KJETKHM XapakTepHO BHIPaXeHHOE MOJpaiieie-
HHC UHTOMIA3MEl Ha MHOXKECTBO -000CO0NEHHBIX NPOCTPancTE. DTa KoM-
napmrsmexmaiuIgyus OTYACTH COZJAETCA B PE3V/ILTATE BISYUBAHHA TLIA3MA-
THYECKOH MemOpanb ¢ ofpajoBaHHeM IHCTCPH M NY3BIPEKOB, OJHAKO
NOMHMO 3TOTO B UHTONIA3ME JYIHTOB CONEPXKATCH MUTOXOHAPHH M (y pac-
TeHuil) XAOPOMIACTH, KOTOPHE CO BCEX CTOPOH OKPYKEHB MeMOpaHamu,

W3 ensquBaHuil nnasmariyeckoil Membpan o6pasyeTcs SHOOMNAIMATH-
qeckiit peTukyaym (2P). Hacte 3P obpasyer HapykHy1o saepHyo MemOpa-
HY M, TAKHM O0pazoM, OKpYKaeT AApO; B ANCpHOR 00OMOYKE MMEHOTCR
NOPH, KOTOPHIE OGecheyHBaror GECHPENATCTBEHHBIA TPAHCIOPT HYKIEH-
HOBBIX KHMCAOT, GeqkoB W MeTabOIHTOB MemKIY AMEPHLIM IIPOCTPAHCTBOM
W nMTOMAa3moi. Yacts mMembpan ycesna meabualiliuMu rpaHy/iaMu— pr6o-
COMAMH ] 3TO TaK HA3HWBAEMBIH «IEPOXOBATHIHY, HIH rpaHyaapusdl, P, Ha
pubocoMax OCYILECTBISETCH cHHTes Genkos, CeoGomHo B3BEIIEHHBIE B LHTO-
nuasme Wi npuieralonme ¥ DP pubocoMbl otHocaTes k THny 80S.

Ocoboit MeMOpanHOH OpraHe//Nol XHBOTHHX KNETOK ABAAETCH anmapat [onsa-
#H. CXoaHble OpraHe/Is pacTHTENLHLIX KASTOE HAILIBAOT AMETHOCOMamMu. Oun co-
CTOAT H3 NAKETOB YIIOWEHHLX MeMOpPAHHBIX MYILIPLKOB, TAK HABIBAEMEIN HCTEPH.
Ammapat [ofba%i u METHOCOMB ODECIIEMHBAIOT CEKPELHIO PAIIHMHEIX TPOAYKTOR,
rnapasiv ofpazom depmenton. MepMeATH CHETEINPYIOTCH HA UHCTEPHAN H HAKAILIH-
BaoTca B Hux. Co BpemenemM TAxol MyILpex OTAENAETCS, NEPEMELIACTCA K MIA3MATH-
veckod MemOpaHe, ciMBaeTCA ¢ Hell M H3nMBaeT MpH 3TOM CBOE COOEPXKHMOC HApPYKY.
DTOT Npolect NOAYMHN HAIBAHME IKIOUHTO3A.

Muroxonapss u Xaopomiactel. B 3yKapHOTHYSCKHX KIETKax ecTh eue
nBa BHIA OpPTaHe/Ul, OKpYACHHHIX meMOpaHamu,— MHTOXOHIDPHHM H XJIOpO-
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nAacTel. MUTOXOHAPHH OCYILECTRAMIOT [bIXaHHE, 3TH ODpasoBaHHA WiMeH-
unBoil dopmsl, GorarTbie TMITHIAMH, HMEHT JBe MeMOpaHbi- HADYAKHYIO
M CHIBHO CKJIAM4aTyH BHYTPEHHIOW (¢ kprcTamu wiam TpyDouxamu). BHy-
TPEHHAA MeMDpaHa COLSPHKHT KOMIIOHEHTB! JMSKTPOH-TPAHCIOPTHOH Lenu
# ATP-cunwmazy. B xaeTkax Boaopoc/ieii H BHCIIMX PACTEHHH HAPAILY C MH-
TOXOHIAPHAMH HMEIOTCH TaKMe xJopoiacthl. BayTpennne membpanrr xmo-
PONAACTOR (THIAKOMIL) COJAEP®aT GOTOCHHTETHYECKHE MHIMEHTR! H KOMITO-
HEHTHl (GOTOCHHTETHYECKOTO TPAaHCHOPTa MMEKTPOHOB.

unountod. J109 3yKapHOTHYECKOH KJICTKH XapakTepHa CrnocofHOCTE no-
TACUEATE MHILY B BHIE PACTBOPEHHEIX BEWECTE HaH OQOPMAECHHEIX TBEPIEIX
YACTHIL OEUIBH:EBUCTHHM !'[pHMﬂpDM MOTNOIEHHA TBEPALIX HaCTHI CIOYKHT
$aronuTo? - 3XBATLIBAHHE HX JICHKONHTAMH KpOBH MnM amebamu. Ecmm
Pk HAET 0 NOTAQMIEHHH MHAKHX NHTATEABHBX BCLECTE, NMOBOPAT O NMHHO-
uutose. 0ba cnocoba NOTMOUNEHHA BHEKIETOMHOTO MAaTEpHana obbeNHHAIOT
1071 Ha3BaHHEM 3HUMOIMTO3A.

CnocoBHOCTh 3YKAapHOT 3aXBaThiBATE OGOPMICHHBIC TBEPILIC YACTHYKH,
B TOM HHCIE W KHBHE KIETKH, WMeeT diyHpaMeHTansHOE OHOTOrHUECKOE
aHadeHne. B SHIONMTOe MOKHO YCMOTPETE HPEUTOCHUIKK 18 BOIHHKHOBE-
Hu¥ agocumOnosa U ero mexauusm. OBGbMHO TBepAble YaCTHYKH, NOTNO-
IEHHEE MYTeM haronETo3a aMeboil, NepeBAPUBAROTCH €10 H MOJHOCTLIO JIH-
IMPYOTCA. B paje cay4aes, OOHAKO, Pe3YILTATOM MOMKET OBITH BHYTPHEIE-
To4HBIA CHMOMO3. HauGonee W3BecTHRIE IpHMeEp TAKOTO JH1ocuMOHO3a— ac-
cotnanus kneroxk Gobopeix pacreuit ¢ Gakrepuamu pona Rhizobium
B KOpHeBBIX kaybenwkax (pazr 13.1). TlouaobHoro poua 3Mn0CHMOHOHTHI
IHPOKO PACTIPOCTPAHEHB ¥ 3yEapHOT (pasa. 17.2.1). CniocoblocTs sykapHo-
THYCCKHX KACTOK NMpHOGPpETaTh 3HAOCHMOHOHTOB FOBOPHT B MOML3Y TEOPHH
0 CHMOMOTHYECKOM NMPOHCXOMICHHN XIOponnacToB H Mutoxonapuii. Ilpo-
KapHOTHl K JHIOUHTO3Y HECHOCOGHBL

InaocHmOHOTHYECKAA rEmoTe3a, KneTouHEe OpraHeillbl 3yKapHOT HMEHT
MHOTO (YHAEMENTANBHEIX ODINMX HEpPT € NPOKAPHOTHYECKHMMH KIIETKAMM.
Onn cojepxat koabinesnie Monexyas JTHK, ux pubocoMEl OTHOCATCA K TH-
ny 705, a MeMBpaHkl COASPKAT KOMIOHEHTE! K TPOH-TPAHCIIOPTHOMN 1eny
(bnapuuel, xuHEOHB, Fe-S-conepxamme OGesikn, nUTOXPOMBI) M BRINOIHAKOT
dYHEIHIO OBIXATETBHOTO HAH (OTOCHHTETHYECKOTO Npeobpa3zoBaHHA 3HEp-
rad. CorlacHo CHMOWOTHYECKOHR THIOTE3e, MHTOXOHIAPHH NPOHCXOUAT OT
DecrpeThbix a3pobHBIX DakTepmil, 4 XI0POIMIACTL —OT uHaHOBaKTepHil, cie-
NMABIIHXCA 'EIHJ.IOCHMEIHUHTI:IMI’[ KAEHX-TO NPHMHTHEHRIX 3YEAPHOTHHECKHX
knetok. B pannHefimem JomkHa Onina NPoM30ATH odeHb DonblIan cloenMa-
an3anua; dyHknas peredepanuu ATP Goina nepeflaHa KJeTOYMHBIM OpraHen-
naM. HapyxHaa memOpana 3VKapHOTHMECKOH KJIETEH HE COJEPMHT KOMIO-
HEHTOB 3JEKTPOH-TpaHcnopTtHOH menu. C Apyroil CTOPOHBI, KIETOYHBIE
OPraHeuibl TOME HE CAMOCTOATENBHEL; OHM, Iparaa, obinanaloT cobCTBEHHEI-
wmu mosekynamu JIHK, oanako 3madMrensHas 4acTe HHbOpMannu, Heobxo-
ARMOM JinA cuHTe3a BX OelKOB, HaxOmMTCR B KneTouHoM saape. [lpusmepom
MOKET CIYKHTE pubytozobucdociam-kapbokcuraza— xmoiepoi depMenT ap-
torpodmoi gukcanmn CO, y 3eneHbix pacteHnid. Ouna cocrout na 8 Goab-
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umx # 8 manbix cybpemmmny. MHGOpMANHa A NOCTpoeHWs GoabuMX
cybbequniy conepxurca B JIHK camix xmopomiacToe, a jfis CHHTE3d
Mabix — B sype. [To 310# npHYHHe HEBOIMOKHO 06ECTIEYHTE Pa3BHTHE Opra-
HeJT BHE KJIETKH, TAK 4TO rHinote3a 06 3HaocHMOHo3¢ HEOCTYNHA LA NpH-
MO TIPOBEPEH.

JBHraTeisHbie Oprape/inl. Y BCEX IYKAPHOTHYECKHX KJIETOK, HMEHOLIIUX
ATYTHEM WIH pecHWYkd (y npocrefinmx, Boaopociedl, CnepMaTo3oHIOB
H KJETOK MEPHATENRHOTO MUTEIHA), CTPOeHHe WX oaunakoso. Ha nonepes-
HOM Cpe3e BHIHO, 4TO Ha HepudepHH KTYTHKZ DPACcMONararoTCH AEBATH
ABOMHKLIX HHTEH, 4 B LEHTPE—ABE O/MHOMHEIC HHTH (CTpYKTYpa «9 + 2n)
CHapY®H BCH T4 CHCTEMA OJeTa ILla3MaTiieckoil Membpanoli. OcHoBanmHe
KTYTHKA 3AKPEI/ICHO B HAPYKHOM CIIO€ MUTOMI43Mbl IIPH NOMOLIM basans-
HOTO Tesbia, Wil Giepaponnacta. Baedaponmact npeacrasiser coboi npo-
H3IBO/HOE CAMOBOCTIPOH3IBONALIEHiCA OPraHe/d bl ([HEHTPHOMH).

2.2 MporapuoTMuecKan kneTHa (NpoTouMT)

CTpykTypy ¥ HeKOTOpHE (YHKIMK IIPOKAPHOTHYECKHX KJIETOK MBI Paccmo-
Tpum Ooaee mogpoGHo. IMpexae uem nepeilTH K JeTansM, OTMETHM OC-
HOBHBIE IlpI’IEIHﬂ.KH, OT/IHYAMOIIHE HPOEapHOT“‘IWK}‘I:O KMETKY OT 3YKapHOTH-
veckoil. Kuk ywe OBIO OTMEHEHO, KIETKH TMPOKAPHOT O4EHL MABIL
Mogapnstomee HoALMMHCTBO DakTepuil MMeeT dopMy nanouek He Bomee
| MEM TOAIMHOH H 5 MxMm AanHOR. MHOr#e NMCEBLOMOHAIL BMEHOT IMIHPH-
Hy 0,407 mem 1 aausy 2-3 mem. [lHamerp MHEPOKOKKOB COCTABIAET BCE-
ro mums 0,5 Mem. Cpeau Gaxtepuii ouens HeMHOTO «ruranToBy (Chromatium
okenii, Thiospirillum jenense, Achromatium W 1p.), ¥ Bce Takke GOPMBI PacTyT
CPaBHHTENBHO MEIICHHO,

KoMnaprMeHTani3auds KAeTKH 3HauMTEJLHO MEHEe BhIpakeHa, “eM
y syxaproTrueckux knetok (puc. 2.4). IHK ue oxpysena suepuoil membpa-
HOW, & OopraHelTbl THNA MUTOXOHJIDHHA H XJOPONJIACTOBR OTCYTCTBYIOT.
OfaacTb aupa, BRAMMAs HA JAEKTPOHHOH MukpodoTOrpaduy YibTpaTOHKO-
ro cpe3a KJICTKH B BHJIC CETYATOH CTPYKTYPHl W3 TOHKHMX HHTeil, Henocpen-
CTBEHHO TPAHMYMT C 3ANOJNHEHHOH pubocomamu uuTomIasmoi (puc. 2.5).
V smuornx DakTepuil BIsMMBaHMS IUla3MaTHveckoil mMemDpanti obpasyior
OlpefeNeHHEE CTPYETYPEl BO BHYTPEHHEM [IPOCTPAHCTRE IPOTONIIACTA (BHY-
TpukaeTounbie mMemBpansl). C nmasMaTHdeckod MemDpanol CBA3AHBI Mpo-
lecchl AEXaHus WM DOTOCMHTE3a, JNOCTABASIONIAE KIETKE JHEPTHIO, T.€
($YHKIMH, 33 KOTODHE B OJYKADHOTHYECKHX KJETKAX OTBETCTBEHHRI MeM-
DpaHsl MHTOXOHAPHH H XTOPONACTOB.

PuBocoMBbl IIPOKAPHOT MEHBINE, H6M LMTOMAAIMATHYECKHE PHOOCOMBEI
IYKAPHOT; OHH OTHOCATCA K THRY 705

Bea redernveckas wHGOpPMaHs NPOTOUMTA COACPHRHUTCA B OuHOi-cAnH-
creennoii mutH JIHK - «BakrepuanbHoil xpoMocomen. Ita mosexyna JTHK
Y BCEX 70 CHX MOpP MCCHeAOBAHHLIX DAaKkTepHil MMEET BHA KOJIBUEBOH HHTH,
AMHHa ee koHTYpa coctasaser oT 0,25 no 3 mm. I'HCTOHOB HeT. ¥ MHOTHX
DakTepuii Guina, kpome Toro, obHapyxkeHa sHexpomocoMHan JIHK; ona co-
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OCHOBHLIE CTPYKTYPhI M 3ANACHBIE BEWECTBA

MEMEPAHHLIE CTPYKTYPBI

T HEMHTETHHELKHE HEHOTOCHH TETHHSCH Al

Be3sis yAADHBIE
THRIKAH AL
{xpamaTohopen

TylynAp-ue
THAAKOHAR
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K ropooo ks [az0swia BAK YOI

Pac. 2.4. A. Cxema cTpOSHWA NMPOKAPHOTHHECKOH KnelkH (GakTepHANbHAd KIETKA
B npoaoABHOM paspese). [au—Tpanynsl raugorena; K —mryrHg; Kne — kancyna,
KCm—ynetounas crenka; Ju—mumuaise kanensku; [1IM —nomu-B-rugpoxkenmacii-
mag  kmcnora; [Tu-mwma; [Taz—unasMuaga; [IM —naasMaTHueckans meMbOpana;
[ —rpanynel nomudocthata; Pu-pubocomsl B HOMHCOMEL, H-aapo (uyxneoua);
S—mrarovenns cepul. B, PasnuuHbe UMTONAA3IMATHYECKHE CTPYRTYPHL.

CTOHT M3 HeBOIBIIMX, TOKE JAMKHYTHIX B Koubio moaekyn JHK, noiy4us-
mux HazBaaue naasmun. Muodopmanud, cojlepiallasca B IIa3Muaax, He
ABACTCH HeoDxoaumoOl [ns KAETOK.

BakTepu, K2k NpaBHAo, pa3MHOMAIOTCA MyTeM [CIACHHN HAABOE (GuHap-
Hoe aeneHne). KeTka yUTHHAETCH, @ 3aTeM NMPOUCXOAMT obpasoBaHkie nomne-
peuHOll Neperopo/Iky, NOCTENeHHO BPAacTaloWeH CHAPYXK BHYTPE (WiIH mepe-
TAKKH), NOC/AE YEro JOYEPHHE KAETKH Pacxoasrca. Y MHOIMX BaxTepHi,
OJIHAKO, MOCIIE JIEJEHHS B ONPEUENeHHBIX YCAOBHAX CPeabl QOHEPHHE KICTKH
HEKOTOPOE BPEMS OCTAIOTCH CBS3AHHHIMH MEAIy coboii, obpasys xapak-
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# Ly

Pue. 2.5. Dnextponnas muxpodororpadus ynsTpaTonkoro cpesa knetkn Escherichia
coli B. B peaynprare cnaboro NIAIMONHIA MPOTONNACT OTAENHACA OT KNETOMHOM
CTEHKR, HO3TOMY KNeTo4HaA cTenka (KCm) u nnasmatHieckas meMbpana ([TM) xopo-
wo paznuumel. H—syeneona (sapo); HITi-unronnasMa c pulocomamu. Yeeme-
wiue 56200 x, B HuxAem npasoM  yray-216600 x. (®oro H. Frank,
Max-Plank-Institut fiir Virusforschung, Tiibingen.)

TepHbie rpynns. ITpu 5TOM B 3aBHCHMOCTH OT OPHEHTANWH TUIOCKOCTEH ae-
J7IeHUA | 9HCIA JeNeHui BOIHUKAWT padinyHbie GopMel, Hanpumep ¥y cdepu-
yeckX OGaktepuii—napst knerok (Diplococeus), uenouxu (Streptococcus),
IUTACTHHKA MM ke nakets (Sarcing). [Manoukosuatbie DaKTepHH TaKKe MO-
TyT 0Bpa30BLIBATE MAPH MM IENOUKH KIETOK. PasMHOKeHHE NOYKOBAHHEM
BCTPEYAETCH ¥ TPOKAPHOT KAK HCKmodenue. JIeNeHHIO KASTKH NPEUecTBYET
YIBOEHHeE, WiK Periukanus, SaxTepHanbHoil xpomocombl. OnHAKO JuIlioMa-
Ha% (ha3a B KJETOYHOM IHKJIE OTPAliMYeHa oueHb KopoTkoi cramuei. Takum
0DpazoM, NPOKAPHOTH — FAILIOHIHLIE OPraHHIMbL

K1eTkH NpoxapyoT, 38 HEMHOTHMH HckmoueHuamu (Mycoplasma), oxpy-
WEeHBI KNeTOMHOH cTenkoil, OCHOBHON «KapKkac» CTEHKH COCTOMT H3 NEMTHAO-
TTMKAHA, Wi MyPEeHHa. DTO XapakTepHHi Q1A MPOKAPHOT TeTepoLOIHMEp,
KOTOpHI HE BCTpedaeTca ¥ 3yKapuoT. MHorie NpoKapioTh MOJBHAKHEL— OHH
NepeMEN@rOTCs NMYTEM MJIaBaHHA WM ckoabwenns. OpraHame JBHXCHMA
niaaparotmx Gakrepuil cnyxar ocobbie «OaKkTEpHANEHBIEY KIYTHKH. DTH
KTYTHKH YCTPOSHBI 3HAYMTENLHO IIPOILE, 9eM ¥ 3IYKapuoT, H COCTOAT H3
ofHoR-eHHCTBEHHOH dHOpHILIBL

Mo dopme, 33 HEMHOTHMH HCK/IIOYeHUAMH, BOE DakTEpHKH MOXKHO OTHe-
CTH K CHEepHYecKiM, UHIHHADHYECKHM (IIAJIOMKOBHIHBIM) MM HCKDH-
BJIEHHEIM IMAMHApHYecknM. OcHoBHBIMA (opMaMil CYUTAKOTCA MO3TOMY
KOKKH, NPAMBbIE TAN04KH W H3OTHYTBIE NAOYKA (puc. 2.6). Kak mpambie ma-
JIOYKH TIOJ MHKPOCKONOM BBITIANAT Oakrepui, OTHOCAMMECH K podam
Pseudomonas n Bacillus, Crupunier umetot mronopoobpaskyio gopmy. Bu-
OpuoHamu (Vibrio) Ha3BIBAIOT HCKPHBIEHHYIO nanouxy. [lns HexoTophiX Gak-
TEPHil XapakTepHBl OTKIOHEHHA OT 3THX OCHOBHBIX dopm. [lns poua
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FEIRPELNY D

Puc. 2.6. ®Popmel  ompoxietounsnx  Gaxtepuil. |- MuKpOKOEKHM; - AWIUIOKOKKH;
3 cTpenTokokkn; 4-cradMIOKOKKM. J—CApUMHBEL; 6-TATOUKOBHIHEIE BaKkTepHh,
7 —cnupuniet; 8 - pulpHOHLL

Corynebacterium ¥ ans xopuHedopMHbIX OakTepuii XapaxtepHa Oynaso-
ofpasHas MM WM3IMCHYMBas HempaBHibias dopma. V' MHOMHX  BHIOB
M yeobacterium BCTpedaoTcs HaMeky Ha BETBACHHE KNeTKH. CTPENTOMHUETH
00pasyloT Lake MHUEHH, Nono0HEN TPHOHOMY, HO OTJHYAIOUMHCE OT NO-
CIIEOHETO MEHBIIHM MHAMETPOM KJSTKH (MeHee | MKM, TOrjJga xax y rpubos
Bonee 5 MKM).

XnMudecKHii COCTAB OJHOKJETOMHBIX opramusmon. Bec chipoll GHoMaccs!
BakTepHil ONPENEKIOT NOCNE OTAENCHHS KJIETOK OT KHIKOH NHTATENBHOH
cpejbl myTeM ueHTpudyriposais. OceBlIas KJCTOMHAAR MAcCa COJAEPKHT
70-85% poubi; TakdM obpazom, cyxas Omomacca cocrasaser 15-30%; ot
chipoit maccel. ECin KNeTKH COQEPAKAT MHOTO 3aMacHOTO matepuana (mu-
MWL, NOaMcaxapuisl, oaudocharsl HIH cepy), 1014 CYXOH Macchl Bombie.
Cyxoe BewgcTBo DakTepHid —3T0 B OCHOBHOM NOJIHMEDBI [Bearn (50%), xom-
MOHeHTH KAeTOuHO crenkn {10-20%,), PHK (10-20%), JHK (3-4%)], a Tax-
e munugbsl (10%). Jlecath BamHeHIIHX XHMHYECKHX 3IMEMEHTOB IpEicTa-
BAEHBI B KJAeTKax DakTepwii NpHMEpHO chaenylowmM o0paszom: yrie-
pon - 50%, xucnopox-20%, azor-14%, sounopon-8%, ¢ochop-37;, ce-
pa-1%, xamuii 1%, xanbumii -0,5%, maruuit—0,5%, 1 xeneso 0.2%.

2241 BakrepuansHoe AAPO

Maneie pasmepbl DakTepHATRHOH KJIETKH M HAIHYHE JBYX THNOB HYKIEH-
HOBEIX KHCIOT OYeHB 3aTPYAHHAH NHTOXHMHYECKOE BBIABICHHE AIEPHOIO
matepHana. Tem He MeHee KIACCHYECKHE [HTOJOTHYECKHE METOMIEL, a 3aTeM
W TEXHHKA YILTPATOHKMX CPE30B B COYETAHHH C DJIEKTPOHHOH MHKPOCKO-
nuell MO3BOMMIM B KOHIE KOHNOB YCTAHOBHTBL, YTO DakTepHH cojepxar
JIHK w 9to sta [IHK He pacnpeienena nudppy3Ho B qHTOINIAIME, & JIOKAIIH-
30BaHA B OrPaHWYEHHLIX YYACTKAX, KOTOpPHIE [ENATCH Hepel JelNcHHEM
KIIETKH.

LiaTosormteckoe BuIsBaende GakTepraannoro sapa. Cnocobrocte JAHK & cneuu-
tlm'iccxomy OEPAIIMBAHHIO JIEKHT B OCHOBE PeaKUHK PENLIeHa Ha AOCPHOE BELLECTBO.
B pesyaeTaTe BIaHMOACHCTBHA cpoBOMAHX anbAErHaHEX rpynn ¢ Gecupetnod dyk-
CHHCEPHHCTON KMCNOTON noapjieTca PHONETOBaA OKPACKA, CHOHCTBEHHAN OCHOBHOMY
tyrcuiy. Jaa yaanewns wy knetok PHEK u ocpofGomaenus anbiersInbIx rpynn ae-
30KCHIEHTO3L], BXOsed B cocras JHK, xnetkn npeasapuientHo ofpabarsisarot
ropaveit passeaennoit HCI (4 mum 8 | M HCI npe 60°C). Jlyqinne peayabstatsl noy-
YamKCh NPH ORPALIMBAHMM KIETOK MOCHE Takoll &e npeasapuTensnol obpaboTey oc-
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Puec. 2.7. fApepnwie c1pykTypsl  DakTte-
puit. A, Bacillus cereus. B u B,
Micrococcus radiodurans, miramm “Sark™.
JlBa NepBLIX CHHMKA B CBETIIOM IOJE 10~
cne oxpackd mo Tumsa; TpeTwid cHi-
MOK — (PA30BLIH KOHTPACT. (Poto
C.F. Robinow )

HOBHEIM kpacuTenem [umsa. B nanenefimem meropel dumkcanun GuinH ycoBEpIIEH-
cTpopank; PHK cramm ymanats ¢ nomoumio pubonyxicasw, Taknm cinocobom
yaanock Nonyuute npenapatsl Escherichia coli, Bacillus cereus var. mycoides m B.
megalerium, NOIBOIMBIIKE CAENATh BRIBOA, 4TO y OakTepuii cyuecteyror ocobuie
ofpatopanus, cxomwbie ¢ AqpoM. MX HalsiBaloT XPOMATHHOBRIMK TENLUAMM, HY-
KJACOMIAMH HIIH JEBHBANCHTAMH sapa (pwc. 2.7 u 2.8)

K pelieHuto BOIpoca 0 CTPYKTYpe BAKTEPHANBHOrO Anpa YIaaoch MpH-
Oan3uTECA TONLKO DAarogaps 37CKTPOHHOH MHKPOCKONHH YAbTPATOHKHX
cpesor wepes Gakrepuaibhylo knetky. Jlis noaydeHus ONTHMATbHOH Kap-
THHEI HATHBHON TOHKOH CTPYKTYDBI KASTOYHOrO AAPAa PEIIAMLICE 3HAYMCHHE
HMena Hajulexaluas QUKCanHa (C MOMOLIBIO YETHIPEXOKHCH OCMEA, YPaHHI-
anetata wiad pochopiosoiPpPaMOBOl KHCAOTHI) B COBEPINEHHO ONpene-
Aeunsx yenosuax. O0nacts sapa (Hykieonigaima) B GakTepHaNBHOH KNeTie
PHBHOMEDHO 33M0JHEHd O4eHb TOHKHMH HATAMH (puc. 2.5). B 3/1eKTpOHHOM
MHKPOCKONE DHA BBITIAJHT MEHEE [UIOTHOM, YEM OKpYMKaromas WATOMNIa3Ma,
conepxkaman pubocompl. Kakoil-mbo memDOpaHHOH CTPYKTYPHL, OTHCIANO-
e 06AacTh Aapa OT IHTOIIA3IMEl, BBIBHTE HE YOAIOCH.

Paamoantorpadus. To, 4To anepHuii Matepuan cocrout U3 [IHK wu, na-
npumep, y Escherichia coli npegctabned eIMHCTBEHHOH HUTBIO I/THHOM
OKOMO | MM, 3aMKHYTOH B KONBLIO. BNEPBBIE YAAN0Ch OKA3ZATH Kapucy
€ NoMoubio MeTolla pasHoastorpadun. Jng storo GeUHM HCNOIR3OBAHE!
NpenapaTsl KJETOK, BHPAIIEHHBIX HA CPele C THMHAMHOM (IPEALLECTBEHHHK
THMKHA), MevennbiM TpuTHeM (*H). JIHK - eMHCTBEHHOE BEIECTBO B KJ€T-
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Puc. 2.8, Dnextponisie mukpodortorpadun xnetox Escherichia coli, obpaboTanneix
depmentami. B KneTEax Ha BepXHEM CHHMKE nMTonaasma smecte ¢ ee PHK paspy-
uieHa BOIAEHCTBHEM pPHOOHYKJEd3bl M MENCHHA, COXPRHHIIHCL TOJBED KAETOYHBIC
CTEHKH W HYyKJIeoHaw! (aapa). KAeTKM HA HIKHEM CHMMEE ObUIM DoCIenoBaTenbHO
obpaBoTansl pubOHYKNEa10H, Kel0KCHPHBOHYKIEA10 W MENCMHOM; B pe3yabTaTe
paspYUIEHH H HYKTEOWIH, TAK 4TO BHJIHBL TOJIbKO NYCTHE KIeTOYHBIe cTeHxd. Takas
nocnemopatenppas anbdepenimpytoman obpaboTka depMeRTAMH NOKa3LIBAET, 4TO
TemHbie ofinacTH (Ha  BEpXHEM CHEMKe) cooTBeTcTBYrOT Hykneonaam (JIHK)
(Peters D., Wigand R, Z. Naturforsch,, 8b [1953], 180,

ke, conepxkamee Tamun, Ecmu knetkn, ponounsmue “H B THvml, obpabo-
TaTh JM3OMAMOM HIH NaypuicyabbaToM Ha MeMOpadHoM QHUABTPE € UENBIO
BEI3BATH MX JIH3HC, TO MOKHO MOAYYMTE pagHoanTorpad passepHyTol Oak-
TepHansHOl xpomocomel. Takve pamwoastorpade (puc. 2.9) ybemmTensHo
nokaspisatoT, uto DaxtepuansHas JIHK umeer dopmy HUTH, 3aMEKHYyTOH
B KOMBLLO. 3Td HUTE B MEHETHYCCKOM CMBICNE COOTBETCTBYET [PYNINE CHElie-
HHS W HalkBaeTcd DakTepuasbHO#d xpomocomol. Kpome Ttoro, panwoasrto-
rpajel NO3BONAIOT NpeAcTaBuTh cebe cnocob nenenus Takoil HuTH. Ha
puc. 2,10 m3obpakena [IHK Gaktepnodara, BRIABNEHHAR APYIHM METOIOM.
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Puc. 2.9. Pagwoastorpadsl acnAmmxca xposmocomM Escherichia coli, Knetknw Ha npo-
THMEHHH [BYX TeHEPALUMA POCIHH B HPHCYTCTBHH THMHHA, MEHYEHHOTO TPHTHEM, & 3a-
Tem ObUH paspyleHsl AH30UMMOM; obescHenme oM. B tekcre.  (Bleeckens S,
Strohbach G., Sarfert E,, Z. allg. Microbiol,, 6 [1966], 121.)

Crpykrypa JHK. [lezokcupubonyknennoean kncnota (JHK)—makpomo-
nekyna. [lpy KMCIOTHOM TIHAPOMM3E OHA PACIUENAETCA HA CBOH CTPYK-
TYPHbIE WIEMEHTHI — e30KCHpHD03Y, hocdopHy0 KHCADTY K A0THCTHIE OCHO-
BAHME B IKBHMONApPHBIX cooTHowenusx. B cocrap JAHK Brogat wernipe
PAIHYHLIX OCHOBAHKA: [BA NYPHHOBBIX (AJEHHH W TYAHHH) W [BA TIHPUMH-
AMHOBRIX (LMTOIMH ¥ THMHH).

Puc. 2.10. Moaexynw  JIHK  Baxrepuodara
PM2 HaoDpamennl MOMEKyIbhl B PAIIHYHOM
cocroankd. Kamnowit  knybok coCcTOoMT M3
cec-JIHK {covalently closed circular DNA, T.e.
KOBANCHTHO 3aMEHyTOl  komeuesoii  JTHK).
B pexyawtaTe obayueHns yaeTpadHoncToM
B HEKOTOPBIX MONEKYNaX MPOM3IOMEN pa’iphis
oaHo# w3 uened W monywknacs oc-IJHK (open
circular DNA, T.e. oTepeiTas koneuesas JIHK),
WMerolAad sHA GOMBIMOTe KOMBUA © JUTHHOR
koRTypa 3,02 mxm. JIHK 6mna pacnnacrana
C TIOMOIUIBID COSNWHEHNS YeTBePTHIHOTO aMMO-
Hus W obpafoTaHa ypaHHIaueTaToM (MO3M-
THBHEIA KOHTPACT); TCMHONONBHAR 3NCKTPOH-
nag Muxpodotorpadms. (U. Hahn, Géttingen.)

}oe 1169
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Ecim npowssectd pacueivienne [THK ¢ momoumio nykneaz ([IHKazw
I u3 momKenydouHOR Kenesbl WIN Ouscmepassl 3IMEHHOTO ajaa), To ocBobo-
wpgarorTed 3'- HAH S-HyKneoTHidbl. ITH Ne30KCHPHDOOHYKICOTHARI COSAHHEHR
B HYKJIEHHOBBIX KHCAOTAX B AnvHKbe nenu. B [IHK monexynw nedToss: He-
peayloTes ¢ moaekyiami GochopHOH KHCI0TH; ¢ KAK/IBIM CAXAPOM CBA3AHO
0HO U3 YeThipex ocHopaHmil. Takas MONMHYKNEOTHAHAN LEMB HE OJIHHAKOBA
B oboux HanpapneHusx, T.e. obDiagaeT NOJAPHOCTRIO! HAa OAHOM €€ KOHuE
naxoaurca docdarHas rpynna B nonokeHdH 5, a Ha apyros —ceBobonHas
THAPOKCHABHAA TPYNNa B monoxexdun 3,

Euwe B 1950 r. Hapradd ycranosun psjl 3aKOHOMEPHOCTEH : a0eHHH IPH-
cyrereyeT B JIHK B TOM e KOJHYECTBE, YTO H THMHH, & TYAHHH - B TOM K€,
yto ¥ nuto3uH (A =T, G = (); cyMMa nypHHOBBHIX OCHOBAaHHWA paBHa CYMME
NUPHMKEAHHOBEX OcHOBaHuH; oTHowenne (G + C)(A + T) moxer Bapbupo-
BaTh B IIMPOKHX MPEJeiax OT BHOA K BHAY, HO OCTACTCA NOCTORHHBIM LI
JAHHOTIO BHIA.

TpocTpadcTBEHHOE PACNONOKEAHE OTAENBHBIX KOMIDHEHTOB (T.e. émopuunad
empyxmypa JHK) G610 PHACHEHO C HOMOWBH PeHTIEHOCTPYKTYPROro araania. Ecnw
eeITAHYTh JJHK B HHTe M BpPAMATL ¢ B MOHOXPOMATHYECKOM (YYKE PEHTIEHOBCKOTO
HINYUEHHA, & OTKAOHAOLIMECH Ty4H POENKPOBATE HA MNEHAKY C IMYNBCHEH, TO MOX-
HO MOAYMHTE OH(PPAKUHOHHYIO perirenorpaMmy. Perrrenorpammsl JITHK pazmmyno-
10 NPOMCXOXWAEHHA (13 CHEPMEL, THMyca, DakTepHANBHBIX KAcTOK ¥ Daxrepmodaros)
OKA3ATNCE TOMTH WASHTHIHBIMA, AHATHI TAKHX DCHTICHOTPAMM, NPOHIBEIEHHLI
VHIKHHCOM, NOKA34, YTO HYPHHOBHE M NHPHMHAMHOBHE KOIbdA PACTIONATANOTCA
NoJ MPAMBIM YITOM & npomonsHofi 0CH MONHAYENEOTHAHOID TAKA; 3TOT THX 100
*eH GBlTh CHHPANBHO 3JAKpYYEH BOKDYT UEHTpaneHOR ocH ¢ marom 3.4 am. Mexoms
W3 JaHHALIK O MIOTHOCTH, CNEJ0BANO MPEANOIaraTh, YTO CHHpLlE COCTONT Donee sem
H3 OAHOTO THKA.

[Tosy4eHHEIE Pe3yALTATHL JA/H BOIMOXHOCTE YorcoHy H Kpuxy cdhop-
My;MpoBaTk (B 1953 r.) Guectsaigyo teopuio o crpykrype JHK. CornacHo
Mogeau Yorcona— KpHka, MONHHYKACOTHAHEE HEIH 3aKpyqeHs B ABOHYiO
cnupansk Bokpyr BooOpakaemoit ocu. Obe menu ckpellieHbl BOAOPOAHEIMH
CBASAMH, COSMHHAOMMME OCHOBAHMHA, KOTOpHE oOpameHtl BHYTPL CHHpAIH
(puc. 2.11) TIpA 3TOM €CIIH Y4ECTh PACCTOAHHA H YCI0BHA 0Gpa3oBaHus CBA-
3H, TO MPOTHE K&KAOr0 afcHHHA [JOJDKCH HaXOIMTLCH THMHH, 4 TIPOTHB Ka-
KI0TO TyaHWHAa-uMTo3uH. Ha ooMH BHTOK cnMpami npuxoautcs okono 10
nap ocHopaHni. TlocrenoBaTensHOCTE OCHOBAHWH B JBYX nensax no Heobxo-
JHMOCTH KOMILTeMeHTapHa. Hanpasienue ueneii nporusononoxHo (3 —3' u
¥ — §). Inuna xpomocomu Escherichia coli cocrapnser npuMepHo 1,4 mm.
Opus muxpoMerp oauoienodesnoi JHK cooTtseTrcTByeT OTHOCHTENLHOM
MonekyaspHoil Macce okomo 2-10°, wan npumepio 3000 map ocHoBaHwMil.
Takum obpasom, xpomocoma E. coli umeeT MonekynspHyro maccy 2.9- 107,

Bonopoanse ceam, coegunmomme A ¢ T G ¢ C, neogurakoso npounsl. Ceain
3TH HMEKOT B OCHOBHOM JMICKTPOCTATHMCCKYRY MDHPOOY. B ux DEWSOHEHHH yua-
crayior OH- w NH,-rpynine. O u N-CHIBHO 3MEKTPOOTPHUATENRHEE 3TEMEHTH
OHH OTTArHBAKT INEKTPOHEl H coobmaoT CEAIAHHOMY C HHMH BOJOPONY NONOMH-
TeNLHBLIH Japan. [Mono®uTEnBHO Mpﬂ#ﬂl!"hlﬁ ATOM BOOOPOOd MOXCET HPHTAIrHBATECH
APYFTHMH 3MEKTPOOTPHIATENEHRMH FPYNITAMH C HEMOASTEHHBIMH NAPAMH 3NECKTRO-
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Puc. 2.11. Crpykrypa aezokcupubonyknennobodl kucnoT (JHK) Opunouncie uenn
OHK coequPensl BOJOPOAHEIMM CBasamiu. Caeea apoiinas cumpans JIHK, seepxy
B BHAE MOAETH M3 [APHKOR, 3 HWKE MOKAIAHO PACIOMOMEHHE OCHOBAHHA HANOILOOHE
CTYHEHEE BHHTOBOW TMECTHHULL Cnpasa MOKAZAHO CHIAPHBAHHE OCHOBAHMA - AJCHHHA
¢ THMHHOM M TYaRHna ¢ uurosnAoM. [TyHETHPAMMA NHHHAMH PEACTABIEHL! BOLO-
PONHEIE CBAIH.

HOB, 1 B 3TOM Cliysae 0Dpasyercs Bofopoanan cease. [IpoyHocTs ee 3aBHCHT OT Ene-
JIOTHOCTH ATOMA BOAOPOZA H OCHOBHOCTH aToMa-akuentopa. BoaopogHsie CBAIH
NPOYMAEE MEXMONEKYIApHbIX CHA Ban-gep-Baaneca: 3Heprus cRA3H MOXET JOCTHIATH
38 k/Ix (9 xxan) Ha | MOJb; B CPEAREM ITO JHIL HE HAMHOrO GONblne, YeM JNEepIHA
Tennoseix konebaund npu 37°C. Kag sugno u3 pre. 211, Mexay ryaHMsoM 1 UuTO-
IMHOM HMEIOTCA TPH, 4 MEKIY THMHHOM H AACHHHOM — 1Be BONOpPOaHKIEe cBA3H. M3-1a
MAoH JHEPTHM CBA3M TAKHE BOJJEACTBHS, KAK IOBLIILIEHHE TEMIEPATYDH, HE3IHAMH-
TENIbHBIE HIMCHEHHA KOHUEHTPALMH MATHMA WIH A0DaBNeHHe MOMEBMHBI, MOTYT IpH-
BOUHTE K GONBINMM HIMEHEHHAM B Jaxe paspelpy csask. [Ipn noBelieHWH Temmepa-

TYPbl POMCXOIHT PA3IpLlB BONOPOJHLIX CBA3EH K PACKOCKICHHE NOTHAYEICOTHAHBIX
ueneit, Taxoe paspywenne sropuyHoll cTpyEType JHK conposompaaetes nornotie-
HHEM cBeTa (npH AnuHe BoiHBI 259 HM) (rHnepxpomHBIM 3ddexTom). TemmepaTypy,
MpH KOTOpO# NPUPOCT IKCTHHKUHH AOCTHTAET NONOBHHL MAKCHMANbHOH BEIHYHHEL,
HAIWBAIOT ToukolR nnasnesus (T,,). Touka nnaenenus Tem Bee, 4eM Gonbine
B JJHK ryansna u UMTOIHHA - OCHOBAHMH, coeanHeHHbIx Mewny coDoi Tpems soao-
pomHbIMH cB3amH. [loadToMy ToYEAa nnamieHna sbiicneRxod u ouwmmennod JHK
(pre. 2.12) cny®MT NOKABATENEM, NO3BONAIONIMM JIETKO OlpEie/inTh OTHOCHTENLHOE
COMepsanMe B Heil UuTo3uHA W ryadAwAa. Cofepwamme nap GC-3To oTHONEHHE
CYMMBI MOTIEH TYAHHHA M IHTO3HHA K CYMME MOEH BCEX YETHIPEX OCHOBAHWA B Aau-
voit JJHK (p npouesTax).

1%
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Puac. 2.12. A, Mopens niektoHeMuyeckod apofinoi cnupani. Ee MO®HO MONy4HTh,
ecnH 0BMOTATE BOKDYT CTEPWHA [BA CTI0OKEHHWX BMECTE KYCKA NMPOBONOKHM, A 3ATEM
BLIHYTH cTepxens. [lpe onuHouHBe mell NMEpEnneTAIOTCH, W KX MOXHO PAIICIHTE
Toneko nytem packpyyspanus. B, Kpusas nnaenenns OHaktepmamsson [JHEK
Ty — TEMIEPATYPA, TPH KOTOPOH IKCTHHELWS ZOCTHIAET HOJOBMHBI MAaKCHMAILHOH
BENTHYWHLI,

IMTo conepxannto GC B JIHK Gaktepud o4eHb CHABHO Pa3iHYAIOTCA Me-
®ay coboil. ITa BelMuHHA MOKET BAPLHPOBATH B npegeaax ot 30% (y Heko-
TophX cTadmiokokkos u npeacraeuteneil rpynnet Cyrophaga) no Goaee sem
T0%, (y npencrasuteneit poga Micrococcus H HEKOTODBIX MHkcODakTepHii,
obpasyionmx naojossie Tena). Comepwanne GC punocnenudu4HO M pac-
CMATPUBACTCA KaK TAKCOHOMMWHECKME MpH3HAK.

Penmxamus JTHK. THK conepxuTt reHerHdeckyio HHOOPMANNIO KICTEH.
IMostomy yaosoenne JHK, Beerpa npenmecTBylouiee KIeTOMHOMY JEIEHHIO,
NOIKHO NPHBOAKTE K 00pa30BAHMIO ABYX COBEPLUEHHO MAECHTHUHLIX XpOMO-
com. Ha nepewit parasg 310T IPONECe — HACHTHYHAR PENYNIIMKALMA, WM pe-
mnukauua, JIHK - npencrasnserca oueHb NpocTeIM: OBYM uenaM HOCTATOY-
HO TONLKO pasoifiTuck, yToGH BOONL KaXAOH M3 OAHHOYHBIX MONHHYKIEO-
THOHBIX 11efeii NPOTHB KOMILIEMEHTAPHBIX OCHOBAHMI Ha4YaiHM BHICTPAMBAThH-
c  cBODOAHBIE HYKNCOTHOBL, KOTOPHIM TOC/IE 3ITOT0 OCTAHETCA JIMLIb
CBA3ATHCA Mexny coboll B menmb. OoHEZ M3 TUJIABHBIX TPYAHOCTEH COCTOMT
B TOM, K3aK NpeacraBiTh cebe pacxomaedse apyx ucxoauwmx ueneil. Cornac-
HO JIaHHbIM peHTreHocTpykTypHoro ananwsa, JAHK mnpencrapiser coboi
ILIEKTOHEMHYECKYIO, 4 He MapaHeMHYecKkyro ABoliHyio cnupans (puc. 2.12, A).
Mas Toro 4robel BEACHHTE, HeoBXoaNMO M BooBwie packpyduBaHHe CIHpa-
/M, B KauecTBEe IBPHCTHYECKHX THMOTE3 OBUIM paccMOTpPEHBl TPH MpPHHLH-
NHANEHO BO3MOXHBIX cnocofa pernukaunu JHK (puc. 2.13) (Jensbpiok
i Crent, 1957):

1. Koncepsamusnwili {coxpanarowuii ) mexanuism. Packpyiusanus coupa-
JTH HE MPOMCXOLHT; POUMTE/ILCKAN ABOHHAA CHPAIL CAYKUT MaTpHued s
CHHTE3a JIBYX HOBBIX nened. Jouepnss NBOHHAS CUPAib CTPOHTCH HEIHKOM
H3 HOBOTO MATEPHANA, & POAHTENLCKAR KAK TAKOBAA COXPAHACTCH.

2. HMuenepcusnvii mexanuism. PoaMTeNIhcKas CIWpanb NpH VABOCHHH Pai-
PHIBAETCH HA KaXIOM MolyoBopoTe MyTeM MHOXKECTBEHHOH dparmeHTanuu;
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Pre. 213, Caesa—Monene nonykoHcepeaTHeHOro cnocoba permmkanuw JHE. Cnpa-
#d CXEMATHYECKH NPEICTABIEHE TPH TEOPETHYECKH BOIMOXHEIX MEXAHHIMA PCHAHKA-
uue JAHK: xoncepsatupmmii (I), aucuepcHBHell (2) B nonykoHcepBaTHBHEIH (3).
O0bAcHEHNHE B TEKCTE.

-

CHHTE3 HOBBIX 1eneif npoucxoguT Ha pparMeHTax, KOTOphie 3aTeM KpecT-Ha-
KpeCT CIMBAIOTCA ¢ OTPEIKAMH HOBOIO MaTepdana. Kakias nojaMHyKaco-
THHARA UENE B 3TOM CAYHac NOMKHA Onina Obl COCTOATE M3 YEPEOoYMIIHXCH
OTPEIKOR C']"apl:ll’l:l H HOBOTO M&TEPHE..’IH..

3. Hoayxoncepsamuehsiil  Mexanuim. Poawrenbckan papoiHas cnvpasib
PACKPYMHBAETCA, H HAa Ka¥aoi MOAMHYKISOTHAHON nuend obpasyeTcs HOBAH
KoMILTeMedTapHas menk. Taxum obpasom, HoBas ABOHHAS CNHPaNb OKA3hl-
BAeTCA «THOPHOOM» CTapoil U BHOBL CHHTEIMpOBaHHOH pened.

C uelbH) BMACHHTE, KAKad M3 3THX TpeX BO3IMOKHOCTCH COOTBETCTBYET
aedcTerTensHOCTH, Meceacon # Cralib NpoBeNii IKCICPUMEHTBI ¢ HCIONL30-
BaHHMEM METKH M TNOCAeAylOWMM pasnencHuem medcHoil [IHK B rpanmenTte
moTHoOCTH (pHc. 2.14).

Ecan neatpudyreposats 6 M pacTeop XMopHCTOro me3ks B TEYEHME MHOTHX 4a-
cop npx 100000 g, ycTaHapIHBAETCA TPAIHERT NIOTHOCTH (PABHOBECHE MeEXAay Acii-
cTBHMEM UEHTpoDexHOH cunkl H anddyaueH). Ecnu 31oT pactrop coaepxut [JHK, ona
CKANNHBACTCA B 30HE, NONOKEHHE KOTOPOH B rPaHEHTe COOTBETCTRYET 8¢ YIAETBHOMY
pecy. JIHK, prinenennas na Gaxtepuii, kotopele pocnn B npscyrcrssn *NH,CL
okassiBactca Ha 0,8% Tawenee obuumod "N-IHK, Mosromy Takas JHK obpasyer
B rpaavente CsCl ocobyo nonocy. baktepuio Escherichia coli na npoTaxenns MHO-
rHX NOKOJeHHH BEpammeanu Ha YN B kavecTme McTouHMKa azoTa, Tak uto ce JHK
cogepxana Tomsko '¥N. Jatem x mutarensno# cpeme mpubasnany B wabmTe 4N,
Mo u nocne storo pobasienns Opanun npodwi: skcTpardpopann JHK » ananuaupo-
Banu ee B rpagnente nnotiocts CSCL Tlocne ognoro fenesHs KieTok B cpene ¢ 14N
peA JIHK uMena nmpoMexyTounylo WNOTHOCTE (#NonyTamenass», Has srubpuanasny,
AHK). Obmee xonuvecTso 1akod nonyraxenodt [JHK octapasoce noctosstelM Ha
NPOTAXKCHHM HECKONMLEHY NOKONEHHHA, Torna kak konnuecrso nerxoil JJHK mospacta-
50, [1ng AoKazaTeneCcTBA TOrO, 4TO oaHa dens nonyraxenoci JHK geiicreutensno
cofepsana °N, a gpyras—"*N, nonyrsxenyro JHK nogeeprams «nnasmennton (Ha-
rpesanu go 100°C) u GuctTpo oxnaxuanu, [Tocne storo B rpaaguente naotaoctu CsCl
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Prc. 2.14. Monykoncepeatenas peaynnueauns JTHK. Cxema oneita Mecencoua
u Ctana. Paigenenue [THEK, meucunoi **N w YN, nyrem nenTpudyruposanus B 6 M
pacreope CsCl J-rpagMesT NAOTHOCTH, BOJHWKINWA B pe3yikLTaTe VCTAHORACHWA
paBHOBECHA Memay autdysmei m gedictemem cuael Tawectd; 2-JHK w3 mop-
MafLNEIX KNeToK, sepociminy B cpene ¢ '*NH,Cl: 3-IHK u3 xaetox, pocwmx B Te-
YeHHEe HeckosLKMX repepaumii B cpepe ¢ NH,Cl; 4- IHK w2 knevor, MeucHHBX
13N, a 3aTeM pOCIIHX B TeYeHHe OjHOH resepaund B cpeae ¢ NHCL 5- AHK 3
KNeTok, MeueHHslx '*N, KoTOppIE 3aTeM POCITH B TEMEHHE NBYX TEHEPAUMil B cpene ¢
BNH,CI; 6 - AHK n3 gnetok, Medennuix '*N, a 3aTeM poCIHX B TEYEHHE TPeX rewe-
paumit B cpeae ¢ VYNH,CL

HOABMANHCL ABE NONOCKE, H3 KOTOPHX OlHE Oblia THITHYHA Aana OJ]}IE)I.'I.f-'IICI‘IE"II'lOﬁ
IHK ¢ "N, a apyras—maas Taxoi xe JJHEK c "N,

PeayNbTaThl 3THX ONBITOB HE COBMECTHMBLI HH ¢ KOHCCPBATHBHBIM, HH
C NHCHEPCHBHEIM Mexanuimom pernukauun JIHK; ouu cornacyiorcs ¢ npe-
CTABJIEHHEM O MOJYKOHCEPRATHBHOM mexanmmime. [1pu peniukaumi nend pac-
KPY4HBAIOTCH W pacxondarca. Ha xaxnoH oMMHOYHON nend NPOMCXOMHT CHH-
Te3 HOBOH KOMIUIeMeHTapHO#M nenn. B sToMm nponecce ywacreytot JIHK-no-
numepasel, OYHENHA BX NPOCTA: OHKH CBAILIBAKOT MexLy coDOM HyKIeoTH b,
PACiOJIOMHBIINECA TYTEM CTIAPHBAHMA OCHOBamuil B NPABUIRHOM MOpAMKE,
M Takum 00pa3oM CHHTEIWPYIOT HOBYI) NMOJHHYEISOTHIHYIC nenb. Buoxu-
MHYECKHE MEXAHMIMBI 1OKa3aHBl Ha puc. 215 M 1OSCHAIOTCH B NOJINHCH
K 3TOMY pHCYHKY. C noapobuocTaMH MOKHO O3HAKOMUTECH B y4eDuHKaX 11O
monekyaapioi Guonormu.

CHHTE3 OfHOH NMOJMHYKICOTHIHON nenH Takum cnocobom obDBLACHATE He-
Tpyauo: JJHK-noaumepaza cniocobHa HeNpephiBHO CEA3BIBATE HYKJICOTHULL
[0 HanpapiaeHuio o1 5' K 3-koHny. Ho Tak xak asofsas cmupans JJHK an-
THNIAPALIeNIbHA, CHHTEZ BTOPOH, NPOTHBOAESKAILEH UENH [IOJIKEH [NPOHCKO-
AHTL B ODpaTHOM HANpABAEHHH. DTH COODpaMenus H IKCHePHMEH TAllblibie
LAHHBIE MPUBEIH K NPEICTABICHHIO, KOTOPOE HLMIOCTPHPYIOT CXEMbl Ha
puc. 2.16. BeposTHo, cHasama o0pazyioTes TONLKO KOPOTKHE (JAHHOH 0KOJI0
1000 1Hyk1eoTHAOB) OTPe3KH - TAK HazbiBaeMble dparmedtil Orasaxm Mx
CHHTE3 HavMHaeTca ¢ obpazopanua kopotkol menw PHEK, xotopas ciaykuT
«3aTpaBkoiin (npaliMepom). 3atem ¢ nomoukio JHK-moaumepasbl cHHTEIH-
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Puc. 215, ®ynxunonnposanke JIHK-nommmepas. [isoitas conpam: JQHK cocront
H3 ABYX HOMMHYEICOTHAHEIX ueneh NPOTHBOIONOKHOA nonapHocTH (OHK «am;m:a-
pannensHen). Eenn wcrobomnasy, He CBAIAHHAS ¢ COCCOHMM HYKICOTHIOM ¥-0OH
I PYIlIA HAXOAHTCA ¥ OAHON Uemy Ha MeBOM KOHIE, TO B APYroi uenH Taxas xe rpym-
g HAaxoaWTcs Ha npasoM komue. Penmuxanus JTHK katamusupyercs JHEK-noanme-
pazami. /118 dyHKIUHOHMPOBAHHA Takoro poaa (epMenToB HeODXOAMMBI: 1) MaTpu-
A, KOTOPAs NpeacTasnseT coloR OAMHOMHYHD UEMh OHEK, 2) rrpanuep—xoponcnf&
OTPE30OK PENIHUHPOBAHHON HYKICHHOBOH KHCIOTLL 1 3) cMech AEIOKCHHYEREOIHA-3'-
tpudocharos. JTHK-nonumMepassi cliocoBHEL NPHCOEAHAATE CBODOIHEIE HYKICOTH b
TOMEKO K cBOGOgHOMY 3-OH-koHuy sykneorwinon uenu. Taxmm obpasom, cuires
npotexaeT Tolbko B Rampasiend 5 — ¥, Ho He naobopor.

Puc. 2.16. Penmuxanua asyxnenoucunod JHK. [Mpn gecnupamizaunn JHK sosan-
KAET IPOMEXYTOYHAA Pa3BETBIEHAAA CTPYETYPA (peNiHEATHBHAA uum-:s;t). OEF o-
uounpe uemy JIHK MMeT mpoTHBONOTOXAYIO noaspHocThk (53— 3 u ¥ = 5)
OHK-nonumepassl criocofis EATANHIHPOBATE CHHTEI TONLKO B OIHOM HANDPABAEHHH
(3" = ¥). TlosroMy cHHTES DIHOR UENH MOKET NPOHCXOANTE HEnpephiHe B HAITpaR/e-
HUH IPOABHIAOIIErOCA PACKPYYHBAHKS ABORHOH cHMpANH. Jpyrada xe¢ ucilb JOIKHA
CHHTEIMPOBATHCA B ODpaTHOM Ranpapienny. CHHTEI HawHHACSTCA ¢ 06paIOBAHMA KO-
portkoro orpesxka PHK, cmykainero «3atpaskoit» (npafimepom) (y Oaxtepiiodara T7
10 ocAoeanna A-C-C-A). Jarem JIHK-nonumepasa ocyuiecTnset cuntes nenn JAHK
ANHHOH B 1000-2000 wykneoTwaos, npuMuikaoued K sroii PHK. B konue kouilob
PHK-npaiimep yaansercs 3k3oHykneasofl, Gpems sanonssercs [HK-nommepasoii
(a) u sakpeipaerca JHK-murazoi (6). Takol Mexanuim «apoGHOIO», HIH «IPEPLIBH-
crorow, cuatesa JIHK c nocheayroums cBAIHBAHWEM OTAENLHBIX OTPEIKOB MOIBO-
ngeT obuacHuts pennukanmio JTHK Ha aATHnapannensHoi nem.
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Pue. 2.17. Pennukanua konsuesoli GakTepuansuoil XpoMocoms! # meneHne GaKTe-
PHANEROH KneTEn. B 37T0f cxeme npeanonaragTed OMHOHANDPABIEHHLIT MEXaHNIM pe-
nnukannd JHE, T.e. MexanusM ¢ ydacTHem Tollbko OmHOW PENIHKATHBHOR BHIIKM.

pyerca nens JITHK, npumbikaiomas k PHEK, nmaoi B 10002000 HYKAEOTH-
nos. B xonue xonnos PHK-npalimep yoansercs, paipeis sanosausercs npH
Y4aCTHH JPYTOii NOJMMEpaskbi, H BCC OTPE3KH COSAMHNIOTCH NPH MOMOLH
Jarassl. Takod MexanusM NOCErMEHTHOTO CHHTEA NOTHHYKICOTHAOB NO-
3B0A€T 0OBLACHUTL penmHEanuo Bropoil ueni JJHK. BosmoxHo NAKe, 9T0
TAKHM CHOCOGOM PelLTHIMPYIOTCA 00€ uenu.

Ha prc. 2.17 noxa’aHo, kak MOKHO NPEICTABRIATH cebe PeILIHKAIIHIO
GaxTepHaIbHOH XPOMOCOMBI M feneHne DAKTEPHANBHON KACTKH: B JAHHOMN
CXEME NPSANOAracTes, 4TO pEUIHKAnuA Beero konasua JJHK npoucxomut
B OAHOM HAINPABIEHHH,

Oka3zanock, 0mHaKo, 4TO CHHTE3 ODEHX HOBHX HEMeli MoKer HATH He
TOABKO B OMHOM HAMPaBICHHH, HO W Cpasy B 08¢ CTOPOHHI OT TOMKH HHH-
nnaumi. Tako MexaHH3M NPeMoNaraeT PackpyuHBaHue ABOFHOIN CIHpaIH
cpasy B OBYX MecTax-c o06pa3oBaHHeM [BYX pa3seTBieHMil pemTHKa-
UHOHHBIX BUJIOK Ha oanoii moiexyae JTHK. Vapoenue xpomocomst v E. coli
3aHumaet npumepho 40 mud. Mexny tem srta Gaktepns npu 6naro-
NPHATHBIX YCIOBHAX NCAHTCH CO BPEMEHEM YABOCHHA MOpsiKa BCErO JHIUL
20 MHH. DTOT HaKT MOKHO OBBACHHTL TeM, 4To obe JO4epHHE XPOMOCOMBI,
MO HMCHOUIHMCA [IaHHbIM, HAYHHAIOT HOBLIL HMKJI JETCHMY eme A0 TOro, KaK
JaKaH4YMBACTCA npeanaynmi. O MexanusMe permikanuii JHK noayueno
ropasno Gojiblle OETANBHBIX CBEACHHE, YeM MOKHO OBLUIO 3AECH HANOKMTD.
Mewuy MexaHusMaMmi penaukaniy Garos, niazmun u BaxTepHa BHBIX XpO-
MOCOM CYLIECTBYIOT 3HAYHTENBHBE pasnuans. [{ns yrayGnennoro H3y4eHHA
ITHX BOMPOCOB CeAYeT OOPATHTBCH K JIMTEPATYPE NO MONCKY/ISPHOI
BHOOTHY.

Pa3mepsi renoma u uncio remomos. Bennumna renoma Yy GakTepuii Baphi-
pyer OT Buia k Buay B npenenax ot 0.8 no &-10° nap ocHopanuii. Yncno re-
HOMOB B KJIETKE TOXE MOXKET OHITh ¥ Pa3HBIX BUUOB Paziu4HBIM H 3ABHCHT
K TOMY e OT yCIOBHH KYJIbTHBHPOBaHHA. B nepuonuueckoit xymntype pac-
Tywme knetkd Escherichia coli umewt ot 2 no 4, Azaetobacter chroococ-
cum—ot 20 1o 25 u Desulfovibrio gigas—ot 10 jio 15 renoMoB Ha ofHy KneT-
Ky. ([InA CpaBHEHHS NMPHBEUEM PAIMEDPH TEHOMOB aykapioT: ¥ Neurospora
crassa 19.10% y Aspergillus niger 40-10%, y venosexa 29-10° # y Zea mays
7-10° nap ocnosauwmii.)
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JHK ) THK-rs6 pransants: roMo 0rH4HLIe 00C1e10BATEILHOCTH HYK/IE0TH-
noB B JIHK patamx suaon. Kax Mu1 yxKe TOBOPHIH, IPH HArpeBAHHH H30JH-
poBanHoil JJHK ppe nmonuHykJCOTHOHBIC HETH PacXOOsTcid B Pe3yibraTte
pasphkiBa BONOPONHEIX CBA3eH. Takas denamypayua (WM «IJIaBjacHUE»), NpH-
BOJAALLAA K 06PaI0BaHMIO OUHHOYHEIX 1ened, oDpaTuMa: NpH oYeHb MELTEH-
HOM OXJTAaXICHHH Ilpﬂl‘[apa']‘a ﬁ}",‘lﬂ IIPDHC'JED,EI,HTI: CﬂaPHBElHHE H peaccnm{a-
A KOMIUIEMEHTAPHEIX Y4acTKOB. ECH CMEIIATE KOPOTKHE QPArMedTh! ge-
HarTypupoBanunx [THK, NonyueHHBIX M3 ABYX DA3AWYHBIX, HO GaM3KHX Me-
®ay coboil BMnOB DAKTEPHH, NPH TEMTEPATYPE BHIIIE TOYKH UX ITABICHHUA
H 3aTEM MELIEHHO OXIAAHThL CMECh, TOKE OyleT NMPOMCXOOMTE pEaccouHa-
uus. J{BofiHeie cnupanu, obpaiosasiiecs W3 oauHouHbX neneii JJHK nsyx
PasHbiX OPraHU3MOB, HAZMBAIOT reTepoNYIIeKCHBIME Moseryaamu. [las Toro
4T00H B IKCICPHMEHTE MOKHO OBIIO NPOCASAHTE 32 0Dpa3oBaHHEM TeTepo-
AYIUIEKCOB, HYAHO, KoHedHo, noMeTuTh JTHK onuoli n3 GaxtepHii TsoKenbiM
HIH pajHOaKTHBHEIM H3IOTOMOM.

Ecn, HalpUMep, BLIPACTHTE KYNbLTYpY oJHOR 3 DakTepHii Wa TaAwenofd pone
(D,0). o y nee Gyaer «rwsenass JTHK, n torna ofpazosanne reteponyniekca Mox-
HO ByaeT BEIABHTE MyTeM uedTpuyrupopanus B rpaguente nnotHoct CsCl-Tak
we, Kak B oneite Mecencona n Crans Guno gokasano ofpasopatue "*N/'*N-rn6pua-
Ho# JIHK. Moxno, onnako, noMetute [JHEK ogHoro w3 napraepop, BHpauMeas ero
ua cpeae ¢ *C unwn ¢ *2P. Ecnm Tenepb cMEWaTh ANHMHHLIE OTPEIKK JEHATYPHPOBAH-
no#t [IHK (13 nenomeuensofi '*C Gaxtepuy A) © KOPOTKHMH OTPE3KAMH AEHATYPHPO-
pannoit JHK (n3 nomeuennoi **C Gaxrepun B), MeaneHHO OXNNAIMTE CMECH H ITpOBE-
CTH eg deped GUILTP, JANSPAKHBAIOIIMA 1THHHBIE LENH, HO IPONYCKAKIMA KOPOTRHE,
T0o Ha DUALTpe OCTAHYTCA Momekyasl retepoaynnekca. Ocrasmascs Ha QUILTpe pa-
[MOAKTHBHOCTE DyneT Tem Bulwe, wem Dolbllie PaAMOAKTHBHEIX OTpe3xos (B) ceaza-
Nock © A-uensMH, T.€. OHa DyZeT 3aBHCETh OT TOrD, MACHTHYHHE nM (IHOO odeHb
cxojel) nocnenopatensiocTn ocHopaEui JHK A n B wmm xe onum coscem pas-
avunel. Takum obpazom, peaccoumauns JHK/HK gaer sozmoxHocTe onpenensTh
CTeNeHb TOMONOrHE nocnegosatensAocTein JIHK pasHoro nponcxoxgenws. Kon-
TPONLHBIHA OneIT NpoBoasT ¢ Monekynamu JIHK w3 ognux w tex we Gaktepnit (oamy
Npody METHT, APYIYH HE METAT) ¥ NPOHIBO/ILHO TPHHKMAOT CTEIeHE PEACCOLIHAUNK
3a 100, Crenens peaccounanmn monexyn JIHK W3 pasnmRuabR [ITAMMOB BRIpamaioT
JATEM B HPOUEHTAX OT ITOH BENHYHHEL, P)'mli;lblc METOAB! ONPpCACNeHHA TOMOIOTHE
mexay JHEK paznuuasix miTaMwos OAKTEDHA MHOrOKEpPaTHO BHAOWIMEHAIIMCE, HO BCE
OHH OCHOBAHBL HA TOM W€ NPHHUHIE 0DPAIOBAHHA TETEPOAYNNEKCOB; BO BCEX Chy-
HaAx HeoOXoaMMO HOMETHTE OOHOTO M3 MAPTHEPOB.

lomonorwanoctes [JHK, T1.€. coBnageHse nociaenoBaTeABHOCTH OCHOBa-
Hull B monexyaax JJHK npyx pazumix wrramMmos Haxtepuii, Tem Gonbire, dem
Dnume poocTBo 3THX WTaMMOB Mexny coboli. Dtor cnocob onpasnan cebs
NPH cpapHeHHH BAHIKHAX [ITAMMOB H BHOOB; MEXY POJAAMH e, HAXONAILIH-
MHCH Mexnay coboil B ormaneHHom poncrtee, creneHs romosorun JIHK
CITHIIKOM Mana, 4T00R MOKHO OHUIO BHIABHTE 00pazoBaHHe TETePOAYILIEK-
coB. OnHouenodeynas JJHK moxer peacconmuposats ¥ ¢ PHK. IMosromy
Gngcaunmc METOMbI [I0IBOAAIOT TAKKE ONEHHBATE Tomonoro mexay JIHK
# PHK.

Maasvmawe. Muorue Gaktepnn Hapaay ¢ xpoMocomuoi JIHK conmepmar






