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Oky Kypansl aBTopiapAblH OipiHiH 25 KbUT OOHBI  OKbIFaH «MUKpPOOpPraHU3MIEp
MeTa0oJIM3MI» TIOH1 OOMBIHINIA JIOpIC JKOHE CEeMHUHAp CcabaKTapbhIHBIH MaTepualijapbl HETI31HIE
KacalFaH >KOHE CTYACHTTEpiH cabakka NalblHAANy Ke3iHAE ©31HAIK KYMBICBIHBIH THIMAUIITIH
KOFappUIaTyFa Heri3genreH. MyHIa MHUKpOO  KJICTKalapblHBIH  KYPBUIBIMBIHA, — OJIAP.IBIH
METa0OIM3MIHIH epeKILIeNiKTepiHe, PeNpOAYKIIUS MEH TaOUFATTaFbl 3aTTap alfHAIBIMbIHA KAaThICTHI
wutroctpanusiap Oepinredn. CoHbIMEH KaTap HaHOOMOTEXHOJIOTHs QJIEMiHE KhICKAllla IOy Ja
KacaiFaH.

OKy Kypasibl OHOJIOTHSI JKOHE METUIIMHA MaMaHIBIKTaphl OOWBIHINA OKWUTBIH CTYICHTTED,
MarucTpaHTTap MEH JOKTOPAHTTapFa, COHBIMEH KaTap OKBITYIIbLIAP, FHUIBIMUA KbI3METKEPIIEp KOHE
MHUKPOSJIEM OKIIACPIHIH PEKIIeTIKTEPIMEH TaHBICKBICHI KEJIETIHIEPTe apHaJIFaH.

JlanHOe yueOHOe mocoOue COCTaBIEHO HAa OCHOBE MaTepHaa JIEKLIMOHHBIX U CEMHHAPCKHUX
3aHATHH Kypca «MeTaboiar3M MUKPOOPTaHM3MOBY, YUTAEMOTO OJHUM U3 aBTOPOB Ha MPOTSHKEHUU
25 ner, ¥ NpegHa3HAUYEHO JAJIs MOBBIIICHUS 3()PPEKTUBHOCTH CaMOCTOSTENIbHON pabdOThl CTY/IEHTOB
IIpY MOATOTOBKE K 3aHATUAM. B HEM IIpencTaBlIeH WLIIOCTPATUBHBIA MaTepual, KaCaroLIHKUCS
CTpPOCHHSI MHUKPOOHBIX KIJIETOK, OCOOCHHOCTEH HX MeTa0oiu3Ma, PENnpoAYKLUHMH M Yy4acTus B
KpPYroBOpPOTE BEIIECTB B MpUpoe. JlaH KpaTKuil 3KCKypc B MUpP HAHOOMOTEXHOJIOT HHA.

[TocoOue mpeaHa3HAYeHO AT CTYIEHTOB, MaruCTPAHTOB U JOKTOPAHTOB, O0YYAIOIIUXCS IO
OMOJOTMYECKMM M MEIUIMHCKAM CIEIUAIbHOCTSIM, a Takke i IpernojaBaTesiel, HaydHBIX
COTPYIHUKOB M BCEX, KTO HHTEPECYETCsI OCOOCHHOCTSAMU MPEACTaBUTENCH MUKPOMUPA.

This manual is made on the basis of material of lectures and seminars course “Metabolism
of the Microorganisms” that are read by one of the author during twenty five years, and is intended
for an increase efficiency of self-dependent work of students in the time training to lessons.

Here are presented illustrative materials, concerning the structure of microbal cells, features
of their metabolism, reproduction and participating in the cycle of matters in nature. Short excursus
is given about the world of nanobiotechnologies.

The manual is intended for students, master and PhD students of biological and medical
specialities, as well as teachers, research workers and all, who is interested of the peculiarity of
Microworld’s specimens.



AJITBI CO3

OKyNbIKTa MHUKPOOPTAaHM3MJEPAIH KJIETKa KYpPbUIBIMBI MEH OHJAFbl OOJIBIN >KAaTaThIH
METa0OJIUTTIK PeaKIUsIIapFa HET13/IeNTeH MILTIOCTPAITMSIIBIK MaTepraiiap OepiireH.

by okynbIKTHI kacay on-®apabu atbiHgarbl Ka3¥ V-HiH Ouosorus (akylbTeTIHIH Ka3ak
YKOHE OpBIC TUIIEpiHAe OMOJIOTHS JKOHE OMOTEXHOJOTHs OOMBIHINIA MaMaHJAHYIIbBl CTYACHTTEpPIe
«MuKpoopranusmaep MeTadoIu3Mi» MoHIHEH 25 KBUIABIK JIOPIC OKY TIXKipuOeci TypTKi OOJIBI.
Kaszipri Tanma aFbpUIIIBIH TITIH Wrepy MaHBI3ABl OOJNFaHABIKTaH, 013 MaTepuaIgapbIMbI3/IbI
aFbUIIIBIH TUIIHJE e KOPCETYIi )KOH KOPIIK.

OKyJBIKTa MUKPOO KJIETKACBIHBIH KYPBUIBIMBI, OJIAPABIH allyaHTYPJIiri, KOPEKTEHY TUIITEPIH
OLIIipeTiH cypeTTep MeH chi3banap kepcerinre. [IpokapuoTTapaslH MeTab0IM3M epeKIIeTiKTepPi,
HETi31HEH KOPEKTEHY, ally, aHadpoOTHI THIHBIC ATy, OTTEKCI3 (POTOCHHTE3, XEMOJIUTOTPOPUS KOHE
T.0. TEK MPOKAPUOT KJIETKATAPbIHIa OOJIBII XKATATHIH MpoIlecTepre Oaca Ha3ap ayJapbUIFaH.

Kazipri Tanma »XapaTbUIbICTaHY FBUIBIMBI OAaFbITBIHIIA KYMBIC ICTEHTIH FaJIbIMIAPIbIH
Hazapel TOJMUMEpJEpPIiH KOINTereH Typiepi xkararbiH, wmemmepi 100 HM  acmalThiH
HaHOOOJIIEKTEePAIH KYPbUIBIMBI, (YHKIIMOHAIBIALI OalIaHBICTApPhI, SJCKTPOHMABI, (U3HKAIBIK,
XUMUSIJIBIK KoHE Oacka Ja KacHeTTepiH 3epTTEHTIH FhUIBIMHBIH JKaHA ITOHApabIK OaFbIThl —
HAHOFBUIBIMFA OaFbITTaTFaHABIKTAaH, 013 OKY/IBIKTa HAHOFBUIBIMHBIH JKaHA, (aHTACTHKAIIBIK,
TEXHOJIOTUSUTBIK OaFbIThl — HAHOOMOTEXHOJIOTHSIFA KbICKAIIA IOy Kacay/bl )KeH caHalblK. OHBIH
MIHJIETTEepIHE TEHJIIK WHXKECHEPHUsS OMICTEPIMEH KaKETTI KacHEeTTepre HWe Tipl MaTepHUsIHBIH KaHa
TYPJEpiH JKacay, JKEKEIEHT'eH MOJICKyJanap MeEH KIeTKamapJelH Typiepid, wbicanbl, JHK,
OakTepusiIap, BUpycTap oHe T.0. TaOyFa KaOlJeTTI MUKPOCKOMHUSIIBIK JaTYUK-OMOYUTITEPl KYPY,
JIOPLITIK 3aTTapAbIH jKaHa TYPJIepi MEH OapAbl )KETKI3y Kypaniapsl xkacay, T.0. Kipei.

byn okymblk «MuKpoopraHusmaep MeTadoJm3Mi» KYpPChIH OKY Ke3iHIe JKOHE Oakpuiay
TalChIPMANIAPBIH OPBIHIAY MEH MHUKPOO KJICTKANIAPBIHBIH META0OMUTTIK MYMKIHIIUTIKTEepiHE
HETi3eNTeH OMOTEeXHOJIOTHUIBIK OHJIpICTEp MEH OwompenaparTapbl jkKacy Ke3iHIe MHUKPOO
KJIETKAJapbIHIaFbl OMOXUMHUSIIBIK MPOIIECTEP/IiH SPEKIISTIKTEPIHE TAaHBICY OApBICHIHAA ©3 YIIECiH
KOCATBIHBIFBIHA CEHEMI3, all HAaHOOMOTEXHOJIOTHs OJIEMIHE CasxaT CTYACHTTEP.l KbI3BIKTBIPAIbI
KOHE 3aMaHaYH MTOHAPATBIK FHUTBIM — HAHOOMOTEXHOIOTHSIMEH TaHBICYFa MYMKIHIIUTIK TYBIPA/IbL.

Anaiina, OKyJIBIKTa KONTEreH Cypakrap, MbICaibl, aHTHOMOTUKTED CHHTE31 JKOHE OJIapIIbIH
MHUKPOO KIIETKaJapbIMEH OalIaHbIChl, MPOOMOTHUKAIBIK MHKPOOPTaHU3MAEPIIH epeKIIeTIKTepl
’OHE T.0. KapacThIpblUIMaraH.

Bbyn xaHa OKYJBIK OOJFaHJBIKTaH, apuHEe, KEMIIUIIKTEP JIe J)KOK emec. bi3 cizmepain apOip
€CKepTIeiep MEH TiIEeK-YChIHBICTAPBIHBI3IbI KAObLT aJlaMbI3 JKOHE KeJeci )KaHa OKYJIBIKTHI )Kacayaa
ecKepeMis.
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IMPEJANCJIOBUE

B nmanHOM mocoOuu TpencTaBieH WIUIIOCTPATUBHBIA MaTepuall, KacaloIIMHCsS CTPOCHHUS
KJIETOK MUKPOOPTaHU3MOB M META0O0IMUYECKUX PEAKINM MPOUCXOIAIINX B HUX.

HeoGxoauMocTh co3fmaHus Takoro mocodus Oblla MPOAMKTOBAHA 25-TETHUM OIBITOM
YTeHUsI JIeKIMH 1o Kypcy «MeTaboau3M MHKPOOPTaHU3MOBY CTYJIEHTaM OHOJOTHYECKOrO
¢dakynprera KasHY um. Anp-®dapabu, cnenuaau3upyromumcs mo OHOJOrHH U OMOTEXHOJIOTUN Ha
Ka3aXCKOM U pycCKOM si3bIkax. [IOCKOJNBbKY 3HaHWE aHTJIMICKOro s3bIKa B HACTOSIIEE TUKTYETCS
BPEMEHEM, MBI COWIN HEOOXOUMBIM TIPEJCTABUTH HAIIl MATEPUAN U HA AHTJIUICKOM SI3BIKE.

B mocobun mpencraBieHbl pUCYHKH U CXEMBbI, TEMOHCTPUPYIOIIME CTPOECHUE MHUKPOOHBIX
KJIETOK, WX pa3HooOpasue, Tunbl nuTaHus. Ocoboe BHUMaHHE YAEICHO OCOOEHHOCTSM
MeTabonu3Ma MPOKapHoT, B YACTHOCTH, MpoLieccaM MUTaHUs, OpOKEHUs, aHa POOHOMY JIbIXaHUIO,
0eCcKUCIOPOAHOMY (POTOCHHTE3Y, XEMOIUTOTPOGUN U JIp. MpoleccaM, MPOUCXOIAIIUM TOJIBKO B
MPOKAPUOTUYECKUX KIIETKAaX.

[TockonbKy B HacTosIee BpeMsi BHUMAHHE YUEHBIX, Pa0OTAIOMUX B 00IaCTH €CTECTBEHHBIX
HayK, HampaBJIeHO Ha HW3yYe€HHWE HOBOM MEXIUCIHUIUIMHAPHONW OO0JacTH WCCICOBAaHUNA —
HAaHOHAYKH, W3YYaIOLIeH CTPYKTYpY, (QYHKIHMOHAJIbHBIC CBS3H, JJEKTPOHHBIC, (u3NUecKue,
XUMHUYECKHE U APYrue CBOMCTBAa HAHOYACTHIL, T.€. YACTHUI], Y KOTOPBIX XOTs ObI OJMH U3 Pa3MepoB
He mpeBbimaer 100 HM M K KOTOPBIM OTHOCUTCSI OOJIBIIMHCTBO OHOMOJMMEPOB, MBI COWIH
HEOOXOJUMBIM JIaTh B JAHHOM TMOCOOMH HEOOJIBIIION SKCKYPC B OHO W3 HOBBIX, ()aHTACTUUYECKHUX,
TEXHOJIOTUYECKHUX HAIMPaBICHUN HAHOHAYKH — HAHOOMOTEXHOJOTHIO, B 33/1a4yl KOTOPOU BXOIUT
CO3/1aHH€ HOBBIX BHUJIOB KMBOW MaTEpUHU C 3a/laHHBIMH CBOWCTBAMHU METO/IaMU F€HHOW MHKEHEPUU;
KOHCTPYHUPOBAaHHUE  MHUKPOCKOMHYECKHX  JaTYUKOB-OMOYHUIIOB, CIIOCOOHBIX  OOHApy>KHUBATh
OTJIeNIbHBIE BUJIBI MOJIEKYJ U KJeToK, Hanpumep, JJHK, 6akrepuu, BUpychl u T.1.; CO3aHHE HOBBIX
BUJIOB JICKAPCTBEHHBIX BEIIECTB U CPEACTB UX JOCTABKHU H T.JI.

Haneemcs, uro manHoe mocoOue OyAeT MoJe3HO Kak MpH M3ydeHuH Kypca «Merabonusm
MHUKpPOOPTaHU3MOB» M BBITIOJHEHUM KOHTPOJBHBIX 3aJaHUN, TaK HW TPH HEOOXOIUMOCTH
3HAKOMCTBA C OCOOEHHOCTSIMH OMOXMMUYECKUX MPOIIECCOB B MUKPOOHBIX KJIETKaX MPU CO3JaHHUU
OuonpenapaToB U OMOTEXHOJOTHYECKUX MPOU3BOJICTB Ha OCHOBE META0OIMUECKUX BO3MOXKHOCTEH
MUKPOOHBIX KJIETOK, @ Ha4aJlbHBIM 3KCKYpC B MUP HAHOOMOTEXHOJIOTHIl 3aMHTEPECYET CTYACHTOB U
noOyauT X K Oojiee TITyOOKOMY 3HAKOMCTBY C COBPEMEHHOW MEXAMCUUIUIMHAPHOW HAYKOW —
HaHOOWMOTEXHOJIOTHEH.

HecomHuenHno, B mocoOuu He 3aTPOHYTO MHOTO MHTEPECHBIX BOIPOCOB, HAMPUMEp, CUHTE3
aHTUOMOTHKOB U UX B3aHMOJEHCTBHE C MUKPOOHBIMU KJIETKaMH, OCOOEHHOCTH MPOOMOTHYECKHX
MHUKPOOPIaHU3MOB U MHOT'OE JIPYToe.

[TockonpKy 3T0 mepBoe Mog0oHOe mocodre, KOHEYHO, OHO HE JIMILIEHO HEAOCTAaTKOB. MBI ¢
OI1aroJapHOCTHIO MPUMEM BBICKA3aHHBIC B HAIl aJpeC 3aMEUaHUsl U MOXKEIaHUs U YyITeM UX Mpu
MOJITOTOBKE CJIENYIOIIETO U3AaHUs JAHHOTO MOCOOUS.
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PREFACE

In this manual illustrative materials are presented, concerning the structure of
microorganisms’ cells and metabolic reactions that are going on in them.

The necessity of creation of such manual was dictated by twenty five years-old experience
of reading of lectures on course "Metabolism of microorganisms” to the students of biological
faculty al-Farabi Kazakh National University, specialized on biology and biotechnology on the
Kazakh and Russian languages. As knowledge of English is important nowadays, we considered a
necessity to present our material in English language.

In the manual figures and tables are presented, demonstrating the structure of microbal cells,
their variety, types of nutrition. The special attention is spared to the features of metabolism of
procaryote, in particular, to the processes of nutrition, fermentation, anaerobic respiration, anoxic
photosynthesis, chemolithotrophy and other processes that are going on only in prokaryote cells.

Currently the attention of scientists working in field of natural sciences is directed to on a
study the new interdisciplinary field of researches - nanoscience, studying a structure, functional
connections, electronic, physical, chemical and other properties of nanoparticles - particles that
even if one of sizes does not exceed 100 nm and most biopolimers behave to that, we considered a
necessity to give in this manual brief excursus in one of new, fantastic, technological directions of
nanoscience - nanobiotechnology, creation of matters new types of the organization with the set
properties by the methods of the genic engineering is included in the tasks of that: constructing of
microscopic sensor- biochips, able to find out separate kinds of molecules and cells, as, DNA,
bacteria, viruses etc.; creation of new types of medicinal substances and facilities of their delivery
etc.

We hope that this manual will be useful both at the study of course "Metabolism of
microorganisms" and implementation of control tasks and at a necessity an acquaintance with the
features of biochemical processes in microbal cells at creation of biologics and biotechnological
productions on the basis of metabolic possibilities of microbal cells and initial digression in the
world of nanobiotechnologies will interest students and will impel them to the deeper acquaintance
with modern interdisciplinary science - nanobiotechnology.

Undoubtedly, many interesting questions are not affected in a manual, for example,
synthesis of antibiotics and their cooperating with microbal cells, the features of probiotic
microorganisms and others.

As this first like manual, certainly, it is not deprived defects. We with thanks will accept the
remarks and wishes outspoken in our address and will take into account them at preparation of next
edition of this manual.
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