o |
3
=
w0
©
i
=
TU)
<
7,
g
(=}
E
= 1
0
=
7
=
=]
= B
N &
a
[aa]
Ll‘
-
1)
i
2 |
N
2
)




AL-FARABI KAZAKH NATIONAL UNIVERSITY

B.K. Zayadan
L.B. Dzhansugurova
S.K. Turasheva

BASICS OF BIOTECHNOLOGY

Textbook

Almaty
“Qazaq University”
2019




610 ‘NNZBY 1qered-1V O
6107 “I'S vAdysEIN],

“g] eaom3nsueyz( ¢ g uepekez O 9-0€TH-¥0-109-8L6 NESI
€L891°0€ D41
(sL0)09 DAN
‘Kjjeroads A3ojou
-422101g-0010L0€S JO SIUIPMNIS J0jayorg Y} Joy papusiul st ABojouyajorg fo sa1svg
*A3ojouyd3joiq Jo -

sarouspus) pue sajdroutid urew 3y} Yim Sjudpnis SZLIB([IUIe) 03 St jooq STy} JO Wie 3y,
-A3010uyo3301q JO $109[qO0 ATBSSII9U Sy} UBI[D

pue ueiqo 0} moy suredxd ‘swsiuesio Juiay Jo Surpeads pue Buimoi3 Jo spoyrowr Ay

sure[dxa ‘sapduexa smoys j1f ut A30[0uyda}01q JO uoneorjdde a1 s)uesaidar j00q L

9-0€T-v0-109-8L6 N4SI
-d gzt — "610T “Ansioatun bezeQ) :Aewfy — "BASYSRIN, 'S ‘A0
-nSnsueyz(q ‘g1 ‘uepeAez Mg / J00qIxd) :A3ojouyo9jolg jo soiseq YA
35['q uepeiez

pdpysotans °J 1055301 “IQ

paodnssnp @ 105533014 “I(

urypquivyz °y 1053501 I
:SIIMIIAAI 133d

(4 6107 ‘7 Y wolf [ 0N 1020j04d)
As4oa1U[) [PUOUDN YYDZDY 1GDD-]Y JO S1sDq 24 U0
J10UN0Y) [DIIPOYIUI-[DUOHDINDD upoyqnday fo
«SMp» pup «A30j0uyI2] puv Suseau13us»
‘(SSPUISTLG PUD SITUIOU0DD ‘SPIUDIOS [DIIOSN “(SOUIUDUINED) ‘«S2IUDIDS [DANIDND)
satyjp10ads Jo sdno43 uo UODIPOSSD [DIPOYIIUL PUD [DUOHDINDH
(€ 6107 91 p4dy wodf poN 1000504d)
Ans400147) [PUOHDN YYDZDY 1GDADA-[Y fO [1oUno) Surystyqnd pup [p1ONPT
(Sojouysasorg puv.430701g fo Lnov 243 Jo j1ouno)) oruapnoy ay} Jo
uois1o9p ayj Aq uonpolqnd 10f pIpUIUIU0IY

8¢ Z
€L891°0€ 091
($L0)09 DAN




CONTENT

INTRODUCTION 3

PART I. MICROBIAL BIOTECHNOLOGY

Chapter 1. HISTORY OF MICROBIAL BIOTECHNOLOGY 6
Chapter 2. OBJECTS OF BIOTECHNOLOGY AND THEIR APPLICATION..........ccccovune-e. 9
2:1 Basic nature 0f CElIS.........ccoovemrirmrrnrercnisneetees e esesenenns 9
2.2 Classification of living organisms: three domains of living organisms......................... 11
2.3 Microorganisms in industrial microbiology and biotechnology ..............cccovueveeeeeeeceveceenncn. 13
Chapter 3. MICROBIOTECHNOLOGY 16
3.1 Microorganisms — objects of biotechnology, their demands...............cccoeeueeemeenneneereerenenn 16
3.2 Stages and Kinetics of Microbial GrOWth...........cccviireriinicrereesneretesese et ssscsesessees 17
3.3 Products of microbial fermentation and metaboliSmi...............ovueveiereveeersrereereerncensesiecsessssenns 18
3.4 Asepsis, antiseptics and disinfection. Sterilization methods in biotechnology........................ 20
3.5 Organization of biotechnological production .............c...ecueeereeeeeeieineseeseseeseesssiee et eeeeeeseeeens 23
3.6 Methods of microorganism CultiVation.........c.ccevceeiereeererereeerereeeseresssesessssses st eeeeeeseseneees 26

3.6.1 The aerated stirred DAICH fEFMENLET ...................ceeeeeeeeeeeereeeesreieeseseeees s eeess s s e s 27

3.6.2 Systems of cultivation with full replacement......................cccooeveeeecreeeesoreeeeeerererieiees 29
3.7 Obtaining of microbial Synthesis ProdUCES ............ccevierereeriereriieeeeesee et seenes 30
3.8 Purifying of microbial synthesis products .............cccoueeeeeninrevereereseciseseseeseess oo sesasessensnaes 32
3.9 Modern methods of sUbStances SEPATAtion ...............cceeeeeveereecsrereeesesssssesessssenssesessessnsessesssns 34
3.10 Methods of microbial CUUIE SLOTAZE ......cvererirerrrreree et enestsss e ses s sss s sesasaen 39

Chapter 4. SELECTION OF MICROORGANISMS —

PRODUCERS OF IMPORTANT SUBSTANCES 42
4.1 The choice of initial microorganism for SElECtiON ..........c.ccvererrereereerreeeerseeererenresseeresssenens 44
4.2 Preparation of the initial strain for SEIECHON. .........ccccvurrrirerninnine s 45
4.3 Production Of MULANLS ........ccceeiriermrirecieeecrcrniesssss s ssssse e sesasesss s sssassosesessssssssssnsnssssosaes 47
4.4 Methods of selection mutants with high productive level .........c..cevevuevereenrererrerececeeeeeennens 49
4.5 Selection of random (unpredictable) MULALIONS............ccccererrrererireieeeerereressnee s everssesssenns 49
4.6 Receiving practically important strains through genetic engineering.........cooevevvvirveveiinnne. 50

Chapter 5. APPLICATION OF BIOTECHNOLOGICAL
OBJECTS IN DIFFERENT INDUSTRIES 52
.1 Foo8 bIGIEChAOIOEY «ovmmmuscssssusmammssmmsyommon s s i o B e e s 52

425

e



426 Basics of biotechnology

5.1.1 Microorganisms used in the fermentation
ANA PrOAUCHION Of YEUASES ... e oo
5.1.2 Ye@St PrOGUCHION...............ooooeeeeeeesoeeeeeeeeeeeeeees e
5.1.3 Beer fermentation. Conditions for beer making
3.1.4 Manufacture of dairy products. Microorganisms used

in the production of dairy products. Sour-milk drinks and

technological processes of their ProducCtion..................oooveeeeeoeeoereereseeoeeoeseeoooo.
3.1.5 Ayran (kefir) and its technology of production

3.1.6 Technology of Kumys and Shubat proauction ....................ooveeeeoveoeeeeeeeoeoooooooo!

5.2 Agricultural biotechnology ..................
5.2.1 Biopesticides.....................
5.2.2 Biochemical Pesticides
5.2.3 MICPOBIQL PESHICIAES .......cecoveceeveenoeeeeeeeee st ee s s e
5.2.4 The nitrogen cycle and nitrogen fixation
5.2.5 Mechanism of biological nitrogen fixation
5.2.6 Products obtained from nitrogen fixitation

5.3 Environmental bioteChNOIOZY ........cc.vvuuivuriuivieeeieiseeieeeeeeeeeeetseseeeeseesoseees oo e seseas
3.3.1 BIOAEGrAdQLION ...............cooooeeeeeiieeeeeeeeeeeeeeeee e

5.3.2 Anaerobic biodegradation of pollutants.......................
53.3.3 Role of microorganisms in biodegradation of pollutants
5.3.4 Biodegradable pollutants ....................ccoooeorommeeeeneennnn,
5.3.5 Types of biOremediQUion. ..........................cco.oeoveeereerseereseeesees s oo
5.3.6 Bioremediation technology
5.3.7 Natural attenuation
5.3.8 BiOSHIMULGLION. ...
3.3.9 BioQUEMERIALION............c.oooveveeeeeeeeeeeeeeree e

5.3.10 Microbial metabolism

PART II. ANIMAL BIOTECHNOLOGY

Chapter 1. THE SUBJECT, OBJECTS, TOOLS AND

METHODOLOGY OF ANIMAL BIOTECHNOLOGY ..........ocoooevvomimeesreerereeesesseesrsonn

Chapter 2. BIOSAFETY AND BIOETHICS ISSUES
IN ANIMAL BIOTECHNOLOGY

95

Chapter 3. BASIC TECHNICS IN ANIMAL CELL CULTURE

Chapter 4. STEM CELLS TECHNOLOGY.

Chapter 5. REPRODUCTIVE TECHNOLOGIES
IN ANIMAL BIOTECHNOLOGY.

Chapter 6. INDUCTION OF SUPEROVULATION ...........coocooomiionereeeeeeeeeeseeeseesesressn

Chapter 7. COLLECTION OF SPERM, OOCYTES
AND EARLY EMBRYOS ...t ie et eeess s ens s essesess s

102

120

Content

Chapter 9. IN VITRO FERTILI
Chapter 10. EMBRYO TRANSF
Chapter 11. CRYOPRESERVAT
Chapter 12. CHIMERAS. XENO
Chapter 13. CLONING TECHM

Chapter 14. TRANSGENIC TEC
IN ANIMAL BIOTECHNOLOK

PARI

Chapter 1. THE SUBJECT, OB
AND METHODOLOGY OF PL
1.1 History of Plant Biotechnologs
1.2 The development of biotechm
Capter 2. TECHNIQUES AND N
OF CULTIVATION PLANT TR
2.1 Aseptic technique. Tissue cull
2.2 Methods of cultivation pﬂﬁ
2.3 Biology of cultured plant cellis
Chapter 3. INDUSTRIAL AND A
OF IN VITRO CULTURE
3.1 Production of secondary metsl
Chapter 4. MICROPROPAGAT]
Chapter 5. CELL ENGINEERIN
Chapter 6. CELL SELECTION-
Chapter 7. EMBRYO AND ENIX
Chapter 8. HAPLOID TECHNO!
Chapter 9. GENETIC ENGINEE
Chapter 10. CRYOCONSERVAT

APPENDIX —

REFERENCES......




sics of biotechnology

102

120

141

147

Content 427

Chapter 9. IN VITRO FERTILIZATION .......ooociiiiiiiiiniiinmnisssssesessess s sesceees 165
Chapter 10. EMBRYO TRANSFET .........cooconiiiieciiiniiinississis s 177
Chapter 11. CRYOPRESERVATION OF ANIMAL CELLS AND TISSUES .....oooeee 180
Chapter 12. CHIMERAS. XENOTRANSPLANTATION ..........cc.c.... 188
Chapter 13. CLONING TECHNOLOGY TO PRODUCE ANIMAL CLONES ... =195

Chapter 14. TRANSGENIC TECHNOLOGIES
IN ANIMAL BIOTECHNOLOGY 208

PART III. PLANT BIOTECNOLOGY

Chapter 1. THE SUBJECT, OBJECTS, HISTORY

AND METHODOLOGY OF PLANT BIOTECHNOLOGY
1.1 History of Plant BioteChNOIOZY ........cocovueruieuseusmuriumusinninmiesssssissessnseis s ees
1.2 The development of biotechnology researches in Kazakhstan

Capter 2. TECHNIQUES AND METHODS

OF CULTIVATION PLANT TISSUE IN VITRO 250
2.1 Aseptic technique. Tissue culture technique
2.2 Methods of cultivation plant tISSUE 7 VIO .......ccoveviineeieiiiiininiiiniissssss s
2.3 Biology of cultured plant cells

Chapter 3. INDUSTRIAL AND AGRICULTURAL APPLICATIONS

OF IN VITRO CULTURE 288
3.1 Production of secondary metabolites in plant Cell CUlULE ... vrmririsiiseseneniisnsieesenees 288
Chapter 4. MICROPROPAGATION IN VITRO 310
Chapter 5. CELL ENGINEERING 333
Chapter 6. CELL SELECTION 345
Chapter 7. EMBRYO AND ENDOSPERM CULTURE 353
Chapter 8. HAPLOID TECHNOLOGY 359
Chapter 9. GENETIC ENGINEERING 378
Chapter 10. CRYOCONSERVATION 409
APPENDIX 419
REFERENCES 422




ik

Educational issue

Zayadan Bolatkhan Kazykhanuly
Dzhansugurova Leila Bolatovna
Turasheva Svetlana Kazbekovna

BASICS OF BIOTECHNOLOGY

Textbook

Editor ¥ Popova
Typesetting U. Moldasheva
Cover design Ya. Gorbunov

Cover design used photos from sites
www.fool.com

IB Ne13049
Signed for publishing 23.09.2019. Format 70x100 '/,,. Offset paper.
Digital printing. Volume 26,75 printer’s sheet. 500 copies. Order Ne5819.
Publishing house «Qazaq University»
Al-Farabi Kazakh National University
KazNU, 71 Al-Farabi, 050040, Almaty

Printed in the printing office of the «Qazaq University» publishing house.

01004 06

9786 423




