A Text Book of

PHARMACEUTICAL
BIOTECHNOLOGY

As Per PCI Regulations
Third Year B. Pharm.
Semester VI

Prof. Chandrakant Kokare

Professor and Head (Pharmaceutics)
Sinhgad Technical Education Society
Sinhgad Institute of Pharmacy
Narhe, Pune 411 041, India

Price ¥ 220/-

SPECIMEN COPY \l
NOT FOR =ALE i

N4062

Scanned with CamScanner




e e
1l =

1. INTRODUCTION T0 BIOTECHNOLOGY 113
11 Introduction Biotechnology 1'3
ilestones in ' : 3
i; gdcie:;()and applications in pharmaceutical Sciences 15
o Questions 21 - 21'8
2. ENZYME BIOTECHNOLOGY 2
21 Introduction 21
22 Enzyme Immobilization 23
23 Production of Enzymes 214
231 Amylases 216
232 Catalase 217
233 Peroxidase 218
234 Protease 218
235 Penicillinase 2.19
236 Lipase 2.19
¢ Questions 221
3. BIOSENSORS 3.1 - 37
31 Introduction 31
32 Types of Biosensors 3.2
321 Amperometric Biosensor 33
322 Potentiometric Biosensor 33
323 Conductimetric Biosensors 34
324 Thermometric or Calorimetric Biosensors 34
325 Optical Biosensors 34
326 Piezoelectric or Acoustic Biosensor 35
327 Whole Cell Biosensor 3'5
33 Applications of Biosensors 35
* Questions :
4. PROTEIN ENGINEERING 5
41 Introduction A Al
42 Z;;lm(gj::;'f Protei_n Engineering j;
40 e 2k 42
43 Applicatio e Modifications 45
31 Ph:SOfmee'"Engi"eeﬁng 45
e Foo;maceutlcal or Medical Applicati 5
'd and Detergent Indust ek &
Envnroﬂmenta|Ap kgl 4 46
434 oth @l Applications 7
o ner Applications it
Questiong A7
47

k

5. CLONING VECTORS AND ENZYMES
5.1 Introduction
5.2 Cloning Vectors
521 Plasmid Vectors
5.2.2 Bacteriophage Vectors
523 Cosmid Vectors
5.24 Shuttle Vector
52.5 Yeast Vectors
5.2.6 Expression Vector
5.3 Enzymes Acting on DNA
5.3.1 Restriction Endonucleases
e Questions
6. RECOMBINANT DNA TECHNOLOGY
6.1 Introduction
6.2 Principles of Genetic Engineering

6.3 Applications of Genetic Engineering in Medicine

6.4 Applications of rDNA Technology
6.4.1 Interferon
6.4.2 Vaccines: Hepatitis-B
6.43 Hormones - Insulin
e Questions
7. POLYMERASE CHAIN REACTION
7.1 Introduction
7.2 Polymerase Chain Reaction Technique
7.3 Types of PCR
7.3 Applications of PCR
e Questions
8. IMMUNITY
8.1 Introduction
8.2 Types of Immunity
83 Cellular and Humoral Immunity
8.4 Structure of Inmunoglobulin
85 Structure and Functions of MHC
e Questions
9. HYPERSENSITIVITY REACTIONS
9.1 Introduction
9.2 Type!l- Hypersensitivity
93 Typell- Hypersensitivity

51 - 5.17
51

5.2

5.2

5.5

5.6

5%

5.7

5.9

5.11

511

5.16

6.1 — 6.10
6.1

6.1

6.3

6.5

6.5

6.6

6.8

6.10

721 - 76
7l

Tl

7.4

7.4

7.5

81 - 811
8.1

8.2

8.3

8.5

8.7

8.10

9.1 - 9.12
93

9.2

9.4

Scanned with CamSéénner



ex Mediated Hypersensitivity 35 14.1 -14.17

— Immune-Compl 9 . MICROBIAL GENETICS
s pell 21 diated Hypersensitivity 9 Lo i 14.1
95 TypelVor Cell Media e 98 14.1 Introduction e
96 TypeVor Stimula.tory e 99 14.2 Transformation i
97 Immune Stimulatién 9.10 14.3 Transduction ' 14'4
98 Immuna Suppression .11 1431 Generalised or Unrestricted Transduction 14‘5
* Questions 10.1 -10,13 14.3.2 Specialised or Restricted Transduction 14.6
10. VACCINES ANP SERS 10.1 14.4 Conjugation 14'9
10.1 Introduction 10 : :
102 Preparation of Vaccines (General Method) 10'3 14.5 Plasmids 1410
10.3 Quality Control of Vaccines 10'5 146 Trans?osons 1412
1031 In-Process Control 10? - ]r\.:u;alt l(?I'n pes of Mutation 142
10.3.2 Final Product Quality Control lO. HieL B 2 SRy, 1413
104 Storage of Immunological Products .7 14.7.2 Mutagenic Agents ) ger o
105 Bacterial Vaccines and Toxoids 10.7 14.7.3 Spontaneous Mutation e
106 Viral Vaccines 10.10 e Questions 3 1'5 :
10.7 Antitoxic Sera 10.11 15. MICROBIAL BIOTRANSFORMATION 15.1 - 15.
108 Antiviral Sera 10.12 15.1 Introduction 15.1
* Questions 10.13 15.2 Methods used in Biotransformation 153
11. HYBRIDOMA TECHNOLOGY 111 -11.10 15.3 Microbial Bioconversion and Applications 153
B 111 153.1 Oxidation L35t
11.2 Production of Monoclonal Antibody 11.2 15.3.2 Reduction i
1121 large Sca?e P‘roduction of Monoclonal Antibodies 115 15.3.3 Hydrolysis 37,
! 11.2.? C.haractenzation and Quality Control of Monoclonal Antibodies 11.5 15.3.4 Esterification 57
13 Apphcat:qns of Monoclonal Antibody 11.6 15.3.5 Isomerisation L
Seions 11.10 1536 Amide Formation 158
12. IMMUNOBLOTTING TECHNIQUES 121 - 12.6 153.7 Halogenation 15.8
121 Int i ¥ : i
122 Br;ro'dumon ; 12.1 15.3.8 Decarboxylation 15.8
.2 Blotting Technigues 12.2 15.3.9 Condensation 15.9
1221 Southern Blotting 12'2 5 Gt 15.9
12.2.2 Northern Blotting :
1223 Western Blotting 12.3 16. FERMENTATION 16.1 -16.21
12.3 ELISA: Enzyme Linked Immunosorbent Assay 124 16.1 Introduction 16.1
s * Questions 124 16.2 Inoculum Development 163
5'3.’ 'I(AIR ety 'AND FAKARYOTES 328 16.3 Fermentation Media 16.5
: nfrodu.cnon 13.1 - 13.8 16.4 Fermenter 167
13.2 Microbial Genetics and Genome 131 : 16.9
13.3 Genetic Organization of Proka 13~3 16.4.1 Submerged Fermenters ;
134 Genetic Organization of Eukaryrﬁfeis 13'5 Ledabauetanaiermeniot o
* Questions 13'6 16.5 Large Scale Production Fermentor Design 16.16
13.7 * Questions ol

Scanned with CamScanner




17. PRODUCTION OF PHARMACEUTICAI.S

17.1 Introduction
17.2 Penicillin
17.3 Citric Acid
17.4 Vitamin By
17.5 Glutamic Acid
17.6 Griseofulvin
¢ Questions
18. BLOOD PRODUCTS AND PLASMA SUBSTITUTES
18.1 Introduction
182 Collection and Storage of Blood and Blood Products
183 Blood Products
18.3.1 Concentrated Human Red Blood Corpuscles
18.3.2 Dried Human Plasma
18.3.3 Human Plasma Protein Fraction
18.3.4 Dried Human Serum
183.5 Human Fibrinogen
18.3.6 Human Thrombin
18.3.7 Human Fibrin Foam
18.3.8 Human Normal Immunoglobulin
1839 Human Albumin
184 Quality Control of Blood Products
185 Plasma Substitutes
* Questions
APPENDICES
APPENDIX-1 : ANSWERS FOR MCQs
:::::gl:(:l;l gll;if::& :APPER FORMAT
: HY

17.1 - 17'18
171
171
176

1711
17.13
17.16
17.17

1SI= 18.14
181
183
183
183
184
186
187
18.7

18.7
18.8
18.8
18.8
18.9
18.10
18.14

ALl - AlL2
AIL1 - AIL3
AIll.1 - AIIL2

Cﬂayter il
INTRODUCTION TO BIOTECHNOLOGY

+ LEARNING OBJECTIVES +
After completing this chapter, reader shiould be able to understand:

e [ntroduction
o  Milestones in Biotechnology
o Scope and applications itt Pharmacentical Sciences

[1.1 INTRODUCTION 7]

Biotechnology has created many opportunities for the benefit of mankind and in the
understanding of the fundamental life processes. The term biotechnology was introduced in
1917 by a Hungarian engineer, Karl Ereky. He used the term for large-scale production of
pigs by using sugar beets as the source of food. According to Ereky, all types of work are
biotechnology by which products are produced from raw materials using living organisms.
Traditional Biotechnology that led to the development of processes for producing products
like yogurt, vinegar, alcohol, wine and cheese. The modemn biotechnology embraces all the
genetic manipulations and the improvement made in the old or traditional biotechnological
processes. Modern biotechnology has offered opportunities to produce more nutritious and
better testing foods, higher crop yields and plants that are naturally protected from disease

and insects.
Biotechnology is one of the world's fastest growing and most rapidly changing

technology. During the end of 20" century biotechnology emerged as a new discipline of
biology integrating with technology. Biotechnology is the application of scientific and
engineering principles to the processing of materials by biological agents (microorganisms,
plant and animal cell) to provide goods and services. The Spinks Report (1980) defined
biotechnology as the application of biological organisms, system or processes to the
manufacturing and service industries. Biotechnology can be represented as a mixture of
various biological sciences for better services in the field of pharmaceuticals such as
microbiology, biochemistry, biophysics, cell biology, genetics, molecular biology,
engineering technology etc.

Biotechnology has given to humans several useful products by using micrabes, plant,
animals and their metabolic machinery. Recombinant DNA technology has made it possible
to engineer microbes, plants and animals such that they have novel capabilities.

(11)
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Fig. 1.1 Basic aress and applied branches of Biotechnology

A seres of derved terms have been coined to identify several branches of
biotechnology. Bioinformatics s an Iinterdisciplinary field which addresses biological
problems using computationsl technigues, and makes the rapid organization and analysis of
Diologica’ oata. The field may slso be referred to as computational biology, and it is
defined a5, “conceptusiizing biology i terms of molecules and then applying informatics
techniguss to w;s“"“"“"“ :: organize the information associated with these molecules.”
: Ly"‘“ o m’: e ir vanious ereas, such as genomics and proteomics, and forms
Blue ' 5o hw“u“""h”m" molecular biology and pharmaceutical sciences.
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Table 1 1 Mistorical development in biotechnalogy

“F e ronss r
syt s hnology are

fermentatrons

Year

P;!m' o'oomes that microbes that cause fermentation :85
| Discovery of genetic bass of hacadiv; by Gregor Mandei ;'m
;Mlﬂodfscovﬂchromamr & chromosomes i
‘Thc first cancer causing virus i dncovered Sy qous 1953
Microbes are used to treat sewage ter the Arst time o Marchester England. 1914
Development of fermentations process for acatone and ~-outanci Yy Chein 1916
B 1929
Discov«yo'puralnbymm cocs
Dbscov«yofweptomronbywm . -
DNAispfownloarrygoch.
EIuddlbmth&ﬂdewuwmm 1953
::mismofbmnmmm.nimmmw 1958
Stahl. _
Demﬂmmdw:oawmmm' ‘, 1961
DNA transformation into £ col 1970
Discovery of restriction enIymes. 1971
mnﬂondnwbtdmbo“mmcuhwm:‘ 1978
Milstein and George Kohler |
Sequencing of DNA by Sanger snd Coulsen. E 1975
Genetically engineered microarganisms can be patented (US Supreme Coury | 1980
Development of Gene Bank. 1982
Discovery of PCR 1985
Development of human genome project. 1990
Complete sequencing of yeast gename. ‘ 1996
Dolly (sheep). fust cloned snimal. 1598
Maintenance of human stem cells in culture. 1998
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and biotechnology has change t
o

: icrobiology :
The concept of molecular biology. microblo in recombinant (D
scenario of pharmaceutical developments. The advancements ( NA) an

monoclonal antibody technology have led to dgveloPments rziof:;'n :;:Jio{nglﬂul :
Products developed from the basis of genetic eng'nfe”"g arg tc. Differ uble cp

tissue plasminogen, erythropoietin, colony stimulatl'ng factors eC.td Ie”t‘ Ypes
diagnostic kits are developed by using monoclonal antibodies. The most deve oplng field i,
pharmaceutical biotechnology is the production of therapeutically actlve' proteins ang
peptides. These drugs have been extensively utilized in replacement therapies where the
patient is unable to produce the required protein (€.g. insulin). Many drugs and vaccineg e
developed by using basic concepts of biotechnology. Genomics, pharmacogenop;c
proteomics, gene therapy, gene cloning and tissue engineering are the present focys o;
biotechnology.

Some major advancements in the field of pharmaceuticals in the last few decades hay,
come forth as a result of extensive research and development in biotechnology. Hum ‘
INSU“Q (Humulin) is the first pharmaceutical product derived from DNA technology Whi?;rr:
was discovered by Genetech and Eli Lilly and Company in 1882 and this product has bea
:sg;?j\;e:;a? Uj FDA. Recent aqvgnges in genetics, immune system, recombinant DNAn
ek A ?cnal mo:oclonal antibiotics have led to a rapid increase in the number oé
Sl egn inepfodms (Table 12) for human use. In 1988, only five proteins from
D Administ?'at' ered cells had peen approved as drugs by the United States Food and
Toaiee ion (FDA), but this number would skyrocket to over 125 by the end

il as tremendous progress in agricultural field si h : 4 Pf te
the genetically engineered Flavr Savr tomato in 1 ol 1 od Uction of
30% of the U.S. soybean crop was Ml ;nb 9f94. Ernst aqd Young reported that in 1998,

Tkl 12 e € irom genetically engineered seeds.
lotechnology drugs and vaccines

Generi
¢ name Product name | Name of company
Human insuli
Sometrel::u“n il Eli Llly
o Protropin
Digoxin Imm P Genetech
Sl g l‘lr;: Fab Digibind Burroughs W
e S Roferon-A o ghs Wellcome
Lok ' Intron-A .ann = La- Roche
Patitis-B-vaccine Rec()mb‘ SChenng- Plough
Somatotropin IVaxHB | M
Heamophilus-B-conjugat, pte E"e‘-r;‘
Vaccine e Hib. Titer Prayi Y
: axis Bioloq;
Hepatitis-B-vaccine Xis Biologics
Interferon-y-1b Eng'erix.g Smithki
sorgamostin ... RO e feschan
Leykin, < Tl
SR

——

e —

Pharmaceutical Biotechnology 1.5 Introduction to Biotechnology

|T-3 SCOPE AND APPLICATIONS IN PHARMACEUTICAL SCIENCES J

Biotechnology is the applied science and has made many advances in different fields.
Pharmaceutical biotechnology is based on fthe production of antibiotics, vaccines,
therapeutic proteins, hormones, vitamins and other pharmaceuticals It also includes
targeted drug delivery system, standardization of chemotherapeutic agents, production
control using biosensors, enzyme immobilization, gene cloning technology, monoclonal
antibodies etc. Fields of medical biotechnology, agriculture biotechnology, environmental
biotechnology and marine biotechnology are linked with pharmaceutical biotechnology.
Major developments are taken place in the field of pharmaceuticals in the last few decades
because of extensive research and advancement in the field of biotechnology, biochemistry,
organic chemistry, pharmacology and new drug delivery systems.

Recombinant DNA technology: The recombinant DNA technology is appreciated as a
milestone in development of pharmaceutical biotechnology. Different products are prepared
by genetic engineering such as human insulin, erythropoietins, tumour necrosis factors,

monoclonal antibodies, clotting factor, tissue plasminogen activator, interleukins,
yman insulin by recombinant DNA

interferons, antitrypsin etc. The production of hu
techniques was an early goal for the pharmaceutical industry. This technigue has been used

to produce number of natural proteins, vaccines and enzymes. Varous diagnostic kits have
been developed such as tumour Kits, pregnancy testing, ovarian cancer detecting test,
immunoradiometric assay kits etc.

Gene therapy: Inserting a missing gene or replacing a defective one in human cells is
an important outcome of gene therapy. This technigue uses a harmiess virus to carry the
missing a new gene into the appropriate chromosome. Gene therapy has been used to treat
patients with adenosine deaminase (ADA) deficiency, a cause of severe combined
immunodeficiency disease (SICD), in which cells of immune system are missing or inactive.
Spliceosome-mediated RNA trans-splicing (SMaRT) is @ new tachnology for gene therapy
that exploits the expressed genetic differences between normal and diseased cells. This
technology may be applied to a wide range of diseases that involve the expression of unique
or mutated genes. Cystic fibrosis, duchenne muscular dystrophy (DMD), spinal muscular
atropy (SMA) diseases are easily treated by SMaRT gene therapy.

Molecular markers: The last decade has seen great advances in the development of
molecular biological reagents, robotics, arraying techniques, assay detection technologies
and faster computers. This has made it possible to embrace comprehensive monitoring of
complex biomolecular events at reasonable costs. The use of microarrays and other
technologies has provided the ability 1o monitor the expression of essentially the whole
genome in the form of individual mRNA levels for a wide variety of situations and settings.
This has opened the door to use of molecular profiling or multi-variant biomarker strategies
for every step in the drug discovery and development process. The use of large com plex sets
of genomic biomarkers, generally in the form of microarrays used to monitor the expression
of large set of genes. It is used in the identification and validation of drug targets.
Polymerase chain reaction (PCR), is also being used to more quickly and accurately identify
the presence of infections such as AIDS, Chlamydias and other microbial diseases.
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process of cross matching two stra

Criminal forensic: DNA fingerprinting is the . body fluids or ski Nds
DNA. In criminal investigations, DNA from samples of halr s hi N at g g ¥
; ; ined from the suspects. It uses ighly deye. M
scene is compared with those obtained from ' ol cases involvi Velopg,
technologies with scientific evidence to investigate crim! e e 'Ing. fObb,
kidnapping, rape, murder or identification of any missing re'atives ! y calamity, . "
become one of the most powerful and widely known applications of biotechnology 1 ™
Monoclonal antibody: Antibodies are glycoproteins that can be made to SPecificy
targgt t.he immunizing agent. They are very useful fqr in-vitro 'and Eivo diagnos !y
applications. They are also being used to detect allergies, anaemias and heart disea t'(
Monoclonal antibody diagnostic kits are available for drug assays, blood typin 3
infectious diseases such as hepatitis, gonorrhoea, syphilis, streptococcal infections, Alpg
The most important utilization of the hybridoma technology is the target oriented tp,q e
50 as to attain cell specific delivery of drugs for cancer, HIV etc. L)
; USGe_notically engln«;ed vaccine: The first genetically engineered vaccine was appro
il in 1986 for hepatutig B. Genetic engineering allows large scale production of e
i : components of a virus. Many vaccines are under development for productiq the
Pla: tagaﬁl.nst influenza, rabies, hepatitis, herpes simplex, poliomyelitis etc. ik
sue culture: Plant tissue culture is the technique of growing pl {
and organs in an artificiall i g plant Ce"s, tiss
oll) oottaties fc‘) :c':r gd pr;Paredfmedlum under aseptic conditions. This technique ::es
uction of secondary metabolites. Many nat 4
prepared by plant tissue culture such isti e protucts
: incristine, vinblasti ' e
glycosides etc. Plant cells are al Such-asy ) ne, opium alkaloids, digjt;
el sl also used in the process of biotransformation. It h italis
eroids, alkaloids, tanni . - 1L Nas potentis|
has been found * , tannins etc. The method of immobili
astiire. deals wit;eft)"]:f:telc‘g;eof:rothe proc?uction of secondary metabolit;zsedAz::at‘ cells
enzymes, hormones, cytokines et rgans, tissues or individual cells in-vitro, Antip d?ell
Genetically engj are produced by animal cell culture techni S5
Spscdiss <=8 ngineering plants: Genetically engineeri DL,
i vaccines. A few hundred acres of geneﬁcaug eering plants are also poised tg
enough vaccine to immunize 120 million d}:”:ngineered panana plantation can
fen every year that need to be

protected against common di
i : iseases, Baci
Insects such as lepidopterans (tobaccocg‘lf; thuringiensis produce proteins that kill certain

dipterans (flies, mosqui -2 Dudworm, armywo
of their growth, T:ﬁ:‘aymmm. tf' tflunqgwn,u forms P'O"tz: d’;’;’t:al?:::rtefans Li89ils) an
€oNtain & toxic insecticida| protein, The gtg t:z:ﬂ;cug phase
rotein exist
PH of the gy w:i toxin, it is converted into an
“:2 solubllise the crystals, The
create pores that cause cell

toxin gen
"-ﬂﬁanccgto i‘ has been cloned from the

NSects without the need for
of the futyre

sour
“gineereq animals €5 of cheap protein-drugs In

at & cogy of would
DNA three or mq secrete these drugs
'”""Mm-to_mm:: times lowey than the cumgt

a
" express an extra (foreign)

mf“d toxin binds to
Ing and eventyal

bacteria and been expee - S221h of
insecticides

Genetically enginegreq animals; Ope

the coming years,
! s WL Enetically
in their mifk. They will l:nb:vfi

Cost, Animals thay have had thej
r
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rabbits, pigs, sheep, COWS and fish

95 per cent of all exsting transgenic animals are mice
of how genes are

gene are known as transgenic animals. Transgenic rats

have been produced, although over
Transgenic animals can be specifically
regulated, and how they affect the normal fun
are designed to increase our understanding of
disease. These are specially made to serve a5 models for human diseases such as cancer
cystic fibrosis, rheumatoid artnritis and Alzheimer’s so that investigation of new treatments
for diseases is made possible. Transgenic animals that pr
can be created by the introduction of the portion of DNA which codes ‘cr‘a—aamcwar
product such as human protein (c1-antitrypsin) used to treat emphysema In 1997, the first
transgenic cow, Rosie, produced human protein-enrichec mi k. The milk contained the
human alpha-lactalbumin and was nutritionally 2 more 52 anced pro
than natural cow-milk. Transgenic mice are being developed for use in
vaccines before they are used on humans. Transgenic mice are being used to test
of the polio vaccine. Transgenic animals are made that carry genes which make them more
sensitive to toxic substances than non-transgenic animas. Toxicity testing in such animals
will allow to obtain results in less time.
Pharmacogenomics: Pharmacogenomics (s the stucy
an individual affects his/her body's response 1o drugs. The term is derived from the root of
the word “pharmacology” and the word “genomics: The vision of pharmacogenomics s 10
be able to design and produce drugs that are adapted to each person’s genetic makeup.
Using pharmacogenomics, pharmaceutical companies can create Crugs based on the
proteins, enzymes and RNA molecules that are associated with specific genes and diseases.
These tailor-made drugs not only to madmze therapeutic effects but also to decrease
damage to nearby healthy cells. The discovery of potential therapies will be made easier
using genome targets, Genes have been associated with numerous diseases and disorders.
With modern biotechnology, these genes can be used as targets for the development of
effective new therapies, which could significantly shorten the drug discovery process.
Bioinformatics: Bicinformatics is an emerging interdisciphinary area of science and
technology encompassing a systematic development and application of IT solutions to
handle biological information by addressing biclogical data collection and warehousing,
data mining, database searches, analyses and interpretation, modeling and product design,
"Being an interface between modemn biology and informatics it involves discovery,
development and implementation of computational algorithms and software tools that
facilitate an understanding of the biological processes with the goal 10 serve primarily
agriculture and healthcare sectors with several spinoffs. In the pharmaceutical sector, it can
be used to reduce the time and cost involved in drug discovery process particularly for third
world diseases, to custom design drugs and to develop personalized medicine. Computer-
alded drug design (CADD) is a specialized discipline that uses computational methods to
simulate drug-receptor interactions. CADD methods are heavily dependent on
bioinformatics tools, applications and databases.
Human Genome Project (HGP): The Human Genome Project (HGP) is an attempt 10
map completely the entire spectrum of genetic materials that can be found in all human

designed to allow the study
ctions of the body. Many transgenic animals

how genes controute to the development of

oduce useful biological products

duct for human babies
testing the safety of
the safety

of how the genetic nhentance of
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A from a typical hum
ence of the DN o . an cq
beings. It is used to determine the complete sequ rand some of the critical differences they

: nders ‘
and it provides information and re:tources ::rilt‘;ute N dlases Tachnology and fesoUchs
indivi co
make us individuals and that often

: rofound impa
.+ are starting to have protound. cts oy
Human Genome Project 3 . f biologic
s'rom:c:'ecdal ‘::set:rech al:wd promise to revalutionize the wider spectrum © gical reseqy
lomear

in biotechnology will
and clinical medicine. It is expected that the devt?lC’p:’l'!ftf;‘.'ﬂttul'ﬁfe1 ;“:}::Cpeopigy lead to 3
s ;
new scientific revolution that could change the hvei?___ l - S

I QUEBTIONS e T |
ol 2850 T E . gt A W iing e i - \\l

(A) Objective Type Questions: _
1. Define: (i) Biotechnology, (ii) Recombinant DNA technology.

2. What is gene therapy?
3. Why insecticidal protein present in 8.
4. What s the most common application of PCR?
(B) Short Answer Questions:
1. Explain in short different branches of biotechnology. .
2. What are the various approaches to treat DNA deficiency disease?
3. Write advantages and disadvantages of genetically modified crops.
4. How can biotechnology be useful in agriculture? Explain with examples.
(C) Long Answer Questions:
1 Write in short 'historical developments' in biotechnology.
2. Explain in detail importance of Biotechnology with reference to Pharmaceutical
Sciences. )
(D) Multiple Choice Questions:
1. The double helical structure of DNA is discovered by .
{a) Crick and Walson (b) Meselesson and Stahl
(c) Milstein and Kohler (d) Sanger and Coulson
2. Which one of the following is the first rDNA product?
(a) Interleukins (b) Leptin
(c) Tissue of plasminogen activator (d) Insulin
3. The enzyme not used in genetic engineering
(a) Ligase ;
(c) Phosphatase ?3 ZC:an;erase
4. Fermentation technique was introduced by

(a) Paul Ehrlich (b) Louis Pasteyr

thuringiensis does not kill bacteria?

(¢) Robert Koch

5. Pencillin was discovered by (@) A Fleming
(a) Paul Ehrlich F ) Loui
(¢) Milstein and Kohler 6 AT Pasteur
6. Who is said to be founder of modern ge"eucs.:mmg

| (a) Charles Darwin b
| (c) Robert Koch (b) Gregor Mendel
e (d) August Weismann

i ———

e

Cﬁa}ater XI5
ENZYME BIOTECHNOLOGY

+ LEARNING OBJECTIVES »

After completing this chapter, reader should be able to understand
®  [Introduction
®  Enzyme Immobilization
o Methods of Immobilization
o Applications of Immobilization
®  Production of Enzymes
Amylase
Catalase
Peroxidase
Lipase
Protease
Penicillinase

0o 0 O O Ol0

| 2.1 INTRODUCTION D e s e |

Enzyme technology is the technology associated with the use of enzymes as 100ls In
industry, pharmarceuticals, agriculture or -medicine. Enzymes are soluble, amorphous.
colloidal, proteineots, bicactive organic catalyst producsd Dy wing ceils. They are protains,
composed of one polyp\eptide (amino acid chain) or mare associatad polypeptide chains. The
catalytic activity of enzymes depend on the L-a-amine acid sequence and peptide bonds
constituting the protein molecule. Primary, secondary. tertiary and quaternary structures of
enzyme proteins are necessary for their catalytic activity. Enzymes are called holoenzyme
composed of protein (apoenzymg), non-protein (coenzyme) and metal. Protein part of
enzyme is attached to non-protein part by covalent or non-covalent bond. When coenzyme
is attached to apoenzyme tightly ari"d\ permanently then it is called as prosthetic group.
Enzymes have molecular weights rangind&om about 12,000 to over one million.

Enzymes are mainly classified as extrawgliular enzymes (excenzyme) and intracellular
enzymes (endoenzyme). Exoenzymes are sexeted outside the cell such as celiulose,
polyglucturonase, pectinmethylesterase etc. Endosazymes are secreted within the cell such
as invertase, uric oxidase, asparaginase etc. Endoenzymes are isolated by breaking the cells
by means of a homogenizer or a bead mill and extracting them through the biochemical

processes.

(2.1)
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Table 2.1: Sources and applications of M——“ES'A—'_\

iCatiOns
% source of e | -PPEEORs -
Source Name of Seapple, papay? Inflammation gastritic
Plant | Proteases ri beans Production of gluc
Amylolytic Wheat, potatoes. 3 o %
25 e l?; epr textile ind
) in +
a or f Amylase Seeds : zd arid Ol dus‘”e‘
Animal | Lipase Pancreatic gland loﬂ At el
Chymotrypsin (protease) Bovine pancreas ER S ton.
Plasmin (protease) plasminogen Tt.'-rom.botuc disorders
Pepsin Animal intestine Digestion
Glucose oxidase Liver Digestive aid
Urokinase (protease) Human urine l Thromboembolic
| diseases
Hyaluronidase Animal testes | Local anesthesia
Bacteria | a-Amylase Bacillus spp. Paper, textile, baking
[f-Amylase Bacillus cereus industries
Streptokinase Streptococcus Spp. Thromboembolic
diseases
Urokinase (protease) Bacillus fastidiosus Thromboembolic
diseases
Proteinase Escherichio coli, Bacillus | Genetics, rDNA
. subtilis technology
Penicillin acylase Bacillus megatenum Production of semi-
pe ) synthetic penicillin
ucose isomerase Bacillus coogulans, Preparstion of fructose
e Streptomyces sp.,
ran sucrase Leuconostot Preguction of dextran
Fungi | a-Amyl s
-Amylase, i ,
ylase, proteinase | Aspergillus oryzae Paper, textile and baking
Catalase, lactase, i : intiustries
amyloglucosidase Aeaia Cytotoxic agent
Cellulase Tri > :
P:C'hodm est. Polymer degradation in
icillium funiculsosum
Dextranase Penicilliury detergents
Glucoamylase w SP. Dental plaque
Rhi niger, Production of maltose
Inve P
rtase Saccharom Syrup ;
Lactase Aspergill il Sugar industry |’
; KM Milk and ice-cream |
Lipase | Gandide fioe fragilis industry f
| hiopusgeemar | "
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and microorganisms
re major Sources for

d from living cells from plants, animals
(Table 2.). Mitochondria, granular microsome, lysosome and ribosome a
enzymes in plant and animal cells. Animal gland is source for hydrolyzing enzymes used as
digestive aids. The pancreas is source of trypsinogen (23%) and chymotrypsinogen (10 to
14%). Pancreatin contains several enzymes such as amylase, protease etc. The selection of the
sources for enzyme is dependent on specificity, activation, inhibition, pH, thermostability,
availability and cost. The extraction of enzymes from plant and animal sources are simple as
compared to microbial sources. Microbial sources are capable of producing a wide variety of
enzymes from bacteria and fungi. The enzyme concentration in these cells is dependent on

conditions and genetic manipulations. Microbial cells require short

environmental
fermentation times, inexpensive media and simple screening procedures.

[2.2 ENZYME IMMOBILIZATION
obilization is a process in which 'enzymes
localized in a certain defined region of space with retention o
which can be used repeatedly and continuously. It is the process wherein an enzyme or cell
makes use of safe carrier phase for stealth and safe homing. The use of enzymes in industrial
applications is limited because most of the enzymes aré relatively unstable and high cost of

urification and recovery of active enzymes from the reaction mixtures after the
es must be immobilized on the surface of

flow of substrate to product without being
zyme technology was realised in 1969
lase for the industrial production of

Enzymes are mainly obtaine

are physically confined, or

Enzyme imm
f their catalytic activities’ and

isolation, p
completion of catalytic process. Hence, enzym

some solid support or it can convert a continuous
lost. The first commercial application of immaobilized en
in Japan with the use of Aspergillus oryzae amino acy
L-amino acids, The advantage of immobilized enzymes are as follows.

« The immobilization process can lead to increased activity and stability of the enzyme

molecules.
They are physically confined during a continuous catalytic pr
Immobilized enzymes are easily recovered from the reacti

Hence, process is more economic,
e They can be operated continuously and can be readily controlled.
Enzyme immobilization process avoids the contamination in produ

0CesS.
on mixture and reused.

cts and increases

enzyme: substrate ratio.
e The products can be easily separated.

Methods of enzyme immobilization:
Enzyme immobilization methods are classified as surface immobilization and within

surface immobilization (Fig. 2.1). These methods depend upon physical relationship of the

catalyst to the matrix (carrier).
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Fig. 2.1: Methods of enzyme immobilization
The :r?ajor components of an immobilized enzyme are the enzyme, the Matriy 5
mode of interaction of the enzyme with the carrier. The selected matrix must o Nd th,
: - ) e ; d
:’::eran.o.nal.stabnlnty of the immobilized enzyme purification. The carriers useq . Nee th,
] mobilization are porous or non-porous materials with organic (natural or Synthenlyme
in i ; g S i
organic nature, An ideal carrier matrix should be inert, cost effective stable, high g
regenerability, large surface area b i + NN regigi
; ! , more permeability, suita . 1
microbial attack. ty, suitable shape and highly resistance
Adsorption: Adsorption |
2 ption is the most economical i
a -
enzymes by adsorbing them on to charged or neutral "C:f simple method to Immobilize
- ral s i
kinds of supports are used for adsorption such as alumini y ac?s f inert subsrate Various
dluminium oxide, charcoal, starch, modified

2.5 Enzyme Biotechnology
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Carrier

Carrier
matrix

matrix

(b) Hydrogen bonding

(a) Van der Waals forces
Fig. 2.2: Enzyme immobilization by adsorption

Table 2.2: Enzymes immobilized by adserption

Enzymes Carrier matrix I
o - Amylase Calcium phaosphate *
Catalase Charcoal «I
Invertase Charcoal, DEAE — sephadex !
Subtilisin Cellulose
Aminoglycosidase Agarose gel, DEAE — sephadex
Glucose oxidase Cellophane

Covalent bonding: Covalent bond is formed between the chemical groups of enzyme
and chemical groups on surface of carrier (Fig. 2.3). Covalent bonding has an advantage of an
attachment not reversed by pH, ionic strength or substrate. The active site of an enzyme may
be blocked through the chemical reaction and the enzyme rendered inactive. Adsorption of

enzymes to the carrier matrices is quite easy and convenient by covalent bonding.
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. Fig. 2.3: Covalent bonding
e formation of covalent bond usuall [ i
: . y takes place particularly with the side chaj
:;Tnl::g acc;:ibs pr:es;n(t1 in the enzyme. The varlous groups are sulphide 5ulphalhyedrcilhé"nS A
) oxyl, hydroxyl, ammonium; imino, amide, methylthi i ' gouch
e i ) Y ylthiol, guanid '
Phe:;l ring. Different methods of covalent bonding are classified as 1?:Ilov:syl' e
Diazotation: This reaction Involves bonding between the ami;wo group of
p of the

. " '

'-—cu,_O_NH’ NaNO, }-cu 2
HCI ..N'C‘

(PH M)‘ OH_@_E'WM
o
e
0 Foiten o «m:m“mmmo:‘
bond: . ~""'"g &n a0 compound
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protein involving pf('(lumnu.unly the primary

react with the enzyme
bond (Fig. 2.5).
0

derivatives
to form the peptide

amino groups of enzyme

CHI}H ff
CHJ(;O()H __—_HTI——-—’ lr’,Hl—-ff-U(,H,

Carboxymathy! cellulose Hydrazine l NH—NH,

(support)
O

|
.—-CH,—(L—NH——HH,

C
ﬁ 3 NaNO,, HCI
CH,~C—N=NmN

‘ Enzyme - NH,

Diazotization

0
¢
CH;—C—NH—Enzymeé

5: Immobilization of enzyme using CMC
this method, cyanogen bromide

support by peptide bond formation

Fig. 2.
(Fig. 2.6) Is applied to 2

(iliy Group activation: In
support containing glycol groups €9 cellulose, sephadex, sepharose etc.
CHOH CH—O0—C=N
| + CNBr —— |
CHOH CHOH
Sepharose  Cyanogen Cyanate ester
(Support) bromide l
CH—O—g— NH-Enzyme Enzyme - NH CH—O
[ PELLD lofefhal 2 | >C=NH
CH—OH (pH 8-9) CH—0
iminocarbonic acid

(Reactive)
en bromide activation
bifunctional or 2 multifunctional
ed to create bonding between the
groups of the enzyme. some of

Immobllized enzyme

Fig. 2.6: Immobilization of enzyme by cyanog
(iv) Polyfunctloml reagents: In this method, a
reagent such as glutaraldehyde (Fig. 2.7) is us!

amino group of the support and the amino
by covalent bonding are given in Table 2

enzymes immobilized
CHO CHO
Enzyme
CHO CHO
CHO CH-—Enzyme
jvation of bifunctional agent

Fig. 2.7: Immobilization of enzyme by act
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y covalent bonding

Table 2.3: Enzymes immobilized b

L Enzyme Carrier matrix Binding a gent/Res
a-Amylase DEAE - cellulose (cellulose - | Direct coupling

2-(diethylamino) ethyl ether)

Amyloglucosidase DEAE - cellulose Cyanuric chloride
Cellulose Polyurethane Isocyanate
Glucose isomerase Polyurethane Isocyanate
Glucose oxidase Porous glass Isothiocyanate
Pectinase Polyurethane Isothiocyanate
ronase Carbodiimide activation CM-sephadex

Complexation or chelation: Thi i :

: This method is bas :
e ed on the chelating Properties of
A ] |c can be employed to couple enzymes. Immobilized en; the
actisaﬁi; u:mg transition metal compounds (eg. titanium, zirconium metal sat ymes are
=% mmg‘ :I‘Zhe Csurf;ce of organic carriers or using the corresponding hydrous metS)g for the

ike Co (IN), Cu (1), Mn (), tin (I) (IV), Zn @), chromi ' al Oxidag
converted into metal oxides and i : '  chromium (M), Zirchoniy i
: ; nd in the presence of en it qi m V) are
interactio " zyme it gives metal oxi

i : "c:f l::ettrlansutic,\n metal compounds with biopolymers are occur asx‘fd; SZYme, The
i 0
st eptis eta i c'hlorlde ion = octahedral co-ordination = [ e
Calll Inkage = titanium chloride - cellulose, = flgand + cellulose -
R blu 0se contains vicinal diol groups which are not
Ean ce for fre.e chelation by transition metals
powmeapsuletlon: Enzymes are immobilized within mi
rs. The memb Icrocapsules prepared from organic

involved in glycosidic linkage hence

membrane

Pﬂllaﬁon
tion technl:ur : embrane confinement

Pharmaceutical Biotechnology 2.9 Enzyme Biotechnology

The methods used for microencapsulation of enzymes are classified as (i) Phase

separation method, (i) Interfacial polymerization method, (i) Liquid drying method and

(iv) Liquid-surfactant-membrane method.

Many enzymes are microencapsulated by the process of phase separation method, which

is based on coacervation. Aqueous enzyme solution is first emulsified in @ organic solvent
(water insoluble) containing the polymer and then to the organic phase containing agueous
microdroplets. Another organic solvent is slowly added in which the polymer is insoluble. The
polymer is concentrated and membranes are formed around the microdroplets of the
aqueous enzyme solution. Interfacial polymerization method is also similar to the phase
separation method. In interfacial polymerization method, aqueous solution of the enzyme
and a hydrophilic monomer are emulsified in a water immiscible organic solvent. In this
emulsion, the hydrophilic monomer is added with stirring. These two monomers polymerize
at the interface between the aqueous and organic solvent phases in the emulsion and forms
a semipermeable membrane of the copolymer in which the enzyme in the aqueous phase is

enclosed.

In liquid-drying method, the enzyme solution is emulsi
boiling point lower than that of water containing the membrane for
an oil-soluble surfactant. The emulsion containing aqueous enzyme microdroplets is then
dispersed in an aqueous medium with protective colloidal substances and secondary
emulsion is formed. The final microencapsulated enzyme is obtained by removing the
organic solvent, In liquid-surfactant-membrane methad, the enzyme emulsion is prepared in
two steps. First, the agueous enzyme solution is emulsified in the organic phase at high shear
stresses. The stability of the microdroplets is attained by adding suitable surfactants to the
organic phase. In the second step, the stable emulsion is injected into the outer continuous

fied in an organic solvent with a
ming polymers and using

aqueous phase,

Entrapment: Immobilization of enzyme molecules can be performed by the physical

entrapping of the enzyme inside a polymer matrix, gel or fibres (Fig. 2.9). Entrapment is
based on coupling enzymes to the lattice of a polymer matrix or enclosing them in
semipermeable membrane. It prevents the release of proteins while allowing the diffusion of

substrates and products.
Gels can be formed by polymerization in which covalent bonds are formed by use of
ry little change in covalent bonds. Enzymes are dispersed or dissolved

prepolymers with ve
lamide and bis acrylate as a cross linker. Pore size and

into an aqueous buffer containing acry
mechanical strength of gel is dependent on concentration of acrylamide.
sion in fibres, the mixture containing the polymer and the enzyme

In the process of inclu
bre format. Penicillin acylase is immobilized by

is extruded to have the enzyme trapped in fi
entrapment in the micro cavities of synthetic fibres.

‘_‘
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(a) Entrapment in gels (b) Entrapment in fibres
Fig. 2.9: Enzyme immobilization by entrapment
Applications of immobilization:
Immobilized enzymes and cells are commonly used in industri
A ¢ : ial proc
il techniques secondary metabolic production, drug  targeting, deSign?n es?eS,. analyticy
- ?Io-enYlfonmenta'I modification etc. In 1969, Tanabe Seiyaku Co. were thi ? bloreactors,
¢ ::yr'n.;!imzeq aminoacylase for the continuous production of L-amin irst c?evelo;;ed
; pe "izzlo ::fs. !mmo]blhzed enzymes have wide applications in the follov(:_ acids frop
‘ cesses: Immobilized biocatalysts a LI
steroids and amino acids in BB s on Posluction bic
pharmaceutical industri ili : of antibiotics
ies. Inmobilized penicillin acylase ha;

t
F
]
C

G

d

L LA s
amino penicillianic acid (6-APA) using macroreticular ion

Cephalosporin ami 2 :
pnalosporin amidase obtained from differen exchange resin as supports,

various methods and are t microorganisms i il
used for production of various ceghalospor?: r;'eb‘e 'tr‘mmbmzed !
rivatives. Macrolide

antibiotic tylosin and
the nucleosid i
cells of Stre : Ide peptide antibiotic ni ;
Plomyces spp. immobilized with calciun:c;tlgi:;tkomycln are produced using living
e.

Microbial cells containi
ntainin
scale steroid tran g systems of cofa c
sformati ctors are immobili

(cr?nex°'°”° is obtained b;?rrr‘\sm Tge- smesls of hydroco?t?;hmd and employed for large:
ig. 2.10) obilizing the biocatalyst by e“t?an: and prednisolone from
ment with po ide.

Cunviloria (unatg polyacrylamide

Cortexolone s
116 - Hydroxylation Hydroxycortisone

A'-Dehydrogenation

Corynebacterium
simplex
on Predinosolone
@ from cortexolone

Fig- 2.10; pr
A0; °duﬂ|°"
of predi
Nosge

——

Sugar and sug
from food industry.

being produced on a large sca
used for the continuous optical reso
qe. Enzyme s obtained by ionic
e and entrapment
Zyme aminoa
L-alanine is
rtate 4-decarbox‘/lase)
s used for chemical

oryz
iodoacetyl cellulos

— asymmetrically hydrolyzed by en
unhydrolyzed D-acylamino acid.
cunhae cells (L-aspa
Immobilized biocatalyst

stries are shown in Table 2.4.
ts used for chemical tra

pseudomonas da
k-carrageenam.
pharmaceutical indu

Table 2.4: Immobilized biocatalys

Compounds

Microbial cells

——t

1. Antibiotics

Bacillus megaterium

me technolog
using glucoam
crose as a sweet

ening

cylase and it

which

Enzyme

penicillin amidase

y has rece
ylase and

d is isolated from Aspe
dex covalent

transformations

Enzym Biotechnolo:
pharmaceutical Blotechnology 2.11 nzyme BIOTe= " Yy
ived much attention

ar syrups prepared by enzy
Fructose manufactured by

le to replace su
Jution of DL-amino acids an

binding of DEAE-sephé

of polyacrylamice gel.
produces

produced from L-asparti

are

nsformations
Matrix for
Immobilization

| DEAE-cellulose

glucose isomerase IS
agent. Aminoacylase is
rgillus
binding to
pL-Acylamino acid Is
{-amino acid and
c acid by using
immobilized with
in the

|

Ampicillin
Penicillin G Penicillium Multi-enzymes | Polyacrylamide,
chrysogenum calcium alginate
Cephalexin Achromobater sp. Cephalosporin DEAE-cellulose
\ amidase ‘
Bacitracin_ Bacillus sp. Multi-enzymes ‘ Polyacrylamide
Tylosin Streptomyces sp. Multi-enzymes | Calcium alginate
2. Steroids
Prednisolone Arthrobacter simplex Complete cell ' Photo-crosslinkable
| resin, calcium
| alginate
Hydrocortisone Curvularia lunata Complete cell i Photo-crosslinkable
| resin, polyacrylamide
3. Amino Acids
L-Alanine Pseudomonas L-aspartate Carrageenan
dacunhae 4-decarboxylase
L-Arginine Serratia marcescens | Multi-enzymes Carrageenan
L-Glutamic acid | Brevibacterium Multi-enzymes Collagen
flavum
D-0- Bacillus sp. Hydantoinase Polyacrylamide
Phenylglycine
L-Tryptophan Escherichia coll Tryptophan synthase Polyacrylamide
B-tyrosinase
L-Tyrosine Erwinia herbicola Collagen and
glutaraldehyde
contd. ...
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. anic Acids ' L
4 ;’;’ﬁc acid Acetobacteracetl Mult.1 enzymes
Citric acid Aspe/giﬂusn@er Mum-enzyfnes S i c
Gluconic acid Aspergillus Niger Glul@se oxidase ok . =

' : -enzymes .

Lactic acid Lactobacillus casé! :::u’t‘, zy PolyaCrwamld b
RURTRTE Collagen g

2-Ketogluconic Serratio marcescens

acid
L-Malic acid

Brevibacterium Fumarase
flavum

applications: Enzymes are commonly used in medim‘
SIS, indu ]
Striaf

monitoring programs and analysis of specific reactions. Determination of
inorganic compounds in biologicals fluids is important in clinical analysis, Moc_; Organic ,, d
these compounds are performed by enzyme catalyzed reactions. Enzyme Of analyg
biosensors are probes c‘a'pable of generating an electrical potential as a resy| electrod L
c;atalysed by_ an immobilized enzyme, The first enzyme electrode to be re tofa l€action
got;cose-lsenfnwe electrode (Fig, 2,11). The enzyme glucose oxidase was | Ported yzae the
gr oz;chrzflar?nde gel around a platinum oxygen electrode. When a solust‘ 'mmobilizeq y ,
nto contact with electrode, glucose and i 2.0t g

. ' oxygen diffuses i COse |
care converted intogluconolactone and hyd";ggn uses into an enzyme layer ands

doncentrauon‘ The principle involved is the removal REARN fowedng . the XY\
mﬁ"f:‘; upon the concentration of glucose p:s o’{t ozgen o sotution at 2 rgaj:

ured in terms of substrat ol 100 response i

esimaln of compound e used or product form. Different bi of biosensor i
T e e s i 00 used ko
» lactic acid, alcohol, glutamic acid,

vitamin By, nicatinic acl
: : P
il acid, urea, penicillin, stati i
ystatin etc, are easily analysed by usi
using enzyme

Analytical

0
o

Recorder
Oxygen electrode

W
LTy 8! Outlet
o Waler jacket =

Water infof
Sample solution

: - G'UW’.
2 Mmbre "c.xidlu-polyvlnylohlorldo

Pharmaceutical Biotechnology

213 E e Blomhnol

cer and it is applied to

analytical fields, clinical analysis an

and applied to
either the change the respira
assimilation of substrates by mic

nal material and a transdu
bial sensors
Microbial 5
d metabolites 2s the res

have been developed

ensors are pased on
ult of

bifunctio
d food industry. Micro
ological compounds.
oduce

Biosensors are composed of a

the measurement of bi
tion or the amount of pr
roorganisms.

devices used for estimation of compounds

Table 2.5: Electrochemical
Immobilization

Electrochemical Sensor Enzyme
Devices ‘
1. Oxygen Glucose Glucose oxidase Covalent i
electrode Ethanol Alcohol oxidase Crosslinked
Uric acid Uricase Crosslinked
Inosine Nucleoside phospharylase Covalent
Monoamine Monoamine oxidase Entrapment |
L-Alginine Alginine decarboxylase Crosslinked
2. Ammonia gas L-Amino acid | L-Amino acid oxidase Covalent
electrode L-Asparagine Asparaginase Entrapment
Urea Urease Crosslinked z
Nitrite Nitrite reductase Crosslinked '
L-Methionine | Methionine ammonia lyase Crosslinked
3, CO;gas L-Tyrosine L-Tyrosine decarboxylase Adsorption
electrode
4, pH electrode Penicillin Penicillinase Entrapment
Neutral lipid Lipase Covalent
5, Platinum Cholesterol Cholesterol esterase Covalent
electrode phospholipid | Phospholipase Covalent
Enzyme-linked immunosorbent assay (ELISA) is widely

Immunoadsorption techniques:
used for detection of antigens and antibodies. This technigue involves immobilization of

antigen or antibody on to a microtiter plate, The excess antigen or antibody used for coating
is washed off. The counter antibody linked with an enzyme is added and allowed to react
with the immabilized antigen or antibody. A substrate specific for the enzyme is then added

and colour produced is used for detection of antigen and antibody.
immobilized on agarose or sephadex and used as affinity

protein A and G are generally
chromatography medium a typical immabilized protein complex or conjugation, The matrix
based on an immobilized mannan binding protein support Is most effective for purifying
d on agarose bead

mouse IgM from ascites. Mannan binding protein is usually immeobilize
and used in affinity chromatography. Radioallergosorbent (Rast) test [s based on absarption
of 1gk antibody by immobilized antigens and subsequently the degree of binding is

determined.
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2.4

ation of immob"iled enzy'mes such as Streptyy.
{ sephadex can be effectively used for the treq 4
vessels. Urea-urease modulated system % Me
e od enzymes 1o alter local pH and cong, ie:t
he interesting possiotl : dsorbents or Y
:oechange lheg p‘:-losensmve polymer grosion rale?‘ Enzt);: e:ﬁ?ﬁcial cells Thc;t:_e' Materiy taj
be incorporated together with targe! ’T"yme iy e of artificial cells e m\p@ iy
organs are designed and constructed using the pnncuP. . . artificja) i
artificial kidney, blood detoxifier etc Artificial cells containing ;‘ yme Systems are 3
for the sequential conversion of substrates into products. Immo "'zed_ enzymes arg
recommended in replacement therapy needed in hereditary inzyme-deﬁcuency CONdition 0

N OF ENZYMES

pharmaceutical Biotechnol

ysis in microgranules ©

inase, fibrinal
urokinase, fi ~embol of a1y

f boses and thromb: <
of throm f using immobiliz

ey
N

i e

ated from microorganisms, plants and am
are commercially produced by semisolid culture method and submerged culture, In semisoles
culture method, enzyme producing culture is grown on the surface of a suitable sem,ww
substrate supplemented with specific nutrients. Now-a-days submerged culture methog a'd
widely used in the production of enzymes. The fermentation equipment used is the same .
in the manufacture of antiblotics. Microbial enzymes produced by fermentation '"C'u:S
amylases, proteases, catalase, penicillinase, streptokinase etc. '
: In.generul. the techniques used for microblal production of enzymes are describeg |,
ollowing steps:

* Isolation and selection of microbial strains.

* Formulation of medium,

¢ Fermentation,

* Extraction and purification of enzymes,

The flowchart for enzyme producti icrobi

Zyme production by microbial cell is given in Fig. 2.12.

+ To produce high amount of enzyme
- Less fermentation time,

1

s

3. Simple isolation and

: separation (extracellyar),
5

Enzymes used in Industry are isol

. Non-pathogenic cell and

methods such as Mutagens or uv

Formulation of
medium: T
Support * e culty
Wiy ofmicmeh;‘: ”";etdium should contain ail the nutrients ©

will
resultin maximum enzyme production

2.15 Enzyme Biotechnology

pharmaceutical Biotechnology
All ingredients of the medium should be easily available at low cost and with high nutrutuonal
carbon, nitrogen, energy, minerals,

value. The production media must contain sources of

macronutrients, micronutrients, growth factors, etc. Commonly used substrates for the media
are soybean meal, potato starch, molasses, starch hydrolysate, corn steep liquor, wheat or
rice bran, cereal meal, casein, yeast extract, etc. the pH of medium should be adjusted to
show optimal microbial growth and enzyme production. |

|
My

Seed fermenter

Inoculum davelopment
in flask culture l

Growth of
culture on slants

Lyophilized
culture

[ Gell disruption] - |
- and filtration | ]

Fermanter

Fig. 2.12: Flowchart for production of enzymes by microorganisms
Fermentation: Submerged culture technique is commonly used for industrial production
of enzymes. In some cases, solid-substrate culture as well as deep bed cultivation techniques
are also used for enzyme production. Medium is sterilized batch wise or continuous
sterilization method, Submerged culture method is most widely used because of less chances
of infection and more yield. Surface culture technique is a traditional method but still in use
for production of fungal enzymes such as amylase, protease, cellulases and pectinases.

Mechanically stirred bioreactors of capacities 20,000 to 1,00,000 liters are used for
production of enzymes by submerged techniques, The duration of fermentation is around
2 to 7 days. Growth conditions such as pH, temperature and oxygen are maintained (n
optimal level. A small amount of oil is added to control the foam in the fermentation. Most of
the enzymes are extracellular and produced at the end of exponential phase.

Solid-substrate culture method is mainly used for isolation of enzymes fram fungi. Drum
process and tray process are commonly used in solid-substrate culture. The substrate s
spread in the form of thin layer and the culture is inoculated.

The trays are incubated in an air-conditioned room upto 1 to 7 days.

2
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. The desired enzyme Produceg

] 6 ation of enzymes .
Extraction and pu"ﬁczt.':n: based on oxtracellular or intracellular nature o¢ isc,]mayh
I
are used to break the cells ang re|:te‘l"

extracted into the culture me A
physical, chemical and enzymatic
intracellular enzymes. Recovery of an extra o
enzyme. Fungal broth is directly filtered or centrifug

: - - te calcium phos
first treated with calcium salts t0 precipitat e oy iy t‘
bacterial cells and colloids. Filtration of centriiug OVe cq|| oy

Nucleic acids can be precipitated and removed by adding polycations such as Polys g

) cipitated by usin Min
and polyethyleneimine. Isolated enzymes can be pré P y g salts apg o '
solvents, and further concentration of de

sired enzymes can be achieved by i lgar,q

; . . i

extraction using polyethylene glycol O, polyamines. Chrc?matographlc techniques Sucgu{
ion-exchange, size exclusion, affinity; hydrophobic interaction and dye ligand are Commoax
used for separation and purification of enzymes. The concentrate N

’ ' d form of the enzyp,, cali
be obtained by vacuum drying or spray drying:
2.3.1 Amylases

Amylolytic enzymes are widely distributed in bacteria and fungi. Amylases are Mair}
used for production of sweetners for the food industry e.g. glucose syrup, fructose Syru)
Dextrins are prepared by the hydrolysis of starch with amylases. The amylases are use:
commercially for the preparation of sizing agents and removal of starch sizing from woye,
c.loth. It is also used in preparation of starch sizing pastes for use in paper coatings g
liquefaction of heavy starch pastes which form during steps in the manufacture of corn ang
chocolate syrups. These amylases can be employed as a replacement for malt for starch
:ydlrolys?s‘.j 'in Ith;.: brewing industry. Amylases are characterized by their ability to hydrolyze(I

ucosidic li i i l
asi syl slna nadg[eis al; ;:?;s;:cchandes eg. starch, glucogen etc. They are mainly classified

methods : . X
cellular enzyme 15 much simpler than, i Sty

d after pH adjustment. Bacteria'ace““@

phate which help in Separbmth"

affe?ti:: t)::s;;v:get: :Iucal:grucanOhYdr?'yases are endoenzymes, responsible for
They attack all the finka esisutwmate strateg;ca'lly positioned in the interior of the molecule.
B L s usgd fo: et;n g{ucose units in the starch molecule. A large number of
B. licheniformis, B. amyloli 5:;0 u.ctlon of a-amylases such as Bacillus subtilis, B. ceres
Arthrobacter sp., Escherichia slq 7 ctens, Lactobacillus sp., Pseudomonas  saccharophil

0. Thermononospora sp. etc. Selected strains of Bacillus subtil

are mainly preferred ; :
for industrial scale production of amylase. Fungal o-amylases for

commercial purposes are der
erived from Aspergillus oryzae. Different species of Aspergilus

Candida, Cephalosporium, Penicil

a-amylase. Bacterial a-an'w;?sr: Him and Rhizopus are used for production of highly spec

employed are generally based ol: I:;Oduced only by submerged culture method. The medi
€ Use of natural raw materials including certain gfowth
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factors such as trace elements, vitamins and amino acids. A careful balance of carbohydrate

and nitrogen ingredients of the medium is most important. It is neces
near neutrality and incubation temperature 30 to 40°C of the fermentation medium for
3 to 5 days. After fermentation, culture is filtered or cen
Amylase can be precipitated from aqueous solution by the addition of cold

isopropanol or ammonium sulfate. It is purified by dialysis 2nd chromatographic
units in solid substrate

Fungal a-amylase was originally and is still produced in significant 2amo!

sary to maintain the pH

trifuged to separate the calls.
acetone, ethanol,
techiniques.

culture.

The B-amylases, a-1, 4-glycanmaithodrolases hydrolyze starch and otner amyloses by
splitting off maltose molecules until the action is blocked by the occurrence of either 1, 3
linkages or branch points. The residual molecule is then called a limit dextrin. B-Amylases are

mainly belong to plant origin however, certain specific microorganisms produce this enzyme

such as Bacillus polymyxa, Bacillus cereus, Streptomyces Sp., Pseudomonas sp- and Rhizopus
species.
2.3.2 Catalase

Catalase is a common enzyme found in nearly all living organisms exposed. to oxygen.
Catalase is present in different sources such as microorganisms, plants and 2nimals. It is a
tetramer of four polypeptide chains, each over 500 amino acids long.

Catalases are antioxidant enzymes present in all aerobic organisms and it catalyze the

conversion of hydrogen peroxide to water and malecular oxygen.
2H,0, Catalase 2H,0 + 0
This prevents conversion to hydroxyl radical and other more toxic reactive oxygen
species (ROS). Hydrogen peroxide is produced as a by-product of aerobic respiration. Hence,
catalase enzyme act as an antioxidant and protects the cell against oxidative stress. Catalases
can be classified into three categories on the basis of structure and sequence such as mono-
functional or typical catalase, catalase-peroxidase and pseudo-catalase or Mn-catalase.

Different strains are used for production of catalase enzyme such as A. niger,
S, cerevisiae, Penicillium variable, Thermoascus aurantiacus, Bacillius subtilis, Staphylococcus,
etc. This enzyme is located in the cytoplasm or in peroxisomes. The extracellular liberation of
an enzyme is more advantageous for extraction and isolation. The commercial source of
catalase i extracellular production by different microorganisms, mainly fungal strains.

This enzyme Is used in several industrial applications such as food or textile processing to
remove hydrogen peroxide which is used for sterilization or bleaching. This enzyme is used
to remove hydrogen peroxided from milk prior to cheese production. It is used in contact
lens hygiene to decompose the hydrogen peroxide which is used as disinfectant. Catalase
enzyme also used in paper, pharmaceutical industry and in the field of bioremediation.

___—_

Scanned with CamScanner



440

\

of enzyme, which catalyze OXidy
;

ss .

n-porphyfin derivative (heme) in their ed“tw.

ety of organic compounds gj, Ctiy,
Ve,

Pharmncoutlul Blotochnolo

2.3.3 Peroxidase

peroxidases aré al
peroxi

S

reactions. Many 20 St
and they can catalyze oxidation @

peroxidase A+ 2H,0

AH; + Hi02 .
) of specific enzymes such as NAD Peroxidase =
P fae, It 5 isolated from different sourceg

peraxide.

Perodase includes a grouP =
peroxidases and glutathione perox!

animals and micrabes (Table 2.6).
Table 2.6 piffel

rent sources of peroxidases
Examples

papaya (Carica papaya), bar, m
Ony

Sources

Horseradish (Armoracia rusticana),
calamus), banana (Musa paradisiaca).
Escherichia coli, Pseudomonas species.

LPlant sources

Bacillus subtilis,
Penicillium geastrovirus, Thanatephorus species, Auriculariq =
bleurotus ostreatus, Candida tropicalis, Debaryomyces polymorp 4 &

Eacten’al strains

t;ngal strains

Peroxidases are primarily intracellular enzymes but many cells produce extracal,
enzymes, which are irvolved in the degradation of complex organic compounds, Pefoxida;
are usgful in a number of industrial and analytical bioprocesses, due to high fedumt
potential. It is use¢ for reduction of water pollution by bioremediation of pheng| ]
chiorinated phenolic zompounds in waste water. It degrades synthetic dyes such a an
remazol bl‘ue, anthraqunine, etc. by using lignin and manganese peroxidase. Peroxidase::,C
:';;r :I;:: lrlwttil;ealcizgrad:i?n of wood compounds in paper industry by lignin and cellulo;:
e phenoli:Sce(, mgo tl]h:d?nstmctuon of biosensors for determination of hydrogen
2.3.4 Protease

Complex mixtur -
Microbial proteases ceasn (:)fe ;:t;g‘:::;":ﬁ:e ;rr‘: pel,:ti:eadses i 1 =2lec, protese
activity is high ; Ups Dased upon the pH range in which thei
produced by \?ar?c:usn;a’t'y' i neutra? or alkaline proteases. P“‘:te"'yﬁgc e":vyr"""c:st::
species and fungi such €rla Sucfj as Bacillus, Pseudomonas, Clostridium, Proteus and Serrati
roqueortii and Maca puggr L O !
are actually mj cor pusillus. However, the

ally mixtures of Proteinases ang

fermentation medj
ium duri
the cells, during growth while t

en, : ;
Z}'tr};es associated with these microorganisms

hl;epl ases. Proteinases are excreted to the
Peptidases are liberated only on autolysis of
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% enzymes cause adequate alterations in the hides to provide a finer
% pliability and better general quality. Proteases also find usage in th
proteinaceous sizing. In the silk industry, proteases h
from the naturally occurring proteinaceous material wherein they aré actually
& Proteases are also employed as a meat tenderizer e.q. papal
of p,a: industry, film industry, waste-disposal management and manufacty
' They are the active ingredient in spot-remover preparations for removing food
dry-cleaning industry. Industrial production of microbial proteases is carried out by
cultivation of the microorganisms in the submerged fermentation for the bacteria. However,
fungi usually give higher yields when cultured on solid media. Most of the mi
excrete more than one kind of protease. The type of proteolytic enzy
on the composition of the medium.

2.3.5 Penicillinase
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food and leather industries. The
grain and texture, greater
o textile industry to afford

Proteases are used on a large scale in detergent,

elp in the liberation of the silk fibres
imbedded.

n. Proteases are used in brewing
re of protein hydrolyzates
spots in the

croorganisms
me formed may depend

Penicillinase is a bacterial extracellular enzyme produced from Bacillus species,
Staphylococcus species and members of the coliform group of bacteria. The enzyme
penicillinase inactivates penicillin by the process of hydrolysis and converts to penicilloic acid

(Fig. 2.13).
[0} (o)
R—Q—NH —rs 2:3 i, R—C—NH 2 2:3
g__N 3 Penicillinase N 3
T ﬁq COOH Hydrolysis 0 \oH COCH
OH
Penicillin Penicitloic acid

Fig. 2.13: Hydrolysis of penicillin by penicillinase

The enzyme penicillin amidase is normally produced by fungal species such as
Penicillium, Aspergillus and Mucor. Penicillinase is divided into two major classes based on
their activity such as penicillin amidase or penicillin acylase and B-lactamase or penicillinase.
The enzyme penicillin amidase is specific on attacking the acyl group attached to the basic
nucleus i.e. 6-amino-penicillanic acid. This enzyme is more specific with peniciflin 'V* and 'K'.
The enzyme B-lactamase acts on the basic nucleus itself. It breaks the B-lactam bond and
produce penicilloic acid. This enzyme is more specific with penicillin G and penicillin X.
2.3.6 Lipase

Lipases are glycerol ester hydrolases that split fats into diglycerides or monoglycerides
and fatty acids. A triglyceride is hydrolysed by lipase to form glycerol and fatty acids
(Fig. 2.14). Lipases are also used to catalyze the trans-esterification reaction using alcohol

together with fats, oils and free fatty acids to produce alkyl esters.

e
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l
?! glycerol and replace some fatty acids with new ones. It synthesis esters of short chain '
| Cre fatty acids and alcohals which are known flavour and fragrance compounds. Lipases are also l
ﬂ gsed to remove fat from meat and fish products to produce lean meat. l
HO=L=0=R; Lipases are commonly used as biocatalyst in cosmetic industry for production of personal |
@ care products. It plays a main role in production of speciality lipids and digestive aids. Lipases '
HO=C=0=R, modify monoglycerides for use as emulsifiers in pharmaceuticals. :
Falty e o h" S T 8 ol |
(A) Objective Type Questions:
mCTOOIgansMs. The Most COMMON animgy; 1. What is enzyme technology? Explain.
e s produced from pancreat gland. Papaye latex out seed and castor seed ':"‘ be 2 Write advantages and disadvantages of immabilization of enzymes using
o Microorganims (Table 27) are most important ”‘“::;:‘M entrapment.
sowree ** hpase. M use m ;
mg\mmmmmww z. Chre & parformed by u;‘: 3 Write different properties of enzymes.
kg of lipase produces on :
MW“M Screening of fipase Scate the ol prockice Hpase 4. Explain the roles of the fallowing:
() Penicillinase
(i) Protease
(i) Peroxidase

(8) Short Answer Questions:
1. Bxplain in short methods used for microencapsulation of enzymes.
2 Explain the production and applications of Lipase.
3 Write notes on:
{a) Catalase
(b) Amylase
(€) Long Answer Questions:
1 Explain In short different applications of enzyme Immobilization.
2. Explain in detail methods for enzyme Immabilization.
3 Explain in short general method for production of enzymes.
(D) Multiple Choice Questions: »
1 The synthesis of hydrocortisone and prednisolone from cortexalone is obtained by
immobilizing the blocatalyst by entrapment with ;
(a) Starch (b) Acacia : ke
(@) Calcium alginate ~(d) Polyacrylamide Ser e
2 _____isthe method of covalent bonding. Nl e
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AT i If
a Ammonium chlo © Ammonium sulfate
(¢) Ammonium nitraté cchaﬂﬁ“ﬁon of starch.

sa
used 0 (b) [nvertase

(d) Xylanase
rolases that split fats into monoglyCErideS a
n

4 /enzyme is
(a) Amylase
() Proteasé
ek niare glycerol
acids.
(a) Amylases
(c) Peroxidases
6. Enzymes are recov
precipitants.
() Ammonium chloride

ester hyd

fy
(b) Lipases
(d) Catalases

broth by using

ered from fermentation il p
oty

(b) Sodium chloride

() Ammonium sulfate (d) Sodium nitrate

Chapter ... 3
BIOSENSORS

+ LEARNING OBJECTIVES ¢
After completing this chapter, reader sfiould be able to understand:
o Introduction
o Types of biosensors:
Amperometric biosensor
Potentiometric biosensor
Conductimetric biosensor
Thermometric or Calorimetric biosensor
Optical biosensor ‘
Piezoelectric or Acoustic biosensor
Whole Cell biosensor
e Applications of Biosensors

O 0O OO O O O

[3.4 INTRODUCTION o

A biosensor is an analytical device consisting of an immobilized layer of biological
component (e.g. nucleic acid, hormone, antibody, enzyme, whole cell, tissue) in the intimate
contact with the transducer i.e. sensor. A transducer is a physical component which analyses
the biological signals and converts into an electrical signal which is measurable. Biosensors
are analytical devices that convert a biological response into an electrical signal. Biosensors
are functionally composed of three main components. The first part of biosensar is biological
element. Biological element is responsible for detecting the analyte (drug, glucose, urea,
pesticide etc) and generating a response signal. The signal generated by the biological
element is then transformed into a detectable response by the second component called as
transducer. The third component of the biosensor is the detector which amplifies and
processes the signals which are displayed an electronic display system. The various steps in
signal processing of a biosensor is shown in Fig. 3.1.

The biological recognition components are enzymes, microbial cells, plant or animal cells,
tissues, immune binding or receptor proteins. It is important and beneficial to use
immobilized biocatalyst as it provides reusability, long half-life and ensures same catalytic
activity in a series of analyses. The desired biological material (enzyme) is immobilized by
conventional methods such as adsorption, entrapment, microencapsulation, covalent or cross
binding. This immobilized biological component is in intimate contact with the transducer.

(3.1)
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Digital display Amplifier

or recorder g
Fig. 3.1: General principle and components of biosensors
The system is responsible for the detection of the analyte apd subsequent response .
measurable parameters. Transducer s the main part of biosensor which makes e

physical change accompanying

Same
the reaction. The detection systems used in biosengj, 2
electrochemical detection, photometric detection, thermal and mass detection, ﬂuores;;g ik
signal processing and instrumentation based detection system. The analyte bings t: i
biological component to form bound analyte which in turn produces the electronic ree o
that can be measured. The analyte is converted to a product which may be associatedpon-se
the release of heat, oxygen, electrons, hydrogen ions or the product of ammonium o g
product passes through another membrane to the transducer. The transducer ol
product into an electric signal which is amplified. Processor is used to process th §0nvens
subtracting the base line signal which is taken by an electrode without a bi ohri el
| converts the resultant signal to digital output. b

\

‘NSORS =
ENSVURY

i Biosensors ar Isiﬁ % : e

' ; as enzyme- :
\ biosensors and thermal ; v immunosensors D

| immobilizatio 2l and piezoelectric biosensors, En ; rs, DNA
: ) LR zyme biose

The commonlyme:hszgs such as ionic bonding, covalent bonding orﬂ\-“;orsdare prepared by

i ENZymes are peroxidases, aminoxid ases, a: oly:rhwaal's forces,

enoloxidases

high afﬁﬂ]ty towa: N
Properties. '::trgm:\: Tespective antigens, i.e. antigen-
linkeg mmunoassary or antibodies may be used in
(ELISA) principles. The DNA biosensors

‘ j

Biosensors

pharmaceutical Biotechnology 3.3

are based on the property that single-strand nucleic acid molecule is able to recognize and

bind to its complementary strand in a sample.
Biosensors can be classified according to the mo

the type of biorecognition element. Based on the transducer, bios : :
electrochemical, optical (measure the absorbed or emitted light), thermal and piezoelectric

(detect stress) biosensors. Electrochemical biosensors can be further .class.;lﬁed as
amperometric biosensors (measure the electrical current), potentiometric biosensors
(measure electrical voltage) and conductometric biosensors (measure electrical conductance).

de of physicochemical transduction or
ensors can be classified as

3.2.1 Amperometric Biosensor

These biosenors are based on the movement of electrons as a result of enzyme—catalysed
redox reactions. The amperometric biosensors contain either enzyme‘electrode or chemically
modified electrodes. A redox reaction catalyzed by an enzymes is directly coupled to an
electrode where enzyme is presented with the oxidizable substrate. The electrons are
transferred from the substrate to the electrode via enzyme and redox mediator (Fig. 3.2)- The
magnitude of the current is proportional to the substrate concentration. The most common
amperometric biosensor is glucose biosensor which is based on a Clark oxygen electrode. In
this case, the platinum cathode is held next to an oxygen permeable membrane on which
glucose oxidase enzyme is immobilized. This membrane is also permeable to substrate

glucose.
A A By
AAA e )
A ———— > [l — Electrical
A Redox-mediator 3] — curent
Product .
kg
o %
@ @D Ele%rode
O g Substrate

Enzyme immobilized
on membrane
Fig. 3.2: Working of amperometric biosensors

3.2.2 Potentiometric Biosensor
In potentiometric biosensor, changes in ionic concentrations are measured by use of

ion-selective electrodes (pH electrode). These biosensors consist of a membrane containing
immobilized enzyme and surrounding the probe from a pH meter. The potential difference
obtained between the potentiometric electrode (Fig. 3.3) and the reference electrode can be
measured. It is proportional to the cancentration of the substrate. The major limitation of
these biosensors are the sensitivity of enzymes to pH, ammonia, carbon dioxide or other
analytes. Ton-selective field effect transistors (ISFET) can be used for miniaturization of
potentiometric biosensors. The intramyocardial pH is monitored by an ISFET biosensor

during human open-heart surgery.

’
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A A
AAA
A A 1 —> Potential
Product — (Electrical
voltage)
o
Dug
0@ =
t Potentiometric
Substrate electrode

Enzyme immobilized
on membrane

Fig. 3.3: Principle of pote

3.2.3 Conductimetric Biosensors ) .

The changes in the fonic species is transferred or altered into electr{cal conductivity i
conductimetric biosensors, Conductivity measurement is based on the biocatalytic reaction
of the sample on an electrode, The conductimetric transducer consists of reference electrod
and working electrode. Both electrades are coated with a nata de coco membrane and
enzyme is immobilized only on working electrode. The reaction produces ions which results
in the change of conductivity, Urea biosensor utilizing immobilized urease is a example of
conductimetric biosensars.
3.2.4 Thermometric or Calorimetric Biosensors

Many enzyme catalyzed reactions are exothermic (production of heat), which may be
used as a basis for measuring the rate of reaction. These changes are determined by thermal
biosensors or calorimetric biosensors. In this method, substrate enters into the enzyme
packed bed reactor and then it converted to a product by generating heat. The difference in
t!?e temperature.between the substrate and product is measured by thermistors (therma
biosensors) calorimetric .microsensors have been used for detection of cholesterol in blood
serum based on production of heat by enzymatic reaction.
3.2.5 Optical Biosensors

Optical biosensor i ili i
Ie. fluorescence, ab:o:b:;ecet.h:h:me;f;sintehsi‘e::glz'etthe prmc'pl‘e it peesurements
involve determining changes in light absorption' g‘eti;n : regemon RSSEReRRY; ot Thess
reaftion or measuring the light output. Optical bioseeen (% feaCt‘antf S09apragucts of 2
antibodies as the transducing elements, It allow ?sors pnman!y leneyme and
materials and these biosenga o @ safe non-electrical remote sensing of

Ire reference sensors. The most common

ntiometric biosensor

do not requ

T —
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Oxygen has quenching (reducing) effect on the fluorescence and hence, the amount of
fluorescence generated by the dyed film is dependent on the oxygen. Lactate present in the
reaction mixture utilize oxygen and propartionate decrease in the reducing effect of oxygen.
This results, increase in the fluorescent output which can be measured. Optical fibre sensing
devices are used for measuring pH, pCO; and pO; in critical care and surgical monitoring.

3.2.6 Piezoelectric or Acoustic Biosensor

Piezoelectric biosensors are based on the principle of sound vibrations (acoustics).
Piezoelectric crystals with positive and negative changes vibrate with characteristics
frequencies. The optimal resonant frequency for acoustic wave transmission is dependent on
the physical dimensions and properties of the piezoelectric crystals. Adsorption of molecules
on the crystal surface alters the resonance frequencies which can be measured by electranic
devices. A piezoelectric biosensor has been developed for organophosphorus insecticide by
incorporating acetylcholine esterase, for formaldehyde by incorporating formaldehyde
dehydrogenase and for cocaine in gas phase by attaching cocaine antibodies to the surface
of piezoelectric crystal.

3.2.7 Whole Cell Biosensor

In the whole cell biosensor or microbial biosensor, immaebilized whole cell of
microorganisms or their organelles are used. These biosensors may employ live or dead
microbial cells. The microbial cells are easily available with less cost and they are less
sensitive to variations in pH and temperature compared to isolated enzymes. The specificity
and sensitivity of whole cell biosensors may be less compared to that of enzymes.

[3.3 APPLICATIONS OF BIOSENSORS |
Biosensors are widely applied in many fields such as pharmaceutical industries, medicine,

food industry, pollution control, military etc. They are very popular in many areas due to the

small size, easy handling, low cost, and better stability and sensitivity.

Pharmaceutical and biomedical applications:

Biosensors are mainly used for the quantitative estimation of biologically important
substances in body fluids e.g. glucose, cholesteral, urea etc. Glucose biosensors are used for
diagnosis of diabetes mellitus. Optical biosensors can be used for measurement of patient's
blood glucose level by combining bacterial magnitude with a chromophoric system. Blood
gas monitoring for pH, pCO; and pO; is carried out by optical biosensars during critical care
and surgical monitoring of patients. Mitomycin, an aflatoxin, causes cancer in inborne infants.
Mutagenicity of such chemicals can be detected by using biosensors. Several toxic
compounds produced in the body can also be detected by biosensors.

Biosensors are being used in the medical field to diagnose infectious disease mainly
urinary tract infections. A novel biosensor (hafnium oxide, HfO;) has been used for early
stage detection of human interleukin-10. Interaction between recombinant human IL-10 with
corresponding monoclonal antibody is studied for early detection of cytokine. Fluroescent
biosensors can probe ions, metabolites, and protein biomarkers with great sensitivity. They
are used in protein localization, probing gene expression and conformation in fields such as
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ptosis. fluorescent biosensors can |,
apo far and neuro-degeneryy; us

2565, cardiovascu ; '.’

signal transduction: .transcnPtt'::r’; Z';e
detection of cancer: infla Seu“
and viral infections:

Fluorescent biosensor &=,
high thorough put and htgh. conté
tools for preclinical evaluatio

in drugd discovery for the identification -
reening approaches. These are CONsicere. o
clinical validation © e
i jomarkers in :
biosensors are effectively used for early detection oi l:;otreatmems molecula: &

ns '

: i -+ oring disease status and respo . .

diagnostics, for monitoring d! e ;

ang

: 534 ed with
BSOS DioER 2 devemc%iral amine salt detection, enzyme jnpi.
(ISFETs) for different applications such as chira! e € Inhibit
acetyl choline esterase, detection of Pha"“aceuuca' pr.epara i @s procaine, tetraca
and lidocaine, and detection of anionic surfactants like SodlUﬂ'.‘ dodecyl sulfate (SDSCa'ﬂe
dodecyltrimethyl ammonium bromide. Biosensors ¢an be used ln_fermentation indust)a

monitoring fermentation products, biomass, enzymes and ?St'mat'OH of variousr'Yfm
Biosensors are commonly used to control the fermentation process ang 'Ong
reproducible results, In fermentation process, glucose biosensors are used to mol,?rod”‘e
process to saccharification to produce glucose. Glutamate biosensors are used tg C'tor the
experimentation on ion exchange retrieval of an isoelectric liquor supernatant of Q'Utan‘:g?:q

Non-medical applications:
Biosensors are used in many non-medical fields such as food industry, environ
/ menty|

f active drug molecyle Pote,
S

%

Clini(:
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Org o

monitoring, defense, agriculture and related industries.

Food industry:
Biosensors are commonly used in food industry to detect the odour and freshness qf
55.0

food.
a?:i t:ir:s:::s; ofdstored fish can lbe detected by ATPase. ATP is not found in spoiled
e :d :tect.ed by using /}TPase. Biosensors are used for the de?ectg r
i Ca.u s e:;)ll contamm?ted in food or vegetables can be measured b detlon‘cf
gl o arebz s:glmonna using potentiometric alternating biosensin)_;; 5 setdmg
o i alhn oth: dall:y industry. The automated flow-based bios!nszrrn?
i phosphat icides in milk. Bi i
defcht agﬂﬁaal sy addin%ege pesticides in milk. Biosensors are also used to
ood safety | ;
ty is one of most important parameters and i
it quality of food refers to the
ue and chemicals. Nanotechnology

Environmental Monitoring:

Biosensors ar,
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and immobilized Trichosporon cutaneum 15 1=

biosensor in conjugation with oxygen electrode and immo
neasure mutagenicity

and Bacillus subtilis can be used to n
chemical compounds.

Defense:
Biosensors are used by the infantry to d

chemical agents used during war.

(A) Objective Type Questions:
1. What is biosensor? Explain.

2. Explain general principle and components O

sad for measuring BOD.

Biosensors

The whole cell

pilized Salmonella fyphimuréum

or carcinogenecity of several

fy the toxic gases and other

—

|
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QUESTIONS

f biosensor

3, Write the principle of conductimetric biosensors.

(B) Short Answer Questions:
1. Write the principle and applications of
2. Write notes on:
(@) Potentiometric biosensor
(b) Principle of optical biosensor

(C) Long Answer Questions:
1. Explain different types of bio
2. Write the applications of biosensors inp

(D) Multiple Choice Questions:

1% biosensors are based on the
(

(a) Piezoelectric

(c) Calorimetric
2. Principle of fi

molecular oxygen an

(a) Lactate hydrolase

(c) Lactate monooxygenase

d this reaction is ¢

bre optic lactate biosensor is b

amperometnc biosensor.

sensors used in diagnostics.

harmaceutical industry.

principle of sou nd vibrations.

b) Optical

(d) Potentiometric

ased on the measurement of changes in

atalyzed by
(b) Lactate gelatinase

(d) Lactate cellulase
] 1]
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After completing this chapten,
o Intduction
Techniques of Protein Engineerity
o Genetic Modifications

o Chemical Modifications

o Applications of Frotein Enginecrniy :
Phanmaceutical or Medical Applications
Tood and Detergent Industry
Envirormental Applications

Other Applications

o)
(o)

0O O
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GAINTRODUGTION PR o 4
Protein engineering is the process of developing useful or industrial important Drofe‘ :
Protein engineering can be defined as the modification of protein structure with rDlns‘
technology or chemical treatment to get a desirable function for better s NA
pharmaceutuca@ and other applications, Rational protein design and directed evaluatio: 4
gfc;efal strategies for protein engineering. Protein engineering involves synthesis of are
2‘ ncfilon:&o; ;o make clhanges in the existing protein sequence or structure to achieve des?:
e most classified method in protein engineering i ‘rati \

CrEs lepes os X0 gineering is the ‘rational design’ a

el Zc; :::c i;uctea rc:‘lirne;tedldm.utelgeness of proteins. Site-directed mutagegiuesi:J F:IT:;/:
acids into a target i ion i

method to alter the function of an enzymg wi?;ne. e EVé.ﬂUBtlon e (1o mpon
out the exhaustive structural and functional

RE s o
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4.2 Protein Engineering
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Wild-type protain

ilf,;lemrm of gene

@

l Mutation of ge

~raasion of
Mutation of Expression ©
genes mutant genes
8°g
. &
Isolation of Mutant enzymes
genes for
improved @ @ s e )
enzymes Selection o .-...\...u_ra
@ mutant enZymes

Fig. 4.1: Basic principle of protein engineering

[4.2 TECHNIQUES OF PROTEIN ENGINEERING i

Different protein engineering methods are used to design the active and stable protein
tein engineering is the

components for wide applications. The most commaon method in pro
‘rational design’ approach (Fig. 4.2) which involves ‘site-directed mutagenesis’ of proteins.

Random methods includes random mutagenesis and evolutionary methods which involve
“DNA shuffling". Protein engineering techniques are also classified into two basic categories
such as genetic modifications and chemical madifications.
4.2.1 Genetic Modifications
Modifications of proteins through genes is an easiest and mare efficient approach
compared to chemical modifications. The basic method of genetic engineering is the
modification of responsible gene and generate the proteins with novel properties. Raticnal
design plays a main role in protein engineering and manipulate different processes such as
regenerative medicine, protein delivery system, tissue engineering etc. Rational design has
been improved by modification in the site directed mutagenesis techniques, protein-protein
interaction and protein 2D, 3D structure modeling. The concept of 3D modeling is based on
relating a structure to the possible expected functions of amino acid residues and replacing

them with other functions.
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Protein Engineering

/ Directed Evolution
Rational Design Approac! l
Random mutagenesis
SRHNWNDG mu(agﬁnesis ) Cloned gene
ion-specific
1 . Saturation of reglon-Spe P s
" S enesis Clone the ssDNA In M13
@@mum&:g?gﬁ;ﬁxﬁ e e bacteriophage vecior
with l
1 Transformation ‘ } 413 DNA
Transformation 1
l Target DNA
Protein expression o Single strand of recombinant plasmid DNA
: |
Mutant oligonucieotice
Al |solation, screening and
Protein purification and Isolation selection of protein m

Separation of constructed or Separation of selected mutant. ‘ == l

designed mutant anzyme or polypeptide enzyme or polypeptide T

\ / DNA polymerase, dNTPs

Evaluation and Testing of Active or New Enzyme Ladin

Fig. 4.2: Principle of rational design approach and directed evolution
Site-directed mutagenesis is a fin-vitro" technique which allows introduction of specific
amino acids into a target gene. It involves the change of cloned target DNA either by
deletion, substitution or inseration of the same into the host cell for the production of a
functional protein. The simplest method of site directed mutagenesis is the single-prime wo©d
method. This method involves priming in-vitro DNA synthesis with a chemically synthesized

| oligonucleotide (7 to 20 nucleotide) that carries a base mismatch with the complementary [ J (
sequence, A single stranded clone of the wild type gene is produced by using an M13 phage {===5}
‘ based vector. A synthetic oligonucleotide with a desired sequence change at one position is T
Wild-type DNA Mutant DNA

Fig. 4.3: Oligonuclotide site-directed mutagenesis
Random mutagenesis become a best chaice when there is a limited information on the

Newly synthesized
DNA strand

QNP‘ Transform E. coli
Repair of DNA

hybridized to a single stranded copy of the gene. The hybridized clone as a primer in the
presence of DNA polymerase, synthesizes second DNA strand. The slightly mismatched

duplex recombinant plasmid is used to tr ; 4 ;
bacterial el and produce either wid type Z"rsrf:::‘ant:aclt:ﬂa:dThe duplex DNA replicates in o\ +/1re and mechanisms of the protein. Saturation mutagenesis is a common technique for
screened by DNA hybridization with p-labelled ofj e s (Fig. 4.3). The clones can 'be random mutagenesis. It involves the replacement of a single amina acid within a protein with
directed mutagenesis is a method for produci Igonucieotide as probe. Oligonucleotide each of natural amino acids and provides all possible variations at the site. Region-s_pecnﬁc or
producing defined point mutations in a cloned gene.  localized random mutagenesis is another technique which is a combination of rational and
random approaches of protein engineering, It includes the simultaneous replacement of a
few amino acid residues in a specific region to obtain proteins with new specifications.

) e e TR AR RGSOE
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Directed avolution 18 an o

| designed se If |
o It has been developed using controlleeof { - -[l‘m""l ’aXPeded to increase the use of pretargeted rad ibodi d
\ sUc “ 2 ( ' =\ed radioir unot ) |
. obtained through the design Of SUCCesstul sejq,, S5¢ gnticancer agents, where the abjlity of ambrI):;:mtJ -o.'herap/ gt amffaillesv;rti L::;h
tibodies to select antigens specifically

used to im - 0 £ :
vod is common'y PIOVE proy,, ffinity: Protein engineering methods are ysed to modify antibodies to target cancer cells for
ilac” ify antibodies 10 T )

. ‘ in
fferent Industries, The main pufpose Of dirag, linica! applications. Multifunctional and ' h
of Interest with a selection scheme for lh' nanoscale by protein engineering smart drug vehicles can O€ produced at the

it structure of function

(roduce new solec 1 functions It Al
protocol for new mutants Directed evolua
roperties and their app

evoluation (s the random m

[jcations 1n di
utagenesis of the gene

Many protein based dry g
new desired function ¢ - 9s, vaccines and scaffolds with more safety, improved efficac
ons encour mun M ' Y, Imp Y
Enhancement of knowledge about protein structures and functl a9e researcy, reduced Immunogenicity and improved delivery have been designed as novel biomedical

informati 8 ions, F Wi it
1o dugn protath 1t T AR ‘-C'MC: The)!’u:eszcri\al ses of noar:' i th formmart'::nnomaesr;ca?tmg nsulin (fispro and aspart) is engineered through mutagenesis to
molecuidr muu]m(l(m,(uulUlllh‘lNOllﬂ' prSleTnICaR. S 'slruc d Y lati M Protejy, creste nesis to pr erT\s, Conversely, another form of insulin (glargine) is created by
with latest software for data analysis an TI0] A ALONS: Obtainin mutage Precipitate upon injection and produce sustain release action. Protein

{ [ \ t Tiv o It . . " ? ‘
fom scratch has baen possible by [n silica rational design, utilizing y, engineering is widely used in development of secreted proteins such as insulin, interferon,

mplrical search of large protein libraries b! . rythropoietin as biotherapeutic agents,
|

together
de novo enzymes
understanding of a reaction mechanism, and e ’ .
uting ANA ditpley Bacteno;;hage t}hsplay libraries have been introduced as a alterative to hybridoma
qas e dl MosifiantiEus te.Chm)'oay ot: atioody Pfoduction with desired antigen binding characteristics. Phage

Chemical modification (s most widely used and had more importance before advances | display Zisnetizcome a |mportan't method in protein engineering and_immunology.
dte directed mutagenesis, In this method, functional group on side chain of natural enzyme pharmaco el e S e, e

previa modified and replaced. Protein modification I Rlferen: =2 and antigen binding sites have been produced by protein engineering.

it iginal
may be changed or parts of origit R gt

used for Increase the stabllity of enzymes to high temperature and organic solvents, T
amino acid lysine residues can be cross-linked by use of chemical linkers. The mog Industrial important properties of enzymes are improved by protein engineering by
commanly used protein cross linker of stabilizer is glutaraldyhyde. Chemical modification o modifying thermostability, specificity and catalytic efficiency. Wheat gluten protein is one of
surface amino groups of a-chymotrypsin snhances 120 times greater stability of enzyme best examples of protein engineering in food industry. The heterogeneous expression and
Attachment of coenzyme to enzyme |s possible by chemical modifications and this methog protein engineering has been studied using different expression systems (£ -colf éasts)
can be applied in conjunction with genetic methods. This method is only applicable to amin, Wild-type and mutant gluten proteins are isolated to compare each othenl for‘pyrotein;
aclds that have reactive side chains and surface proteins. . | function studies. The ?ctivity or properties of food-processing enzymes (amylases, lipases)
Peptide synthesis can be produced chemically using organic synthesis methods. Chemica are improved by protein engineering and rDNA technology.
ligastion s used to produce peptides In high yield. Chemical synthesis is only useful for  Proteases, amylases and lipases are important enzymes for industrial, food and detergent
°'P’ tides having less than 300 'm“’ aclds. & Sire applications. Proteases are commonly used for food industry in milk clotting, flavours and
4,3 APPLICATIONS O ROTEIN ENGIN NG PR o & “ “'?f ~ low allergenic infant formulae. The protein engineering is responsible' for stability,
A different applications of protein engineering are reported in the field of pharma: improvement of catalytic efficiency and changes in washing conditions. New alkaline
coutical sclences or medical, food industry, environmental sciences, nanobiotechonolgy, etc. protease (Durazym, Maxapem) are produced by site directed mutagenesis. Classical mutation
4.3.1 Pharmaceutical or Medical Applications and protein engineering techniques are commonly used for production of new enzymes with

Protein engineering has been used to produce therapeutic pharmaceutical proteins with LB 70 propertles.
high solubility and stabilty. This technique is widely used for production of biotechnology Thermostability, activity and productivity of amylases are improved by protein
drugs and treatment of diseases by vaccines, gene therapy, antisense technology and engineering and recombinant enzyme technology. Amylases are commonly used for
antibodies derived from ‘humanised transgenic mice. Making protein drugs which are more saccharification of starch, and bread softness in food industry. It is also used in detergent
specific, more potent and coupling them to targeting mechanism, industry for removal of starch strains.
o Tho‘ u|u pf protein tnglnurln_g for cancer tmtmont is a major area of interest in the field Lipases are used for the stability and cheese flavour applications in food industry. It is
protein biotechnology. Advances in protein engineering and rDNA technology are also used in detergent industry for removal of lipase strains. Protein engineering methods
Esuch as lid swapping and DNA shuffling are used for production of C. rugosa lipase isoforms.
l‘.
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pharmaceutical Biotechnology 5.2 Cloning Vectors and Enzymes

Chapter .. 5 [5.2 CLONING VECTORS T

NZYMES ' }Thft?h\;e':::::s a|r|e the'DNA molecules that carry of foreign DNA segment and replicate
CLONING VECTO RS AN D E inside All vect cell. Cloning vectors are also called vehicle DNA because they act as carrier of
e — genes. All vectors used for Propagation of DNA inserts in a suitable hosts are called cloning

vectors. Any extra-chromosomal sm : A
all genome is used as a vector eg. plasmid,

JECTIVES ¢ : i S .

+ LEARNING OB bacteriophage, cosmid, bacterial artificial chromosome, phagemid, yeast, shuttle, expression

( derstand:
After completing this chapter reader shonld be abla o 1in etc. These vectors must possess the following characteristics,

o [ntroduction o It must be replicate (

o (Toning Vectors :
; f

o Plasmid Vectors (PBRIZ2 Plasmid), Bacteriophase Vectors

0 ¢ corr

o P

o Casmid Vectors Shutle Vector, Yeast Vectar, Expression Vecto P

ori gene) autonomously in host cell.
It must be easy to isolate, purify and introduce into the host cells.

The vector should contain suitable marker genes (tet’, kan®, amp’) that allow easy
o Tragmes acting on DNA selection of transformed cells. 1

0 iction Endonucleases, DNA Ligase 8 : |
e » Itmust have the ability of integrate either itself or the DNA insert. .

The vector must contain specific control systems like promoters, terminators,

operators, etc. |
[ 5.4 INTRODUCTION | P |
' 5,2.1 Plasmid Vectors

The deliberate modification in genetic material of an organism by changing the nucleic o ,
’ acid directly is called gene manipulation or genetic engineering or gene cloning and is lzlc?;?si SrZSr:I:thienet):rabChrorT.\osomaI, self replicating, double stranded and cfrcular DNA 'f
accomplished by several methods which are collectively known as rDNA (recombinant DNA) fup P e bacterial cell. Naturally, occurring bacterial plasmids size range is

g 5000 to 400,0000 bp. Plasmids are widely used as cloni hicles. Th ber of plasmids |
ing i i i llows specific DNA sequen : ; : y ing vehicles. The num p 1
R iony: ohn oning b AGTIERTAD: techr?lque i L obt ‘eqd ; cles & in a bacterial cell can be increased to about 1000 per cell. This process of increasing the .
be separated from other sequences and copied so that they can be obtained in large number of plasmids is called amplification.

amounts permitting detailed analysis. DNA cloning is used to isolate new genes allowing

' Plasmids are introduced into bacterial cells b cess called transformation. The
them to be investigated and characterized. In 1997, world's first mammalian clone (Dolly) Y aRi0 e Lo

plasmid is digested with a restriction enzyme and converted into a linear molecule with

was developed from a non-reproductive cell of an adult animal through cloning by nuclear sticky ends. The foreign DNA is also digested with the restriction enzyme to produce the ,
i transplantation. same sticky ends. Plasmid and foreign DNA are mixed to form circular recombinant
The various strategies outlined for gene cloning along with the basic steps are discussed plasmids. These recombinant plasmids are introduced into host cells (Escherichia coli) by the
Sl process of transformation. In this process, a naked DNA from donor strain is transported
: into cell cytoplasm of the host cell. Plasmid DNA and host cells (E. coli) are mixed and
+ Isolation of target DNA or DNA fragment. incubated at 0°C in a CaCl, solution. These cells are given heat shock treatment by shifting
« Insertion of target DNA into suitable vector. the temperature to 38 to 42°C. Some cells are treated by the process of electroporation. In
«  Cloing vectors, this method, host cells are incubated with the plasmid DNA and subjected to a high-voltage.
The transformed bacteria are spread on surface of agar plates. Individual colonies are
L * Isolation and identification of recombinant genes. cultured in conical flask containing liquid medium and large amounts of plasmids are

produced. Some of the important plasmid cloning vectors are given in the Table 5.1. The
small size of the plasmids (about 3 kbp) enhances the transformation efficiency and easy to
purify from bacterial cultures. The plasmid contains two genes (tet*, amp®) that shows the
resistance to antibiotics such as tetracycline and ampicillin. Hence, it is easy to isolate the

; The DNA frf-sgmen!s to be cloned are called foreign DNA or passenger DNA or DNA
mhsert: The desm?d DNA inserts can be obtained from genomic library, cDNA libraries,
chemical synthesis and amplification through PCR (polymerase chain reaction). All these

rocesses are possibl i :
:Ikaline phosp:ataseeD:;l\y dugtg enzymes such as restriction endonucleases, S1 nuclease, ~ antibiotic resistant colonies on surface of agar plates. The pBR 322 is one of earliest, popular
+ DA polymerase, ligase, reverse transcriptase etc. . and most widely used plasmid of 4362 bp.
= G !
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L Yoncll, Nk 30 ECORI) are present it the gene coding for tetracycline
ummaanmmummwmofmew@cum
¢ and three sites (Psfl, Pyifl and Scal) within the gene that provide resistance
ertion of the DNA fragment into the plasmid using restriction enzyme Psfl or
insert within ampicillin resistance gene (amp"). Cells containing such as
‘plasmid may grow in presence of tetracycline but not in presence of
il restriction enzymes are used then the DNA insert in placed
e resistance gene. Bacterial cells containing such type of recombinant
on ampiciin but ot on tetracycine. This characteristcs allows on easy
acterial cel having recombinant pER 322 from other types of cells
eloped the pUC vector 25 3 dervative of pBR 322

asmid dloning vector in E coli. The pUC name is
cule is & small double-stranded circle, 2686
C19 carries a 54 base-pair multiple

0 VAT T

Prll

Fig. 5.1: Structural features of pBR 322 vector

the plasmid pMBL. The high copy number is a result of the lack of the rop gene and 2 single
point mutation in the ori of pMB1. The locZ gene codes for B-galactosidase. The recognition
sites for Hindlll, Sphl, Psfl, Sd), Xbd, BamH\, Smd, Kprl, Sad and Ecofll restriction
enzymes have been derived from the vector M13mpl19. Due to the presence of MCS and
several restriction sites, a foreign piece of DNA of choice can be introduced into it by
inserting it into place in MCS region. The cells which have taken up the plasmid can be
differentiated from cells which have not taken up the plasmid by growing it on media with
ampicillin. The plasmid containing the ampicillin resistance gene will survive and multiply.
Transformed cells containing the plasmid with the gene of interest can be distinguished

from cells with the plasmid but without the gene of interest (colour of colony), on agar

media supplemented with IPTG and X-gal Recombinants are white, whereas non-

recombinants are blue. This is the most notable feature of pUC19. pUC1E contains identical

multiple cloning site (MCS) as pUC19 vector except that it is arranged in opposite

orientation. , o
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M“lM\ m_lwﬁ:p..'g“ Smag l!aars.ermef‘m sent than plasmeds

@S ) for doning of large fragments of over 25 kb, These vectors are easy to screen in large

Sactenophage lamda (1) DNA has been widely used 2s doning vectors. The phage & s
CORBNRC wihn the head attached to a tai DNA ewsts as 3 Sinear double stranced
molecuie (8.5 ko) i the ohage head but in host cells. the cohesive ends annes! IS form 2
. Nude necessary for repication. The sealed cobesive ends are called cos siss
ises of Ceavagel. & ampifies by raling mechanism into several genomes jomed end 1o end
RINNg 2 Concatemer (Fig. 5.2) which s the precursor for packaging of A genome into
MMNW&QWQWMMMMW‘
DRSS Called Dackagng B mvoives ming the recomanant DNA with 2 packagng axract
contanng phage Capsd protens and processing encymes. £ coll cells are infected by
fecombInant phage Darticies and then these cells are spread on agar plate. B producss 2
conbrudus sheet of bactera called 2 lawn which contains small dear areas These
comespond 1 aeas of s produced by infection with bacterophage and are called
plagues Fig. S The plagues are solated and used to generate large amounts of
recombinant DINA by inflection of frech culitures of Escherichic coli
5.2.3 Cosmid Vectors

Cosmess (c0s st + pasmic) are the hybnd vectors derived from plasmids which contain
s ste of phage Wmbda Cosmids has unique restriction sites replication ongin
and selectable marters Som the plasmic (Fig. 53) R s prepared using recombinant
DNA techmigues. The cos sequences occur at one end of ambda DNA molecule and itis

it
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; cos sites on cosmids
responsible for its insertion into the phage capsid. The pres'enci ocﬁsmid is packaged into
allows them to be packaged into phage capsids. The recombinan c| L Sh
lambda capsids and used to infect E. coli. Cosmids are small 7 kb or [ess a o [’))NA
can accommodate upto 52 kb. Hence, cosmids can accommodate upto g

inserts.
5.2.4 Shuttle Vector .

Specific recombinant plasmids incorporate multiple re'plication .orlglns anFc’iI otf‘u-:-r
elements that allow them to be used in more than one spec‘les (E. coli or yeast). Plasmids
which are propagated in cells of two or more different spec{|es a{ruek called st;uttle v.ectorts,
Such vectors (Fig. 5.4) possess two origin for replication (ori*, ori™"). The ori functions |n.
Escherichia coli and ori™®* functions in eukaryotic cells like yeast. The important genes are ori
(origin for replication in E. coll), amp" (ampicillin resistance), ars (autonornously repllcatfng
sequence), cen (centromere of yeast) and leu-2 (complements of a defective gene encoding

for leucin).

I‘.
5

Fig. 5.4: A typical shuttle vector constructed for yeast and Escherichia coli
5.2.5 Yeast Vectors

Yeast is a unicellular eukaryotic microorganism. It reproduces sexually as well as

' asexually by budding. Yeast cells contain their own plasmid (6318 bp long) known as 2 um

plasmid. It is present in many strains in 50 to 100 copies/cell and used as a vector for foreign

genes. Yeast plasmid contains an origin of DNA replication (ori), cis-action region (REP 3)

and two genes (REP1 and REP2). This plasmid (about 50%) of the 2 um plasmid is essential

for its replication and maintenance in high copy number. The half part of the plasmid is
combined with a portion of pBR 322 to form a shuttle vector (Fig. 5.5),

pharmaceutical Biotechnology
‘phatia

5.8 Cloning Vectors and Enzymes

The pBR 322 plasmid segment contains the origin of replication (ori) for E. coli, amp"®

selectabl.e mar'ker gene and HIS 3 yeast gene. This plasmid vector contains several restriction
sites for insertion of DNA segments,

David and colleagues (1987) developed yeast artificial chromosome (YAC) by using new

techniques Where DNA segment of several thousand base pairs (1 Mb) can be cloned. Yeast
artificial Fhromosome contains all the essential features of a chromosome required for its
propagation in a yeast cell. A typical linear YAC contains origin of replication, a centromere,
selectable marker gene and telomeres to stabilize the ends of the chromosome (Fig. 5.6). For
cloning, yeast artificial chromosome is digested with restriction enzyme such as a Bamlll and
EcoRl. Recombinant YAC are produced by inserting a large fragment of genomic DNA.
Digestion with restriction enzymes generates two separate DNA arm.

8am HI

2 um plasmid

Fig. 5.5: Yeast plasmid (shuttle) vector for Escherichia coli and yeast

Each separate arm contains telomeric end and one selectable marker. A large segment
of DNA (upto 2 x 10° bp) is ligated to the two arms to create a yeast artificial chromosome
(YAC). The YAC is transferred in yeast cells prepared by removal of the cell wall
(spheroplasts). The transformants that contain YAC can be identified by change in colour of

colonies (red colour — transformed colonies, white colonies — non-transformed colonies).
Telomere

Selectable marker
Qrigin of replication
Centromere
Foreign DNA
1
ToT6%e%0" el 177771 1 T R

Fig. 5.6: Linear yeast artificial chromosome (YAC)
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the $5C PrOTORer 15 2 Pyorid of trp and loc promaters.

A yeast commonly used for protein expression is Pichia pastoris. Examples of yeast
WmmtnptmaeVeW[wzdmfmxﬂamm
pACISK. PPCL oL, 20 these vectors use the AOXL promoter which s inducible
with methandl. The plasnids may contzin dements for insemion of forsign DNA info the
yeast genome 204 sigrial sequence for the secretion of expressed proten. Proteins with
disuiphide bonds and glycosyiation can be efficiently produced in yeast. Another yeast used
fox protesn expression is Kluyveromyces lactis and the protein is expressed driven by 2
variant of the stronglactzse LACS promoter,

pPICa A, B, and C vectors are 3.6 ib vectors used to express and secrete recombinant
proteins in Pichia postoris. Recombinant proteins are expressed as fusions to an N-tenminal
peptide encoding the Saccharomyces cerevisioe 5-factor secretion signal. These vectors allow

methanol inducible expression of the gene of interest in Pichia, and can be used
i any Pichia strain including X-33, SMD1168H, and KM71H.
Saccharomyces cerevisige is particularly widely used for protein expression studies in
yeast. The vectors used in yeast two-hybrid system contain fusion partners for two cloned
genes that allow the transcription of a reporter gene when there is interaction between the
two proteins expressed from the cloned genes.
. Baculovirus, a rod-shaped virus which infect insect cells, is also used as the expression
 vector. Insect cell lines derived from Lepidopterans (moths and butterflies), such as
. Spodoptera frugiperda, are used as host. Many plant expression vectors are based on the Ti

plasmid of Agrobacterium tumefaciens. In these expression vectors, DNA to be inserted into
is cloned into the T-DNA, a stretch of DNA flanked by a 25-bp direct repeat sequence

Bt L

“Mamnaﬂanexpresﬁonvedosoﬁamdaabhadvamagsformeapmﬁmof

2 gwmwmwmm-mmmm
2 and relevant enzymatic activity. Cultured mammalian cell lines such as
e hamster ovary (CHO), HEK, Hela, and COS cell lines may be used to produce
eamamh-andeaedmmeceﬂsmdmeDNAmayhemegmdmﬂle

LA
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mammalian expression ve.ctprs
of plasmid vectors, yaccinia an
for cytomegalovirus (CV
to drive protein expression.

Chinese hamster ovary (CHO) cel
hamster and it is used i i
production of therapeutic proteins.
*mammalian® post-translational m

selectively produce high levels of recombinant proteins.

cell lines, focuses on achieving
amount of active product can‘
increase the specific productivity (ie.

include the adenoviral v
d retroviral vectors, as

(CMV) and Sv40 are commonly us

ectors, the pSV and the pCMV Serieg
well as baculovirus. The promote,

s are a cell line derived from the ovary of.the ;hiHESe
n biological and medical research and commeruauy. N the
CHO cells can be modified to produce protems with
odifications, and through gene amplification cap,
Process development, using CHO
the maximum amount of active product. Optimization of the |
u'dﬂwed inﬂlﬂﬁmmm.“\!ﬁm way IS to

the product per cell) through cell line developmeny

Cell line development may include both sub-cloning the cell line to select higher producing

clones and use of gene amplification. Drug

resistance has been the tool of choice in the

biopharmaceutical industry to induce gene amplification. By combining the gene of interest

with a selectable gene, increased
per-cell

production levels can be accomplished. Using productivity.
appmd\esnemmnmmudupmlﬂuhmm 1000-fold. Two

gmmdﬁmhnwmundinmaﬂsmmwmwmmm
mmmummm.ndm-gtmmmmwm using
methionine sulfoxamine (MSX) resistance. The DHFR enzyme catalyzes the conversion of

 folate to tetrahydrofolate.

mmmmmﬂdlmmmwmbum:
-M'mwmmmm“mMqu
antibodies, and enzymes. In recent years, expression vectors have been used o ntroduce

specific genes into plants and animals to produce transgenic organisms. Expression vector
introduce a vitamin A precursor, beta-carotene. into rice plants to

 have been used o

Zha, uki

ed in mammalian expression Vectory i

cal Biotechnology
w___mi 5.12 Cloning Vectors and Enzymes
T ’
ol : . able 5.2: Enzymes used in DNA cloning
- St Function
jction enzyme
Restricti A Cuts both strands of dsDNA within a symmetrical
recognition site resulting in blunt or sticky ends.
ine phospha i
Alkaline phosphatase Removes terminal phosphates (POs) from either the
5'or 3' end (or both).
Reverse transcriptase Synthesize of DNA copy of an RNA molecule.
§1 Nuclease Cleaves a strand opposite to a nick on the
complementary strand.
DNA polymerase | Fills gaps in duplexes by stepwise addition of
nucleotides to 3' ends.
Exo nuclease I

It cleaves from the end of linear DNA and digest
dsDNA from 3' end.

Terminal transferase Adds homopolymer tails to the 3'-OH ends of a

DNA strand,

Polynucleotide kinase Adds a phosphate to the 5-OH end of dsDNA or
ssDNA or RNA.

- | Bacteriophage ) exonuclease Removes nucleotide from the 5' end of a duplex to
‘ / expose single-stranded 3' ends.
- | Taq polymerase DNA polymerase isolated from Thermus aquaticus
1 which operates at 72°C (in PCR) and stable above
; 90°C.
| DNA ligase It joins two DNA molecules or fragments.

! The restricton enzymes name s designated by a three letter abbreviation for the host
ﬁ,w (e.g. Escherichio coli ~ Eco). A strain or type identified is written as subscript
&g Eschierichia coli strain K - £co K). Roman numerals are used to indicate the different
~ festriction - modification systems in a strain, when more than one enzyme is obtained from
~ the same organism (e.g. Haemophilus influenzae, serotype d, enzyme Il - Hind III). Some
- commonly used restriction enzymes are given in Table 5.3. Arrows indicate in the table are
t‘hwm sites.

 There are three distinct types of restriction endonucleases: Type I, Type I and Type I
"'llleuzymes are differentiated by their mode of action. Type I restriction endonucleases
deave DNA at random sites that can be more than 1000 base pairs (bp) from the
e sequences, This type of enzymes are most complex and not wseful in gene
their cleavage sites are non-specific e.. £co K, Eco B, etc. Type (Il) restriction
enzymes cut within the recognition sequence and are used for gene cloning
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d sequence. The first B o
, ; ments of defined length an type Bacillus qlobiga;
kg dISC;ete Dr:?n:al?l by Hamilton smith in 1970. They are most Stabq By(l i L
i was
SRl beu:::':ﬂtge" as cofactor. The recognition sequences are usug"y Al .bp long > “AGATEIS
enzyme‘é :‘atn:ie: Type (I restriction endonucleases are us‘?qfor restction Mapping ang 3'-TCTAGA-5'
o pai;r;":; Tybe (Im) restriction endonucleases are intermediate bgtyveen the type (1) ang x
gene cloning. { 25 bp from the recognition sequence eg g, | F—— |
ik o bl deda :e to(;;“ :\esat:::on enZF;'mes are not used in gene cloning. L [salt >treptomyces albus G L
and type :
P1, Eco P15 et:.n Tyz:-’ein A tt):e most important and they cut DNA molecules at specifi, 5' — GTCGAC — 3'
Type () enzy 8 bases. The sequences recognized are palindromes. In a palindrome | % "
sequences usually 4 to is the mirror image of the sequ , 3'-CAGCTG -5
he base sequence in the second half of a DNA strand is the m quence in
i first half (Fig. 5.8 a). In a palindrome with rotational symmetry, the base sequence in the | | T
25511 half of one‘stl;and of the DNA double helix is the mirror image of the second half of iz, Sau 3Al Staphylococcus aureus 3A] L
d [Fig. 5.8 (b)). Some restriction enzymes make staggered cuts on the iR s
complementary strand {Fg : red h 5'-GATC -3
two DNA strands, leaving two to four nucleotides of one strand unpaired at each resuiting . :
end. These unpaired strands are called as cohesive ends or sticky ends [Fig. 5.9 (a)). 3'-CTAG -5
Table 5.3: Source and cleavage sites of restriction enzyme 1
Restriction Soures : Cleavage sites pstl Providencia stuartii 1
endonuclease ; i
. oy a [ d 5'~ CTGCAG - 3
Hind M Haemophilus influenzae :
| §' - AAGCTT - 3' 3' - GACGTC - 5"
| 3~ TICGAA -5 7
1 ) Neisseria lactamica 1
Eco Rl Escherichia coli RY 13 ‘ : 5~ CATG - 3
§' - GAATTC - 3
3' = CTTAAG - 5 3'~GTAC-5
1 t
Hpal Haemophilus parainfluenzae - ' Togl Thermus aquaticus YTI 1)
5'~GTTAAC - 3 5 5' - TCGA - 3'
3‘CM:.TG'5 3|_AGCT__5|
Kpn 1 Kiebsiella pneumoniae 1 | T
5§ -GGTACC-3' Certain type (II) restriction enzymes cleave both strands of DNA at the same base pairs
3 —CCATGG -5' ~ but in the centre of recognition sequence. These DNA fragments are called flush ends or
~ blunt ends [Fig. 5.9 (b)].
Bam HI Bacillus amyloliquefaciens H ] 5'~GAA A AAG-3 5-GAA | TTC-3'
: 5 -GGATCC-3 { 3-CIT | TIC-5 3t =CTT AAG - 5'
¥ -CCTAGG -5 ; (a) Sequence in a DNA double helix  (b) Palindrome with rotational symmetry
T " Fig. 5.8: A palindrome sequence (the arrow represents the axis of symmetry)
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5'— GAATTC-3' Eco RI 5-G AATTC-3
a3 CTIAA ok G
T Ligation Sticky ends

(a) Cohesive or sticky ends

5'-GGCC-3 Cleavage §-GG , CC-3

o AN . .

3'- CCGG -5 = 4= GG-5
T Ligation Blunt ends

(b) Flush or blunt ends
Fig. 5.9: Cohesive and flush ends of DNA fragments

DNA ligase:

DNA figases seal the cut ends of two DNA molecules. Mertz and Davis (1972)
demonstrated that cohesive termini of cleaved DNA molecules could be covalently sealed
with Escherichia coli DNA ligase and it produce recombinant DNA molecules (Fig. 5.10).
These enzymes were originally isolated from viruses. They also occur in E. coli and eukaryotic
cells.

There are two types of DNA ligases: £ coli DNA ligase and T; DNA ligase. DNA ligase |

catalyses the formation of phosphodiester bonds between 3-OH and 5'-PO; group of a nick

e into 2n intact DNA. The T, DNA ligase enzyme requires ATP as co-factor while the |

!

£ “’“DNA ligase enzyme requires nicotinamide adenine dinucleotide (NAD") as a co-factor |
for joining reaction of the nick. The cofactor splits and forms an enzyme — adenosine |
W (AMF) complex. The complex binds to the nick which must expose a 5-PO: |
and 3-OH group and makes a covalent bond in the phosphodiester chain, T, DNA ligase |
enzyme has the ability to join the blunt ends of DNA fragments while E. coli DNA ligase joins |

the cohesive ends produced by restricti
restriction mes. Th . prcs :
cellulzr DNA repair process, ey Ese enzymes actively participated in

wtical Biotechnology

i
2.

3.

Cloning Vectors and Enzymes

£

©

Chromosome Plasmid (cloning vector)

’ Restriction endonuclease
’ _\‘\
s N\

]
O DNA ligase
DNA fragments

Recombinant vector

Host cell

l
G

Produces many copies of recombinant DNA

Fig. 5.10: DNA cloning and role of DNA ligase

(A) Objective Type Questions:

Define vector. Write the features of a good vector.

Write the role of following in gene cloning
(@) Cosmid vector

(b) DNA ligase
List different enzymes used for gene cloning.

(B) Short Answer Questions:
Explain the role of restriction enzymes in gene cloning.

i
28

Write notes on:
(@) Plasmid vectors
(b) Yeast vectors

T
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{a] mmw
1ors for £ coli

Explain varous types of vec

expression vectors in rONA technology

2
»

2 Expisin the importance of

(D) Multiple Choice Questions:
1 The pBR 322 I the firgt artificial vector deveioped from
(8) B subtilis (b) Socchoromyces Cerevisioe
(d) Hepatitis B virus

te) Escherichia coll

2. wWhich one of the following is 8 restriction endonuclease?

(b) BomHl

(8) Tog pol
(d) StoPl

(c) FocHll
1 Sequence specific enzymes that cleave DNA to give sticky ends are _____

{a) Restriction endonucleases (b) DNA ligases
(c) Beta-lactamases (d) DNA methylsses
are the hybrid vectors derived from plasmids which contain cos site of phage

la’;nbda‘
(8) Plasmids

(c) Bacteriophage A DNA

5. An enzyme that cleaves DNA at a specific site is called _____
(b) Restrictive nbonuclease

(d) Allof the above

(b) Cosmids
(d) puUC19

(a) Trypsin
(c) Restriction endonuclease

|

" Escherichia coli and chromosomal DNA f
ed wit

Cﬁa]Jter .6
__EECOMBINANT DNA TECHNOLOGY

+ LEARNING OBJECTIVES «

. " ,
After completing this chapter, reader should be able to understand:

. Introduction
. Primu lpl'u of Genetu ’l,n,:m:rmx,;
. ‘erlu dtions of Genetic T ngineering in Medicine
Application of rDNA Technology

Interferom

Viaccines: Hepatitis'B

Hormones - Insulin

[6.1 INTRODUCTION

The most important application of molecular genetics in biotechnalog
engineering or recombinant (rDNA) technology. Genetic engineering is the process of
producing an organism that contains a gene or genes not naturally present in that organism.

|

y is genetic

microorganisms that are able to

This technique has tremendous potential of developing
produce many useful products which are difficult or impossible to produce by other
f vaccines and antigens. Recombinant

methods. This is a useful tool for the production o
tion of proteins of therapeutic interest

DNA technology has also been used for the produc
human growth hormone, tissue plasminogen activator,

such as human insulin, interferons,
last growth factor, erythropoietin and other

tumour necrosis factor, interleukin-2, fibrob

biologicals.

ue of recombinant DNA technology is simple. Plasmid DNA from
her organism are cleaved (Fig. 6.1) with 2

rom anot
h DNA ligase. The recombinant DNA molecule is

osomal DNA can replicate. It is
the donor segment

The basic techniq

(i where foreign chrom
f replication and the genes in

hat carries it is known as vector,

restriction enzyme, mixed 2nd ligat
then introduced into Escherichia co
linked to a plasmid which has an origin ©
are said to be cloned and the DNA molecule t

(6.1)

Scanned with CamScanner



I P s g,

Ractenal plasmid
Endonuclease
EcoR1
X,  /
Y|
b Y
+
,\‘3‘ Annealing '

DNA ligase

Recombinant DNA

f

Transfered in new bactenial
cell by transformation

i enzymes are ; lecule is done with restriction
a resen ;
Srgroalanslt i:’\;adm n;r:lmm“'aeszicﬁm: ;:dm:ne:;::d&?mm'y function to protect
Providencia stuarti erichia es £co Rl Hind I, Bgl H, Pst 1and
at specific base 8nd Sezatin W’ansmrg Haemophilus influenzae, Bacillus globigit
recognises a specseQmUenmﬂmw in pz lndpea‘ive'y' These enzymes cut DNA molecules
restriction endonudeac sequm :r:be but make m’:"::ﬁ;'::é"l’ype L restriction endonucleases
# e used in genetic engineering ‘1’;‘2: E":Czyognition == Type I
' g s es make two sing

Recombinant DNA Technology.

pharmaceutical Biotechnology 6.3

strand breaks, one break in each strand. These breaks may be at the centre of symmetry
(flush or blunt ends) or at same relative location in each strand generating complementary
or cohesive or sticky ends that can overlap for two to four bases. Fragments of DNA cut can
be rejoined by a sealing or ligating enzyme known as DNA ligase. The most commonly used
ligase commercially available is that encoded by phase Ta.

E |

6.3 APPLICATIONS OF GENETIC ENGINEERING IN MEDICIN
ences, agriculture

Cloned genes are utilized in production of pharmaceuticals, medical sci
and different industries for synthesis of active chemicals.

production of Pharmaceutical Products:

The pharmaceutical products of recombinant DNA technology are broadly divided as
human protein replacements, therapeutic agents for human diseases and vaccines. The
synthesis of the cellular proteins is ultimately under the control of genes. The recombinant
DNA technology can be employed to produce human proteins that can be used for the
treatment of genetically liked diseases. Human insulin (humulin) is the first therapeutic
product produced by rDNA technology by Eli Lilly and company in 1980. Shreya Life
Sciences, Pune has started producing the second generation rDNA-based insulin without
using DNBr with the name ‘Recosulin’. Second generation recombinant proteins (muteins)
are produced by site-directed mutagenesis and protein engineering. Human growth
hormone (hGH) can synthesize by genetic engineering. Recombinant hGH was approved for
human use (1985) and marketed as protropin by Genetech company and Humatrope by Eli
Lilly company. Tissue plasminogen activator (tPA) is a naturally occurring protease enzyme
that helps to dissolve blood clots, It was the first pharmaceutical product to be produced by
mammalian cell culture, Recombinant tPA has been used for treatment of patients with
acute myocardial infarction or stroke. Interferons are used for the treatments of a large
number of viral diseases and cancers. Alpha interferon (IFN-ct) and Beta interferan (IFN-B)
were successfully produced from genetically engineered E coli cells, The yeast
Saccharomyces cerevisiae is more suitable for production of recombinant interferons. Hybrid
interferons can be produced by using appropriate hybrid genes. Amgen Inc. first marketed
enythropoietin (Epogen) for treating patients with severe anaemia that accompanies kidney

diseases.
Recombinant Vaccines:

Vaccines are another important group of pharmaceutical products of rDNA technology.

Recombinant vaccines may be classified as subunit recombinant vaccines, attenuated
recombinant vaccines and vector recombinant vaccines. Recombinant hepatitis B vaccine
(subunit vaccine) is produced by cloning hepatitis B surface antigen (HBsAg) gen in yeast
cells. It was marketed by trade names Recombivax and Engerix-B. Transgenic plants (tomato,
potato) have been developed for expressing antigens derived from animal viruses. The first
clinical trials (1997) in humans were conducted using plant-derived vaccines. This involved

‘A
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the ingestion of transgenic potat
basically the vaccine that was use

6.4 Recombinant DNA Te:hnoLoQ

oes with a toxin of £ coli causing diarrhoea. Vaccinia virus i
d for the eradication of smallpox. The genome of this virus

can accommodate stretches of foreign DNA which can be expressed a!on.g with the vira|
ant vaccinia viruses carries genes encoding different antigens which are

genes. Recombin :
fferent diseases.

used for vaccinating individuals against di

Diagnosis and Cure of Disease:
Genetic engineering have solved the problem of diagnosis of diseases by using DNA

probe, monoclonal antibodies and antenatal diagnosis. DNA probes used for diagnosis of
pathogens contain the most specific DNA sequences of genetic material of parasite. Specific
DNA probes have been designed for diagnosing the infection caused by bacteria, protozoa
or viruses. Tuberculosis caused by Mycobacterium tuberculosis 1s diagnosed by DNA probe

method.

Monoclonal antibodies are produced against a variety of proteins, glycoproteins,
glycolipids, nucleic acids, etc. These antibodies are useful in diagnosis of cancer, viral
diseases, pregnancy, ABO blood groups and certain hormones. Monocional antibodies
(MAD) are also used to detect the location and the degree of damage of the heart by using
radiolabeled antimyosin MAb, MAbs are used in the treatment of cancer, sutoimmune
diseases, cardiovascular diseases and transplantation of bone marrow. It is also used for the
appropriate delivery of drugs and isotopes to the targeted tissues- Antenatal diagnosis i
performed by taking amniotic fluid sample from the foetus of about 16-18 week pregnant
women Genetic counseling is possible on the basis of antenatal diagnosis and treatment or
remedies for progeny.
Gene Therapy:

Gene therapy is the process of inserting genes into cells to treat diseases

. The new!

introduced genes will encode proteins and correct the deficiencies that occur in omon:
diseases. SO:::!:; ;r non-reproductive cell gene therapy involves the insertion of a fully
functional g I 2 wv:; v:nv‘:;u:h ?‘i’l‘mm a m disease pu'muunuy.lc-orm or
m‘ "m'“m“““ therapy 0 into germ cells and it is passed
Transgenic Plants and Animals:

Plants and animals are the best

sources of foods and ‘

improvement by pharmaceuticals. Crop
s Py genetic engineering helps for improvement of yield or disease resistance

- n be used as a vector for tra ‘
e st Inprtart aplcrion of tansgenc s
Transgentic animals serve as Good proteins, drugs or pharmaceutical compounds

s
-4
b

rmaceutical Biotechnolo
Pram=—= v 6.5

~ into three types based on thelr physicoc

i

Recombinant DNA Technology

@mxﬂous OF rDNA TECHNOLOGY e

: Tnzzii\:?::‘f-"if:g:ts;f recombinant technology has created an enormous potentia! for the
pha \ les. Cloned genes are utilized commercially in medicals, agriculture,
and pharmaceuticals for the production of valuable products. Genes are responsible for the
expressulon of the proteins and these proteins and peptides are easily prepared by using
recofTIb‘lnam technology. The recombinant proteins provide a high level of sensitivity and
gpecificity '?5 compared to natural proteins which are isolated from plants, animals and
microorganisms. The biological activity of expressed protein is dependent on the choice of
host, type pf host cell, characters of host cell substrate, recombinant culture etc. Preparation
of recombinant proteins by transgenic animals is most important system for production of
pharmaceu.hca! useful proteins, Erythropoietin (EPO), human insulin, somatotropin,
somatostatin, interferons, tissue plasminogen activator, interleukins, hepatitis B vaccine,
granulocyte colony stimulating factor (G - CSF) etc. are the important biologicals (Table 6.1)
prepared by recombinant DNA technology.

Table 6.1: Important recombinant proteins and their applications

Proteins/Peptides Applications
Human insulin Diabetes mellitus
Interferons Hepatitis, cancers, hairy cell leukemia,
genital warts
Tissue plasminogen activator Coronary thrombolysis (anticoagulant)
Erythropoietin Anemia associated with renal failure
Hepatitis B vaccine Vaccination
Granulocyte colony stimulating factor Bone marrow transplantation
(G - CSF)
Human growth hormone Pituitary dwarfism
DNase Cystic fibrosis
Tumour necrosis factor Cancer treatment
Interleukins = 1, 2, 3 Immune disorder and tumours
6.4.1 Interferon

Interferon is an antiviral substance and is the first line of defense against viral attacks.
Alec Issacs and Jean Lindermann (1957), two British scientists discovered a glycoprotein
rferon. Interferons are the set of small proteins which

naturally produced by cells called inte
are secvet‘:d by cell in response to viral infections. Human interferons are about 145 amino
ht is between 20,000 to 30,000 daltons. They are classified

acg d its molecular weig
e hemical and antigenic properties.
(i) Alpha interferon (IFN-a) of leukocyte interferon

(ii) Beta interferon (IFN-f) of fibroblast interferon.
(i) Gamma interferon (IFN-y) or immune interferon.
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w——;————__——_—-—Z;CZ) and also protect the cell from,

oo ieal replication (antiviral
g Siigind mhtbﬂ; ::t'rvates natural killer cells and macrophag'es,rstvmulate; B
el e p:ﬂrar::awce to many microbial infections. They have 2 significant role in
cells and increases C '

diseases.
hepatitis B, cancer and other virai ; ’
treatment of Escherichia coli for production of interferon by

Human interferon genes N:b:‘;::‘e'; entary DNA was synthesized from the mRNA of
recombinant DNA i“hrp}og;sered to a plasmid vector and then transferred to the cells,
= spec«ﬁc cnteffe"”; Thsr; ; od !ro:n culture medium. Interferons are glycoprotein in nature
::: ;mn;a;,z’;m'of interferons are relatively less in bacterial cell. Bacterial cell do not

possess the machinery for glycosylation of proteins.
The yeast is most suitable for production of recombinant interferons. Yeast cells possess

the mechanism to carry out glycosylation of proteins. The DNA sequence cgding for human
leukocyte interferon is attached to the yeast alcohol dehydrogenase gene'ujl a plasmid. The
recombinant plasmid is introduced into yeast cells of Saccharomyces cerevistae. In yeast cel,
plasmid grows easily to replicate into glycoproteins. Plasmids are also successfully replicate
in Escherichio coli but production is slow as compared to yeast cells.

Hybrid interferons are more reactive in performing their functions and that is produced
by creation of hybrid genes from the genes of different interferons. These genes are

digested by restriction endonucleases and resulting fragments are ligated to generate
hybrid genes. The appropriate hybrid genes can be selected and transferred to bacterial cell

to produce hybrid interferons.
6.4.2 Vaccines: Hepatitis-B

A subumit vaccine that is produced using recombinant techniques is called a
recombinant vaccine. This method is used to prepare highly pure component vaccine
(subunit vaccine) e.g. Hepatitis B surface antigen (Hbs Ag). Hepatitis B surface antigen gene
i from hepatitis B virus is isolated, sequenced and cloned by using yeast cells. The yeast
*C ! system has its complex membrane and ability of secreting glycosylate protein. It is possible
i to build an autonomously replicating plasmid containing hepatitis B surface antigen gene

near the yeast alcohol dehydrogenase (ADH) 1 promoter, The gene contains 6 bp vector long
! sequence preceding the AUG that synthesises N-terminal methionine. This is joined to ADH
( promoter cloned in the yeast vector PMA-56 (Fig. 6.2).
!
)

Genetic material is extracted from hepatitis B virus and individual genes are analysed
and identmeq. Genes‘th'at directs production of surface protein is Iocatedgand removed f);om
;;ral DNA. This gene is inserted into plasmid and then plasmids are inserted into yeast cells.

4 remr::com::lpanrth yeast cells are grown in fermenters to reproduce and generate more
% mai ;:q. thesev cells are harvested and disrupted to release the recombinant surface
; pr'esirvin : ‘st en purified by biochemical methods. Surface proteins are combined with
e 9 agent and other ingredients to make vaccine. First recombinant vaccine was
eveloped in India by Shantha Biotechnics Pt, Ltd, Hyderabad in 1997

Wgual Biotechno
+
H — b7 Recombinant DNA Technology

Hepatitis B surface antigen producin 9

Yeast vecicr (pMA 58)

Cloned yeast calls

Lyse the yeast ceils and purify HBsAg

Fig. 6.2: Preparation of recombinant antigen vaccine using yeast cells
viral and bacterial vectors in recombinant vector

Foreign genes are incorporated into : in re :
vaccines. This class of vaccines utilizes attenuated versions of certain micro-organisms as

recombinant vectors to express target antigen from other pathogens. Vaccinia viruz.
iovi wm bovis and Salmonella (attenuate:

adenovi vated poliovirus, Mycobacterium

e ; s with several genes from the human

 strains) are used for vector vaccines. A vaccinia viru : n the
~immuno deficiency virus (HIV) s currently being tested as a vaccine for acquured immuno
ose relative of vaccinia, canary pox virus, engineered with

~ deficiency syndrome (AIDS). A ¢l :
b ablrmles?;ra);ments of HIV is being tested in human volunteers as a vaccine for AIDS.
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Advantages of recombinant vaccines are as follows:

1 La'ge aHIOUIIt Q g p .
a itigen can be |0duced Ir ‘ess (()Sl |
2 GelIEt‘.‘ ma |pu'an° 1 O the a“tige” |tsel IS pOSSIble d te avallablllty of

sequence. _
3 Viral recombinant vector vaccines produce strong humoral and cell-mediateg
Bl ological memory.

immune responses, resulting in immun:
al antigens from different pathogens,

jt may be possible to encode for sever

4‘ . .
the possibility of a single vaccine for several diseases.

introducing
Limitations of recombinant vaccines are as follows:
Immune response generated by recombinant antigen vaccines Is primarily humoral.

: 6
an attenuated form of a human

2. In viral vector vaccines, live virus being used is
pathogen. There is always a risk of reversion to virulence.

6.4.3 Hormones - Insulin
Human insulin is one of the smallest proteins secreted by Islet of Langerhans (B-cells) of

pancreas which catabolizes glucose in blood. It is used for the patients suffering from
diabetes mellietus who is not capable to metabolize sugars. Insulin was first derived using
recombinant technology from Escherichia coli in 1982 for human use. The basic technique
consisted of inserting human insulin gene and the promoter gene of lac operon on to the
plasmids of Escherichia colt

Insulin is composed of two polypeptide chains (A and B) linked via disulfide bonds
Polypeptide chain A contains 21 amino acids and chain B contains 30 amino acids. Insulin
chains (A and B) are derived from preproinsulin which is synthesized in fi-cells of Islets of
Langerhans containing 109 amino acids. When preproinsulin passes through the cell
membrane of the synthesizing cells, then delinked first 23 amino acids and forms proinsulin
containing 86 amino acids (Fig. 6.3). Finally, proinsulin is converted to insulin by the action of
proteolytic enzymes such as endopeptidase and thiol-activated carboxypeptidase.

~23 amino acigs
Preproinsulin Proinsulin \

(109 amino acids) (86 amino acids)

~ 35 amino acids
Endopeptidase

: - Insulin (51 amino acids)
ﬂn&&m of preproinsulin to insulin

Ph.rm.cguﬁcal Biotechnolo:
6.9 Recombinant DNA Technology

ATG ————————————1Tga

Synthetic A chain gene

ATG 1 TGA

Synthetic B chain gene

‘/——\ @ f-gal gene
PBR 322 plasmid
oai ©B—Cham

Recombinant plasmid
containing A-chain gene

Recombinant plasmid
containing B-chain gene

Transfer In E. coll Transfer in E. coli
and grow and grow
y
r
Produce more cells and purlfy p-gal proteins by cell separation and lysis
Cleaved with cyanogen bromide
™ vt Nt N N TN
A-chain B-chain
\ /
9
1 Oxidation ( S )
Insulin e
recombinant DNA technology

Fig. 6.4: Production of insulin by
Insulin is easily prepared by recombinant D
separated from rat pancreas. Itakura

NA technology from synthetic gene or from
et al (1977) chemically synthesized DNA
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; arately i
sequence for A and B chains of insulin, The synthetic A and B genes are sep y inserteq

: : s idase gene. The recombinant plasmig
into two pBR 322 plasmids by the side of galactosidase g )

i coli cells (Fig. 6.4). The bacterial cells are grown j,
M%svpnra(olv ‘-m“m\ri:d g::)opﬁ:ct'::?r:’:\‘:::?\d opt(im?zed physical ;onditions. The product
large fermenter by ";‘.9, stein consisting of the A chain or B chain attached to naturally
RBihY Lmtein These two chains (A and B) are obtained by detaching
h cyn;\oqsn bromide (CNBr). The clhain A gnd chain B are joineq
sulphon}\ling the two peptides with sodium disulphonate ang

contains large ‘
oceuring Escherichia coli p
from f-galactosidase throug
(in-vitro) to form insulin by

sodium sulphite . y .
Second generation Insulins are produced in recent years by site directed mutagenesis

and protein engineenng The second generation recombinant proteins fare‘ termed as
muteins. A large number of insulin muteins have been prepared with an objective of quter
] logically active forms, Insulin lispro is prepared with modified

dissoctation of hexamers to bio A A A e
amino acld residues at position 29 and 30 of the B-chain of insulin, Porcin (Pig) insulin is

different from human insulin just by one amino acid-alanine in place of threonine at the
C-terminal and of B-chain of human insulin The Researcher have developed methods to alter
the chemical structure of porcin insulin to make it similar to human insulin. The chemically
modified porcin insulin can also be used for the treatment of diabetes mellitus. 1t is
estimated that clones of Escherichio coli are capable of producing about one million
molecules of insulin per bacterial cell. Human insulin (humulin) is the first therapeutic
sroduct produced by recombinant technology by Eli Lilly and Company.

N
v,-,["\'f e T

(A) Objective Type Questions:
1 What is recombinant technology?
2. What are interferons?
(8) Short Answer Questions:
1. How will you prepare Hepatitis-B vaccine by recombinant technology?
2 Write the role of yeast cells in preparation of interferons by recombinant technology.
(C) Long Answer Questions:
1. What is healthcare biotechnology? How will you prepare human insulin by rDNA

technology?
2. Write in detail applications of genetic engineering in medicine.

(D) Multiple Choice Questions:
1 Insulin is made up of . amino acids.
@ 19 ® 51
Q8% @ 35
2 :mmkdsocaledm
Immuneintedferon - (b)  Leukocyte interferon
3. The most widely used camier for gene therapy is _____

b —

90y using the enzyme reverse transcriptase.

hlded DNA molecules obtained by chemica
w on opposite strands of target sequ
'?b’ﬁdiﬁon of nucleotides.

Cﬁa}ater 7
POLYMERASE CHAIN REACTION

- . ¢ LEARNING OBJECTIVES +
ajer complating this chapter, reader shouly be able to understand:
e Introduction
o (Polymerase Chain Reaction Technique
o Tipes of TOR,

o Applications of POR,

—

m JUCTION | ; M e

The development of polymerase chain reaction (PCR) or gene amplification method in
1983 was a major breakthrough in molecular biolagy. This technique was developed by Kary

- Mullis at Cetus Corporation (biotech company) in Emery Ville, California. The details of PCR

techniques are described by Erlich (1989) in his edited book 'PCR Technology'. It is an

. (n-vitro method for producing large amounts of specific DNA fragment of defined length and

sequerlc_ei from a small amount of complex template. PCR is now considered as a basic tool

for the molecular biologist.
RASE CHAIN REACTION TECHNIQUE

PCR is an in-vitro method for producing large amounts of specific DNA fragment. In this

technique, microgram quantities of DNA from picogram produce amounts of starting

- material, Target DNA, primers, polymerase and nucleotides are combined in a test tube for

Mmultiplication of genetic material.

DNA is amplified by polymerase chain reaction (Fig. 7.1) in an enzymatic reaction which
Undergoes multiple incubations at three different temperatures. Each PCR_‘cgntains four
Mportant components.

DNA Template: Any source that contains one or more target DNA molec'ules to be
mplified can be taken as template. RNA can also be used for PCR by first making a DNA

of oligonucleotide primers. These are short single-
| synthesis. These pnimers are designed to
so that they will be extended towards each

Primers: Each PCR requires a pair

ence so t

7.1)
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Fig. 7.1: Polymerass chain reaction (PCR) machine (thermal cycler)
DNA polymerase: The most commonly used enzyme in PCR is Tag DNA p’olyrneraq
isolated from 3 thermostable bactenum called Thermus aquaticus. It survives at 95°C for 1o
7 minutes and has a half life for more than 2 Nours at same temperature, The DNA

polymersse binds 10 2 single-stranded DNA and synthesizes a new strand complementary to |

the origin strand, The role of this enzyme in PCR is to copy DNA molecules,

Deoxynucleotide triphosphates: PCR requires four deorynucleotide triphosphates,
ANTPs (dATP, dGTP, dTTP, ACTP) which are used by the DNA polymerase as building blocks
10 wyrthesize new DNA

Polymerase chain reaction (PCR) involves three stages which are as follows (Fig. 7.2).

1. Mefting of DNA (95°C) 1o convert double stranded DNA to a single stranded DNA

(densturation)

2, Promoting the primers (st 50 - 65°C) to attach themselves to either end of the target

strip (annealing of primers).

3 Extension of the primers by DNA polymerase to form new double-stranded DNA

across the segment by sequential addition of deoxynucleotides (primer extension).
When the temperature is again raised the new strands separate and the process
begins again, Temperature profile of typical PCR cycle is shown in Fig. 7.3.

The oligonucleotide primers are designed to hybridise the region of DNA flanking 2
desired target gene sequence, The primers are then extended across the target sequence
using DNA polymerase derived from Thermus aquaticus (Tag) in the presence of free
deoxynucleotide triphosphate, These three steps constitute one cycle of the reaction. These
steps are fepeated by manipulating the temperature, by using the PCR machine. A cycle

takes about 3 to § minutes and after 3 [
multiplied into 1,000,000 copies, 0 cycles (about 3 hours), a single copy of DNA can be

e —
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Fig. 7.2: Polymerase chain reaction (PCR)

-~ Cycle 1 te—Cycle 2—»
1007 95°C
L M min ‘\ 1 \
90t
| \ ! \‘
) 80+ 1 \\ 0 [‘ \
Temperature (C) { \ 72 C \
| \ 1 1 min \‘
6ot \ 55°C
1 min
50 %

Time (minutes)
profile of a typical PCR cycle

___4

Scanned with CamScanner

Fig. 7.3: Temperature



Polymerase Chain React,
n

7.4
Pharmaceutical Biotechnology __——————— . i
73TYPESOFPCR | | A
[7.3.. E,swo se .chain reaction is @ modification of PCR technique which allow
RNA polymera

am r' ca i innin T RNA IEIIIplale.

tion be | 1 g ||0 na :
p” g ‘ : l y I I
Recent leSEalCl 1 the f ) d 0 p(l merase ( 1ain reac tion has ed to the de elo

the techniques contributing to the effectiveness of the method. PCR is a highly versatjlq
e

; ‘s R are as follows:
ue. Important variations of PC : :
eeg Pch. PCR can be used to the amplification of those DNA sequences which a4
e hich are flanked by the primer. The sequences to b,

from the primer and not of those W
aar:;)lliﬁed may ze cloned in a vector and border sequence of the vector may be used as ,

primer in such a way that the polymerization proceeds in reverse direction.. :

Anchored PCR: In this method only one primer is used. One strand'ls copied first ang
then poly G tail is attached at the end of the newly synthe_f,ized strand. T_hls allows the use of
complementary homopolymer, poly-C, to be used as primer for copying the DNA sing|e
strands generated by PCR. It gives rise to the complete DNA duplex that can be amplifieq

normally.
RT-PCR: Reverse transcription-mediated PCR includes a single application combining the

process of cDNA synthesis (by reverse transcription) and PCR amplification. It can also be
applied to double stranded cDNA also which is synthesized from mRNA using the enzyme
reverse tranﬁcn’ptase. Thermostable enzyme Ty, uses RNA templates from cDNA synthesis
and thus allows single enzyme RT-PCR viral reverse transcriptase from avian murine virus
(AMV RTase). ?

Asymmetric PCR: It is used to generate single-strand copies of a DNA sequence which
can be directly used for DNA sequencing. The two primers (100 : 1 ratio) are such adjusted in
the reaction mixture that one of them is exhausted about 10 or more cycles. After these
cycles, only a single strand of DNA segment is copied and these copies are the ideal starting
materials for DNA sequencing. This variation is known as asymmetric PCR.

AP-PCR: Arbitrary primed PCR (AP-PCR) is a type of random amplified polymorphic DNA
(RAPD) where single primers of 10 to 50 bases are used to amplify genomic DNA in PCR.
Welsh and McCleland (1930) developed the arbitrary primed - PCR and carried out finger
printing of genomes with arbitrary primers,

7.4 APPL| [ Ty
Bl iy "2 s kelediom T pdollp et & PP g .
Polymerase chain reaction is useful
biotechnology.

_ Diagnosis of pathogens: PCR is commonly used for diagnosis of infections caused by
g;“‘eza (eg. HV-1 HIV-2, Herpes simplex virus, Hepatitis B virus etc), bacteria
(Caycgld “‘;Z{fm tuberculosis, Helicobacter pylori, Mycoplasma pneumoniae etc), fungi

"; @ albicans) and protozoa (Toxoplasma gondi, Trypanosoma cruzi etc),
o vir':sgesm(p’klu:n' P"“"P’W'f" Various plant pathogens are detected by using PCR such
pox virus, caulifiower mosaic virus), fungi (Verticitlium spp., Laccaria spp-

L

Polymerase Chain Reaction

eutical Biotechnolo
pmaceutical Blotechnology

hthora Spp. etc), m < ,
Phus’pmasarum, Xanthomongsy Ezz;ﬁlﬁs :;’:;e;‘ad (Agrobacterium rumifacigns, _Rhi:zobium
inherited diseases: Inheriteq disorders ‘elar o e R I
rents to their children e.g. hemoppifia e c9 BY gene mutations passed on from
:quences which can then be screenepd fcl,a,'dc-yw' fibrosis etc. PCR is used to amplify gene
Research: PCR is used extensively as a'i‘i:z:iuimg mm?tlms )
bioactive microbial specie : 'ool for identification of new species.
Many P o ; P =S are isolated from varioys extreme environment such as soil,
water: ain, 5e tl’men >Clls DNA} fingerprinting of new microorganisms is carried out to confirm
their identity Dy com-panng with the DNA sequences of known microorganisms.
cancer'research. Polymerase chain reaction has been widely used in studies for the role
of genes N cancer. Tumour-supressor genes and mutations in oncogenes have been
;dentiﬁed in DNA from tumors using PCR-based strategies. ;

giotechnology: PCR has played major role in the production of recombinant proteins.
Insulin and grow'rth hormones are recombinant proteins, widely used as d'ﬁgs and
recombinant vaccines are developed for hepatitis B virus. It is an important tool in the
piotechnology industries of research institutes,

Forensic science: PCR is most applicable in forensic science where i ic being used in
search of criminals through DNA fingerprinting technology. PCR allows amplification of DNA
from individual hairs, stains of bload or seminal fluid having partizlly degraded DNA. Analysis
of variable sequences is also used in tissue typing to match organ donors with recipients.

DNA polymorphism: PCR is used to study DNA polymorphism in the genome using
known sequences as primers. PCR can be used to study RFLPs (restriction fragment length
polymorphisms) as well as RAPDs (random amplified polymorphic DNA).

Gene therapy: PCR proves to be immense help in monitoring 2 gene in gene therapy
experiments. This PCR technology provides shortcuts for many cloning and sequencing

applications.

.. . - QUESTIONS. L. . e iata)

(A) Objective Type Questions:
1. Explain the role of primer in PCR.
2. Write the role of DNA Polymerase in PCR.
(B) Short Answer Questions:
L Write in short different types of PCR.
2. Explain the importance of temperature profile in PCR.
(€) Long Answer Questions:
L Explain in detail method of PCR. : ‘
- 2. Explain the applications of polymerase-chain reaction.

(D) Multiple Choice Questions: ; | i
L Polymerase chain reaction is useful In the diagnosis ©

(b) Fever
:Z)) :)'iI:betes (d) None of the above
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2. The polymerase chain reaction is .
A method of gene amplification

((t:)) A type of DNA repair
IMMUNITY

{¢) Require for ligation of DNA ends
(d) Essential for chromosome replication
3. RT-PCR stands for gzl
emplate PCR foipe + LEARNING OB
T Afeer completing this chapter, reader should fe off, to mu:frlc(;'r;lf‘VEs ¢

(a) Random temperature PCR
o Introduction

(d) Real time PCR

(¢) Reverse transcriptase PCR
4. Polymerase chain reaction (PCR) technique was discovered by ______ o Types of Immunity
(a) : Louls Pasteur (b) Robert Koch o (ellular and Humoral Iremunity
et v o e |
5. A technique used for amplifying RNA in-vitro is known as : 2 .
(a) Western blotting {b) Transcription ‘=T
() ELISA (d} RT-PCR - ON " : J
L L]} .
The resistance offered by the host to the harmful effects of pathogenic microbial

: w P | \
mf«tn@ |§ c.alled immunity Lack of power of the body to resist infection is called
susceptibility”. The study of immunity s called ‘immunology' and the preparations used to
immunity are called immunological preparations'. Inmunological mechanisms are

svolved in the protection of the body against infectious agents but they can also cause

damage periodically
The ‘mmune system protects an individual against invasion by foreign bodies specially
mcrobial agents and their toxic products, The activities of this system are not always useful
to the body. The immune defence may have pathological consequences because of the
phenomenon of allergies, inflammatory tissue damage, autoimmune diseases and reactions

to grafts
An antigen is any substance which, when introduced into the vertebrate host, stimulates

the production of antibodies and reacts with preformed antibodies, if they are already
present. The antigen had earlier been associated with production of immunaglobulins and
immunity and hence accordingly named as immunogen (generator of immunoglobulins and
immunity). Most antigens are proteins but some are carbohydrates, lipids or ngcleic_acigs.
Two important characteristics of antigens are immunogenici_ty or abilitx to stl‘mul_a.te the
specific immune response and reactivity or ability to react specifically with antqbod‘nes. An
antigen with both these characteristics is called a ‘comprett? antigen'. An antlggp which has
feactivity but no immunogenicity is called a ‘incomplete antigen or hapten'. A hapten can be

onverted to a complete antigen by combining it with a larger carrier molecule such as a
‘ globulinQWhich are produced in response to
g other body fluids and they

 Antibodies or immunoglobulinsr_',are_’f_'y- bulin
' Jies are found in serum, lymph and

#ntigenic stimulation. Antibodie s

oo "‘“ﬂhﬂ‘ -

i

| p
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i [ i ' Antibodies are synthesised by plasm
agents against microorganisms. 8
1 B A - ec constitute 20 to 25 per cent of the total seryp,

cells and also by lymphocytes. Antibodi . : :
proteins. An anti’t/)ody is a biological and functional concept while the term immunoglobuline

provide a structural and chemical concept. All antibodies are'immunc.)g|obu|ins byt all
immunoglobulins may not be antibodies. On the basis of physucochemlcal and antigenjc
structures immunoglobulins (Ig) can be divided into five distinct classes ng, lgM, IgA, IgD
and igh) e PSR -
Immunity against infectious diseases is mainly classified into two types:
(i) Innate or natural immunity.
(i) Acquired immunity.
These immunities may be subdivided into different groups (Fig. 8.1).
lmmrnity

Vo

N |
S
3
- o

1 Species immunity

Natve o¢ ) -, }}umdmL _Tmmum\ﬁ_

s . — Acquired immunity
AmIS i
Natural immunity e u}fu/dl. ;,?,ﬂunil; (Added during lifetime)
1 Individual immunity /¢ 7<)
Non-specific Specific
immunity immunity

L

v l

Active immunity Passive immunity
(Developed lnt:l lost slowty) (Produced and lost quickly)
! P § ]
Naturally acquired Artificially stimulated Naturally acquired  Artificially stimulated
hmTky ity immunity immunity
A::r ciinical  After subclinical  Vaccines From the mother Sera or human
= mndm : intection €0.TAB  eg, bables high resist are to immunoglobin
0 pox,  e.g, infections vaccing chickenpox, diphtheria 6.9, tetanus antitoxin

diphtheria  caused in slum
infections areas

L 8.1
(i) Innate or natural lmmumy?’ Rt inpiely
Innate or native or natural immunity is

ossesses by virtue of his genetic the resistance to infections which an individual

and constitutional make up. It may be non-specific,

'mrm’“""“' Biotnhggcog.l

. - o immunity
when it indicates a degree of .. =
resistance to a particular pathoner @ to infections in general or specific when
races and individuals (Note :n«l'*(.-;, ) Ted results in differences between species

i) ACqU"Cd lmnunity; v HIESSE reter Defence mechanism of host)
Natural immunity is inadequate for mpepe.
during the lifetime additional irmem. v On agamst many microbial diseases and
or adaptive immuity is classifiad '/’ . —; i-, sither actively or passively Amu,;f

. .ULAR AND HUW “'./I — ve immunity” and 'passive immunit

The lymphocyte is the baﬂ‘cm';-f"""‘m —— J

celiular and humaoral immunity

responsible for bBoth
Lymphocytes are found in high concentrations in the lymph nodes, spieen and at the sites
where they are manufactured and procsssad (home I s A

i hocytes at various stages af deua w and thymus). Lymphaia Qrgees
contain lympho _ Stages of development and are classified as primary or
central lymphoid organs (thymus, bone marrow) snd sseomdar o cesipheral lymphoid
organs (lump nodes, Splgen, adenoids, tonsils. appendix etc ). The bone marrow hemaopoietic
stem cells are the ultimate origin of erythrocytes and all leukocytes including the
lymphocytes (Fig. 8.2). Many lymphocytes pass *hrough the thymus where they become
processed by the hormonal microenvironment prior to refease. The iymphocytes are now
called thymus-derived lymphocytes or T-ymphocytes. The majority of the Bone-marrow
derived lymphocytes which do not enter or become processed by the thymus are called
'B cells'. Cellular and humoral immunity is mediated by two distiect types of lymphocytes.
B-lymphocytes respond to antigens by differentiating inte antibody producing plasma cells
while T-lymphocytes are responsible for cell mediatec mmunity. Difference between T-cells
and B-cells is given in Table 8.1.

Table 8.1: Differences between T and B lymphocytes

Characteristics | ol o R 5“'“____4
Site of production | Thymus Bursal equivalent tissue :
Type of immunity | Cell mediated Humoral {Antibody- |
mediated)
Secretory product Lymphakines Antibodies
Sub-population | Helper, suppressed, delayed | Plasma celfs, memory cells.
| hypersensitivity, killer cells.
Effect | Against intracellular viruses, | Against  bactena,  viruses
fungi, protozoa and cancer present in body fluids.
| ; o ) Aggh t precipitation
; ngulifment, cytotoxic gglutination, ;
i svorse i | peutralization, complement
| fixation.
% |-
CD3 receptor I~
Thymus specific antigens | * E 2

| i‘eptor for Fe piece of 19G |~
m 4
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T Immun
T & MAITOW, Mature and migrate INto the | ity
' Ympho
P ——— _8.2). When an appropriate antigen 'dal organ, where they encounter antigens
: . contacts the antigen receptor antibodies on a

g-cell, the B-cell proliferates inyq a lar

wn.J’selection', Sometimes, the produc .
uction of antibodies against T-depend "bodies by a B cell depends on other cells.
rophages and T-cells. Humoral immunis, ent antigens requires the help of certain
munity is effective against extracellular pathogens and

: products because anti ‘
their tibodies can bing 10 these structures and cause their destruction
The cellular or cell-mediated immyne :

ge clone of

(/-7
- RONe MATON S Jeiis
; tion of

cells. This phenomenon is known as

/

¢/

"’l:”"’o
A

fi‘;‘e’

/’,

n dast
esponse depends on lymphocytes calied T-cells,

\
:h are located both in the b ”
y wh";:dies by Ruids Lt thzoz and in the lymphoid tissues. T-cafls do not secrete
o P he Drincipal cal =¥ G0 make antibody ike molecules that remain attached
@ ’& mcell.su bl -82 Lp hp e lrjtvolved In cell-mediated immunity and their functions are
jven in Table 5.2. Lymphocytes which do not express either B or T-cell markers or functions
T ymhecte 8- ymphocyte are called null ly rrlphocyte.s or large granular lymphocytes
: Table 8.2: Cells involved in cell-mediated immunity and their functions
- TSI N Cell Functions
| Helper T cell (Ty) Necessary for B cells activation by T-dependent
Co-cperaiion . 2 antigens.
i @ a Suppressor T cell (Tg) |Regulates immune response and helps in
e | maintaining immune tolerance.
O : = b ! =
! AT | Gytotoxic T-cell (To) | Destroys target cells. ‘
i . hypersensitivity T cell (Tp) Provides protection against infectious agents. |
Y= | Attacks antibody-coated target celis. g
!

Core of ©—*;e | Natural killer cell (NK) | Attacks and destroys target cells.
. © _Qo | e
Cione of B -
ramos  ComdE e

e }
— &6

NE IMML B

AvﬂlﬁbodiswereshownbyE_A.xabuandA.dei_s(wss)w -maa::sd
S protein called gamma globulins. It is now possnbie to usx:iate 'specﬁcm body.
and to investigate their structures by biochemical techniques basic
i f two
oglobulin molecule is composed © ; : Ie
eptides joi d‘suiﬁdebondsnxsaY-d\apedmeMmm‘m
peptides joined by di o s

l g i - ‘ d : nated as llght or for liaht
| e A o e on ey 10w 000 2 SO
e - meciame rymuney u-‘mm frain Heavy d,a'ans are composed of “6 s wd,m,,.,' exist as monomers, whereas
Fig. 2.2 The generation of humaoral and cell-medisted immune responses % have 213 or 214 residues, Some 190 1 units :
Emmunity medizted by antitodies contained in body fluids is called "Humoral immunity’. mmdofmo:ea\anom"f“‘“’ _ eduction and acidification, pepsin
Humors TwTunity of response s 2 specisl group of celis called B cells. These The nanbe,wdiedindeﬂ“b!"‘“":’w‘"zbyp'{mwyiddtwgggﬂt!@l
€ cefls zre rescorsiie for e of antibodies. & celis which are prodiced in the “‘“‘m antibody molecule can U2 !
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Poses antigen Comiing schity bt determines the bologicsl properies of the
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=

4 The major histocompatibility complex (MHO) is a set of molecules displayed on cell
‘srfaces that are responsible for lymphocyte recognition and antigen presentation. MHC is
:*ﬂmmmmwlsurfacepmteinsssenﬁalfocmeacmiredimmunesystemm
. meognze foreign molecules in vertebrates. The main function of MHC molecules is to bind
8 antigens derived from pathogen’s and dispiay them on the cell surface for recognition by
" # Tcells The MHC determines compatibiity of donors for organ transpiant and
ascepy wmunoimmunecﬁsease.TheMHCisvevyiafgege“e@EF?mﬂamnﬂ\Q
100 Thefewgeneswtid\aredirecﬂyimdvedwimgmﬂrejeﬁbon'atereﬁrmd?s
genes.halsodaemﬁnsoveraﬂmtoanbg_gmd'alengen
dmwwm‘mqgwMM.ﬂlmmdmk
Emines the characteristics of the immune response to a given antigen.
Th . sth the species. The human MHC is also called the human
: ?‘;?mmaHMaMWMmmmbdleddﬂﬂ-Zmpua
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MHC‘Q’Q‘J?V’-?&»
ang for M.mwmmmqmmmmmmmd y
aﬂgﬂ:&nﬂwmwwgﬂmbkwww Defects in certain MHC genes
lead 10 couse stcRmmune disorders in which body fail to Tecognize self-antigens. it may
cause dneases e arthritis, muitiphe sOer0ss, Manrrmo'ybowddometc
Classification of MHC:

Thres dasses of MHC molecules (ghycoprotens) are known in human beings. MHC class |
mockecudes are found on dmost 3l the nudeated cells of the body MHC class Il molecules are

m«q%mmmw-mmmfw.amm
echecudes are the secreted protens possessing immune functions. '

MHC Class I

The MBHC dass | molecudes are made up of two polypeptide chains. It consist of one
mrmamwwamzwoaxedbymr(gmamdmgdwimﬂigm
mmwnmw.mmmmamcmng
bt 43 KDz i molecular weight while the non-MHC encoded beta chain is lighter (12 kDa).
The aipha chain s giycosyisted and folds into three séparate domains called a-1, a-2

N N ﬂﬂ‘i_,w\v_h

e 0 &
”‘ ciass /| molecuies ae .,

AT 4

-

' ide has 2 maoleciis NG oohee
. SIRIANDE Yposrivs A ey - P -
M_ WEPR Of 34 1O e & IV [ ac P chains. The
> 6:1‘

Q0 0 COMI0S, 1 300 07 vtk 1y g - T8 KO That a potypeptice tolds
,"1‘15 Pl domans create simost 5 gy, —— TG tas Gomeics, §-1 and B-2. The
s B molecuies have B-1 and B2 sbusries g " 5 e MIC cians | motecues (Fig. 86)
wa’zﬂ p—Z dormaing give rise 1 vhe o s LN Do eograIed by (D4 co-recectons
- . The 02 204 B-2 chzir, 3 OGO W tacon seniiar o MMC Class |

NG 2 Yraree
’ 2% T ,
; "nculetothe cell membrzne H2re Comam, anchonag the MHC dass
-y

B

Cegtine 7/0,;

(Y
/ )

1 {
i ad a3 The By microgiodin s non-covdlently associated with a-3 domain (Fig. 25). ( ' /
i MHC dass | moleculles have Br-microgiobulin subunit which can only be recognized by % 5 )
d CD% co-receprons. The region between a-1 2nd a-2 domains is in the form of groove and it is \); é
heiphd for imteraction of the two aipha domains. The fioor of the groove isformed of Z
8 siranded §-heated sheet 200 tes groove piays 2 major (ole in presenting the antigen. The oL
a3 doman & highly conserved and structurally resembles the immunoglobulin constant I
domains. Toe B raucrogicuin i 2 highly conserved protein and it resembles the constant Strct
domains of immunogicbuins. The -3 domain is transmemibrane, anchoring the MHC class 1 Fig.'a,e g g
mchense 1o e ol meTiozre. el S0 » dlass 1l glycoproteins are only present on speciaized antigen-gresenting immune
e Pegtice Sinding class I proteins present exogenous antigens that onginate exracsliulady from
such as bacteria. MHC dlass § can be expressed Dy professional antigen-
cells (APCs), macrophages, B celis and dencritic c=fis (DCs). Exogenous antigens
fragments of viruses or bacteria enguifed and processed Dy macrophages of
t agocytic cells. These exogencusly denved antigens are presented 10 helper T-cells.
-_ T«cdlsa@ateBcelsmmxermwrdem
'/;III-‘IIII;II.III’IIIII, m l M M.{ dm B mm w mﬂm o “ w
' ’ 'W”dﬂmm ” dw’lwwlm“WnT“u'
MIHC cass | giycoproteins e present on dmont every cell in the body, acting 10 present
erdogeross atigers that orgmate from the cptoplasm. ‘antigens contains self ke casses 1 and I but are encoded
- proteins 25 well ; mmmﬁ,MMImew Class [l molecules have physoiogic 1ok 1 molecdes incude several
zuwz:d Ao g syihad d vithin 3 cel, which can be monitored by P
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: . 8.10 — Nty 8.11 {
% Class 1 and MHC Class Il molecules Long Answer Questions; Immunity |
‘ Table 8.3: Differences of MHC ! ( fain the struct : |
’ e MHC Class I 1 bela ure of immunogiopy 1
: MHC 1 : o : 5. Explain different types of immunity n. ‘
i . I cellin | » They are found only , Macro- iy A » ;
. The!’ - Jounch.on iR i phages and other antigen presenting | ® Multiple Ch?“:e Questions:
the human body. 0y - 1 The first line of general defence is
z Specific g
; esent antigens t @ .
| e« (Qass 1 molecules present antigens to Class @I molecules pr g (o] © Bnkiben-specific (b) Non-specific

oy "

oytolyitic T-lympocytes (CD8').

the helper T-lympogytes (CD4").

—_—

N

These molecules present endogenously
synthesized antigens.

These molecules present exogenous |
derived antigens. ‘

Comprises  essentially of single
fhic trans-membrane poly-
peptide chain (o 3 domains a;, 4, o)

Comprises of two trans-membrane |
polymorphic polypeptides @ and §

each made up of two extracellular |

and B, microglobulin domain pairs &; and @z and By and B2 |

e B,-microgiobulin not coded in MHC. | a P chains are usually encoded in
Kisd | MHC _
s Immunogiobulin (ig) resembles a; and immunoglobulin (Ig) resembles a; and |
Pz B2 ‘

a;andagﬁ!mmdonm
help in binding.

a,andﬁ,ﬁ\etwooutennostdomains;
form the groove for binding. |

ot o i e

Bonded peptide has 2 chain of 8 to 10
) ”

Bound peptide has 2 chain of 15 to 24 |
amino acids. |

Genetic locd in humans (HLA-A B

|

Genetic loci in humans (HLA-DP, DQ |
DR) and in mice (H-2A, 2E clusters). |

and C) and in mice (H-2K, 2D and 2L).

(d)
B-lymphocytes are processed in ]

(a) Bone marrow )
(© Lung &

: molecules have B2 microglobulin sy
CD8 co-receptors.

(a) MHCClass!

None of the above

Liver
Brain

bunit which can only be recognized by

(b) MHC Class T
Rt Class I (d) MHC ClassIv
Heavy chains in immunoglobulin are composed of amino acid residues.
R0,000 (b) 20,000
@ 46— @ 214

_
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mmediate hypersensitiir, - " Celayed Hypersensitivity

Chapter ... 9

P

‘_',/Appears rapidly and lasts f(;r a shorter DEIayeq hypé'

se‘nsitivlfy ‘,
i ' Appears slowls N T
- time: slowly, lasts | J
HYPERSENSITIVITY REACTIONS . ; asts longer
*  Induced A S L 00
+ LEARNING OBJECTIVES + : e i L

i sfer possible with
: . passive tran With serum :
After completing this chapter, reader should be able to understand: Passive transfer possible with l

; e T-lymphocytes
o Introduction Circulating ant'.bOd'eS Present (antibody [+ ¢y, lati # g
nediated reaction) Culating antibodies may be absent

(cell mediated reaction)
Itis difficult but long lasting.

Mononuclear cell collection around
blood vessels,

®  Hypersensitivity Reactions
o Type | Hypersensitivity . :

e s , - Desensitization easy but short lived.

o ‘Type Il Hypersensitivity

) esions are acute, exudation g
Type 111 Immune-Complex Mediated Hypersensitivity L nd fat

‘necrosis.

. Immediate hypersensitivity reactions
_-develop in less than 12 hours,

[2TYPE | - HYPERSENSITIVITY

Type ¥'h¥persen5|tIV|ty is also knowp as immediate hypersensitivity or anaphylactic
hypersensitivity bgcause .Of the speed with which the immunologic reactions take place
which r.nay culminate into anaphylaxis within minutes following antigen challenge.
Antibodies are fixed on the surface of tissge cells (mast cells and basophils) in sensitized
ndiwdyals. The antigens combine with the cell-fixed antibodies, leading to release of
pharmacologically active substances (vasoactive amines) which produce the following
dinical reactions,

it
Anaphylaxis:

_ This is a classical immediate hypersensitivity reaction. It is mediated by IgE antibody and
5due to the powerful effects of histamine and other vasoactive amines. Hypersensitivity
"8y be local or generalised, depending upon the amount of histamine released the site of
“_felease and route of stimulating antigens. Antigens administered to mucous menjlbrane
U skin will induce local anaphylaXiS (hay fever, asthma), whereas larger amounts m'ay mdu.ce
imﬁﬂ;ﬁ?dk}ea'cti on. Insect venoms, horse serum and injected drugs are associated with
EMic reactions involving the cardiovascular system (anaphylactic shock).
3 Y . r. an individual must first come
‘ @Order for immediate hypersensitivity reactuf:)nsd Fosc:;c:esponse o et T
heo 3 - antibodie : ;
A ct w.uth an antigen and PrOf_jECE,IBEB» cophils are found in the circulation while mast
% & bind to mast cells and basophils. B2 hp resb gastrointestinal tract,
“i.are located in lymphoid regions of the
-ﬂs‘ -

~
(o]

o Type IV or Cell Mediated Hypersensitivity

Delayed hypersensitivity  reactions

o Type 'V or Stimulatory Hypersensitivity
develop in 24 to 48 hours.

®  Immune Stimulation

®  [mmune Suppressions

| 9.1 INTRODUCTION 8 |

Hypersensitivity is an abnormal immune response which produces phzgiglogical or
histopathological damage in the host. Hypersensitivity reactions have been classified into
immediate’ and 'delayed' types, based on the time required for a sensitised host to develop
clinical reactions on re-exposure to the antigen. The differences between immediate and
delayed reaction are listed in Table 9.1. Coombs and Gell (1963) classified hypersensitivity
reactions into five types based on the different mechanisms of pathogenesis:

() Type I Anaphylactic, immediate, IgE or reagin dependent: e.g. anaphylaxis, atopy

etc. 35 -

(i) TypeIL Cytotoxic or cell stimulating: e.g. thrombocytopenia, hemolytic anemia etc.

(ii) Type HOI: Immuno complex or toxic complex: e.g. Arthus reaction, serum sickness
etc, ; :

(iv) TypeIV: Delayed or T-cell mediated: e.g. tuberculin type, contact dermatitis etc.

(v) Type V: Stimulatory or antireceptor: e.g. autoimmune orchitis in guinea pigs.

Type L II, and Il hypersensitivity depend on the interaction of antigen with humoral
antibodies and are known as immediate type reactions. Type IV hypersensitivity or delayed
hypersensitivity is mediated by T-lymphocytes, ‘ i

r
iratory tract,

]

e s
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93 Hypersensitivity Reactiony

reproductive tract, skin and blood capillaries. After a second expos.ure tt.we allergen travels 1
the mast cells and basophilis, where it binds to antigen-binding »sate of IgE molecyle
(Fig. 9.1). Antigen-antibody binding triggers the process of degranulatlo.n Fhrough vyhmh the
mast cell explosively discharges its pharmacologically active agents. This include histaming,
serotonin, slow-reacting substances of anaphylaxis, platelet-activating factors, eosinophj)
chemotactic factor of anaphylaxis and prostaglandins. Histamine is the most abundant ang
fastest acting agent. It induces smooth muscle contraction, release of mucus, vasodilation
and increased capillary permeability. Serotonin is a base derived by decarboxylation of
tryptophan. It causes smooth muscle contraction, increased capillary permeability ang
vasoconstriction. The eosinophil chemotactic factors of anaphylaxis are acidic tetrapeptides
released from mast cell granules which are strongly chemotactic for eosinophils. Heparin is
an acidic mucopolysaccharide and it mainly contributes to anaphylaxis in dogs.

Y

* F . receptor
% * :
¢ s @ = e Y Y e for IgE
Antigen Plasma cell 1gE production IgE bind to
g plasma / mas! cell
through F_ receptor
& ¥ » | Second exposure
* ® 1o antigen
Capillary dilation, Release of
Anaphylaxis, increased capillary Histamine
Asthma,  w— permeabllity, smooth muscle
Hay fever etc. constriction, stimulate mucus Leukotrienes
secretion, pain and itching Serotonin
Heparin e =~
Prostaglandins Degranuilation

Fig. 9.1: Mechanisms of type I hypersensitivity

Prostaglandins and leukotrienes (secondary mediators of anaphylaxis) are derived by
two different pathways from arachidonic acid, which is formed from disrupted cell
membranes of mast cells and other—feukoqnes Cyclooxygenase pathway leads to the
formation of prostaglandins and thromboxane, while the lipoxygenase pathway leads to
leukotrienes. A substance originally demonstrated in lungs, produces slow, sustained
contraction of sm and is therefore termed as slow reacting substance of
anaphylaxis. Prostaglandin E, is a bronchodilator. Prostaglandin F, and thromboxane A; are
powerful but transient bronchoconstrictors. Platelet activating factor (PAF) is a low moleculer
weight lipid released from basophils during immediate hypersensitivity. It causes
aggregation of platelets and release of their vasoactive amines.

Biotechno!

Hypersensitivi Reactions

neous Anaphylaxis:

= of puffiness due to edema (caused by jnc

nded by flare caused by hyperemi :
B0 1o 30 minutes ong )f/apdesrzija:?:at? vasodilation. The reaction becomes
is useful for testing hypersensirivity and in id::lt'ho'urs. L Sl e
mpi‘diseases- ifying the allergen responsible for
ﬂuvvsnseusmvm B
hypersensitivity is o :

Typell] Ger g antgodiefstii?rrEferred to as cytotoxic hypersensitivity because in these
eactions I g ected against cell surface components cause dam

i of the affectgd CfE'l- Complement can Participate in these reactions by affecti aI?Ie g
xthrough opsonisation of the antibody coated cel|. y e

In cytotoxic type Il reaction, antibodies (IgG or IgM) can bind to the surface of cll
pitigens. If thg gntlbody is IgM, IgG1, IgG2 or IgG3, then Clq comporent is bound and
xtvated, This initiates complement activation by classical pathway and terminates in lysis of
e alfected cell. The complement split product facilitates uptake of entire cell-antibody C3b
complex by phagocytic cells (Fig. 9.2). Antibody coated cells can also lead to destruction of
sget cells by the killer cells through antibody dependent cell mediated cytotoxicity.

Antigen Y /<

CHET o Sl

IgG antibody altach\esk

Antibody (IgG)
to cellular antigen

(m]
]
Complement
el

/(7
\ko

Complement bind to
[mmune complex

ersensitivity

reased capillary permeability) which is

Complement
activation

Lysis of cell
Fig. 9.2: Mechanism of typé 11 hyp
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utical Biotechnolo
pharm2ES 9.6
or Localised Reaction: Hypersensitivity Reactions

us

Pharmaceutical Biotechnology

ctions are described as follows:

AR
Examples of type T hypersensitivity € | : ) 1903) observed that
o ; haemolytic anaemia: Autoimmune haemolytic anaemis | Arthus ( that when rabbits were rere..c
(i) Drug induced immune ) : | S horse serum, the initial iniacs: - 'epeatedly injected subcutaneatichy with
an important example of type II hypersensitivity. Haemolytic anaemia may be norf“a' fe] ' al injections were without l, ....... utaneously wit
Wiy ’ - : icilli 5 ¢ i — - THHIOULT any local effect, but with later
. : s such as penicillin, alpha-methyldo ns, there occurred intense |q 2 ) effect, but with late
induced by administration of certain drug Zcapy inject© @l reaction consisting of edema and haemorrhagic

051S. This is known as 'Arthus reaction’ A
he walls of blood vessels and damage the

Jmines such as histamine, with resyiting Increase in

odema. Leucocyte - .platelet thrombi are formed which
reaction €an be passively transferred with sera containi

etc. These drugs can bind to the surface of red blood cells and form an antigen;c
compilex with the cells. This can bring about the production of complement ﬁxing
antibodies. Reaction of these antibodies with the RBC - bound drug, activates the
complement system, resulting in RBC fysis and anaemia.

(@ Rh - incompatibility: Rh antibodies are the main cause of haemolytic disease of

ntigen-anst
| g‘_’ﬂ antibody precioitates are deposited
J Lila ofT = SHge

tissues. There ic

>

3

newboms (envthroblastosis foetalis). Antibodies responsible for erythroblastosis ' titres Mg precipitating antibodies (G, Igh
fatalic arise n;"'eft an Rh - ve mother carries an Rh + ve foetus (Rh D). During the in hlgh { s ' -

hirth of the baby. foetal erythrocytes are released into maternal circulation which Serum Sickness or Systemic Reaction:

stimulate the mothers immune system to produce IgG antibodies against the RhD Serum sickness develops in normal human beings who receive 2 single imection of
antigens. During subsequent pregnancies involving any Rh + ve foetus, anti Rh D povine or horse antitoxin against tetanus, gas gangrene. rabies d i o ot

for prophylactic or therapeutic purposes. The ciinical syndrome consicts of fever
lymphadenopathy, arthritis, endocarditis, abdominal

antibodies cross the placenta and cause red cell destruction. The first Rh + ve child
born to an Rh - ve mother is usually unaffected but subsequent children are ‘at
ansiderable risk from erythroblastosis foetalis.

<
TR R P S N o o
9 o' 9 PLEX EDIATED HYPERSENSITIVD —I

lining of blood vessels in various parts of the body.

2com e, s = Qe LN e S o ot : =

Type I hypersensitivity reactions are due to the combination of antigens with circulating
antibodies, with the formation of immune complexes. This combination feads to the
formation of micro-precipitates in and around small blood vessels which leads to
inflammation and mechanical blockage of vessels. Type III hypersensitive reactions develop
when immune complexes activate the complement systems array of immune effector
molecules. Tissue damage in this type of reaction is due to the release of lytic Eﬁzymes by
neutrophils as they attempt to phagocytose immune complexes (Fig. 9.3). :

eposited in tissue, - O m} [} Complement
0

Immune complexes occur in many diseases, including bacterial viral and parasitic
infections. The nephritis and arthritis seen in these conditions may be caused by deposition

ofimmune complexes.
'YPE IV OR CELL MEDIATED HYPERSENSITIVITY 1
Type IV hypersensitivity is also known as delayed hypersensitivity since the signs of
reactions are observed after 24 hours or more after contact with antigens. Unlike types
I'to I, this hypersensitivity reaction is mediated by T-lymphocyfes and macrophages.
T'l)"'ﬂphoc:y'ces, sensitised by prior contact with antigens, become actlv.ated ggon reexposure
10 allergens and release soluble mediators known as lymphokines (Fig. 9.4). :ﬁ:t
Ymphokines exhibit multiple biological effects and the e effect may be |cause esy
different lymphokines. These lymphokines can cause biological efféctfwl c::an::eifztb;
Macrophages and tissue cells. Delayed hypersensitivity cannot be passively

serum. by the transfer factor.
,"‘m but can be by lymphocytes or by
“;;”m"n B e T le bacillus was observed by Robert Koch in 1880.
S i jgipone 2 1 tUbe_'; ed protein derivative (PPD) is injected intradermally
2o uberculin or purtie T . infection or immunization,
an ind_al.lddolse i itized to tuberculoprotein by priof "_‘fec L
2 Ividual sensitiz

Antigen activating complement

ge!e!o!o!o!ol

¥
o Platelets and =
agl-l!staml(ne leguw) >l <

(inflammal r;ees
°

ponse)
Mechanism of type m (immune complex) hypersensitivity

Release lysosomal or Iytic enzymes
Fig. 9.3:

i
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Pharmaceutical Biotechnology 9.7 Hypersensitivity Reaction

ps at the site of the injection within 48-72 hours,
d flow to the damaged area and in
f mononuclear cells, mainly

an indurated inflammatory reaction develo
It is characterised by erythema due to increased bloo
duration due to infiltration with 2 large number ©
T-lymphocytes and macrophages. Tuberculin type of hypersensitivity is developed in many

infections with bacteria, fungi, viruses and parasites.

A ‘A
iR W W
Antigen

Re-exposure to

Macrophage Sensitized

same' antigen
release
Tosst lymphokines
Eczema, swelling, Inflammatory
granulomatous lesions action
Activated macrophages
Fig. 9.4: Mechanism of type IV hypersensitivity
Contact Dermatitis Type:

Contact dermatitis is a cell-mediated allergic reaction that occurs when certain chemicals
like metals (nickel), dyes (dinitrochlorobenzene) and drugs (penicillin) come in contact with
skin. Sensitization 1s particularly liable to occur when contact is with an inflammed area.
Antibiotic ointments applied on patches of dermatitis frequently provoke sensitization.

The substances involved are not antigenic by themselves but may acquire antigenicity
on combination with skin proteins. Subsequent contact with allergens in a sensitized
individual leads to contact dermatitis. This hypersensitivity can be detected by patch test.

The allergen is applied to the skin and sensitivity (itching) is detected in 5 to 6 hours or local
reaction (erythema) may be observed in 24 to 30 hours. e

tical Biotechnolo.
M——m\E e
The essential differences between ¢ Hypersensitivity Reactions

YPe IV reactions

i Table 9.2. With other reactions are summarised
Tab :
s e 9. Comparison of hyper :
Wmcteristics Type I T sensitivity reactions
TR — o ype I o |
of reaction | Immediate e Type I TypelVv |
Type , Cytotoic [ }
i mmune Delayed ‘
complex ‘
tibody IgE IgE 1 1
C:/olved g 96, IgM T-cells ;
l |
Reaction Anaphylactic | Complement - , 1
diators factors mast ‘ Eosinophils, Macrophages |
m . ‘ n hils
cells, eosinophils | i i
complement lymphokines
Antigen SOIU'ble or On cell surface | Soluble or On cell surface
particulate ‘ particulate f
Reaction time Variable (in | Variable (in 4 to 8 hours 24 to 48 hours >
seconds or hours) 1
minutes) ‘
Nature of Local wheal and | Clumping of Acute Cell mediated |
reaction flare RBC's inflammation | cell destruction i
Examples Anaphylaxis, Agranulocytosis, | Arthus reaction, | Tuberculosis, !
asthma, hay thrombocy- serum sickness, | contact I}
fever, food and | topenia, | glomeruler dermatitis, graft ’
insect allergies | hemolytic | nephritis rejection. |
anemia, blood
reaction i
Therapy Desensitization | Steroids |Steroids | Steroids
R STIMULATORY HYPERSENSITIVITY

- Itis an antibody mediated hypersensi

SUrface component such as a hormone rec
: itivity is thyroid hyperact

“ample of this type of hypersens
¥rold stimulating autoantibody:
thed to thyroid cell receptors
s ATP to AMP. The latter stimy
thyroid stimulating antibodies
ntibodies directed against receP

Thyroid stimulating ho
thus, activating adeny

tors for thyrq@d stim

tivity. In this case, an antibody reacts with a key

eptor and switches on or stimulates the cell. An
ivity in Grave's disease due to

rmones from pituitary gland get
| cyclase in the membrane. It

tivity of thyroid cells thus secreting‘fhxroxin_e.
|ates actl "): R thyrotoxic patients are

prezen Jlating hormones.

i

‘
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Tumomosdsos aE nEtsE orsy%mw’eg“me““ iMMmune
mmmmanmWirmamCxﬁs
wmmmﬁe w'em(*ﬁuwts)o'wo.e tha
e SIS (mm Femunostmuicnts or  smmunostmulators are
sebranee St Srwists the Fune response or enhance body’s resistance against varioys
riechions Srough nosssng the basdl eeso‘m—amerespa‘se.fhesewbs:aﬂcesau
=sponsbie o mosese the oudatve acay of '\a:tmpr‘is stimuliate oyiotoxic cells ang
augmert engufmet acity of phagooytic celis Immunostimulants are used for | trnatmg.-,~
of atormemee Gseeses, Owonic meecbons, wiral infecions, and cancer fike diseases
Ermemosteelznts mduce symihess of specic andibodies and oyiokines for treatment of
oo dsssses  Immwrostrmdiants 7= responsile to develop the non-specific
mmemctrerzoy by sSmeisang the mgior Taciors of the mmune sysitem. These indudes
Comgiement sysiems, pRagocyioss, emsrieron release. T and B lymphogytes, synthesis of
specic astbodes eir. Many mmunosSmuiants activate innate mmmunity and promote
Hezms of enoogenoes Immene medators | icytolanes) in the treatment of immunodefiGency
corgitiors 2n¢ Croma ectiors.

Thers ar= 280 mar Types of samunosamulants
8 ﬁaﬁ_ﬁgtmwmimymmm
25 anfigen sacomes.

zm—s&ukaaﬂapecmeofarﬁgaicspedﬁdty.o
mmmdo&awaiz@mdtﬁe

’ in vaccine products to enhan

the host immun ton
!‘(510 € Systen -€4g. Ocim

%:’C. ats mmu

Unostim

plants are well known <

OF fini . e Ne responses to antigens.
WWiiants Qro h orom P
STOWih promoters and antimicrobial

mum sanch iT.
officinale (Ginger), Comeljin -um (1ulsi). Azadirachta indica (Neem)

U0 sinensic

een te A , =
ﬂe‘able;)deUCtS. etc. Chitin and chit gt €3], Aloe vera, Saffron, fermented
e the

These components sh o -speafic animal originated immun
S O.'.s c une

o
the 5 anumcrobial 3
-a,hancmg migratory activity of m crophages 3! activity as well as more effective
- ~ L
Animal extracts Adpiaee o
(Chitosan i
’ vactines

Druss (Levamiscle. Thalidomide.,
TETUNOCYNIn, Besiatin

Bacteral products,
Vacoines (BCG)
Imrmunogiobulin

Interferons, Interieukins, Colony Carbotwyd (Aloe Verz, Garlic)

stimutating factors (Gluczns, t=hzicse)
Fig. 9.5: Types of immunostimulants
2o o - —
O SUPPRESSION o !

hwnosuppressron is a reduction of the activation or efficacy of the immune system.

{ "~ phenomenon wherein an organism’s ability to form antibodies in response to an

3 J is reduced or suppressed. This suppression may be the result of a disease
gt targets the immune system, such as HIV infecion or consequence of pharmaceutical
s used to fight cancer. In some cases, immunosuppression may be deliberately
ed. The induction may be required for therapeutic interventions of tissue or organ
solantation to reduce the risk of organ rejection. It is 250 used for treating graft-versus-
ﬁease after 2 bone marrow transplant or'ormetxeetmen'ofano-unmnedseases
. B hpus eryth/eg_etpﬂ-‘i rheumat‘?"? arthnitis, Sognens svndrome or Crohn's

E types such non-spedfic Emmunoc-
NOSUDD esioﬂ are dass'ﬁed into two T > Bt kel

- -6 iIMMUNOSUPPression. {
and specific immu : \“}tr! <

s immunosuppression inNvanadly w;ay"' mmm;gwwd

; disorders of “Eha observed
tommune—deﬁc&:;yr Ofmmmppresswedmgﬂ!hasbem o

tissue or by the ‘“5“",: to radiation nggrse;o significant_depletion

that the undue expost Ofmearmge"f"m

Scytes. |t may cause impanment 5
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9.11 Hypersensitivity Reaction,

Pharmaceutical Biotechnology
producing immunosuppression. Non-specific immunosuppression can also be induced by
antilymphocyte globulin (ALG) that specifically affects the T-cells by causing inhibition qf
their narmal functionalities or by depleting T-cells dependent areas.

Specific immunosuppression:
Specific immunosuppression is usually induced either by antigen or antibody,

Azathiopurine and corticosteroid combination therapy is commonly used in tissye

transplantation to inhibit cell-mediated immunity (CMI). Cydospﬁq[ine is commonly used in

immunosuppressive therapy. Specific class of endogenous corticosteriods such as

hydrocortisone, testosterone, corticosterone, prednisone, prednisolone are extensively used

to inhibit CML Antiproliferative agent (e.g. cyclophophamide), DNA-base analogous

(eg. 6-merc§2a}§topun‘ne and its derivatives), antibiotic (e.g. actinomycin — D) and mitotic

> poison (e.g. mitomycin — c) are routinely used as a immunosuppressive_agepts. These

¥ 'substances may act by repres;ion‘of the formation of precursor cells, destruction of

", fmmunocompetent cells, suppression of proliferation and differentiation of lymphacytes and

iet monocytes by inhibition of the biosynthesis of nucleic acids and proteins. Antilymphocyte
serum (ATS) is also commonly used to combat specific immunosuppression.

The monoclonal antibody (OKT3) is also used as immunosuppressive agent after organ
transplantation in humans. OKT; specifically directed against CD; antigen of T-lymphocytes
iIs used in renal and bone marrow transplantations. CD; antigen activates T-lymphocytes and
plays 2 key role in organ transplant rejection. This is prevented by use of MAb against
CD; antigen. AIDS infection is one of major causes of immunosuppression by reduction in
CD; (Cluster determinant antigen 4) cells of T-lymphocytes.

QUUFEST ’
Gttt

(A) Objective Type Questions:
1. What is hypersensitivity reaction?
2. Write the dassification of hypersensitivity reactions.
(B) Short Answer Questions:
1. What is the basis of type II hypersensitivity reactions? Explain with suitable examples.
2. Differentiate the following:
(@) Immediate hypersensitivity and delzyed hypersensitivity.
(b) Type 1l hypersensitivity and type I hypersensitivity.

i Descnbethe mechanism of type | hypersensitivity reaction with suitable diagrams.
2. Explain different hypememwmy}reaabm with suitable examples,

| Biotechnolo
ﬂgﬂ“"‘uﬂu 9.12
2 pultiple Choice Questions: Hypersensitivity Reactions

1

Antibody isotypes which can cause erythroblastosis fogtaf

(a) 19G (b) Igp B
(© oM (d) IgE

The immunoglobulin most often

reactions ___
(a) IgA (b) IgE
(c) IgM (d) IgD
Delayed hypersensitivity reaction is mediated by
(a) T-lymphocytes -

(c) Killer cells

Receptor for IgE is present on e

associated with immediate type (type 1) allergic

(b) B-lymphocytes
(d) Natural killer celis

(b) Basophil
(d) Polymorphs

(a) Plasma cell
(c) Eosinophil
AIDS infection is one of major causes of immuno-suppression by reduction in

cells of T-lympocytes.
(a) CD; (b) CDs
(c) CDs (d) CDs

!
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Scanned with CamScanner



| Biotechnology
ggm Ll ) . _ 102
Immune slone

G ﬁa 1 O Woal producty, ———Yacclnes and Sera
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Active Irmunization \ﬁ
VACCIN Es AN D SERA rassive ""‘u/ Zation (Antisera
‘p-— At NS 9.9 ,,r'mm
su,penslon of Toxolds i Tatanus
anisms Ty
+ LEARNING OBJECTIVES + aeudies , hithere [~ At sarm .. Rat
After completing this chapter, reader should be able to understand: Tetanus

) "— Antiactarial sarum
? o f U
e  [ntroduction e

Staﬁh‘/'c'f//,uq

TT L, ‘,
s  Preparation of Viaccines (General Method) \ Jor”” & . — :,—. ne biood derivatives
: ; = ! e uman nomal and driad
»  Quality Control of Vaccines Yy > mmunoglosulin
. Y Iy \
o  In-process Quality Control - 1 Wil \[_\)
o Final Product Quality Control o “ - e’ gacterial Rickettsial Viral Qomoine /acorag
*  Stomge of Immunological Products €. g. Typhus ] :
8  Bacterial Vaccines and Toxoids 1 ‘ |
o BCG Vaccine, TAB Vaccine, Diphitheria Vaccine, Tetanus Vaccine, Pertusis Vaccine, DPT Vaccine Kiled /e\(;enauééed Killed Almatad [ Tiple angen (0P}
gEpaes o —Tyohod
o Vil V% -Cholera Polnomyehns —Poiomysits | r!‘c("f'r‘c-»’:holgra
o  Poliomyelitis Vaccine Pertussis (Salk) (Sabin) | (TAB-Cholera
Antitoxic - (Whooping cough) y L m L_Measies. Mumps
g o ‘ e< Rabies umps Rubsila (MMR)
o Diphtheria Antitoxin, Tetanus Antitoxin —Plague Mld — Measies
rtiviral —Typhoid - Paratyphoid — Rubelia
Sy S p';\and g Measles
o Rabies Antiserum PO — Vallow ‘ever
— Smallpox

Fig. 10.1: Immunclogical products

4 C‘%lnes are preparations of antigenic materials, which are adminisiersd with the
ective of mducmg in the recipient a specnﬁc and active immunity against the infectious
rganisms or toxins produced by them. They may contain living af f‘ﬂled
anisms, bacterial toxoids or antigenic material from "a"!ICL-.ta.IY parts of the
m, rickettsia or virus. - itk 5 aitnbi
nes may be single-component of mixed compor'ent ‘«aco_f‘-‘e: OZ‘r?d mgn i
from a single species of microorganisms. Mixed orn)cﬁ; et
from two or more species. Simple i Coﬂta'"‘ngm"; :ame species are called
alent and those containing two or more strains Of

. : i S

Vaccines may be classified into five tyP¢ i of We bictais o
ted vaccines ¢ !

e attenuate gB.C G. vaccine, smallpox vaccine.

Vaccines or sera are btologtcal products which act by remforcnng the |mmunolog|cal
defence of the body against foreign agencies (infecting organisms or their toxins). The
agents or products through which immunization is achieved are called 'immunizing agents'.

Active immunization is the process of increasing resistance to infections whereby
microorganisms or products of their activity act as antigens and stimulate certain body cells
to produce antibodies with a specific protectwe capacity. Biological products comprising
vaccines and toxmds confer active immunity. Passive immunization which results in
immediate protection of a short duration, may be achieved by the administration of
antibodies themselves, Biological products comprising human immune sera and animal
immune sera confer passive immunity. These immunological preparations are classified in
Fig. 10.1. Vaccines and sera are potentially dangerous products and mostly used in public

health programmes. These biologicals are standardised by bioassays and stored in a cold
place to maintain potency.

" Live attanuated vaccines: LV %
ifuses which have been rendered aviruie of bacteria or of vinuses that have

nsions The best
{ « Killed vaccines are SUSP2 . formaldehyde.
El:\dk‘l'lla:: i;;shgltIZr by disinfectants such as phenol @

cine.
Auenza and rabbies vac
known Killed vaccines are pertussis cholera, plague: (! ,

(10.1)
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) Toxoid vaccines: Toxoids may be defined as modified toxins, detoxified by the ",
of moderate heat and chemical treatment so that their antigenic properties ..
retained, Toxoids are toxins whose toxicity has been removed e.g. tetanus tOXOi[;
staphylococcus toxoid. ,

(iv) Bacterial cell component vaccine: Some bacterial vaccines do not contain Whole

bacterial cells but contain components of bacterial cells. Such vaccines induce -

response that is more specific and effective e.g. Haemophilus influenzae Type g

vaccine, Neisseria meningitidis Type A and C vaccine.

(v) Viral subunit vaccines: The influenza vaccines are prepared by treating intac
influenza virus particles from embryonated hens eggs, infected with influenza virys
with a surface acting agent. The virus particles are disrupted and release the tyyq
viral subunits, haemagglutinin and neuraminidase that are required in the vaccine,
Another example of viral subunit vaccine is hepatitis B vaccine.

X o

SE—

PREPARATION OF VACCINES (GENERAL METHOD)

(iii

Many bacterial and viral vaccines are prepared by the following methods:

The seed lot system:

The starting stage for the preparation of all microbial vaccines is the isolation of suitable
microbial strains. Microbial strains are mainly isolated from human infections and in some
cases have required elaborate laboratory manipulation and selection. Once a suitable strain
is available, a sizeable culture is prepared. It is distributed in a large number of ampoules
and then stored at ~70°C or freeze dried. This culture is called ‘seed lot'. The biological
properties of seed materials are carefully examined in the laboratory. The seed is then used
to make one or more batches of vaccine production. If it is found satisfactory, then it is
tested for efficacy and safety in clinical trials. Satisfactory results in the clinical trials validate
the seed lot and it is used for production of vaccines.

Production of bacteria and bacterial components for bacterial vaccines:

Bacteria and bacterial components needed for the manufacture of bacterial vaccines ar€

readily prepared by fermentation by using different laboratory media.

~ Fermentation: The production of a bacterial vaccine batch begins with the resuscitation
of the bacterial seed lot stored at — 70°C or freeze dried. The resuscitated bacteria are first
cultivated through one or more passages in preproduction media. Then, sufficient bacteria! |
inoculum are used to inoculate a production medium. Fermentation process is carefully

regulated and monitored for temperature, pH and oxidation - reduction potential.

Process of bacterial harvests: The harvest is a complex mixture of bacterial cells and
metabolic products. The bacterial harvesting depends on the nature of the component thé!

is required and may involve one or more of the following procedures:

1. Killing: Killing is the process in which live bacteria in the culture are killed. Heat '
formalin is required to kil the cells of Bordetella pertussis (whooping - cough

.

e

- Systems of the embryos.

104

vaccine). Phenol is Very commo

- nl .
salmonella typhi (typhoid vaccine)y s okl Vibrio cholerge
Separation: Separation s the
fermentation medium. Cent
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(cholera vaccine) and

ro i
Process by which bacterial calls ar

rifugation or € separated from the

by pH reduction) s

are discarded.
Fractionation: The process by which com
d

Detolxlficatlon.: Detoxifica!tiop is the process by which toxins are converted to
ziapr;nthis;s}a;o:?:s.c IFotrrT:ﬁIm Is used to detoxify the toxins of Corynebacterium
ostriaium tetani. Detoxification is generall i
- g y performed in the
Adsorption: The rpi.neral adjuvants or carriers are used to increase immunogenicity
and decrease toxicity e.g. aluminium hydroxide, aluminium phosphate, calcium

: phosp_hate etc. Diphtheria vaccine, tetanus vaccine and DPT vaccine are prepared as

adsorbed vaccines.

Conjugation: Conjugation is the linking of a vaccine component (poor immune
response), with a vaccine component that induces a good immune response. The
immunogenicity for infants of Hemophilus influenzae type b is greatly enhanced by
the conjugation with diphtheria and tetanus toxoids.

f viruses and viral components for viral vaccines:
replicate only in living cells, hence the first viral vaccines against smallpox and

Were made in intact mammalian hosts (calves, sheep, rabbits). Today, the only intact
ed in advanced production techniques is the developing chick embryo. Almost all
h is preferably achieved in cell cutures.

of viruses: The chick embryo is the most conve

at are needed for influenza and yellow fever vaccinEfS. B
fitre in the allantoic fluid of the eggs and yellow fever

nient host for the growth of
Influenza viruses accumulate
lates in the

t techniques are used for processing of viral

toic fluid is cen fu ed to pi ovi d partlally pUl'i ied
i g de a concentrated an f

‘1 “"uenza. V' u |tn : < nsi i ith ether or other

i ' ’ ’ h‘S Concentfated SUSpe sion IS trea.ted Wlf ' b

| .‘ h L 't' components. Cell cultures prowde in ected fluids tha

: E it the virus into 1ts =

i ines are not
eb d tion. Most viral vaccl :
gﬂ:ﬂe debri arated by filtra s / e s
i Eca‘“nse g Cam“ : : :f:m cultures consisting of live atte viru
s they are aae

: ssing of viral harvests: Differen
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> : ic yirus vacane IS macb_ vated_,. with fi alin
ﬁ—pmpiolactone and rabbvsvacane is inacﬁvated with B-ploplolactone. When processing i;
¥ pbe f -7 i f lending in
lS stoed( 0°C)untllneeded Ofb g Oaﬁ
complae, the bulk materia may « t l

s N
vaccne, 2 £ )‘f. ¥

Blending: b ] ; :
which the various components of a vaccine are mixed to forp,

Blending s the process in : i i
2 final m? 4 single component final bulk is prepared by adding bagderial suspensions o

il components eg. BCG vaccine, cholera vaccine, diphtheria vaccine_ etc. A multiple
component final bulk of 2 combined vaccine is made by adding each required componen;
¢.g. DPT vaccine. Vaccines blended without an adjuvant are called ‘plain vaccines' or fiyig
vaccines’ (in bacterial toxoids), Those vaccines blended with an adjuvant (. aluminium
hydrovide) are called “adsorbed vaccines'. Preservatives (thiomersal) are added in killeg
bacterial vaccines in multidose containers.

When viral vaccines are ‘blended, it is necessary to maintain adequate antigenicity or
infectivity. After proper mixing a final bulk may be separated into 2 number of small size
cortainers 1o facilitate handling e.g. measles vaccine, poliomyelitis vaccine, rabbies vaccine,
senalipox vaccine etc. Live attenuated viral vaccines lose potency in the suspension hence,
these yaccines are stored at low temperature or a stabilizer may be added. Live attenuated
poliomyelitis vaccine is stabilized by using magnesium chloride or sucrose.

Fifling and drying:

Bulk vaccines are dispensed into single dose ampoules or into multidose vials. Vaccines

that are filed a6 liouids are sealed and capped in the containers. Vaccines that are dispensed

 before 63l
fipe- |

~ The quality control of vaccines is intended to provide assurances of efficacy and safety.
Quatity of vaccines are checked in two ways: in-process control and final product control.
10,31 InProcess Control '

In-process quality controf is the control exercised over starting materials and inter-
mediates. Tha quality comrol of diphtheria and tefanus vaccines requires that the products
are festad for the presence of free toxins. Adequate infectivity of the virus from the tissue
iltures 16 an Indicator of the adequate virus content of the starting materials and since
infectiity s destroyed in the inactivation process. In case of tissue culture substrates, 10
avchuda contamination with infectious agents from the source animal or in the case of
frirman dighoid calls, (0 exchude sbmormal ceflular characters, Monkey kidney cell cultures are

J

¥

tasted for simian harpes B virus, simen mycoplasmas,
1oa.zmrm%;j#f“'; g
Final product quality control ity control exercised by the monographs of 2

#) containers, All vaccines are testad for identity.
d 10 pass tests prescribed for each of th
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L ation reactions. Inactivate vir.

é M responses in vaccinateq anlals

; 3

o athic effects by specific antisera, n

L o ptency assay: Vaccines containing 1

ency in which the amount of themg kﬂled Microbes or their products are tested for

vaccine that is required to protect animals form a
imals form

i o ST

fated (each) in a group of 16 mjce oQ:;:ngm serial doses of the standard vaccine are

{ i ; il asis of experi i %
vaccine : ence, a middl t

: standard that induce 2 Protective response in abou iddle do;e of test

- lected. Fourteen days later all of the mice PO out 50% of the animals are

“her 14 days, the number of mice surviv?r:e if’:‘eqed with Bordetella pertussis and after a
: g in each of the six group are counted. The

of survivors in each group are x
B ndard group are then used to calculate the potency of the test vaccine
to the standard vaccine. Same tests may be df T 2
b H fatan : : Yy De used for the estimation of the potencies
eria an Us vaccines. Vaccines containing live mi i
» tency by counts of their vi g live microorganisms are generally
O!' po : g5t eir viable cells e.g. BCG vaccine. The potency of live viral
is estimated by using substrates of living cells. Dilutions of vaccines are inoculated
tissue culture monolayers in Petri dishes and the live count of the vaccines is
from the infectivity of the dilutions and dilution factor involved. Potency of many
re also checked by physicochemical or serological technigues.
tests: Viral vaccines have some problems for safety testing as compared to
acterial vaccines. Killed bacterial vaccines must be completely free from living microbes
d i the production process. The final product must provide an assurance that all
porganisms have been killed. Incomplete virus inactivation is detected by inoculation of
ceptible tissue cultures and of susceptible animals. The cultures are examined for
hic effects and the animals for symptoms of disease.
e other tests are used for estimation of potency and safety of bacterial and viral

These tests are as follows: : ;

lity test: All vaccines must be bacteriologically and mycologically sterile. In each

h of a product the number of containers to be tested depends on the batch size

“and is the subject of pharmacopoeial regulation. Membrane filtration method is
- commonly used for sterility testing of vaccines. :

2. Free formalin testing: Inactivation of bacterial toxins (by formalin) may lead to the

e final product. The concentration of free formalin

[ lin in th .
e of free fore h is estimated by colour development with

‘may not exceed 002% whic
' lacetone.

normal toxicity testing: This test is U
nes, Five mice (approx. 20 9m) and two guinea

oculated with one human dose of 1.0 n;lll(’whichever is
| ithout sign of iliness. fte
lm“"t e iorrl;:: yiP:::;u i gused as a preservative In different types of

ol concen M A '
nes, Its concentration must not exceed 0.5% wiv

sed for detection of toxic contaminant in
pigs (approx. 300 gm) are
less) of the test preparation.
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5. Presence of aluminium and calcium: Alum.inium hydroxide, aégmm‘lur?hphmphéte
and calcium phosphate are commonly used in vaccmes a; an.adjuvant. e q“?ﬂt!ty
of aluminium must not exceed 1.25 mg/dose and is estlma.ted compltEX{metrucally
The quality of calcium must not exceed 1.3 mg/dose and is usually estimated by

flame photometry. :

[10.4 STORAGE OF IMMUNOLOGICAL PRODUCTS
Preservation of the potency of immunological products involves maintaining the
viability of living cells or preventing the denauoxxathn of prptems. Most vaccines and
immunological preparations are stored at 2 to 10 C. \{nral vaccines (e.g. srnafllpox apd oral
poliomyelitis) are more stable at or below their freezing points but bgcterlal vaccines or
antitoxins are easily deteriorated if they are allowed to freeze. This may be due tq
mechanical damage by ice crystals or the adverse effects of inorganic salts. Freeze drieq
vaccines are stable as compared with corresponding liquid forms. Freeze-dried smallpox and
yellow fever vaccines must be kept at not more than 10°C and 0°C respectively.
Immunological products must be protected from light because these products usually
accelerate decomposition in presence of light. Dilution and the choice of diluent may also
influence stability. The diagnostic preparations, undiluted old tuberculin, is stable for 8 years
but when diluted, its stability depends on the degree of dilution and the nature of diluent.
Good stock control is particularly important for biological preparations.
| 10.5 BACTERIAL VACCINES AND TOXOIDS g i

Bacterial vaccines and toxoids may be considered as representing live or killed bacterial
cells or purified bacterial components. These vaccines are prepared by using different
methods. Preparation techniques of some bacterial vaccines and toxoids are described as
follows:

Bacillus Calmette - Guerin vaccine (BCG vaccine):

It is a live bacterial vaccine bearing an attenuated bovine strain of Mycobacterium
tuberculosis, developed by Calmette and Guerin (1921) in France, The vaccine is prepared
immediately before use by reconstitution from the dried vaccine with a suitable liquid.

Preparation: The strain grown on a suitable culture media, shows not less than

- 20 million colonies (seed lot system). After suitable growth, they are separated by filtration in
the form of a cake. The cake is homogenised in a grinding flask and suspended in a sterile
liquid medium designed to preserve the antigenicity and the viability of the vaccine
(determined by plate count). The suspension is transferred into the final sterile container and
freeze - dried under conditions designed to prevent microbial contamination and finally
sealed. It is available as white pellets or powder, which when reconstituted yields an
opalescent and homogeneous suspension. :

Storage: BCG vaccine s?ould be stored in sealed light resistant glass containers at 2
tempera_ture between 2to 8°C. The reconstituted vaccine should be used immediately after
preparation.

Dose: Prophylactic, by intracutaneous injection, as a single dose, 0.1 m.

- Use: B.CG vaccine is used as an immunising agent which provides protection against
tuberculosis.

| Biotechnolo
W
svaccine (Typhoid = Paratyphoiq A, B); Vaccines and Sera

- sterile suspension of Salmonel|q
e salmonella paratyphi'C' i, addition
eparati°": TAB vaccine is 3 Mixed p

accines of Salmonella typhi, Sal

phi and Saimon,
o TAB,

olyvalent vaccine and

ella paratyphi A and B. TABC

is prepared by mixing of
mon ;
ella paratyphi A ang Salmonella paratyphi B.

ese pacterial strains are harvested it

0 million organisms/m| of
form 3,00 of Salmonellg typpi i i
toeach of Salmonella paratyphi A and B, a) thea typhl‘and 2,250 million organisms/ml of

s Tre incubated at 37°C for 4 days for
2 ral strains are mix i
mil!ion organisms of Salm_onel{a typhi and 750 million orgamsmidoiﬁhﬂ ;2(;222;2
atyphi A and B. The suspension is transferred to final sterile containers and freeze dried
check the sterility and abnormal toxicity of the vaccine. ;
storage: Store in well closed containers at a temperature between 2 to 8°C.

Dose: Prophylactic, 0.5 ml (subcutaneous), 2 to 3 injections at 2 to 4 weeks intervals.
goster doses may be given every 1 to 2 years.

Use: TAB or TABC mixed polyvalent vaccine is used in the prophylaxis of enteric
pfections. TAB is also mixed with tetanus vaccine and cholera vaccine.

Diphtheria vaccine or toxoids:

Diphtheria vaccine or toxoid is a Formol Toxoid prepared from toxins produced by
Conmebacterium diphtheriae.

Preparation: A suitable strain of Corynebacterium diphtheriae is grown on a liquid
medium (dextrose veal infusion medium) at 35°C for 7 days. After maximum toxin
poduction, the bulk of the organisms are separated on paper pulp and the filtrate is
strlized using fibrous pads or ceramic candles.

Preparation of diphtheria toxoid:

{)  Formol Toxoid (FT): In the diphtheria toxin, i thi
mixture is incubated at 37°C for 3 to 4 weeks to remove toxicity. The toxoid is

confirmed for sterility and presence of toxins. The final preparation is known as

Formol Toxoid (FT), For many years this product was used in its unpurified form. It

i tions. Different purification
i but it often caused severe reac : if
e f toxoids but it reduces its activity and

technigues are used for the purification 0 |
~ stability. i ids (100 units) and
y " itable quantity of toxoids
)" Toxin - Antitoxin Floccules (TAF): If sui tamataod
i anﬁtoxin??i!ttl)tzﬁits) are mixed they forms ﬂoccules;.I The;e vf‘llc;;;:;estzonr ear'novi o
; separated an ¢ o

antigeni ivity. These floccules are ; i [ution containing a
contgaer:;rc'na;:)tr'\zlt);loccules are again fESUSPe”ded,tm ?::gli;:s

2 id - Antitoxi :
bactericide. This product is known as Toxoid I
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then the preparations tg form d>ia Preservatiy

APT): This preparation resulted from the discoy,
€ Immediately before mixing

(i) Alum Precipitated Toxoid ( :,

that slow absorption of precipitated toxoids from the site OLﬁ“J;WEdion_ and sjgy, cine are adversely affecteq 1, "8 are mieq Th tigeni
i body led to increased antigenic activity. Hig quality For : e ph eXposure - 'N€ antigenic properties of DPT
excretion from the Y Mo esewat!\feg I phenol and SOme of tha Uatern;o the action of certain antimicrobial

VACCINES

ammonium compounds.

Toxoid is treated with charcoal to remove colouring matter and other impurities
The charcoal is separated by filtration and suitable concentration of alum is addeq.
This reacts with bicarbonate, phosphate and protein impurities in the toxoid 1,
produce a precipitate containing aluminium hydroxide and phosphate. Then thq
precipitate is washed and suspended in saline containing a bactericide. Alum jg
used to potentiate the effect of antigens (adjuvants). Alum Precipitated Toxojq
(APT) produces more antibodies than Formol Toxoid (FT) and Toxoid — Antitoxin
Floccules (TAF).

Purified Toxoid Aluminium Phosphate (PTAP): Purified Toxoid Aluminium
Phosphate (PTAP) is a pure toxoid prepared by using a semi-synthetic medium in
the preparation of the toxin. It is prepared by using different purification
techniques involving the use of magnesium hydroxide, to precipitate colour,
phosphate, ammonium sulphate, cadmium chloride and some proteins.

Tetanus vaccine or toxoid:

Tetanus vaccine or toxoid is prepared from the exotoxin of the anaerobe Clostridium
tetani. This toxoid is prepared by using veal (calves) infusion peptone medium and
maintaining anaerobic conditions (anaerobic jar). It is available in the forms of Alum
Precipitated Toxoid (APT), Purified Toxoid Aluminium Phosphate (PTAP) and other forms
except Toxoid - Antitoxin Floccules (TAF).

Pertusis vaccine or whooping cough vaccine:

Pertusis vaccine is a sterile suspension of killed Bordetella pertussis.

Preparation: The Bordetella pertussis culture is maintained on a charcoal agar medium.
Preinoculum of culture is inoculated in Cohen Wheeler liquid medium and incubated for
48 hours at 37°C on a rotary shaker. The bacteria are harvested and suspended in a saline or
other appropriate solution isotonic with blood. The bacteria are inactivat sing a suitable
chemical agent (0.1% formalin) or by heating at Sgig The suspension is stored at 2
temperature of 2 to 8°C for a period of 2 to 3 months to diminish its toxicity. The final
suspension is made using a saline or other suitable solution isotonic with blood containing 2
suitable antimicrobial preservative. The opacity is again adjusted to 40,000 million organisms
per CC. The adsorbed vaccine is prepared by addition of aluminium phosphate, aluminium
hydroxide or calcium phosphate,

DPT vaccine or Triple vaccine or Diphtheria - Tetanus - Pertussis vaccine:

DPT vaccine is prepared from Diphtheria Formol Toxoid, Tetanus Formol Toxoid and

suspension of killed Bordetella pertussis. These three components are mixed in the following

i i brane of j :
d,anoallantorc mem Of Incubated fartj| : y :
echniques of some viral vaccines are describeg :Se:o"eg\ss. or in whole animals. Preparation
tis vaccine (inacti el
Miomc)t!ie‘::md ponom(ll;:tci:'lvated‘ or s.alk-formalm vaccine):
.lna elitis virus typZ L1 ava;c;Ine 8.3 aqueous suspension of suitable strains of
‘llomy ; + & and Il grown in suitable cell cultures and inactivated by a
giitable method. ctivat
Preparation: The three types of poliomyelitis virus are grown separately in either
suspended or fixed cell cultures of monkey kidney tissue (Rhesus monkey kidney). Nerve
cells are ?v0|deq bgcause the§e cells have a short life in tissue culture and sometimes cause
an allergic reaction in the brain. After the virus suspension has been harvested it is tested to
confirm the presence of poliomyelitis virus, good virus titre and absence of viral, bacterial
and fungal contaminants. It is passed through filters to remove remaining tissue cells and
bacterial cells. The vaccine is inactivated by using formaldehyde (0.01%), under controlled
tonditions of pH and temperature with constant stirring. Inactivation is usually completed in
§ix days but the absence of active virus should be confirmed. The suspensian is refiltered
and after 9 to 12 days, the suspension is retested for absence of infective virus.
The univalent vaccines are then blended to give the trivalent product and again tested

: iﬁﬁeﬁﬁty and freedom from infective virus. '

~ Finally, formaldehyde is neutralized with sodium metabisul

| #abactericide ' * oy
7% ' . : i ine): Sabin poliomyelitis vaccine is an
.‘momyeliﬁs vaccine (Iwel’oral tct::nzaal::; :tar:?ns o)f eomyitsvirus,types L L or L
‘8Ueous suspension of suitable live, @ ; S A

x OWn in suitable cell cultures. It may con he three virus type

% or three of them.

- Mtismanufactured essentia *

| () Attenuated strains, pfepafed by r

(iv)

phite and thiomersal is added

tain any one of t

i Salk-Type vaccine except:
lly in the same way as yP e CQ!tureggf_mopkey

pid passages throug
hree subcultures from

proportions to form DPT vaccine, kidney cells are used- t more than t
Pertussis vaccine - 05CC ﬁi) The :yrus in the final vacciné must not fe:a'::i‘;‘own to be satisfactory-
S s s & a strain that laboratory 21 fnicg s
Tetanus Toxoid - 03cCC (i) There is no inactivation $t29% ‘
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iruses as well as virulent Poliomyelitic

i ulds, v
(iv) Final vaccine is free from bacteria, mO

0 p”” aly immu "Zat on I l p0| OVIIUS VBCCIIIE IS QEIIEIa 'y gwe at bl and t
| 1 rth
, O 2 ;

6, 10 and 14 weeks. Booster doses are g! AN ‘ R
vaccine is the vaccine of choice for active immunization o_f ch:l@reln.becauie it is Simple t
administer, is well accepted, induces systemic as well as intestina |5mmum y and is hlgh}ly
efficacious, Simultaneous vaccination of all infants and children upto 5 years age (pulse pofiq

programme) has eradicated the wild virus in many countries. —
[ 10.7 ANTITOXIC SERA i

Antisera or immunosera are preparations which contain antibodies. If the b!ood of an
immune person or animal is withdrawn and allowed to clot, a Ifsrgg numper of gntlbodies are
found in the serum that separates. A serum may contain antitoxic, antibacterial or antivira|
antibodies and these are known as antitoxic, antibacterial or antiviral serum respectively,
Antitoxic sera are commonly known as 2@ntiioxin5ﬁ. Antitoxic sera are more effective than
antibacterial or antiviral sera. LT
Diphtheria antitoxin:

Diphtheria antitoxin is a sterile, non-pyrogenic solution containing the specific antitoxic
antibodies obtained from the serum of healthy horses and have the power of neutralizing
the toxin formed by Corynebacterium diphtheriae.

Preparation: The method of preparation of the Diphtheria antitoxin is divided into the
following steps:

(i) Preparation of toxin: A pure culture of Corynebacterium diphtherige is grown in a
suitable culture media at 37°C for 4 to 5 days. After incubation, 0.5% phenol is
added and the culture media is filtered through bacteria proof filters. The filtrate
(crude toxin) is converted into a toxoid.

(i) Selection of horse: Horses are selected for production of Diphtheria antitoxin
because they are easy to handle and readily produce antitoxins. Considerable
quantity of blood can be withdrawn at a time without any ill effects.

‘The horses selected must be free from disease. Horses are kept in an isolated place
for 7 days and then carefully examined for infectious diseases,

(i) Active immunization of the horse: Diphtheria toxoid is given to the selected
heaithy ,horsgs for active immunization. The toxoid is injected into the muscles of
the neck by intramuscular injection. The first dose of the toxoid s usually not more

than 5 ml which is gradually increased dail
y or after 1 to 2 days for about 2 months
and as much as 600 mi s injected for the final dose. D
(iv) Separation of serum from the horse:

ceutical Biotechnology
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each about eight [itrag F
bleeding are continyegq f
satisfactory antitoxins,
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urther coyrses

or4tg g of administration of the toxoid and

tmes or till the animal stops producing
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. alongwi X
globulins and albumins, Antit IWth Other proteins, such as beta-globulins, gamma
NS are largely associated with beta-globulin

. itoxi
Concentration and ref; :
v several other proteins w;w?flTent Horse serum contains a high concentration of
M3y cause undesirable reactions, such as anaphylactic

shock or serum sickness So thes 1
s % € undesirable roteins are by fractional
precipitation or by fractiona| Proteolytic digestign method s

piphtheria antitoxin has a potency of not less than 1000 1U/ml, in the case of antitoxins
obtained from horse serum and not |ess than 500 1U/m| for antito’xins e i e e
animals. . '

storage: Diphtheria antitoxin is stored in containers protected from light at a
emperature between 2 to 8°C. It should not be allowed to freeze.

Dose: Diphtheria antitoxin is administered by subcutaneous or intramuscular injection.

for prophylactic use, the dose is not less than 1500 U and for therapeutic use, the dose is
not less than 50,000 IU.

Use: Passive immunising agent for diphtheria.
Tetanus antitoxin:

Tetanus antitoxin is a preparation containing antibodies that have the power of
specifically neutralizing the toxins formed by Clostridium tetani. It is obtained by
fractionation from the serum of horses or other mammals, that have been immunised
against Tetanus toxins.

Method of preparation, storage and dose are similar to diphtheria antitoxin.

FIVIRAL SERA ]

These are used in passive immunization against certain viruses. It acts diffe‘ren-tly as
Virises are intracellular parasites while antibodies can not penetrate the cells. Ina-ctlvatuon of
Viruses takes place in body fluids or on surfaces at which invasion.occurs. The main source of
antiviral antibodies is human serum. This is because the horse is not suscep‘tnble t[cvy.many
Viuses against which protection may be required eg. measles ":be”a' poliomyelitisiete
However, official antiviral sera (e.g. rabies antiserum) is prepared in horses.

: irabies Serum (equine rabies
i s Serum (ARS): Antirabies
i centrated and lyophilized serum from horses

mmy i is a refined, con : ru :
v POgIOb.UIm' iR iiactions of fixed rabies virus. Horses are mject'gd \_fnth_d.ead
Perimmunized by repeated inject! b D oned, are jected with lve irus

s and d level of immuni i . s
metho:’ he: : tg ?: urification used to refine the serur-n are d.eSlg.nastz: r:c:n s;espindicatEd

% sC" pro eA P + contains the antiviral antibodies. Antira .Ie G

P:gbbmm ffaCthZdtha s cure and is given simultaneously with Rabi

g ly after suspected expo

“SIMmunized individuals.
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(A) Objective Type Questions:
1 Define 'vaccines'. Classify the differe
2. What is a viral vaccine? Give names 0
3. Differentiate the following:
(a) Vaccine and toxoid
(B) Short Answer Questions: s
1. What is a mixed vaccine? Explain in short any one mixed vaccine.
2. Write notes on:
{a) Quality control of vaccines {(b) Formol toxoid
(c) Storage and stability of official vaccines
(C)Long Answer Questions:
1 Explain the general method for preparation of bacterial vaccines
2. Explain in short, the method of preparation, storage and dose of Diphtheria
Antitoxin,
(D) Multiple Choice Questions:
1. Select polyvalent vaccine
(a) DPT
(c) Polio
2. BCGvaccineisatypeof .
(a) Killed vaccine (b) Live attenuated vaccine
(c) Recombinant vaccine (d) None of the above
3. Which of the following are live viral vaccines?

nt immunological products.
f two killed or attenuated viral vaccines.

(b) Killed vaccine and attenuated vaccine

(b) MMR
(d) Diphtheria

(@) Rabies (b) Cholera
(¢) Influenza (d) Small pox
4. Which of the following vaccines is mainly administered at the birth of & child?
(a) MMR (b) BCG
(© DPT (d) DPTC
S. Killed bacterial vaccine is :
- (@) MMB (b) Small pox
(c) Rabies (d) Pertussis
6. The main limitation of an attenuated vaccine is ;
(8) Stability (b) Storage

{¢) Recombination (d) Reveral of virulence

7. Typhoid vacdi f i
ﬁz’pm ‘cme IP is a sterile suspension or a freeze dried solid prepared

(a) Staphylococcus aureus

() Ps :
(c) Mycobacterium tuberculosis ) Pseudomonss aenginass

(d) Salmonella typhi

e
i
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o Introduction ;
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Antibodies are produced in response to antigens, which are either protein or
charide molecules which-may be foreign to the body. Monoclonal antibody means
sibody produced by a cell clonelderived from a fusion of one antibody producing cell with
one mydomf cell. Such a fused cell, which was originally described as hybrid-myeloma, was
named “as hybridoma, Hybridoma technology for the productiqr’}“o_'f_,‘;gg_.t‘igggie/f qu_s,
toduced by Cesar Milstein and Georges Kolher (1975). Hybridomas are Somati i cells
hybrids produced by fusing antibody forming spleen cells with myeloma cells. The antibody
poduced by lymphocytes is homogeneous because it is all drived from the single
homogeneous clone of cells. Hence, it is called a monoclonal antibody or M-protein. These
wtibodies are conventionally obtained by hybridoma technique and recently by recombinant

DNA technology.
The advantages of monoclonal antibodies are as follows: .
1. Pure antibodies are produced from crude antigen preparations. . .
2 Antibodies produced are of single immunoglobulin class and spec_nﬁ; for single
ook 1

epitope,. - peTaen ;
l!i;fitr’:;r in-viro production is possible with a high production rate.

-4
4. Antiserum titer values obtained aré Very hng:h. A
5. High reproducibility with respect t0 specificity and avidity,
6.

Antibodies with high avidity can b produc'ed.
rescent conjugation Of en

w? in bom \r,),’.’-"«‘”‘w) X

’ zyme marking of monoclonal
7. Radiolabelling and fluo
- antibodies are easy-

i e .
£ 8. Dynamics of mutation in Nt

body forming cells can be studied.
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1.2 Hybridoma Te‘hnalo
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The limitations of monaclonal antibodies are as follows: .
1. Monoclonal antibody production is costly and a time .consummg method.
2. Monoclonal antibodies do not form a precipitate in a standard doub|e~immUno_
diffusion method.
3. Poor compliment fixation capabilities. .
The energy of binding to an antigen is strong in case of monoclonal antibodie

undesirable for the purification process (chromatography).
| 11.2 PRODUCTION OF MONOCLONAL ANTIBODY
Monoclonal antibodies are mainly produced by hybridoma technology. Details of
conventional hybridoma technology used for the production of monoclonal antibody i

described in the following steps:
* Immunization of mice with immunogen.
* Fusion of plasma cells with myeloma cells.
* Selection of hybrid cells.
* Growth and cloning of hybrid cells.
** Purification and storage of hybridoma cells.
* Human monoclonal antibody.

Immunization of mice is achieved by injecting immunogen mixed with an adjuvant
(Freund's adjuvant or aluminium salts). The antigen is given by intradermally or
subcutaneously at multiple sites repeatedly. Generally, 50 ug of antigen is administered per
mouse per injection. The choice of immunization schedule depends on the antigen and the
type of antibodies required. Serum of mice is assayed for antibody titre and desired
specificity. When concentration of antibodies is found optimum then the animal is sacrificed,
The spleen, which contains a large number of plasma cells is dissociated into single
spleenocytes by mechanical or enzymatic method. - »

The spleenocytes are fused {n-vitro with murine lymphocytic tumour cells (myeloma
cells). The fusing agent can be a defective virus (sendai virus), chemicals (e.g. polyethylene
glycol, PEG) or electrofusion. Polyethylene glycol binds to glycoproteins on surface of the
cells and through complex events, dissolves the plasma membrane resulting in mixing of the
7 brid cells. Cell fusion is performed by adding 50%
polyethylene glycol solution to the cell pellet containing both spleen cells and myeloma cells

in _equal Proportion. All cells are incubated at 37°C for 1 hr. and then plated. The resulting

Selection of hybrid cells is performed in HAT medium. This medium allows the growth of
only hybrid of lymphocyte and myeloma cells'but does not allow the growth fof [myeloma
fus;op £l O) lymphocyte. Myeloma cells are ynable to synthesize hypbxanthine gaunine

O e
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hoSPhOnbosy ~transfer35@ (HGPPT T o —— Hybridoma Technology
g extra-cellular soyree of - This eNZyme ic ., . .

ing YPOxant > Useful far » 5

pvive in HAT mediy “Aanthine Dra T, OF synthesizing nucleotide by

pot suVIV M. The ynf, FYECUTSOr. Henca unf e | ,

estie culture as they havs ¢ Ised Spleen cofle ¢, = Untused myeloma cells can
A m contain the tumogr oo e /1€ The only cope - UNZed animal eventually die

. W Celle erimsis %

e tes. These, hyp CAr €ompongny !rr/mr/ . Suniving and dividing in the HAT
IymphOCY . : + NyDrid CG”S are (a‘[nd ,» JMa cal S) and a component from spleen
Jlowed to grow in HAT meg; . 35 Rybridoma (Fic

um f0f7to 10 da 19. 11.1). The cell mixture is
Ils. Each | 2s. Most of the cells contain dead cells with a
Cluster fépresente clonai e
f =11 ClONal exp

r ] pansion of a hybridoma.
the desjred antibodies i< tha

few small clusters of viabla ¢

Screening hybridomas fq
monoc|9nal antityodies, The SUpernatant of
by Western bl.ottl‘n.g and ELISA on the prese
cells of each positive wel| frozen in liqui :
on nitrocellulose and passive binding
frequently used to screen large ny

secreting hybridoma cells are obtained, they are transferred to HAT madium in tissue culture
flasks. They are removed from the flasgs ang transferred to regular culture medium after
appropriate incubation time, Al aliquots are distributed into the well of 96-well plastic
culture plates'. The supernatant of each cyfture can be assayed for antigen specificity by
ELISA, RIA or immunofluorcent techniques. y

Single cells secreting the desired antibod
propagated into cell lines. Limiting dilution and so® agar are most widely used claning
techniques. In limiting dilution cloning, the cells in the culture are dilutad and aliquoted into
new wells, ideally to have one cell in each well. The resulting cell culture is abtained from
only one ‘mother cell' and therefore secrete only one unique antibady. In soft agar cloning,
neterogeneous mixture of hybrid cells are separated by localising, growth of single cells in
soft agar. The visible colonies (monaclonal) can be picked up from the agar with a Pasteur
pipette and then grown in 24 well plates. Yield of monacional antibady in tissue culture ﬁasks
510 to 100 pg/ml. The yield is improved by propagating cells in the peritoneal cavity of

.
~+

u
®
O

n production of
sal well are tested

and hybridoma
otting of antigens
96-well plates are
ones of antibody

the cell cy tures in each indi
nce of 3

d Nitrogen

a Q

(1]

v
tigen-specific antibos

- Non-electrophorati

on poiyst‘/'ere or pci-,-;m-f‘ chiorid

ybridomas. Once pure

!

™m o O

mbers of h

y are isolated from positive cuftures and

histocompatible mice, where monoclonal antibodies are secreted into ascitie fluid in
toncentration of 1 to-25 mg/ml. - ; ; o
Antibodies obtained from the tissue culture fluids or the ascitic fuids from mouse can
; ipitation. Purification is employed to remove
Urified by biochemical methods of salt precipitation. m
e s i i ids, endotoxins and process additives.
contaminant: ch as proteins, nucleic._acias, g .
I kL = f affinity chromatography with protein A or antiimmunoglobulin
m i ds of affini i
co;::unologlcaltme;t:::used The choice of method for puritication depepds or; 0;2: ;outrrc]ei
b dﬁgn-s c:iln Z_T'o e a'ntibOdy' Hybridoma cells are suspended LontammgB v ;r\:; b);
Sulph = s;a, ll‘Itzlure medium with serum for storage. Cells are fmze{: ?r‘aturevéf s
var%lwde : ;u nd then transferred to liquid nitrogen having ae::rv:tion AT
Hyb 'd5 e 0” . Stored for long time by this process of seyome
fdoma cells are stor:

Viability,
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spleen cells \

/ myeloma cells

Unfused myeloma cells

Unfused spleen cells

Fusion
Cells transferred to
selective (HAT) medium
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jones called hybridomas,

1 Only hybrid cells grow, forming
other cells die

L]
Hybridomas that produce
a deslred antibody are cultured
. *.A.A L A'A.A.
L A e A P o A A
Desired anti I
%/ : : produced in larggogym:unts
N
Hybri?nonms injected
mouse
Selected clones are
MR
Purified monoclonal antibodies

Fig. 2
19 1L.1: Production of monoclonal antibody
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he homoggncity af\cf Specificity of mono
oble for in-vivo administration in humans
it common method of generation of hum
m‘:i odies involves fusion of Epstein g4 Virus
n opriate fusion Partners. Lymphocytes are C
ap ete desired antibody. The major difficulty i
) and removal .of Eps.tein Barr Virus (EBV)
“cell donor, prestimulation of B-cel|s to brin
o0 fusion partner are main requirements

focr'odﬁal antibodies make them particularly

lagnostic or therapeutic purposes. The
an hybridomas secreting human monoclonal
(EBV) transformed human B-lymphocytes with
ultured with antigen in the presence of EBV to
N this method is to cause cancer (presence of
PNA is difficult and expensive. Vaccination of
9 1n appropriate growth phase and generation
for generation of human hybridoma. Human

11,21 Large Scale Production of Monoclonal Antibodies
commercially monoclonal antibodies are

sl produced by mouse ascitic fluid (in-vivo) and
fssue culture method (in-vitro). ., . .} .. : 7 l, r’c' el ; oy u

Mouse ascitic flufd: In Fhis’ method, hybridoma cells are injected into the peritoreal
ity of histocompatible mice. The peritoneal cavity of the mouse constitutes an ideal
nedium for the growth of hybridoma. The mice are pretreated by injection of pristane to
itate the peritoneal cavity and to establish a conditioned environment that facilitates the
growth of ascitic tumor. The fluid can produce high concentration of secreted monoclonal
antibodies in the range of 7 to 10 mag/ml. The main disadvantage of this production method
s the animal suffer during the production and must be killed. The method is not reliable,
costly and product may be contaminated with normal mouse antibodies and proteins.

Tissue culture method: The alternative method to produce monoclonal antibodies is by
cell culture followed by purification of the secreted antibodies from the culture medium.
Tissue culture scaling can be done by preparing many flasks of the antibody secreting clone.
The culture volume can be increased by using spinner cultures or tissue culture trays. In case
ofhuman hybridoma usually tissue culture methods are used for scaling up.

11.2.2 Characterization and Quality Control of Monoclonal Antibodies

Analysis of potential monoclonal antibody producing hybridoma in terms of reactivity,
specificity and cross reactivity can be performed using culture supernatant or a purified
immunoglobulin preparation. Genetic stability of the cells lines may be determined by
Monitoring its properties during serial passage of the cells through culture. The properties
f"dUdes size, shape and number of the chromosome, biochemical properties of the
Munoglobin product and various growth and metabolic characteristics. The physical and

#mical stability of the antibody can be determine during different conditions' of storage
1d se. It s also characterized to define its affinity for antigen, irr)murToglobu!ln subclass,

Epitopes for which it is specific and the effective number gf plndlng site that it possesses

ELisa, Westeron blot and immuno-fluorescence. Characteristics of monoclonal antibodies

e fompared with polyclonal antibodies in several aspects. (Table 11.1)
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stability, identity @" jonal antibodies S P iy
final product of monoc dies with olyclonal antibog;
v and safety: jonal antib® - Ies
apyrogenicity 31" Comparisons © g polyclonal antibodies
Je 11.1: CO! — . ‘
Table Monoclof“" igenc Speaﬁ‘aty for all the detefm,nants 5
T ntigen.
Specificity for °f ana ~
determinant. ale molecular Composed of P°|yvalentantlb0d,e5_ \
2 Composed of puré sing e
; : / roducible for specificj
species. pility with respect J:, Less rep pecificity g,
| 3 |High reproducbilty Kzp )k by avidity. i ; |
o o specificity and 'a\{_lg_lty.g 5‘1-‘-]-5—”(9 Pt I Antibody reactlylty and titre is |oy,
:v 7 a | Antibody reactivity et lnfg'r.%s (in-vitro) prepared by using horses and hup,
WA s, Przp:refi b)(';‘jf“,’; Oy (in-Vivo) e
' and Ascites (i1~ mplement fixation ;
‘ : ot | Better comp and ea
z ook Fomplement ﬁxatn;);da nddizt;e- participates in standard doubjlk
pan|c1pa:j§:fu s;:m azt:a; immunodiffusion assay.
immuno al . y . : ]
7. Low cross-reactions are observed with POlytd?/vniiL (a)?f:fro:r:f; eari easily cross
monoclonal antibodies. reacts : x
;ﬁisﬁmmmmmuﬁ;=qunmml;pnm. B e
Monoclonal antibodies have a remarkable range of applications in diagnostics
therapeutics, investigations and drug targeting (Table 11.2). Sonic
Table 11.2: Applications of monoclonal antibodies
Sr. No. Main application Examples
A chy Diagnosis
(a) Diagnostic reagents | Infectious diseases, pregnancy, tumours, HLA
5 typing, diabetes.
} : (b) Diagnosticimaging | Cardiovascular diseases, cell surface markers,
» detection of circulating antigens, cancer and
g y hormones.
2. Therapeutics A_utoimmune disease, cancer, cardiovascular
& dlsgases, bone marrow and organ transplant
i toxin-drug conjugate, antidotes, enzymes and
> 3 Investigations and A ‘
; an .
Analytical Rad“"m"!unoassay, ELISA, lymphocy®®
ph?”“Y_P'"g. autoantibody, finger printing:
4. Drug targeting z:?f,f,m" of proteins. !

3 body enzyme conjugates, immunotoxins site |
| L 5. Miscellaneous A%t:cvﬁc rzodnﬂcation. |
; oantibody finger printi .« monocloné

antibodies ger printing, catalytic mo

I —
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p,,gnostlc applications; sipaia

a nostic reagents; M ;
piag onoclonal antibody based diaq sed for
as agnostic reagents are U

; regnancy, diagnosing i .
ting P 9 infectioye : , )
eteC i » Organisms like bacte tozoa, Viruses,
t eutic 2 bacteria, protozZose,
onitoring therap drug levels, matching histocompatit v s
or cells. All these test kits , stocompatibility antigens, detecting diabe
.. . o @Inp oy strips = te
! noc'O“al antibodies. strips of paper impregnated with appropria
me - \
(b) piagnostic imaging: Radiolabel|ed
ic imaging by usin
ostvc.l"r_n QSig Iey ; t9 plahnf:r gamma camera (immuno-scintiography). Recently,
tilizing single photon emission compuyted tomography (SPECT) has been used for
“"I. lilL '.l'.ln ar‘.d ngTC.

monoclonal antibodies are employed in
diag"
amera u Y

. dimensional evaluations. Radioisotopes used in imaging are "I

arious imaging aPP'.'CaFiOHS of monoclonal antibodies are diagnosis of cardiovascular
giseases like rn.yocarc?lal infarction and deep-vein thrombosis, sites of bacterial infections,
sean”Y transmitted diseases and cancers,

1n myocardial infarction, antimyosin MAb conjugated with chelator diethyl triamino penta
acetic acid (DTPA), labelled with approximately 2 mCi of **!In chloride. After incubation for
sbout one minutes, the *"!In-labelled MAb is injected intravenously. Imaging is performed
Jfter 24 to 48 hours using a planner gamma camera or SPECT. Indium antimyosin is able to
detect the location and extent of necrotic heart tissue. Deep vein thrombosis (DVT) is an ideal
disease for imaging applications and in it labelled monoclonal antibodies are directed
against platelets or fibrin. This technique is useful during the acute phase of thrombogenesis
and In-labelled Fab-DTPA is employed with imaging after 4 hours of injection.

Monoclonal antibodies have important applications in cell surface diagnosis. Anti-ABO,
anti-rare blood groups and anti-HLA monoclonal antibodies are produced by immunizing
mouse with corresponding antigen and are practically useful in blood group detection. The
human major histocompatability complex, MHC (HLA antigen) is involved in important
immunological processes, e.g. graft rejection, graft-versus-host reactions (GVH), cytotoxic
reactions, cellular co-operation etc. The human leukacytes in the immunlogical processes are
being detected using the antisera obtained from multiparous women. The process is called

HLA tissue typing. Specific monoclonal antibodies against different cell surface antigenic
y of different cells, e.g. rheumatoid arthritis, multiple

Changes in the cell surfaces can be
odies and hence used in the study of

determinants are employed in the stud
sclerosis, systemic lupus erythroematosus (SLE) etc.
potentially monitored with the help of monoclonal antib
ell-cell interactions.

Monoclonal antibodies can also be used in the detection of tumours which shed tumour

specific antigens into the blood. Primary or metastatic tumours can be detected by
fadio-labelled monoclonal antibody specific to tumaur associated membrane proteins
£9. breast cancer cells labelled with 131] Monoclonal antibody to breast cancer cel!s labelled
Yith the metal gadolinium (Gd) can be detected by magnetic resonance imaging (MRI).
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rowth factor receptor, tumour aisocntibodies A € antiggy,
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used in monodor i for cancer. Levy and co-workers successfed
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ic agents o
unotherapeut ,g\/——-—h—“anu-ldIOtype monoclonal antibod&

R t
st~ fymphomas WI e
{fs CT" b);e: used to prepare tumour= specific immunotoyjn o
a Sfoa toxin linked to 2n antibody against a specific tum ours it

ormones are produced 0 study hormones angq th

3 jonal antibodies are prepared against difs
pathophysiological ro|e .m t:emzdrh:g:z gonadotropin (hCG), human growth h°fmon
hormones such as msullr\, u LA, oid stimulating hormone (TSH) etc. Eleyar 3
(hGH), progesterone, renin, gastrin, huma y i 3 ; € atugn
; . nic qonadotropin (hCG) hormone is detected in Pregnanc
in the levels of the human chorionic g iy T = bloodin th INancy
testing kits. This hormone mainly occurs In ‘th‘e female'unqe e Sasal ‘}’ Phase.
of pregnancy. Urine from the female containing hCFi is mixed with anti-hCG antibodies, 1p,,
miture is mixed with latex microspheres coated with hCG. If sample contains hCG, it bine
with anti-hCG antibodies and it prevent binding of anti-hCG antibodies with |y,
microspheres. There is no agglutination that indicates the positive test. In NON-pregnant
women urine, absence of hCG results into agglutination (negative test). Pregnant womey
bearing baby with some genetic defects is detected by various biotechnological techniques
employing monoclonal antibodies (RFLP, probing, DNA analysis, ELISA etc.). Monoclong|
antibody based latex-agglutination inhibition tests are employed in rapid detection of drugs
in urine. Detection of drugs like cocaine, morphine, barbiturates, methadone, amphetamine
etc. is possible by using monoclonal antibodies.

2. Therapeutic applications:

- Monoclonal antibodies or its conjugates are employed to bind an antigen to neutralize

e bi°'°9i5.3' effects or block the activity of growth factor receptor. Radioisotope

m;neun&con;ugates are'used to deliver cytotoxic doses of radioactivity to target cells. 1,

Abrin, ricin, gelonin diphtheriaeto gy of potent toxin and drugs to target cells
ity : xin, pokeweed antiviral protein etc. are used as toxins. The

therapeutic agents conjugated with i <
monoclonal antibodies ar il, doxorubici
methotrexate, melphanan, vinca alkaloids etc. U e

such as carcinoe

Tumour markers hatase etc) an

gonadotropin. prostatic 2

U(\,

experimentally as imnf
treated a patient Wit
Monoclonal antibodies have
consists of the inhibitor chain O

Monoclonal antibodies against h ‘
erem

antibiotic therapy of bacteri i
2.3nd sepsis HA-1A is the first human monoclonal antibod®

e —

tbat react to cellular components. The autoan
#amined for crime detection. This technique is known as
ﬂPS’acks Some of the monoclonal antibodies, which are curr
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for clinical studies. MO”0C|Ona| anti Hybridoma Technology i
o .o & 1D0di |

used identification, detection, dies against microorganisms are used in the

oid arithritis and multiple scle

gen.etic variation and
; o ;v:;tugation to be
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eumvesfi gational and analytical applithciz:j;?‘Jascu'a

| MonOClonaI antibodies for membran :

eparation of lymphocytes from ce

3 vated cell sorter (FACS). It is sq u

gained 9Ny Purifed sample of e

rave the potential to supplement cony
4. Drug targeting:

In t.his technlgue, drUgs.are Coupled to an antibody to get 2 hybrid molecule with

(ficity of the lmmunolo'glcal ligand as well as retaining the therapeutic activity of the
dug. A novel method used in targeting antitumour enzymes at tumour site with conjugating
their non-toxic pro-drug with monoclonal antibodies, This technque is called Antibody-
pirected Enzyme Pro-Drug Therapy (ADEPT). The enzymes to be targeted are chosen for their
a0ility to convert non-toxic pro-drug precursors into active form. The enzymes studied by
ihis technigue includes alkaline phosphatase, carboxypeptidase, glucoronidase, lactamase,
nitroreductase, cytosine deaminase etc. In targeted immunotherapy (suppresser deletion
therapy), it utilizes monoclonal antibody conjugated with hematoprophyrin by using
carbodiimide to detect T-suppressor cells. The method is employed in immuno-modulation
when tumour bearing animal rejects their own tissues. Microscopic spherical vesicles
(iposomes) consisted of phospholipid have recently been reported as 2 new immunclogical
technique. Liposomes based diagnostic kits are used for a group of streptococci and
fespiratory syncytial virus.
5. Miscellaneous applications:

Catalytic monoclonal antibodies (Abzymes) are antibodies with highly specific enzymatic
activity towards substrate. Hapten, structurally resembling the transition state of substrate
Undergoing enzymatic activity is complexed with carrier to render it antigenic. Lerner studied
ﬁ)e development of immunoglobulin-gene libraries to produce antibodies and screened for

Gtalytic activity. Abzymes can be employed to cut peptides at specific amino acid residues.
Anelclass of autoantibodies has been identified in blood, saliva, perspiration etc. in normal
fimans, The patients suffering from rheumatic diseases are found to have autoantibodies
‘ tibodies are collected from blood or saliva and
utoantibody fingerprinting using
ently in clinical trial are given in

classification of microbes.
used in autoimmune diseases like
r diseases, cancer and as antidotes.

E.? Proteins are used in identification, characterisation
! population by using techniques like fluorescence
sed for purification of proteins. Secher and Burke
rff-"fon from white blood cells. Monocional antibodies
€ntional antibodies in a series of immunoassays.

i
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(A) Objective Type Questions:
1. Define ‘Monoclonal antibodies'. gl 0
2. Write advantages and disadvantages of monoclonal antibodies.

(B) Short Answer Questions:
lications of monoclonal antibodies:

1. Write short about following app
(a) Therapeutic use
{b) Diagnostic imaging
2. Differentiate between monoclonal antibodies and polyclonal antibodies.
(C) Long Answer Questions:
1. Explain in detail about production and purification of monoclonal antibodies by

hybridoma technology.
2. Write the applications of monoclonal antibodies.

(D) Multiple Choice Questions:
1. Most potent antigenic substanceis .
(a) Monqsaccharides (b) Disaccharides
(c) Frotem (d) Lipid
2. Hybridoma cell technology is widely used for producing
(a8) Organ culture (b) Tissue culture :

3 2 Rec;:;r;’;;zﬁ“fes (@ Monoclonal antibodies
antibody, or selection of hybrid cells in production of monoclonal
(@ PEG
© FIM (b) HGPRT
(d) HAT
L

Cﬁﬂ]grer 1 2

UNO
}M-M BLOTTING TECHNIQUES
¢ LEARNING OBJECTIVES -

leting this chapter, , ;
After comp ) PLer, reader should fe affy 4, tnderstand

ntroduction
Blotting techniques

o Southern Blotting

o Northern Blotting

o Western Blotting

Elisa : Enzyme Linked Tmmunosorbent Assay

e
[INTRODUCTION : |
Blotting techniques are applied in the isolation and guantification of specific nucleic acid
sequences and in the study of the orga—nigation, intracellular focaiiza:i:;n. expression and
,ngEtion. These techniques describe the immobilization of sample nucleic acids on a nylon
or nitrocellulose membranes. The blotted nucleic acids are then used as targets in
absequent hybridization experiments. DNA, RNA and proteins are easily separated by

botting method. The main blotting procedures are:

» Southern blotting

» Northern blotting

»  Western blotting or protein blotting
» Dot and slot blotting.

Enzyme immunoassay includes all assay
antigen, hapten or antibody. Enzyme immunoassys are classified into two types:
flomogenous and heterogenous. Homogenous enzyme immunoassays can be used only for
assay of drugs and not for mlcrobial antigens and antibodies. In this assay, there is no need
0 separate the bound and free fractions so that the test can be completed in one step with
il reagents added simultaneously. Enzyme multiplied immuqoassay technique (EMIT) is an
“ample of b@fn_&jeno—thenzyme immunoassay. This is a‘srmple assay method used for
tetection of cocaine, opiates, barbiturates or amphetamine in serum. ﬁgtggg@_@}i fznz)t/fne
immunoassay requires the separation of the free and bound fractions T::tzrp :rf;’;zlu rsa VJ,C:;

by absorption on solid surfaces and washing. It is therefore, a mu : |
Eagents adpded sequentially. The major type of heterogenous enzyme immunoassay IS
A).

f12yme Linked Immunosorbent Assay (ELIS
] (12.1)

< based on the measurement of enzyme labelled &>

J
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[12.2 BLOTTING TECHN!

Blotting techniques are wid
desired DNA or RNA fragments. :
nucleic acids on solid support. The bl?nedetection.
hybridization experiments for their specific

cal tools for the specific identifica

Iyti
ely used ana ; R o,
Y o the process of immobilizatiq, of g,

: t
Blotting refers 0 = ¢ an
nucleic acids are then used as targets X Ple

[

rm“eutlcal Biotechnolo
ha

12.2.1 Southern Blotting

The original method of blotting W bt
locations of genes and other DNA sequef\ B D oraining 0
electrophoresis. In Southern blotting technigue, @ Samp agment,

different sizes are subjected to electrophoresis using eithfer .polyacrylam|de Of agarose gq
DNA molecule is cut into small fragments by restncﬂov enzyme and passeq thrgy
agarose gel by electrophoresis method. It results into separation of DNA molecules baseq o
their size, The DNA is then denatured into single strands by exposing the ge| to alkaline
solution. Gel is added on the top of the buffer saturated filter paper. It is Covered iy,
nitrocellulose fiter overlayed with dry filter paper (Fig. 12.1). The buffer moves fron, the
bottom of filter paper by the capillary action and DNA is trapped in the Nitrocellyloge
membrane. This process is known as blotting. The nitrocellulose membrane is remoyeq from
the blotting stack and DNA is permanently immobilized on the membrane by baking at 80°
or ultraviolet induced cross-linking. -

as developed by E. M. Southern (1975) tq ideng
n restriction fragments Separateq b &

a

Single-stranded DNA has a high affinity for nitrocellular filter membrane. Hence, the
membrane is treated with a solution containing 0.2% each of Ficoll, polyvinylpyrrolidone ang
bovine serum albumin. This treatment prevents non-specific binding of the radioactiye
probe. The membrane is placed in a solution of labelled RNA, single-stranded DNA o
ofigodeoxynucleotide (probe). These labelled nucleic acid is used to detect and locate the
complementary sequence, it is called probe. The probe containing the sequence of interest is
hybridized or annealed with the immbolized DNA on the membrane. After the hybridization
reaction, the membrane is washed to remove the unbound probes. The washed membraneis
exposed to X-ray film that detects the presence of the radioactivity in the bound probe. The

film is developed to reveal bands indicating positions in the gel of the DNA fragments that
are complementary to the radioactive probe. 7 —

Immunoblottin Techniques

Reslricnoﬂ [ \-\ - Long DNA
m / \) fragment
?m, easa | | ~ \\ %
N\ ) electrophcress
Genomic DNA > LONCre
DNA fraqments gel
Short DNA
fragment
(+)
Alkali
treatment
Dry fiter paper sheets -
Nitrocellulose fiter =
e W Gel with denatured DA =
=== = Buffer =
l\ Filter Paper soaked T
in buffer -
Transfer of DNA from gel to ]
nitrocellulose filter membrane Single-stranded
DNA fragments
Nitrocellulose
filter removed and
baked in vacuo
Hybridization with Autoradiography
single stranded X-ray film
radioactive probe
and washing
Filter Photographic film
Nitrocellulose
filter

Fig. 12.1: Procedure of Southern blotting technique

12.2.2 Northern Blotting

Alwine et al (1979) devised a technique in which RNA bands are blot transferred from

the gel onto chemically reactive paper. An aminobenzyloxymethyl cellulose paper prepared
ftom Whatman paper 540 after a series of simple rgag
the reactive paper. It becomes available for hyt?l’ldlzah
The hybridized bands are found out by auto.radlogrta;:my.lN
Southern method and hence, it has given the jargon te

ions. It is diazotised and rendered into
tion with radio-labelled DNA probes.
Alwine's method extends that of
orthern blotting‘.

J

o
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nd that mRNA
e condition an
d with §-1 nucleas
£ mRNA is reve
que, preparation 0
ful in studies
anscribed in a

pands can also be blottgd directly on Nitroce
d it can bé hybridized wuth a labeled DA %
¢ with RNAase which digests the single e
aled to the extent to which mRNA Brate
f reactive paper is not required.

”U,OSn
r RNA
a”ded
Cts lh(l

Thomas (1980) fol
paper under appropriat
probe. Hybrids are treate
RNA/DNA probe. Structure oFF
nucleic acid probe. In this techni

Northern blotting are mainly usle
determine whether a particular gene is tr
certain tissues.

12.2.3 Western Blotting i s :
Towbin et al (1979) developed the western blotting or protein blotting or electroblotyj,

: transformed cell. Polyacrylam;
' the newly encoded protein by a tra ‘ s
e : nd characterization of proteins. gel

electrophoresis is used for the separation a 5 ; :
Proteins are extracted from transformed cells and separa.ted y using sodium dodegy|
sulphate polyacrylamide gel electrophoresis (SDS = PAGE). Sodium (?oc?eq_/l .Sulphate acts as 5
After electrophoresis, individual protejns e

denaturant for proteins during electrophoresis. :
detected by using specific antibodies and polypeptides can ‘also be transferred tg ,
ns from gels to nitrocellulose membranes i

nitrocellulose membrane. The transfer of protei )

called western blotting. It is performed by using an electric current, hence, it is calleq
electroblotting method (Fig. 12.2). Electric field is applied to cause the migration of proteins
from the gel to nitrocellulose filter paper. Nitrocellulose membrane is used for probing with 3

specific labelled antibody. The antibody is labelled with 1% and the signal is detected again

of gene expression. It is alsg Useq
[| tissues of an microorganism ¢, A
nly

with autoradiography.
(+) Anode

Whatman filter

Coarse filter

Whatman filter

Nitrocellulose membrane

Electrophoresed gel

.................... Whatman ﬁ'ter

e e e e e Coarse filter
——Whatman filter

() Cathode
: Fig. 12.2: El.

) , 2y is logical method for detecting a4
measurng antgens and antbocles. It i tased on the same princile a5 13
antibody is conju;la.ted fomam difference is that for enzyme immunoassays, the antiger °
datocTod by dts- el t,@l?ﬂ{xmg rather than a radioactive isotope. The enzyme s el

ty to convtfft a colourless substance into a coloured one. ENZY 0t

m‘.“utlcal a'°‘°"‘L°'291
] —125

~——___Immunoblotting Techniques

n0assays have become
i he gimple instrument re,
observations:
" Antigens and antibodiae ..
0 phase support and ma:ﬁga(ﬁd?n.artaﬁr,
(i Antigens and_antibodies can fmuno
are fully functional botp ld )
There are two important methods ofn
y Double-antibody-sandwich me
2. Indirect ELISA method: Detecy;

ven
y D\'qul,]r in view

quimm,,m,) The of

the
M€ OF ELISA (Fig. 12.3) is based on the

i

ane
fo”owmg

to polys

log ystyrene plastic plates or other solid-
o booodical capabijifies
2 Donded tg erpyrmoe

0|0g|ra|g‘J-q enzymes and the resulting complexes
2 ~aily as well as enzymatically

ENZyme I{‘nmu,”_ja:;;’/_ cally.

thod: Detectis

on and measurement of +
s easurement of antigen.
N and measurement of antibody g

10

B

N\en-
« U—(O’\\ - it
f\\?\aﬁ : Yiexo “G?(
\ipe Ly ?\,0'6:
«1&)\ \P | {
L"n\;\w Imcv-,c‘c\\v'*u:\/ ‘
G Antibody coated wel| t el fjuy

g@ﬁg‘”\”""’?\* > 1

Sﬂmn\a\\‘(\(d’
>

%«PS‘O

Add specific

Add Antigen

\w\-!f)* antibocy
E’“WMD Wash IWasn E.ﬂ\j‘qe) \A\DQ_\,_A/

LT e A
N |
|

e
ma - conjuga Add enzyme - conjugated
Ad:::oznydary anUtJ:otgiymd socmd&vlan? 5ubb\‘- K

()
A substrate (s) and

¢ gasure colour
A e mEE
tibody - sandwich method (b)
1Dt Fig. 12.3: ELISA ;
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: : ique, the wells or depre 3
Pharmaceutical Biotechnol i od: I tgls tﬁfjh?;\cel sample containing arsliimns in
§ - dwic $ a 2 en
1. Double-antibody ts?:ated ith an ag;bb:d‘yantibody' The well is washed ang is

rene plate are firs e ith the
shgr?l);sd?;ed arfd allowed tqffezd
second enzyme linked speat ‘lCen—am 4
antibody (with enzyme) - antid L e
for reaction with the enzyme.

and allowed to react. This resy|ts intze
dwich. Finallys the enzyme substr.ate is ag en

san e action s directly proportional to

en

: rtional to the amount
d that is propo unt of %
ibody presert 25 a colour change which
quantity of enzyme-lat;eg;i znanct:ivi t); e be folowe d by o
antigen (Fig. 12.3 (a)). En

m This m 3
: is method has been used to ¢
measured by a colour eter. This mé Say of
i i a

inspected visually or me

t ; : illustrated by outlinin- .
hepatitis B-antigen. ; inciple of this test can !?e '.I . g it
. Indirect ELISA me;h;‘f{_Lfﬁ_‘fnan:dpami-w—z aqpbories. at:zszis';”its . Th
application for detection c',crotitfe Blate are coated with aﬂtlgin.mmo S b‘-fd a
wells of the .pOIYStyren: r;:' antibodies in the antiserum are Ob i dganti’hum); OInd to
allowed to incubate. If the Il is then washed and enzyme - labelle N antibodjg
immobilized antigen. The Wer B T8l o o antibody-antigen complexes (Fig. 123 (5

ich lin ; R 3
are added to the system which f its degradation (hydrolysis) is associater
i is added. The rate OF its C L !

F'Q;"i—: i:?oi?zz?:n;zb:rr:;r‘tsi:nal to the concentration of antibody present in the test
Wi

; i isually or by a colourimeter.
samgliles.;hlss goslionlirlceh22%evzar:al:§en1tggil1tr?irc1e:;'!SSUSK kits );re commercially available for the
detection 'of anti-ElN, hepatitis B surface antigen and rotavirus. EL}F{A k.'t;l have also .been
developed for detecting hepatitis - A - virus (from stools), Haemophi usl influenzae antigens
(from spinal fluid), Toxoplasma antigens (from serum), Entamoeba histolytica antigens (from

faeces), Escherichia coli enterotoxin (fr Is) et
QUESTIONS

ntibody 15 8

e

(A) Objective Type Questions:
1. What is blotting? Explain.
2. List different blotting techniques with their applications.
(B) Short Answer Questions:
o 1. Explain the principle of ELISA.
2. Write the applications of ELISA test.
(C) Long Answer Questions:
1. Explain in detail principle and applications of Southern blotting.
2. Write the technique and importance of western blotting.
(D) Multiple Choice Questions:
1. ELISA test is used for detection of
(@) Hepatitis B-antigen

b N
() Antigen-HIV (b) Rotavirus

- (d) All of the above -
N 2. Southern blotting techniaue ; ve
&) oA g technique is o:ommon:)l;)us'e;:\I onr the specific identification of ___
(c) Protein
3. Western blottin . _(d) DNAandRNA
(a) DNA 8 method s used for identification of {
(© Protein (&) RNA

(@) DNA and RNA J
| ]

—

¢ LEARN'NG OBJE
; ! CTI
ﬂﬁcrtmﬂP[c"”ﬂ this cliapter, reader sfiouff e able to um{mm”;’ES +

[ntroduction

o OMicrobial Genetics and Genom

o Genetic Omganization of Prokaryotes
° 'gmcn'c Organization of Eukaryotes

=

3.1 INTRODUCTION =

Many biologists have accepted the system proposed by Robert H. Whittaker (1969) for
e classification of living organisms, He Proposed that all living beings can be classified
ynder five kingdoms based on the nutrition and absorption of food materials. The
p,okaryotic »organisms are included under the kingdom monera (lower protista). These
organisms do not have the ingestive mode of nutrition. The unicellular eukaryotic
microorganisms are placed in kingdom protista (higher protista). In microalgae it is
photosynthetic, in protozoa it is ingestive and some other protista it is absorptive. Whittaker
explained that some organisms assimilate carbon dioxide by means of photosynthesis while
some obtaining through nutrients absorbed from other organisms and some obtaining
organic nutrients by way of ingestion. He classified plants, fungi and animals iq three
separate kingdoms based on the mode of nutrition. In the scheme of Whittaker,
microorganisms are accommodated in three of the five kingdoms.
This system places all living things (except viruses) into five kingdon_\s bgsed on cellular
organisation and nutritional patterns; the Monera, Protista, Fungu,.Ammaha and 'Plaptae.
Kingdom Monera includes all unicellular prolgaryotes (e.g. bacﬁ:tena,rh.cyanobactena) and
fingdom Protista includes unicellular eukaryotic cell (e.g. mlCI’R&lgBe, Erqtozoa). Th_e
multicellular and multinucleate eukaryotic organisms are flo.und in Fhe Kungdom-fgigl.
fingdom Plantae and Kingdom Anima;lia which mainly utilize nutrients by absorption,
ot i i tion, respectively. i :
4 v;iﬁnizzs;ztizgti:gz; of elec:)rdn microscopy, it was made po§5|ble to qbserve mtern:al
tell structures, It was discovered (1940) that in some cells (e.g. typical bacte.na), the genetic
Material was not enclosed by a nuclear membrane. ln‘ other cgl!s.(algafe, hfungl, protc?zoa),‘the
Mcleus was enclosed in a membrane. This resulted ln‘the division of these organisms into
i karyotic (absence of nuclear membrane)

Proka . Bacteria are prokary« o]

JaOlEs and Eukanyofes iant and animal cells are eukaryotic (presence of nuclear
misr’ObES' filioiglgas plotozes R tes and eukaryotes s given in Table 13.1,
Tembrane) (Fig. 13.1). A comparison of prokaryo

(13.1)

J

d

Scanned with CamScanner



—

S g
-’7/{‘(., .‘,‘ v L

g

Eukaryotes and p
rok,
\'%

Cell Wall
End(\plaq"
Sm
reticulum g
Cell
memh,M°
Golgi CO"WO(
. Nucieay
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Cyiop!as;n

Lysosome
Vacuole

Mitochondrion

{a) Prokaryotic cell (b) Eucaryotic cell

Fig. 13.1: Prokaryotic and gukaryotic cell structures

The genome is the ultimate source of information about an organism. The worg
‘genome’ coined by German botanist Hans Winkler (1920), was derived simply by combining
‘gene’ and ‘chromosome’. Genome is all the DNA contained in an organism or a cell, which
includes the chromosomes plus the DNA in mi;p;hongfia and DNA in the \chlgrqplasts (plant
cells). The first complete genome of bacterium Haemophilus influenzae was sequenced in
1995 and Escherichia coli in 1997. The first eukaryotic genome of Saccharomyes cerevisiase
was sequenced in 1996, Prokaryotic genomes generally contain are large circular piece of
DNA (chromosome) and eukaryotic DNA is divided between two are more chromosomes.
The genome of E coli contains 4 x 10° base pairs and genome of yeast cells contains
135 x 10’ base pairs. The size of bacterial chromosomes ranges from 0.6-10 Mbp and
eukaryotic chromosomes range from 2.9-4,000 Mbp.

Table 13.1: Comparison of Prokaryotes and Eukaryotes

Character Prokaryotes Eukaryotes
1. Nucleus:

Nuclear membrane Absent Pr t

e
Nucleolus Absent Pre:::t
Chromosome One (ci
reular) i
Mitotic division Absent T e
Deoxyribonucleoprotein Absent i
fal < Present

contd. -

_

phar=—"
ﬁy(oplasm:

Cytoplasmic streaming
pinocytosis
Mitochondria
Lysosomes

Golgi apparatus
gndoplasmic reticulum
Chloroplasts
Membrane - bound
(true) vacuoles

Ribosomes

Gas vacuoles
Mesosomes

3, Outer cell structures:
Cytoplasmic membranes
Cell wall
Locomotor organelles

Pseudopodia
4. Examples:

aceutical Biotechnology

e _______Eukaryotes and Prokaryotes

f‘i’)".»;’ t
Present
;l()’.‘,?rlt
Present
Absent
Present
| Absent i
Presant
Absent .
Present
Absent :
Present
Absent
i day be present
Absent 4

705, distributed in the 80S arrayed one membranes

Cytoplasm as in endoplasmic reticulum,

|

'1 70S in mitochondria and

| chioroplasts

|
Absent

| Can be present :: 1
Absent -

Present |

Generally sterols absent Sterols present
Peptidoglycan present Peptidoglycan absent

Multifibiniled with 'g + 2/

Simple fibrl
microtubules.
Absent Present in some.

Fungi, protozoa, aigae,
plants, animals.

Bacteria, rickettsiae,
chlamydiae, actinomycetes.

L GENETICS AND GENOME

Genome is the total genetic mat
categories as prokaryotes and eukary
membrane enclosed organelles. Hen
(cytoplasm). Prokaryotes have d
Prokaryotes often also have smqll
Called plasmids and can replicate
specialized membrane enclosed 09
contains multiple linear molecules
thromosomes, In eukaryote cgtl.
Therefore, genome of eukaryote I

erial of an organism. Living organisms classified into two
otés. Prokaryotes are single celled organisms without
ce, genetic material is present thmughout the cgll
ded DNA molecules clustered into nucleoid.
NA with only a small amount of genes
chromosomal DNA. Eukaryotes have a
anelle that contains the DNA (n.ucleu_S). Each ntfdeus
of double stranded DNA. organized into 23 pairs of

mitochondria, chloroplasts contain their own DNA.

! Zop ‘« material contained within the cell.
dicates entire geneticm |

—
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NA (haploid conte
me sizé 0
ciated with §

The total amount of D
is characteristic for a species. Geno
DNA of eukaryotes is tightly 8ss0 s
whereas in the prokaryotes the DNA is

gtly free of such
sizes of different organisms

' Eukaryotes anqd Pro
Oka
134 '\'Y%!
Pharmaceutical Biotechnol o) in @ genome is called C-value ang this

f some 019 :
pecific proteins to form nucleg

. 1 A/
anisms are given in Table 13, ﬂl:m
= 1he
: prot@in.
structural proteins, 5

13.2: Genome [ e
— Genome size (in base pairs) | Gene numpg, |
Organism 32x10° 4 |
Hepatitis B virus 195 10¢ =
Vaccinia Virus i q 80
4 485 x 10
Bacteriophage e i 2400
Escherichia coll ¥
i 1215 x 10° 6300
Saccharomyces cerevisiae : t T
Drosophila 165x 1:) i
Mammals 3x10 5 ,000
Mustard plant 1.25x 10 25,500
6
Plasmodium falciparum 30x 10 5,200
8
Homo sapiens (human) 32x10 22,000

.“uﬂcnl BIOt.ChnO!Ogy

'"'m e a—— —~ 135
prokafYOW (-h""‘"ﬂ’-rm”,. . Eularyotes and Prokaryotes
' ed in the rycle 17, Bokarus IS

condens'l' |t Cucieaid vi DNA "aTyotc chromosomes are |

1hng and the danean ;
supercoliing il blﬂ(_lmr} of Varioys ed in a2 membrane-bound |
architectural proteing, ; NUCleus yia ‘

B it

/Proka,yotic genomes ara efficiens arJA g
i ‘ : d 2 ¢ s |
contai (s - EUKaryotes contain b o g
Cornpact ning Iltn‘f re:“_‘h?y/g o { ; - Lontain large amounts of |
DNA. VN-coding and repetitive DNA

——

DR o —
}/‘prokafyouc DNA can interacs with

cytoplasm, transcription and 75,
occur simultaneously.

‘.'.F' 0 3 -
the 19, In Cukaryotes, transcription occurs in
lation

Prokaryotes and eukaryotes are also significantly differept if‘ their structura|
organization. Most prokaryotes reproduce asexually and are haqulq (single copy of each
gene) but eukaryotes reproduce sexually containing multiple chromosomes and diplqid @L"
coples of each gene). The organization of prokaryotic DNA differs from that of eukaryotes in

several important ways (Table 13.3).

> Table 13.3: Differences in prokaryotic and eukaryotic chromosomes

N Prokaryotic

Eukaryotic

Many prokaryotes contain a single | 1.
circular chromosome.

Eukaryotes contain linear

chromosomes.

multiple

Most prokaryotes contain only one |2,
copy of each gene (haploid),

Most eukaryotes contain two copies of
each gene (diploid).

Prokaryotic genome are small in size. 3.

Eukaryotic genome are larger than
prokaryotic genome,

\ 4. DNA found in cytoplasm (nucleiod). 4,

e

DNA found in nucleus.

5. Genes do not contain introns. 5

Non-essential prokaryotic genes are | 6
commonly encoded on €xtra- chromo-

somal plasmids.\J

—

Genes may contain introns.
Extrachromosomal plasmids are not
commonly present in eukaryotes.

i)

contd. .

29
s

the ~ |
Ne nucleus and translation oceurs in the !

3 GENETIC ORGANIZATION OF PROKARYOTES }
——————— =% FROKARYOT

Most of well char?cterized Prokaryotic genomes consist of cecinr. ‘dinbi it
ONA organlze'd as a'smgle_e. chromosome (haploid) 0.6-10 Mb in ength and one or more
dreular plasmid species of 2Kb-1.7 Mb, Prokaryotic DN
gnzyme topoisomerase to uncoil DNA. Plasmids ellow the cell to infect other surrounding
cells and they are unlimited in bacteria, Prokaryotes dg not contain histones, as they are not
needed in binary fission (prokaryotic process) but they are needed in mitosis (eukaryotic
process). Prokaryotic DNA is circular because there i< only one strand of DNA and it is
unprotected by nucleus. Prokaryotic cells do not contain introns. which are segments of
DNA or RNA that do not code for proteins in a continuous genetic sequence.

A Is supercoiled, requiring ATP and

¢ DNA replication occurs in the cytoplasm of the cell and there is anly one point of
replication per DNA molecule. These are formed of about 100-200 nucleotides and two
replication forks are used. DNA supercoiling is necessary for the genome to fit within the
prokaryotic cell (Fig. 13.2). The DNA in the bacterial chromesome is arranged in several
supercoiled domains. As with eukaryotes, topaisomerases are invalved in supercoiling DNA.
ONA gyrase (type of topoisomerase) found in bacteria ang some archaea that helps to
Prevent the overwinding of DNA.

Transcription in prokaryotic cells occurs in the cytoplasm of the cells and me‘re is no
$pecific stage of the cell cycle in which it oceurs. Single Ri& P°'Y"_‘e'35e synthesized ‘fhe
three types of RNA. There is no RNA processing and lno initiation factors are needed o;
fnscription, Gene expression refers to genotypes being e"h'b'tedkby tr_‘e pr:'enoeti::sa:ae
%9anisms, It is the process from DNA to RNA to protein. In pro aryouioce“;ng:m| o
lally clustered onto the chromesome an‘? '3 m‘a G th:‘:r:::nmental changes,
#pression, These operons can regulate transcription in respons

q
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Fig 13.2: DNA supercoiling of Prokaryotic cell

Prokaryotic celis divided by the process of biﬁ*’-’y—j“:’“' flrt'h thisuprf’i‘ess' the ce|
icates i i i thout the ,

ssters these copies to opposite en s of the cell wi e hel
s ew cell wall is formed. P

: is splitand @ ni
of spindle fibres. en the cytoplasm is spl il e

EVAAT

Eukaryotic chromosomes are linear and it contains multiple di's‘tinct chrorr!osomes. Many
eukaryotic cefis contain two copies of each chromosome (diploid). In addition of nucleus,
mitochondria in animal and plant cells and chloroplasts in plant cells contain their own DNA
Eukaryotic chromosomes are comprised of linear DNA strands that are tightly coiled to form
the condensed chromosomes. All DNA strands are tightly protected by proteins (histones)
that allow the chromosomes to condense to dev the cell for the prophase stage is
mitosis and meiosis. DNA-binding proteins (histones)) perform various levels of DNA
wrapping and attachment to scaffolding proteins, The combination of DNA with these
f'mached proteins is referred as &ré‘n‘?agt\!r The packaging of DNA by histones may be
influenced by environmental factors that ffect the presence of methyl groups on certail

cytosine nucleotides of DNA. The influence of environmental factors or DNA packaging s |

called epigenetics. Eukaryotic DNA also contains introns) which are segments of geneti

material that do not code for specific proteins. Introris are present in the initial RNA

;inﬁm;ze'mw) and they must be removed before MRNA transcription may occr I

- Eukaryotic cells contain chromatin DNA instead of coiled DNA. They are made
complexmacromoleculuofm,q,mandpr tei

The process 4 2 Dt 5 I~

s 53,4 ngg"“‘ D:"A s wsted to it inside the cell is called DNA supercol™
normal relaxed state. p':;ya:"m;;om that is either underwound or overwound from ™
maintain the structure of supercole ‘:1 n supercoiling is topoisomerases which helps
certain celiular processes, "omosomes, preventing overwinding of DNA 49

‘,'
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Chromosome
Chromatid

Eularyotes and Prokaryotes

Fig 13.3: Genetic Organization of Eukaryotic cell
ONA replication in eukaryotic cells occyrs inside the nucleus as it

i d chl : . it also occurs in
_ochondria and chloroplasts with their own DNA. I 2ach eukaryotic chromosome, there

; 4PPIOX- 1000 origins of replication in which each consisting of about 150 nucleotides.
eral replication forks are simultaneously formed in sach replicating DNA molecule.
Transcription in eukaryotic cells occur in the nucleus 2s well as the mitachondria and
soroplasts and it takes place during the G; and G, phases of the cell cycle RNA
ymerase II and IIl synthesize three kinds of RNA (mRNA, rRNA, and tRNA). The mRNA has
grimary transcript with surplus nucleotides. Gene expression can not occur where the DNA
i too compact, which is controlled by histones. Epigenetics is another mechanism for
rqulating gene expression without altering the sequence of nuclectides. Enhancers and
encers control the rate of transcription within the cell
Eukaryotic cells divide by mitosis and meiosis process. These ars two complex processes
2t systematically replicate and condense chromosomes for replication. In mitosis and
ineiosis processes, use spindle fibers to transfer genetic material on the same chromosome

90pposite ends of the cell.

TN

. L Draw the structure of Prokaryotic cell

. 2 Define the term with suitable examples:
() Taxonomy

() Prokaryotes

") Short Answer Questions:

Lt“"’ Differentiate between Prokaryotic ¢

2 Wiite note on Eukaryotic cell.

| and Eukaryotic cell

——
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of fukaryotes:

orgam‘am rokaryotes
(C)L wfﬂe.ndega;lge"eh organi zatlon of P
2. Explainin sl
Multiple Choice it anis
(D)L isP"OﬂWmK'oorg (b) Rld(ettSJae
{2) Fung (d) Viruses
(C’ A’gae iy (ln__,,.—-
5 Chwég.saremaiﬂ)pfese" (b) Plant cell
) AmmalCG‘;( (@) Fungal cell
(0 Bactenal @

W

w

~

- orokaryotic cell d
s mainly present in prokay Endoplasmic reticulum

: b)
(a) Mitochondna :d) Mesosomes
(0 Golgi apparatus

?
production occur in prokaryotes:
B (b) Endoplasmic reticulum

2 MWMna {
(© Cytoplasmic membrane (d) Golgi apparatus
Prokaryotic genome contains

{2) Linear chromosomes (b) Plasmids

(d) Chioroplast DNA (d) Mitochondrial DNA

The structure of the typical eukaryotic genome describes as

8] Singular (b) Linear

(<) Diploid (d) Double stranded

Histones are DNA binding proteins that are important for DNA packagingin__

(b) Eukaryotes and archaea
(d) Bacteria and viruses.

(a) Eukaryotes and bacteria
{c) Bactens and archaea

The proteins associated with DNA is Coe

3 G!ymprotem {b) Histone—"

g:e Lipoprotein (d) None of above
prokaryotic chromosome is a singlecirdeof _____

(a) ssDNA (b)

() dsDNA (d zm

¢ LEARNING OBJECTIVES ¢
completing this chapter, reader shiould by afly + undersiand

. nsduction
5 gmraﬁ.ca{ Transduction

5 _,Pumfimf Transduction
Comjugation

Plasmids

Transposoms

Qfutation

o Types of Mutation

o ‘Mutagenic Agents

o Spontancous Mutation

] T - 1 = l
Nl =

4_1.,' DUCTION | 3 |
Genetics is the study of lnhgn‘tgnce (heredrty) and the variability of the characteristics of
3 organism. Heredity concerns the exact transmission of genetic information from parents
o their progeny. Variability of the inherited characteristics can be accountsd for 2 change
sther in the genft_ic/makeup of a cell or in the environmental conditions. Genes comprise
e genome of cell which may consist of a single DNA molecule or some other small DNA
ecules (plasmids). The genotypic variation brought about by changess in gemetic
: ation can be due to mutation or loss of plasmids. Each bacterium contains about 1000
®0es which are located in its circular chromosome. If the book of information contained is
._9900m9, then paragraph is a qu the sentences are genes, words are codons and letters
: nudeotldes “L[wua &5 (}‘\h\\ 5 Gasi>—» boek - > GerREnT
1 ' The ‘Cen 'CEntraI dogma' of molecular bnolog) is that deoxyribonucleic acid (DNA) carries
s =netic information, which is transcribed onto ribonucleic acid (RNA) and then translated, by
20s0mes into particular polypeptide (DNA = RNA - Polypeptide). The essential material
*heredity is DNA which is the storehouse of all information for protein synthesis. However,
*A viruses are an important exception in which the genetic matenal is RNA instead of

" |

recombination is the formation of a new genotype Dy exchange of genetic
- een two different chromosomes which have similar genes at camresponding

\ ("°m0|090us chromosomes).
(14.3)
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In bacterial recombination, usually only a portion of the chrompsome from the dons
cell (male) is transferred to the recipient cell (female). The fec‘l?'e”t cell thus forme
merozygote and recombination can take place. Bacterial recombmatlonl may OCCL'JF by dire
or indirect gene transfer method or sexual or asexual process. Gengtlc recombination .
occur by different types of gene transfer techniques Le. conjugation, transtCtion
transformation, protoplast fusion etc.

| 14.2 TRANSFORMATION

Transformation is the process whereby cell free or naked DNA containing a limiteg
amount of genetic information is transferred from one bacterial cell to another. The Dy id
obtained from the donor cell by natural cell lysis or by chemical extraction. Donor DNA
passes into recipient through the cell wall and cell membrane of the recipient cell, pp;
having molecular weight from 300,000 to 8 million daltons is most suitable f,
transformation. Once DNA enters into a cell, it integrates into chromosome of recipient cqljs
One strand is degraded by deoxyribonucleases while other strand undergoes base pairing

with a homologous part of the recipient cell chromosome and then becomes integrated intg
the recipient DNA (Fig. 14.1).

5
Ot~
1))

' (a) Donor cell (b) Donor DNA  (c) Binding of donor (d) Integration of single
fragments DNA fragments to strand of donor DNA
recipient cell (Transformed cell)
Fig. 14.1: Bacterial transformation

Bacterial transformation was first discovered by F. Griffith (1928) during his
investigations of pneumococcal infections in mice. He had found that in Streptococcus:
pneumonia, virulence to mice was related to the presence of a capsular material and the
absence of capsule made the bacteria avirulent. The wild type strain is surrounded by a
polysaccharide capsule and forms a colony with a smooth (s) surface. This strain IS
pathogenic (virulent) and causes severe infection of pneumonia. A mutant strain does not
have the capsule and it forms a colony with a rough (R) surface. The mutant (R) strain is non=
pathogenic (avirulent). Griffith's experiments involved the infection of mice with heat killed
and living preparations from two strains of Streptococcus pneumoniae. Injection of avirulent
mutant ‘R’ bacteria or heat killed virulent 'S' bacteria did not cause any harm to micésy
Injection of a mixture of the two bacterial types [R and S (heat-killed)] killed some mice and§
live, virulent 'S' bacteria recovered from these animals (Fig. 14.2), The strain 'R' type acquired:
the ability to produce capsules and become virulent. This induction in change of 'R’ straifl
was called transformation. Griffith thought that the transferring agent was a protein.

—

8.
' ?ﬁ'"‘ Fig. 14.2; Griffith's transfo

i

Microbial Genetics
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(1944) fo

Avery, Macleod and MeCorty ‘lgm urified DNA from the smooth (5) cells X

t ansfonn.;tion was DNA. Their studies Wi p ned the observations made by o X
T

be explai iffiy,

: lls in a test tu ; sulated cel| 1 :
ablll(y to transfolrm rough ces concluded that the heat k'lIEd Cdatpo o ST noS Car”ed the
el exper:nent t:e\s\i’: of the capsule which was transferre n'CapsmatEU
information for the syn

; w been demonstrated in Streptococcus, Bac:lus, ESCher‘.Chlq,
cells. Transformatnor? has nOI o, Rhizobium Xamhomona.s,. 'Srap ylococeys
Neisseria, Hemophilus, S?u"e’ - mt’r oduce intact plasmids by artificial tfan.Sfor.m‘ati on inty
i::tir:)i? yc::ass'tn;ilsa::):v a:Zs:nimals. The development of artificial transformation s IMportap
for recomybinant DNA technology.
| 14.3 TRANSDUCTION \l

NS .

The transfer of genetic material from one cell to anot'her by albacrt.e_'riOPhagei is calleg
transduction. Bacterial génes may be transferred from strain to strain USIrjg baCtQFIOphages
as vectors. This genetic transfer technique was discovered by Norman Zlnd‘er and Joshy,
Lederberg (1952) while searching for sexual conjugation in Salmonellc.l species. They mixeq
auxotrophic mutants together and isolated prototrophic recombinant colonies from
selective nutritional media by using Davis U-tube experiment (Refer Fig. 14.3). Auxotrophic
strains were added in each arm of U-tube and separated by a microporous sintered glass
filter. The prototrophs were found in one arm of the tube that indicated some phenomenon
other than conjugation was involved. It was subsequently observed that the active
component was a bacteriophage which was carried by one of the strains in the prophage
condition. Some bacterial cells have the ability to carry phage DNA within their own DNA
and such cells are called as lysogenic bacteria. In such bacteria, the prophage, under certain
conditions multiplies and destroys the T{Sst cell with the release of a number of phage
particles. These phages can infect other bacteria and carry the bacterial DNA to the recipient
cells. Such phages are called as transducing phages'. These are two fundamentally different

transduction processes such as generalized (unrestricted) transduction and specialized
(restricted) transduction.

¢
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o
(l) g.ctarlophage Infect (b) Bactaria| DNA broken

(c) Bacteriophage genome is
acterium 7
b Into ,fagmenl‘ rep"_at.d
W“’) plu‘)\JJ
Ao Ok Vs ‘
7o ongma.l N (€) New bacterial strainis  (d) Bacteriophage
inserted into genome of its new host infected by bacteriophage  particles are formed

Fig. 14.3: Process of generalised transduction (lytic cycle)
14.3.2 Specialised or Restrictad Transduction

some temperate phages can transfer only a few restricted genes of the bacterial
chromosome to the receipient bacterial cell. This transfer of bacterial genes adjacent to
prophage only to the recipient chromosome is called specialised tramsduction

CUo

»-a \Bodbr(o\s\\ﬂﬂ}b o ::
cr Injection phage DNA
0 Ba&a\;\%t\“"w

'(a) Bacteriophage infect bacteria (b) Circularization of phage DNA

l g Peop2®
Binary fission

' = of lysogenic bacteria

i DNA with host ome
(d) New bacteria with prophage (c) Integration of phage chromos

Fig. 14.4: Process of specialised transduction (lysogeny)

‘ ’ ducing
Mors Lederberg (1956) found that in the lambda () phage the trans |
Activity W:s arzgtricted to trhge galactose locus. Temperate phag:si::ar:i :::c?dp: ::e .,::a ;y:ﬁ:
Sich as Iytic cycle and lysogenic cycle. When a phage gesno?; ode it
@ll, it becomes integrated with bacterial chromosome 2 ph dpscmim i o
d segment of the host chromosome and repl.nc.at‘es sync row |-y st 1
Calleg |)?SOgeny (Fig. 14.4). Under certain conditions (&.9. i

- Prophages enter the Iytic cycle and kil the hosts

&a;_ﬁ"\\a
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i14.400NJUGAT|°N erberg and E

sacteil corjugation was fst eported DY Joshid i by, el t:“;:ld o
(1946) who proved the process of transfer Of G8ME L o B
Lederberg and Tatum produced two auxotrophic strains ( TRRE the
coli K12 by mutation. The ctrain 58-16 was found u‘nat iy rey resente;j anluno‘
methionine and vitamin biotin and hence, genotype of ik rh nins ST <]
meth- bio™. The strain W677 cannot produce amino acids like threo Eucine,

Strain A
(58 - 161)

Mixture of strain Aand B

Strains are plated and incubated on minimal medium

Q8O

No grawth Recombinant
prototropic colonies
Fig. 14.5: The Lederberg and Tatum experiment of bacterial conjugation

The genotype of this strain (W677) is meth® bio*
| eth” bio* thr - len” i
grow on the minimal medium, These mutant stra thr=len”. These mutant strains cannot

i ; ins are called the auxotrophic and the wild
strain is called as prototroph (Fig. 145), Mixing of two auxotrophs an(; r:lla)ti::gagn inimal

. No growth

These prototroph cells have th: fi)a:;gduce 4 Prototroph (ie. thr* len* meth® bio’):
experiment indicates that recompin Yy to synthesize all four growth factors. This

ought by direct cell contact or process of

L
W
The evidence for cell-to-cq| .

Ntact
richiq
aciq
|en‘

rma¢euth:al Biotechnolo

Microbial Genetics

. Ontact |
tube (Fig. ‘L Was provided
U'Shapfihe basfe t% fiq'ﬁ)‘ WO Separate pigcr: o0 Y Bernard Davis (1950) by using
USed 2 JUIL U'Shape With 2 gintara. S

glass tubes were prepared and

e £ls ‘

» Tliter which permitted the passage

h Hf’f’ vacteria t rom both the ends of U

P GlfTeron . ('
~rent ophic strain of Escherichia coli.

It gUxotroo
from one arm to the other by

¢ the nutrient medium, Th
wbe. Nutrient medium was Inoculated i
medi P\l

The cultu:zssure t;f: Wtas Made to pags through the ¢
1l . e strai 2 Titer
a"e”.ngu%ated for growt:'lrs from both the arms of U-tube were o ated g | medium
i indicates the . e bactera Colonies or p f‘:' hs V; et Hwed'um

ich I con - rototrophs did not appear on i
thCh. ; tact between the two auxotra .: T conitial e th
formatlon Of recomblnant prOtOtrOphs ropns cells was essential tfor the

. a sin "-'nd 2la
e filter A ~1EU gia
er dld not a”'.';

Nnace ¢

O pass

Strain I |7 Strain 11

Sintered glass filter
Fig. 14.6: Bernard Davis U-tube experiment

Conjugation' is a natural process found in certain bacterial species 'nvcivef the active
passage of genetic material from one cell to another cell by means of the sex pili. Male cells
contain in a small circular piece of DNA (plasmid), which is in the cytoplasm called the sex
factor of F-factor (fertility factor). These donor cells are referred as F~ cells and recipient cells

are referred as F- cells (absence of fertility factor). However, in F* x F~ crosses, the male

replicates its sex factor and one copy is g t:: ‘f')e’::‘e rfec ‘P‘E"‘I- Thea.: thcee Ilellj
converted to an F* cell and it itself acts as dogorce?l (Flg: 7). Therefore, as long

grow, the conjugation process can continue. in an unfecpous lvlvag :wth ‘r:::a',:seda::;:s:z' :3;
the sex factor. The presence of F-factor in 2 bacterial Acetwoesfarm els as plasmid and as
'ePlléEtion and sex pili formation. The F-factor remains in o itgis B oo WS
episome. The F-plasmid replicates IneSpepaenty s STm;erred as episome. The bacterial
normal éh osome of the bacterium. Thgrefme. &SR 7'» il pseudomt;nas and Vibrio
cenjugatiorr(\)?rocess is commonly observed in Escherichia, Shigea

Species.

{
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Sex pill
@
0) \O
F' F
F' F

Donar Recipient

Fig. 14.7: Process of conjugation

The chromosomes of F* cell inte
frequency recombination (Hfr) cells.
which F-factor becomes integrated |
F* cells in that the F-factor of the
Hfr x F~ cross, the frequency of
in F* X F cross, the frequency
When F-factor is excised from

grates with F-plasmid then these cells are called high
High frequency recombination cells arise from f* cells in
nto the bacterial chromosme (Fig. 14.8). They differ from
Hfr is rarely transferred during recombination. Thus, in
recombination is high and the transfer of F-factor is low and
of recombination is low and the transfer of F-factor is high,

the chromosome of an Hfr strain with some chrom
genes then these cells are called F' cells. The plasmid in an F'

excision of an F' plasmid from an Hfr strain occur.
Chromosome  F-factor

| — J —_—

F cell F ' cell Hir cell

osomal
cells is self-replicating. The
s about once for every 10 cells divisions.

Fig. 14.8: Formation of high frequency recombination (Hfr) and F' cell
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n addition to chro"’iOsomJE\\'—~\\,‘\\‘m |
materials. These materials ara k”ovNA' most ha‘-"’na\p;: C}
follows: N as plag "*?1’: €xtra-chromosomal genetic
Neral properties of plasmids are as
(i) They are sma)| Xtrachropm,
autonomously Within tha hogscornal

IF‘.f.& 0 :}e etic
|_ IC M3 terial that can pllc

(iii) They can integrate With
to exchange of genetic

#ach other anq
with th
Materja| EN0sk

. chromosome which may lead
(episome),

their own replication,
Ously or by curing agents.

(viii) Plasmids may haye some a
resistance, bacteriocin produc

Plasmids (Fig. 14.9) vary both in
genes. Plasmids can be classifieq as ¢
non-self transmissible o determin
transmissible. They have an apparatu
another cell, e.g. R, F and bacterioci

numbers per cell and in size. Each contains 50 to 100
onjugative or self-transmissible and non-conjugative or
ants. The conjugative plasmids are large and self ‘
s through which they can mediate their own transfer to

nogen plasmids. Those plasmids which do not possess
information for self transfer to another cell are known as non-conjugative plasmids. They

can be transferred with the help of transfer factor such as colicin plasmid (Col ) and through J
the agency of bacteriophages (transduction). A number of properties of bacteria are |
attributed to extra chromosomal DNA.

Selectable
marker

' primer site

Restriction site
Inserted gene

Bacterial DNA Plasmids

Origin of replication

(b) Structural features of plasmids

and plasmids | features
e siona Fig. 14.9: plasmids and their structural fe i

-
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NA cloning and expression of' foreign p Ain
bacteria such as Agrobacterium tumefaciq,
rhizogenes €ausing halry root disease g, the

hacterium  plasmids (Ti and Ri) have been useq for

to plants. Explants aré commonly used for gene

y 1 ini tor with mogj
Agrobacterium containing VeC odifieq
transfer. These explants are co-cultured Wih gelected and used for regeneration of whq
foreign gene. The transformed colonies are S ‘ iFef b e
fer of gene with the help of screenable marke,,
plant. These plants are tested for the trans ) o S
Iso transferred along with desired genes.
(reporter genes). The reporter genes aré also . e«
Agrobacterium tumefaciens contains plasmid which mducgs tumour in plants (Eor detai|,
4 e called as Ti-plasmid (180 to 250 Kb). Ti-plasm
please refer Chapter 18), these plasmid is calie pazt ranks <44 id
contains T-DNA region of about 23 to 25 Kb which is t!'ansg e O plant cells,
Agrobacterium tumefaciens mainly present in soil and cau'se lnfectlo.n to dicotyledonoys
plants. Bacterial species secrete lipopolysaccharide w_thh help in attachment with
polygalacturonic acid fractions of plant cell wall. Phenolic compOlfnd (aCetOsyflngone) is
secreted from the wounded cell walls of plants which induces the vir genes of Ti-plasmids,
Vir genes encode an enzyme which nick the double stranded T-DNA on t!‘ie same strand at
two points. It produces single stranded DNA molecules and are carn.ed |n'to plant cells. A
desired DNA fragment can be cloned in the region of Ti plasmid which will introduce the
DNA fragment into plant genome. Agrobacterium rhizogenes causes formation of
adventitious roots and this rhizogenicity has been correlated with the presence of a large
plasmid (Ri-plasmid). Plasmid of this species also contains @ T-DNA which causes the
development of hairy roots. Ri-plasmid of Agrobacterium rhizogenes is useful for production
of secondary root systems for ability to resist anoxia from flooding of the soil and better
anchorage of plants.

7 SR} © ¥ G =, 3e
[1a6TRansPosONS
Transposons are a sequence of DNA that can move from one location or position to
another location in the genome. These mobile elements are also called as ‘jumping genes',
cassettes, insertion sequences or transposons. The formal name for this family of mobile
genes is transposable elements and their movement is called transposition. Transposable
elements are a small, mobile DNA sequences that move around chromosomes with no

regard for homology and insertion of these elements may produce deletions, inversions or
chromosomal fusions. : ¥

ed attention for D
ne on soil-borneé
d Agrobacteirum

Many plants have receiv
plant cells, Major work is do
causing crown gall disease an
stems of numerous plants. Agroodctert
introduction of genes of desirable traits In

Transposons were first discovered in maize (corn) by American scientist Barbara

McClintock (1948) for which she was awarded Noble prize in 1983, She observed

h ¥
chromosome mutations caused by these transposons and about 50% of total genome Of

maize consists of transposons, Transposons are found in man

—

cautical Biotechnolo
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ransposons are  classifjag Microbial Genetics

osons) and 0 basic §
rotransp ) class 1 transposone 'YPes such as class | transposons

hanism; transposons may pe Classifiaq o iransposons). According to their
o . Retrotransposons represent 5 4 has colpy and paste (class ) and cut and paste
o large portions of the genomes of ghly unigue 9roup of transposable elements and
ble elements and inse fed in Many eukaryotes, They generate second copy of
feé;enome. This process (copy and paste) results in

SDO?aAbléh;\:Jgi-mUt the genome. The first step of
A is copied into RNA by transcription.

e location in the genome, The RNA must be copied

for
anspOse f b
A insemon‘c.J repetitive Sequences ¢

Retrotransposons also classifi

ed as long inters
i persed nuclear el d short
erspersed nuclear elements sements: (Il 4

int i (SINEs). A class element (clade LINE-1) consist of a 5-UTR
yith internal promoter activity and two open reading frames (ORFs). ORF1 encodes a nucleic
acid binding protein and ORF2 encodes a protein with endonuclease (EN) and reverse
ranscriptase (RT) activity (Fig. 14.10 (a)). It lacks long terminal repeats (LTR) and ends in a
poly (A) tail.

RT EN

Poly (A)

ORF1 ORF2

[T

< 1M

5'UTR
(a) Retrotransposons (Class I)

Transposase gene

(b) DNA transposons (Class IT)

o I Fig. 14.10: Types of transposable elements (TEs)

rally move by a ‘cut anﬂ)aste mechanism in ‘which the
transposon is excised from one location and reintegrated A" anqther- location. DNA
transposons consist of a transposase gene that ‘is flanked by two t:rmm:rl\ "n::::;:nrzii?:
(TIRs). The transposase recognizes these TIRs (Fig. 14.10 (b)) to perform the

transposon DNA body, which is inserted inf@ 21
ele

DNA transposons (class II) gene

ew genomic location.
ments (MITEs) are non-autonomous, short

! ’ osable >
flitatire inverted repsat YREF lements present in large numbers in many

on-like e

(100 NA transpos
to 600 bp) D anked by TS2 o T

hey lack transposase coding potential
elkaryotes, They have TIRs and are

>
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ous DNA transposons for their mobily

tonom : oop atj
and are presumably dependent on au es of Oryza sativa, Caenorhabditis elegang :ﬂ.

MITEs have been identified in the gtenaor?anmher et s o
: y o¥ie £ f |

other organisms. Mariner-like elemen : ; n
mtulii (l)egspecies including humans. The mariner transposon Was rs; dls_:overed by Jacops,
ri e

and :artl in Drosophila. This class transposable element is known for its uncanny ablhty A

be transmitted horizontally in many species: e :
tains additional genes as a antibiotic resistance faCtors

Antibiotic resistance typically occurs when an infecting'b-ad.er UM acquires a plasmiq .,
o one or more antibiotics. These resistance genes 3

t have moved into plasmids and are easily transferred
d by mutations are due to insertjon

e to insertion of transposong into
ne activity.

k\ Transposabale elements also con

, "'carries a gene encoding resistance t
"\ carried on transposable elements tha
from one organism to another. Some of diserises cause

of transposons into a genes, Diseases are mainly cause du
particular regions of genes that are involved in regulating ge

i

| 14.7 MUTATION e < z

Mutation is a random undirected, heritable variation caused by an alteration in the
nucleotide sequence at some point of the DNA of the cell. A cell or an organism which
shows the effects of mutation is called a mutant. The different form of gene produced by
mutation is called alleles. Each gene undergoes mutation with a fixed frequency. Mutation
rates of individual genes in bacteria range from 107 to 10~ per bacterium per division,
Alterations in DNA can be caused by chemical or physical means or they can occur
spontaneously.

14.7.1 Types of Mutation

s Mutation can be divided conveniently into point mutation, frame shift mutation and
RN multistage mutation.
|

* Trre substitution of one nucleotide for another in the specific nucleotide sequence of a
gerre 'rs called point mutation. The substitution of one purine for another purine or one
pynmldirre for another pyrimidine is termed a transition type of point mutation. A
transrre@on is the replacement of a purine by a pyrimidine or vice-versa, The base-pair
substitution rnay result in. one of the three kinds of mutations affecting the translation
process. A missense mutation is one in which the triplet code is altered so as to specify an
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frame shift mutations regy¢ from 4 Microbial Genetics
n

termed insertio
and are N or delet; ;
ger;ﬂft of the reading frame, n frammJn (Frg, 14.11) Mutations, respectively. This results in
13 cced from a frameshift reaci - o Mtations L S,
It reading of the Nucleotid » NeW sequence of amino acids is
|

ise
nthESI
G i Dl D, E FesequenCESOmeNA.
G H
-------- Wild-Type

(normal)

of one or mare nucleotides in a

1 g e e -
A B ——Duplication
ARG
_____ D
x Ey F, 6, H
——-Insertion
L1 B8 P E D c 6, n
: : - Inversion
e L N
L | Substitution
4 . B ; E F G
L Deletion

Fig. 14.11: Types of mutations

Multisite mutation is called macrolesion. There are extensive chromosomal
rarrangements such as inversions, duplications and deletions.

Mutations are also classified as induced mutation and spontaneous mutation.
14.7.2 Mutagenic Agents or Mutagens

Mutagens are chemical or physical agents that increase the rate of mutation and these
mutations are called ‘induced mutations’. Mutation of an individual gene occurs
ndependently of mutation in other genes. The mutation rate is generally defined as the
aerage number of mutations per cell per division. It is expressed as a negative exponent per
@l division. If a mutation occurs once in 1 million divisions, the rate of mutation is 107,
Generally, the mutation rate for any single gene ranges between 10° and 10 per cell
dvision. A variety of mutagens are known to increase the rate of mutation in micro-
Uganisms, These include both physical and chemical agents.

Physical agents: Physical agents commonly used to induce mutations are ultraviolet
) light, X-rays, y-radiations, heat etc. All these agents can cause non-selective mutations.

I!radiation of DNA with UV rays generally results in the formation 'of covalgnt tronds
een thymine molecules on the same strand of DNA yielding thymine-thymine dimers

Fig. 1412) Most UV mutations are non-sense type of mutarions and are the result of a
9 in one or few bases in the DNA. Many micro-organisms have enzymes thlat can
ir thi in. The light repair system involves a
It this in the dark (dark repair). cpaip . :

t’t'i‘BCtivat(-::‘c:lﬁ f:: ge:n;nthat breaks the bonds between the thymine drme:. This P'°Le::‘e’e
anism is actiz only in visible light. X-rays and y-rays are ionizing radiations an y

f mation occurs.
Cause damage to the DNA but no dimer for }

- —
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0 Lol | 3] F tested from a single farqe , Parate sman
0 1l H\N/ \C ~C p‘es ‘ g€ volume ¢, i . rolume tures as compared to
I s~ CHa uv e N P ctuation test, a series of Hure (Fig. 1414 whyes <o
ey Ot SR Icl/ | ) o] ) in fiu : WS Contsining 0 s
| I .2 /‘l:\N/C“H (o] N (l:\N’C\\O e untll a certain population S1ze (102 ¢ gf s/m 1 of cells are incubated without
O//\'\T;C\H e ’L H H }L pha e by pouring the_COHIent; of eack 'u—,,}_i e3ched. The cultiures are then exoosed
H Thymjne g 10 Counts (phage TESIStan! mU",ar‘-f‘ “-"4”‘ ‘::' v ?— agar plate contain ng phage The
Thymine e DR mer ?ihe results of a series of sampjec . " 52165 of similar cuftures ars then compared
Fig. 1412 Effect of ultraviolet mafii:’tlon OmUt:tions . it density of cells/ml and o :,‘ ,.om— One Culture (10 mi test tubel startad with 2
; . Chemical agents ysedytag QOacs. M _ areé nitroys 3 howed that resistant bacteri ~ '53CN 3 similar population number (1 mi). The
Chemical agents: amino purine, s-Bromouracil) alkylating agents < Cid, fisiSHc® | it : eria arise PO Do T e auracce i el A
Uch ¢ of similar cultures yielded resjse Gifferene £ Lo to the expasure 0 phage. A
X - Ose cbtained with 3 senes of

les from one culture. Luria and Delbruck foynd +
- Al inat the number of res

>

ated from sample to sample indicating that mutants eyea :
viet Mutants existed in the population prior to

e

aposure to the phage. They concludeqd that mutations in bacteria
“US I Daciena occur spontanecusly

2 ues (2'
hydroxylamine, base analog hyl methane sulphonate (EMS), sulfur Mustarg o

. i £ES), et
ethyl ethane sulphonate (EES) € i i i .
rous acid oxidatively deaminates cytosine to uracil and adenine 5

‘ -. tant mutants
:gﬁ::;fg T‘;‘.B). During 5ubsequent. DNA replication, ura'ci.l recognises a denine i
hypoxanthine pairs with guanine resulting in 3 AT to GC transition. Base analogyeg A
compounds that are chemically similar to the natural compounds used Fo synthesize Dt
When base analogous are incorporated into DNA, they do- not base pair correctly like the
natural bases and cause mispairing and mutations. Alkylating agents are the most i
group of chemical mutagens and they transfer the alkyl group to thfe carbonyl oxygen of ,
base. Ethyl methyl suffonate chemically alters thymine to make it pair with guanine instea

18 1o 24 hr oid bacterial culture
with about 10 celis/mi

of adenine. H
7
- H H 0---~H—N T
%—C/N<H }:—'C// —C/N§C 0.5 mi into
o C” % HNO, e [{/ }V—H““""" l‘{/ \\; /,{/ 10 ml ; sach ube
T ” W) \
N—C =N S 7 PO o ek
&Z Y ug/ar % & e ugar Gy l ! /i) A /'7 $ 5
Cytosine Uracil Adenine e g E E \r‘:! Q
H H H H @
L | \ /
c Nee cﬁN\c 0--H—N &
\ 7 " o N =t b—c”
Vi ), — N-t{j e r{/ \\P—H ;
= / _ - axposed 10 the phage
sugar NGy Sugar O\ Vel Incubate all test tubes il population reached to 10" callsmi and hen .
H Sugar
Adenine
Hypoxanthine Cytosine 5 mi samples onto aach
Fig. 14 & i
Ay 9 ~::: Effect of nitrous acid on cytosine and adenine plates having prage

Mutations i
mutations. Spot:;tngzrn:m-emb“eme of all mutagenic agents are called spontaneous
Salvador Luria and Max M’“‘a;:endent of the environment was first produce’ ”
fluctuations occurring in the ny bers 3) by ﬂ!e fluctuation test', They found very i
oS of bacteriophage resistant Escherichia coli 0"

R .
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d Esther Led ;
osua Lederberg an : erber Lor is bacterial r ;
nsists of first plating a sma|| nu );lhe Whatt:-;nsfer ecombinatigp s

. - until growth occurred. A steril of eneé ' #nal transduction teckni
test bacteria on a master plate and incubating it u?t'rl,egcolonies A ke masteer Velvay Pag fain the role of plasmis i, ids ction technique used in '
on a transfer block is then used to inoculate each © detect resistant mutants (F; blate Ontg y UMple EHiolca Quastion; e |
gent to 9. 1415 ¢ § The process in which tempera. "
= Virus ¢

=
e

rated by J
These results are further elabo Explain 555

5 igue co
use of the replica plate technique. The techniq

f Sl e ive a
a plate containing an inhibitor or a select cter plate before exposure to the inhibjt,, ‘ ]
resistant mutants are developed on the ma c?l the same position on each of th "' thep ' |ocated near the viral integration Site fs ¢ :'I ek B
such resistant colonies should be located at exactly € replicy (@ Generalised transduction J(k:'3 efd '
/- SPecialised transductinn
SUUCLIO

plates, while if mutation occurred as a consequence Ofde':fz‘::::eré?)litc:e ")T;':it(;r then g,
i ' be at different locations on ditter ica s. Josua
resistant colonies should e T gpaia o;‘d

Esther Lederberg found that spontaneous m}Jtations occur~r st .
selective agent. After this conclusion, the replica plate technique has been extensively Useq

as a basic technique for mutant detection.

(© Conjugatior.m s
prug resistance in tuberculosis is g -
(@) Transformation A(b‘ —
- . \Y) ra%db’.’_!oq
(‘;1) E’Z:JSL;SFat(l)ofnfOreig (d) Mutation
The N gene in § o
3 9 to another cell is done by the follawing method

cfarmas
*10rmation

Sterile velvet pad o el
(@) Transduct:or'm ® Microinjection
(c) Transformation (@) Al of the aboye
ﬂ _Ijr——Agarplale 4, The highest '.'Zte of conjugation and recombination is associated with the
(@) F-plasml' (b) R-plasmid
O plasmid (d) M-plasmid
[ J 5. Microbial cells produce a pink pigment at room temperature. The pink colour of the
colonies is example of
(a) Change in DNA base (b) Adaptation of the environment
(¢) Genotype (d) Phenaotype

6. Asequence of DNA that can move from one location or position o another location

inthe genome is called
(a) Transposons

() Spontaneous mutation .
7. ____ gene incorporated into plasmids to detect recombinant cells.

(b) Plasmids
(d) Specialized transduction

Master plate Replica plate
P s e e tecniue | (®) Antibiotic resistance e
___ QUESTIONS 225 ‘ ‘__, (©) Reverse transcriptase (E) VIS oepiae
8 is used for formation of dimers of purine and pyrimidine.

(A) Objective Type Questions:
1. Define the terms:
(@) Conjugation
(b) Specialised transduction
(c) Mutation
2% E)Fplain iq short Griffith's experiment for bacterial transformati
3. Differentiate between induced mutation and spontan on._
(B) Short Answer Questions: S pton
1. What ar ? ini |
2 Wit notesong. I 01 I gene raste,
(@) Replica Plate method
(b) Davis U-tube experiment.

a (b) X-rays ¥
(@) Cathode rays @) WNorayse”

(¢) Gamma rays =uu

]
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o They are Potent vasoactiye . - adde
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MICROBIAL BIOTRANSFORMATIQp  flusir ey verasine o g (5 22 ) e gy o

Cﬁa}ater . 5

ol 4o cycIoPefg‘r:‘aetig:g with two Sde-chaing g, P"CH200C acid [Fig. 151 (] and
+ LEARNING OBJECTIVES + O rerte, 0N repytag iy ce 1 2acent carbon atoms. The
s S pi s M A o peptide, a(?ro ide, actinomycin ‘L ~TETeNt antibiotic classes such as 8-
After completing this chapter, reader s . ycline, lincomycin etc, r MNOEphenicol nevabiode - aritachda
®  [Introduction mthfa O griseofulv
®  Methods used in Biotransformation ;i
*  Microbial Bioconversion and Applications =0
o  Onidation % 72 i s coc
o Ryl NAAA S
O  Hydrolysis N 4 =»
o ‘Esterification NN AP
o Isomerization B
O  Amide formation
c enation 4 .
; Z:c&zﬁaq{am (a) A" 3 - Keto steroids (b) Prostancic acid
© (Condensation

Fig. 15.1: Basic structure of (a) Steroid and (b) Prostaglandins
Microbial transformations are brought about by enzymes secreted by selected strains of
nicroorganisms. These reactions are essentially detoxifying mechanisms employed by the
nicroorganisms. Some of the other advantages are listed below:

|15.1 INTRODUCTION

Microbial transformation is a biological process in which organic compounds are

; : . : ; ; 1. The microbial transformations react specifically. Side reactions do not occur f one

modified into reversible products. These biotransformation reactions are catalysed by 4% " . p- . . 3 o
urified in microbi ; _ enzyme is involved in a biotransformation. The catalytic activity 's usually restricted
p enzymes present in microbial cells or pure cultures of microorganisms. Microbial (S tion t
S e ; by, S 0 a single reaction type.

enzymes are highly versatile in nature. Microorganisms are more adoptogenic and they can 2 gl 5

K develop new enzymes for metabolism. Microbial bioconversions are'—rcmly Mscahintie 2. Microorganism catalysing bioconversions act & stereospecic catalysts ie. specific
commerci i . T L g o i i carry out a specific type of transformatian

1 al proguctlon of steroids, antibiotics, vitamins, prostaglandins, citric acid and many microorganisms must be used to carry pec

3 other therapeutic molecules, ~— =

3 The substrate molecule is usually attacked at the same sita, even if several groups of

Steroids can be produced by chemical synthesis or by microbiological transformations. similar reactivity are present (regiospecificity)

Steroids are physiologically active compounds which include progesterone, testosterone,

g

: | t under mild conditions such as
\ cholesterol, ergosterol, corti ; 4. Microbial bioconversion reactions an b carried out und <
\ G Le : L£rel, corticosterone etc. Steroidal hormones are known to be requlators of heutral pH, room temperature and at normal pressure. - -
: olism in the animal or human body. Prednisone and prednisolone are effective in the _ i can reduce the multistep chemical reaction to a single
X treatment of rheumatoid arthritis and Progestogens and oestrogens are used as orél 5. Biotransformation reaction

contrac/ggtlYes. Mamo!l and Vercellone (1937) made the first successful microbidl step. ‘ B e require less chermicals,

transformation of steroids. Peterson and Murray (19 i of 6. As compared to chemical reactions. niCrODee

progesterone using a fungi Rhi Murray (1952) reported the 11-hydroxylation mpa 4 release good yield _

Wil on g 9! Rnizopus arrhizus. Steroidal transformations are mainly affected labour, time and money, an * troduce functionl groups at certain non-

, actinomycetes i : : ; oty introduce fun :
' d and fungi. The structure of a basic steroid is shown " T. Microbial transformation can selectvey - — ed by chemical reagents.

ttract
ich can not be a

activated positions in molecule, which
(15.1) _. |
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[45.2 METHODS USED IN BIOTRANSFO

, iotransformation. The main
Microbial cells serve as @ fnajor tooelnf::;i::wois B i f0||0wi§g ;E:SS “éed
biotransformation is fermentation: Fir:n:he growth phase, a culture is grown i, , nutenst
[0) F"hase—l; Gm‘rwhtehr::isuer;1 for the growth is simple or of complex typ A ':Jant?lly
rich mec?!ugn a1 provided during growth and optimum tempefaturelon
;nat:n‘:?r:;' The time of incubation period depends on the type of CUlture an';
envnronmE.nTtal c:fr:jrlr;:;n phase: Transformation phase begins With t
i -'clils. atr?:e end of the growth phase. Steroids may be addeq sim
:v:titi:\oel inoculation. Amount of steroid to be added depends on the t
capacity of the culture, toxicity of substrate or type of product. :
An enzyme secreted by the microbia[ ‘cells acts on the steroxq_ Th
transformation occurrs under controlled conditions of temperature, pH, agitatio
and time.

Steroidal bioconversion is performed by using submgrged ae'rgtion tec
stainless steel tanks. The media employed are prepared at mmt'mal nutritional leve
greater ease of extraction and purification of the transformation product. The s
medium depends on the type of microorganisms. Glucose or molas.?es afe commonly yseq
as a carbon source for growth of different microorganisms. Mlc‘roblal triQEfgrmation
requires 24 to 48 hours. After the transformation, microbial growth is sep{:lrated from the
fermentation liquor and extracted with a suitable solvent. Methylene chloride, chloroform,
methyl isobutylketone and ethyl acetate solvents are commonly used for e

Xtraction of
steroids. Products obtained from cells or substrates should be extracted separately, The
extracted samples are analysed by using thin layer chromatography, paper chromatography,

gas chromatography or high pressure liquid chromatography. The structure of the new
product is elucida e(b(;( different analytical technigues (IR, NMR, mass, elemental analysis).

15.3 MICROBIAL BIOCONVERSION AN ) APPLICATIONS
perform different types of

for

ranSfOrming

€ desirgg
N, @eratjg,

hniqug in
Is to alloy
election of

=

Microorganisms may
bioconversion reactions are classified as follows:
(A) Oxidation;

1. Hydroxylation

3. Epoxidation
(B) Reduction:

1. Reduction of double bond
(C) Hydrolysis
(E) Isomerization
(G) Halogenation
(I) Condensation

simple or mixed reactions. The

2. Dehydrogenation
4. Aromatization

2. Reduction of ketones, aldehydes and acids
(D) Esterification

(F) Amide formation
(H) Decarboxylation

43 Oxidation
{6

technolg
.utical Bio
(ﬂ‘“

154
e Microbial Biotransformation
“QW;I \\

These are the most imponam feactiq

These reactions are describaq 5o

. Fi 1S of MICrobial tranefmen.
1, Hydroxylation: Filamentoye bacter, B
' ¢ Leria an .
hydroxylatlon at non-activatod Carh 'qurgn are genar;) Y used for their versatile
. - -diDons s ot ‘
prostaglandins, alkalojds and 1 ' 3 variety of substrates Bis savmide

ydrocarbgne
y Caroons ri/rjr';r/laf.‘gp is the
acemem of the R

"/dr’J'JE”. atom on a

Microbia

involvement of direct repl
Microbial hydroxylation of <

teroig - 2 given carbon
0ids at C-11 helne + ‘
; ; 77 TIPS to meet the increased demand for
cortisone and hydrocortlsone. 1a-hydroyy d
: d 21-h . Ydroxylation 11p-nydroxylation, 16ct-hydro-
xylation and 21- ydroxylation of e

roids are mportant ndustrial react ons. Some
of the hydroxylation réactions are shown in Fig. 152
9. L34,

i
C=0 |
0 HM
Rhizopus arrhizus % ' '
Rhizopus nigricans
0 g
OH
Progesterone 8B, 11a - Dihydroxyprogesterone
Aspergillus species,
Mucorales, \
Dactylium dendroides

11 «, 17 - Dihydroxy progesterone

ctions
Fig. 15.2: Microbial hydroxylation mcapab'e of dehydrogenation of
ies are X
: jal and fungal spec | the four rings of
fRRAvarogenation: Bad:[;uble.bgnd has been 'ep_one-d-fz;::mrsion of cortisone
steroids. Addition Of(,?; ity of microbes atiack the ing ‘A"
steroid nucleus but maj

i i 5,3.
i ShOW in lg,
dniSOne an I I n F

|
|
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20OH
CH,OH |

C=0

c=

0
Predisone
Cortisone
(I:H;OH
=0
OH OH
Corynebacterium simplex
0
Cortisol Predisolone

Fig. 15.3: Microbial dehydrogenation reactions

3. Epoxidation: Epoxidation is a very rare transformation. The microorganisms which
normally hydroxylate saturated steroid will epoxidize the unsaturated analog
provided the newly introduced hydroxyl function should be axial in nature. Bloom
and associates (1956) demonstrated the examples of epoxidation by using
Curvalaria lunata and Cunninghamella blakesleena (Fig. 15.4). These microbial cells

normally introduce the 118-hydroxyl and 14 a-hydroxyl into compound 'S'.
CH,OH

I CH,OH

C=0 c=0
N ----OH

(o)
Curvalana lunata
Cunninghamelia blakesleena.
0]
8(11)
A = = compound - ‘'S’

9, 116 - epoxido - compound - 'S'
&m:wmm tion

4. Aromatization: 19-Hydroxyl cholestero|
to estrone with Nm'd".""m“ . and 13-hydroxyl-B-sitosterol are converted
generation with substrat lry ety o200 (Fg. 155). C-1-Dehycro
at carbon 19 results into aroma':iiauo,,_ 9reup at carbon 10 or suitably substituted

—

eutical Biotechnolo.
M
O —

Noe.

Ardia rostricy | 1
Stricta
\ / 3

0

19 - Hydroxy - 4 - androstene 3 17 . dione

; Fig. 15.5: Formation of estrone by aromatization
3.2 Reduction
1. Reduction of double bond (-
dghydrogenation and reduction reactione. Ri
qeroids at A%, A% and A%, AL The conversion of Prednisone to cortisone and pradnisolone to
ortisol with Bacillus megatherium i réported by reduction. The ::rve';ic' of "-‘aac'js.'a"e.
3 17-dione to androsane-3, 17 dione yith Bacillus
s hydrogenation. (Fig. 15.6).
— 0]

): The EnzZymes oxido-reductases catalyse Hoth

ng hydrogenation freduction) mainfy occurs in

Nyt
LK

s 5

reported for

-

't

Bacillus putrificus 5
0 ci\)\/
4 -gndmstene - 3,17 - dione Androst - 3,17 -
Fig. 15.6: Microbial reduction of steroid (double bond)
2. Reduction of ketones, aldehydes and acids: Hydroxy! groups at & C. and G,
a-methyl group at C; and A" unsaturation lead to decrease in the raduction rate in steroids.

The presence of electron withdrawing groups at the C-6 in 3 keto-aAt substrate. shift th‘:
direction from oxidation to reduction. Reduction of C-20 ketone occurs in presence o

Streptomyces lavendulae (Fig. 15.7).

aione

f“a
H—C—OH

~~—__Microbial Biotransformation
<robial Biotransformation

A
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ides, epoxides and amides 5, b
-|actams, glycoside _
ctonae:i,s?n . Tartaric acid is prepared fr021 maleic anhyq;; i
or IACBREIREN T e
“hydrolysi i dia ci-epox)"succ'”'c addwitniAdiomo e;r fartaragene,
AT sl b Sl R he intermediate in the preparf‘mor? Of semisyntheg;.
illin to 6-aminopenicillanic acid has become
thetic derivatives.
n esters has been demonstrated by Usin
Cladosporium resiaae, Rhizopus op
rted for hydrolysis of prostaglangp,
acetate methyl ester. In sterojg

15.3.3 Hydrolysis
A large number of esters, la

hydrolysed by a number of mipr

The 6-aminopenicillanic acid (6-APA) is t '
penicillins. Bacterial hydrolysis of benzyl penic
essential step in the manufacturing of semisynt

The hydrolytic cleavage of prostaglandi ‘
microbial enzyme systems. Saccharomyces SPECies,
Corynespora cassicola and Baker's yeast have been repo

cola i lyze 15-epi PGAz
Corynespora cassicola is used to hydroly: ; :
hydrolysis, 3 and 2l-acetates are generally hydrolysed prior to hydroxylation or

dehydrogenation. Ester hydrolysis is also frequently accompanied by dehydrogenatio,

(Fig. 15.8.) o

"\=/\/\
& COOCH, Corynespora
Q/\/WCHJ cassicola

0 COCH,

OH
15 - epi PGA,
15 - epi PGA, acetate methyl ester
0
g
0—C—CH, OH

Proactinomyces
specles
CH3—ﬁ—o o

0
Fig. 15.8: Hydrolysis of prostaglandins and steroids

15.3.4 Esterification
Microbial transformation by esterification is rarely reported in literature. Different
(s;ieg;rolr:sg)e; 1€ Prepared by esterification using Sacchromyces fragilis and Trichodermaglauca

ithout s conditions, PGA (0, 1 double bong) s qomect into PGB (8

Isomerisation of steroids s y
. - . e com i i
Isomerisation of the double bong from Zs to A‘n:v?trl‘; Cgre}j:;xgbcog‘ Costerone is prepared by
acterium mediolanum.

ceutical Blotechnojg
phar™2 153
0 Microbial Biotransformation
OH

OH
Saccharomycos
\’mg;

(0]
Testosterone ( Intermediate)

(o}
4 - androsten - 3, 17. dione

0
o—g—crg

(0]
Testosterone acetate
Fig. 15.9; Esterification of sterojds

15.3.6 Amide Formation
Amide formation is a relatively rare microbial transformation. Smith znd his coworkers
reported the transformations of steroids with Streptomyces roseochromogenus.

15.3.7 Halogenation
Halogenation reactions are carried out at pH 3. Haloperoxidase enzymes from
Caldariomyces fumago catalyse the halogenation reactions of steroids (Fig. 15.10).

CH, fHa
C=0 c=0
(0]
Caldariomyces species ‘-
KBr, HzOz O e
0] (0]
9(11) 9a - bromo - 11B - hydroxy progesterone
A - progesterone
Fig. 15.10: Halogenation of steroids
15.3.8 Decarboxylation .
carboxylic acids is very common and of practical

: ic and linear -

im Decarboxylathn 4 aromattl;a”synthesssed by stereospeciﬁf: decarboxylation _of

: ei;zrt:’nce;d L-IySIne‘m :l?c" acid (DAP) to L-lysine. The reaction is catalysed by Bacillus
~0,—~0'~diaminopi

SPhaericys,
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15.3.9 Condensation ; :
Microbial condensation was utilised in 1934 In the synthesis of natura| e

Acetaldehyde reacts with benzaldehyde in the presence of fermenting yeast
(R) - 1 - phenyl - 1 — hydroxy = 2 - propanone. Thg propanone undergoes
condensation with methylamine to yield (1R, 25) - ephedrine.
[: T T : QUESTIONS

(A) Objective Type Questions:
1. Write the advantages of microbial transformations.
2. Write one example of the following types of bioconversions:
(i) Hydrolysis
(i) Esterification
(B) Short Answer Questions:
1. What is microbial transformation? Explain Microbial transformation by reduction,
2. Write short note on Microbial transformation by oxidation.
(C) Long Answer Questions:

1. Explain in detail different biotransformation reactions with special reference to
steroids.

2. Write the applications of microbial biotransformation in synthesis of active
molecules.

(D) Multiple Choice Questions:

1. Microbial transformations have the following advantages except
(a) It can reduce multistep reactions to a single step.
(b) Reactions can be carried out under mild conditions.
(c) Reactions are stereospecific and regiospecific.
(d) It require more chemicals, labour and time.

2, Steroidal transformation mainly occursat
(@) Growth phase (b) Transformation phase
(c) Death phase (d) None of the above

3. Prednisone is produced from cortisone with Corynebacterium simplex by
dehydrogenation at position

@ & (b) &
(b) a® (d) A

4. Estrone is produced from 19-hydroxy-4-androstene-3, 17-dione with Nocardid
restricta by aromatization of ring
@ A
() C

Phedrip,

and gi‘/es
redUctiVe

—

(b) B

(d) D
pus

Cﬁa}ater 1 6

FERMENTATION

* LEARNING o,

aftr completing this chapter, reader g ECTIVES ¢

o [Introduction Hould b o 80 understand:
o Inoculum Development
o [Fermentation Media
o [Jermenter
o Types of Fenmenter
> Submerged Fermenters
»  Surface Fermenters

. We Scale Production Fermentor Design

Fermentation may be defined as the process of growing microorganisms in a nutrient
media by maintaining physicochemical conditions and thereby converting feed into a
desired end product. Fermentation is a biochemical reaction in which micro-organisms serve
as biocatalysts. Microorganisms are designed to produce different pharmacguncals such .as
amino acids, insulin, vitamins etc. Microorganisms useful in

; . i i Is or containers in
fermentation are bacteria, actinomycetes, VIruses and fungi. The vessels " e
which fermentation processes are carried out are called as fermenters. A ferm ‘
mainly used for growth of prokaryotic
frequently confused with a bioreactor: Fermenters afe y it
; : etc. and bioreactors ar
cells such as bacteria, actinomycetes g
eukaryotic cells such as insects mammalian cells etc. Fermenters also dl.f'fer‘r e
: ryotic cells . 4 mixers. The selection of a good medium is very imp
in their parts such as agitators 2" tion. The medium supplies nutrients for cell growth
. . 1on.
{0 the success of an industrial fermentz s, The fermenter is designed and operated for
. . 1 n ro u * { e’ H,
and biosynthesis of fermentatio Eticals under conditions of constant temperature, p
Production of different pharmace

fermentation process is
fissolved d substrat® joreniatd o C°’“P|9t:ar8d from fermentation is
ssolved oxygen an :
relJl'esented)l{i);g Fig. 16.1. A list of major

industrial products pre
given in Table 16.1. ol

antibiotics, enzymes,
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16.2 Fermentauon
e . secondaly ——* Strain improvement
Pfim:l?"g P scmenlﬂg ‘
scree
ont <——— gelection of active strain
lopm
Inoculum deve
Medium screening and optimization
—

—

Fermentation

!

Harvest

Cell separation

Biomass
Cell free supernatent

Extraction
Product purification
Formulation and market

Fig. 16.1: Flow sheet of typical fermentation process
Table 16.1: Major fermentation products

Group ( Product Producing micro-organism
Antibiotics ’ Penicillin Penicillium chrysogenum
' Streptomycin Streptomyces griseus
Chlorampenicol Streptomyces venezuelae
| Polymyxin Bacillus polymyxa j/l

contd. .-

.“utml Biotechnolo
Qe .
/—f———v l—‘ —— ‘ e —— Fermentation
mes Amylases ) - T
‘[ﬂzy p L::P,a_r,j,“‘,,- .
"Oteaseg PETYLLUS oryzoe
Lipases Bacillus species
Amino acids L-lysine vactharomycess lipolytica
‘ fr)r‘ nebacterium qlutamicium
Glutamic acig p i ' P
A -Orynebacterium glutamicium
]ysacca”des Dextran g e )
p0 Leuconastic mesenteroids
Xanthan gum
| Ribof Xanthomores compestris
e Iboflavin
jwtamln G Ashbya gossyp
| Ita
!‘ P Pseudomonas dentrificans
i micals | Et ‘
(ndustrial che hanol (from glucose) Saccharomyces cerevisiage
I CltrfC aCId Asce,—g/.";: —‘-;9'
| Lactic acid Lactobacillus delbrueck
|
'food and beverages | Beer or bread Saccharomyces cerevisige
! Cheese Streptococcus species.
2 INOCULUM DEVELOPMENT |

P —
CtO!

The microbial cells are required to inoculate large quantities of produ jum in a

arger fermenter. A single loopful of culture can not meet the requirement of complete
fermentation. Hence, inoculum is prepared as a stepwise sequence employing ncreasing
yolume of media (Fig. 16.2). The fermenter can be inoculated with a large quantty of actively
growing microbial cells. The size of the inoculum is normally between 1 to 10 per cent by
iolume. The chemical composition of the inoculum medium may be cifferent from the
production medium. The main objective of inoculum medium is to produce active Diomass
of cells and that of production medium is to produce the required fermentation product.

The inoculum must be available as actively growing cells and must be free from

tontaminants.

Microbial cells must pass

; i ing inocul
Possible for microbial cells to undergo mutation dunng i m g
does not poses a serious problem if the strain used in fermentation Is not a mutant. These

)| i ' s not interfere with the growth of
lls mutation is generally infrequent and if occurs it does not int |

"0Nmutated cel?s. It becomes a Serious problem if mutated St;a;: is :ls::ano:fh:
"fmentation rocess, These mutated strains have high freque\ncy af e oc AT
ack m”tatioinhis m'ay be overcome by employing media and incubation conditia

nd o select the growth of the mutant strain.

through many generations during inoculum production. It is
um development. Mutation
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1 ]
loopful of spores
g W

Ferme"latl
Pharmaceutical Biotechnology o

—_—
Shake flask culture
Freeze dried Worki?tg slant (First seed medium)
culture Cufture
_-—
— =
;;g“enm'“g";ﬁmﬂ Large Erlenmeyer flask

(Second seed medium)

Inoculum added in
fermentation medium

Fig. 16.2: Inoculum development technique of spore forming micro-organisms

Industrially important micro-organisms are filamentous and are capable of producing
spores (fungi, actinomycetes, bacteria). The initiation of growth in the liquid inoculum media
depends upon the nature of micro-organisms. Bacterial cells or spores are suspended ina
sterile diluents for transfer in the liquid inoculcum medium. Clostridium species often require
heat treatment to induce germination of spores, Spores of fungi and actinomycetes are
germinated by using special medium. Then these germinated spores are transferred to the
n.ormal inoculum medium. One example of inoculum development technique is given in
Fig. 16.2. The preparation of spore suspensions (e.g. actinomycetes) is done by adding @
suitable diluent to sporulated agar growth. The spores must be loosened from the surface
with a sterile wire loop. It is also required to add a non-toxic wetting agent (e.g. sodiul
I;u:jyl Isulfonate) in the diluent to make the distribution of spores uniform in the dilutio”
f:rln'enrt'a tcig:;f::ft{u;zr‘::es:a:?na:y fungal fermentation (e.. Aspergillus nige{‘ citric ac;:

Pores to be floated on the surface of the liquid medium. In ¢@

of poorly sporulating fungi i g
broth mediom. "9 OF actinomycetes, fragmenteq hyphae are transferred 10 !

‘.uﬁul Biotechnolg

B

fhe choice of a gogy . S 7 e
' i y IS van g ——
entation. AI_I MICroorganjsms requir €Y importans ¢ B—
ants: vitamins amino acids et ¢ Water \d o1irra = success of industrial
C. fo OUICeS of nitramgm oa
y factors, precursors of fp,moma’; growth, The . bl )gen, carbon, miners
1 Y g C oy ¢ 154 2auIra Aifar
y ats for the synthesis of Specific ferrr:m Products, disso A Al "~0 require different
i . $im = 1585 Dutfers ar+if min

?efermentatlon lndUStry is to design > reﬂ?taf‘m Products One "N o ;:-1 oaming
* and error method. *130le production mediim 1. 10" Problems for
mal S e This is only done by a

The ideal characteristics of fermentas

; : n 10n medium ShOUld meaes tha i
. Production of the maximum yield of d meet the following criteria
s s : produft OF Diomace im chmes
o Aminimum yield of undersizeq other orog Omass in short duration
broducts
A simple, suitable chem: 2,
. fP ’ emical composition of production med: e
e from any tox;

o Fre y toxic effect on cytyre or product.

+» Low cost, good quality and easily availaple,

» Raw materials required for Production medium zre easily available 3t 2 Jow cost

» Most suitable for production Process such as agitation, extraction. o rification, waste

treatment etc. i -
* Production medium must be suitable for adjustment pH. consistency and

composition.

MICTO-0rganisme

ganisms.
Allowing the proper growth and maintenance of the genet
microorganisms.

Inhibition or slowing of the growth of contaminating

C stability of active

Foaming must be minimum.

Media components must not interfere with the extraction and purification of desired

product.

The composition of a fermentation medium may be simple or complex depending on
the particylar micro-organism, its nutritional needs and the product required. A synthetic
Medium contains known components and these media companents are easlly redesigned to
 Nerease possible yield of the product. Foaming is not a prgbiem of fermentation whxch
©ntains synthetic media because these media do nat contain = high malecular weight
¥ptides and proteins. The purification of fermentation prodyuts :‘S :‘Si _Sl:*pletw'tfh tf::
“Inthetic media, The synthetic media may be expensive because OC t ; ! C?i Ont::tic
'ﬂgrediems and the yields obtained from these mgdla a:zd 10; Cﬂ:u :eor; :;u r:ymainly
madlum mainly pTOdUCe h'gher yleld Of N el Llll uor as a source of carbon
Mtains soyabean meal, black strap molasses and corn steep 9

c|'flltrogen,
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\ cel!ﬂ‘al Biotechnolo
p 16.7
ic not controlled, it May rise i the Fermentation

ol ible for causing contaminas: head spa
ns! Minatjg Ce of the tant T A :
pipo ed out from the tank 5c anmn of the ermMenter. 1 higtanx‘ This condition is mainly

hi :
" the foam. These antifoam o - C O anti evels of foam, medium may

Carbon sources:

The common carbon source

molasses;
glucose, fructose, SUCrOse, - the concer

ed in pharmaceutical fermentation Procese
5 UuS

S . 8s
c acids, hydrocarp IS
ed starch, organt ‘ rbong
hydrolyZ rated Syrups formed in the SUQar-r Plany

. Inj Oam :

i molasses ar lasses is the cheapes n age agents are :
ols S beetaic o industry. Blackstrap 70 ek 2d o BREECSCF the foam bubbles, Ty . 20 IOWer the syface o crocr. " the Media to
process as by-products of sugar .o In addition to SUCTOSE, aCkStrap Mola. pill 3 * WO types of .o Uriace tension and decrease the

: | fermentation. iN ; Olagg @ tion i.e. crude orga ] O antifoam :
useful sugar source for industrz. & \ysaccharides and invert sUgars. Glucose, g% nta ganic materials 54 in . 2gents are commonly used in
also contain small amounts of complex p@ ysd to molasses but it gives more cleap ’meg'mse "' materlalsdar? sterilized SeParately ang f: antifoams, Antifoams made from crude

1 are . A en . ;- 3 y
and fructose are more expensive as COMP al are widely used in SECOnlum' ean oil, lavd oil, octadecang| and other fatty aa‘dded In the fermentation. Corn oil,

¢h as cornme

su
SlES urce of carbon than carbohydrates, ary

9°Ynts. These antifoam agents may
’3trie nts to cultures. Silicon compg
:gents are not utilized by the micro-

Complex starch-containing sub

be toxi
. ' C or
metabolite fermentation. Plant Ol iy

unds are ma
Organisms

|s are a rich sO
eating uni

Cellulose materials are complex carbohydrates m;:eol;,\p t:fer:;;p er-pgulp?: 3 iOf dB"glufose,

Sulfite waste liquor is the spent sulfite |ileJ°"°bﬁ"ne I N Shient HexosgsnDUStry'ltis

a dilute sugar solution having approximately 2% sug : ( “Qlucoge

i mainl : '
D-galactose, D-mannose) and pentoses (D-xylose, L-arabinose) are mainly present in Sulfite

waste liquor as monosaccharides.

”Ineralﬂ

Nitrogen sources:

The most common nitrogen sources are yea 2 | no
solubles, soyabean meal, corn steep liquor, fish meal, cottonseed meal etc. Distillers solubles

are prepared from fermented grain or maize by distillation using a|C°h°|: Effluent g
concentrated to reach the solid content 35% w/v (evaporator SYFUP): This Syrup is then drieq
to yield 'distillers solubles". It is used as a production medium and it supplies nitrogen iy
many accessory food factors. Corn-steep liquor is the water extract by-product resulting
from the steeping of corn during the production of starch, gluten and other corn produycts.
The spent steep waters are concentrated to approximately 50% solids and this concentrate is
called comn-steep liquor. It was first extensively used in fermentation media for the
production of penicillin. Corn-steep liquor mainly contains lactic acid, amino acids, glucose,
salts and vitamins. Soyabean meal is the components left after deoiling of soyabean seeds
and it contains approximately 8% w/v nitrogen.

Buffers:

Buffers are generally added in the production medium for their buffering capacity
During microbial growth in the fermentation, pH may be changed by acidic or alkaline
products. Decarboxylation of organic acids among the medium constituents may raise thé
pH and deamination of strongly basic organic amines lower the pH of fermentation media
Calcium carbonate is generally added in fermentation media to provide neutralization of
acidic fermentation products. Media containing proteins, peptides and amino acids posses’
good buffer capacity in the pH range near neutrality.

Antifoaming agent:

st extract, peptone, ammonia, distilers
precursors:

Precursors  are ad_d‘-’d Prior to or simultaneously with the fermentation. These
gbstances are used to increase the yield or improve the quality of the product. Phenylacetic
xid is added in the fermentation medium of penicillin G and inorganic cobalt in the medium
sfvitamin Byp as a precursor.

- All fermentation media are generally sterilized by boiling or passing steam through the
medium or steam under pressure i. e. autoclaving. In a small-scale laboratery fermenter, the
medium is directly placed in the fermenter and then the fermenter is sterilized by autoclave.
lerge-scale medium is sterilized by passing it through heated retention tubes containing
steam jet heaters. The medium constituents at double to triple strength are mixed with
Water in a mixing tank. The final medium is then passed through retention tubes and heat
eichangers. Retention tubes contain steam jet heaters that inject high pressure steam into
e medium to sterilize it. The rate of passage of steam is adjusted to provide proper
serilization without over cooking. Sterilizing synthetic media requires less time than the
ude media, Media containing vitamins and enzymes cannot be sterilized by the heat
’fl_ethod. These sensitive components are sterilized separately by a bactericlogical filter and

1en added into th

} 6.4 B -

kv D
3 T B

to grow in a large vessel containing considerable

| Wantities of nutrient media by maintaining favorable conditions. These corlxtainers are cag?c:
. : : d metabolism to microbia
vide optimum growth an J
RNl These fermenters prc? : The term 'bioreactor' is often used
SBiNs for production of the desired product.

- The industrial microorganisms require

Fermentation media containing proteins or peptides can produce foam in the process

of agitation and aeration, Proteolytic bacteria mainly produce high levels of foam. If this
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fermenters are U _ o
ryotic cells. The design of the fe, llg
menter

sed. An ideal fermenter should POsses
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nter. Generally,
ed for growth of euka
hich it is to be u
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Pharmaceutical Biotechno d on e T S
sed for growth of prok aryot {\FQL Fermentation

synonymously for ferme
while bioféactors are US
depends upon the purpose for w
following characteristics. . h conditions to industrial straj

It should provide the best possible growt co ains,

the Submerged fermenters l

;urfa'-;' 'EV'QC’efS

|
|

() S ]
() It must make some provision for the control of contaminating Mmicroorganic: Mechanically — Forced conyecyy, ‘
: ) S sﬂn’ed fermenter fermentar n Pneumatic
during fermentation. ' fermenter ‘
(i) It should have the provision and control over var|<.>.ut5 Operations |ike |
temperature, agitation, aeration etc. It may have facilities for monitming ali ‘
. !
itions. atch operated  Continuous stirrec-
conditions . . 4 S i o fermenter tank fermenter |
@) The fermenter should provide all aseptic conditions at the time of san . ' - 1
withdrawal and addition of inoculum. - Tray Packad ~n¢' coloumn
fermenter Sogides

Fig. 16.3: Types of fermenters
16.4.1 Submerged Fermenters

In su.bmerg‘ed ferm.enters: (_suspended~gromh system), the micro-organisms are
dispersed in nutrient mf‘d'”m (liquid) at maintained environmental conditions. On the basis
of mechanism of agitation, fermenters are further classified as follows.

1. Mechanically stirred fermenters: These fermenters are equipped with a
nechanical agitator so as to maintain homogencity and rapid dispersion and mixing of
naterials. Mechanically stirred fermenters are stired tank fermenter stimed muftistage
fermenter (continuous process), paddle wheel reactor and stirred loop reactor. Stirred tank
| frmenter is the most applicable fermenter in fermentation industry for the batch process.
The main advantage of this fermenter is the flexibifity in design and is used in the range of
' Litre to 100 ton capacity sizes. The agitators consist of ane ar mers impellers mounted on a
shaft. Different types of blades are used according t the requirements. It is rotated with the
help of an electric motor. A basic computer controlled stirred tank fermenter is shown in

fig. 16.4.

A continuous stirred-t
However, in addition of feed and overﬂq
by ‘chemostatic' or 'turbidostatic ' princip
ddded continuously in the fermentation Vess
fecovery of fermentation products. A continuous ,f.em
techniques, It can be performed s ‘single stage' in »:,
and then kept in continuous operation by balanding ‘ :
[fig. 16,5 (a)). In a 'recycle’ continuous fermentation, a P o
| I8sidual unysed substrate plus the withdf o cuf:ume:tati?n involves
[fig 165, (5), The multiple-stage’ <O [ﬂrmms @

_th the fermenters being operated in sequence [Fg:

(v)  The fermenter vessels must be strong enough to withstand the pressureg 5

toxicity of media.

(vi)  Fermenter must have the facility of incorporation of §terile air and stirring,

(vii) It should provide all facilities for intermittent addition of ant@am agents, alkali o

acid and other nutrients.

(viii) Fermenter should have additional ino_culum, seed or media tanks.

(i) It should be designed in such a way that it consumes less power, has less
evaporation, can be used for long periods of operation and has proper sampling
facilities. f

(®) It should have the facility for complete removal of broth from the tank and should
be easy to clean. o 8

Types of fermenter:
ank fermenter (CSTF) is basically the same as a batch fermenter.

w devices, steady-state condition can be achieved
les. In continugus fermentation, fresh rp_edium is
el and in other end medium s withdrawn far
enter can be conducted in various
hich single fermenter is inoculated
input and output culture media
rtion of the withdrawn culture or
led to the fermentation vessel
two or more stages

Flermenters are available in various sizes and their sizes are defined on the total volume
capacity of the fermenter. According to size, fermenters are classified as follows:

() Small laboratory and research fermenter: 1 to 50 litre
(i) Pilot plant fermenter: 50 to 1000 litre
(iii) - Large size industrial production scale fermenter: more than 1000 litre.

in_sitim:l'e:;zl;i:‘ﬂn::ters are autoclavable while large scale fermenters are sterilized o/

conditions for !he.ro;thsma"-hboratory fermenters are designed to provide varyins

o f90 i of micro-organisms and are adjusted to provide similiar grow!

are also classified und i the largest industria production tanks, Broadly, the fermenter
as submerged fermenters and surface fermenters (Fig. 16.3).

|

J

| o

Scanned with CamScanner



F
Pharmaceutical Biotechnology 1610 =MeNtatigy,

<+ Agltation measurement
Agitation feedback

w

Less risk of contamination oy o

———pH measurement > s Mutatior
r———D:ssolved oXygen measureme, More flexibility with differ 08CaUse of gh e -
&l ————Volume measurement £ X €Nt prodyes and " growth period
- =1 Temperature measurement process is more economic5| 4 'Q big 0gica Systame
. n sim iﬁ S8CHIS,
Raw material conversion faya - 4
; ' evel js
Agitator shaft St bater S Mora,
pH feedback o——o dvantag £ fe""e"tation;
e ow productivity dy .
Acid/Base _ﬂ_' E{ggllg; Tefmperature " p A e time "equired for t
fo—— = sterilizine ¢
- eedback cleaning etc. #riizing, filing csoling, emptying
. More expenses are requireq for subeyfs
Alr flow Flat- ures for inoculation. fabere
feédback O———0=—— at-blade turbine control. -Lidtion, labour and process
focuson i 1
Air golime feedback g "o ind . nsn’Umentanon due o f"eqben‘ stenlization
industri i ; gl T
Air flow . Larger. trialhygiene risks dye 15 Potential contact with rae
St . . organisms. ~oHidCt with pathogenic micro-

jdvantages of continuous fermentation:
+  Less labor expense due to automation of fermentation process
. Less toxicity risks to operator by any toxins Producing by micro-organisms.
+ High yield and good quality product due to invarizble :ce'at*:: parameters and
automation of the process.

Fig. 16.4: A computer controlled stirred-tank batch fermenter
L Output Substrate

0B

(2) Single Stage fermenter (b) Recycle fermenter

Product

-

Recycled

microorganisms + Less stress on fermenter as sterilization is nat very fraquent.

Disadvantages of continuous fermentation:

« Uniformity in media quality is necessary to ensure that the process remains
continuous.

* Higher investment cost in control and automation equipment.

* More risk of contamination and cell mutation.

* Slight variation only is possible in the continuaus pEecess. e
jon f nters, the agitation is

2. Forced convection fermenters: In forced convecton rer:e'v erst i nf P

i ] h rmenter

dfected by using a pump, instead of a mechanical stirrer. ‘Loap @ j

f : ; ing liquid movement and gas entertainer. In the loop

g o - velwble volnd & idi | where a liquid saturated with gas is

fermenten gas distribution device is a subsidiary vessel O st R

tirculateq by forced convection into the fermenter ‘vesse_d ;)f o fe";‘emer_ L

mtmained into a high power jet of liquid into the hgur et

p s are available ie 9as :

"Y_pss of forced convection fermene! onvection fermenters are

: r.
ble column or sparged tank fermente
'%niin Fig. 16,6 and Fig. 16.7

b 2
R
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—a Exhaust ——
gas

Riser
#}———— Down comer

Draught tube

-— Gas —
supply
(a) Draught-tube or internal loop air-lift
bioreactor

(b) External-loop air-lift bioreactor

Fig. 16.6: Air-lift bioreactors
Airin

— Culture
out

o]

——Nozzle or
perforated plate

OPump g Medium in

(a) Bubble-column fermenter (b) Deep jet fermenter

Fig. 16.7: Bubble-column and Deep jet fermenter

Air-lift fermenters are classified as draught tube or internal loop fermenter and external
loop fermenter. In the gas-lift fermenters, internal liquid circulation in the vessel is achieved
by sparging the vessel with gas. Fluid volume of the vessel is divided into two
interconnected zones by draught tube. Air is typically fed through a sparger ring into the
bottom of a central draught tube that controls the circulation of air and the medium. The
airlift external-loop reactor system is used for circulation of direct air and liquid throughout
the vessel. This system consists of a riser and an external down comer, which are connected
at the bottom and the top respectively. The injected air at the bottom of the riser creates
gas bubbles that rise through the fermentation tank and the heavier solution descends

‘.

g
e

fluidized zone.

W‘L‘L&MW\

pir-lift fermenters provide man

. High flexibility, less shear .

. Controlled flow and effi

. Simple design without any movin

« Easy maintenance, less risk of def

« Specific defined residence time f

» Large volume tanks, possibje specific

« Higher mass-transfer due to enhan

with greater pressure.

3. Pneumatic fermenter: Fluidized bed
bioreactor used in fermentation involving fiuid with suspended |
lenzyme) or cell particles or microbial flocs (Fig. 16.8). The cell particles are
coming stream of liquids. Top part of the fluidizee fermentar < expanded to reduce ;
superficial velocity of fluidized bed. Solids set easily in satting zone and then drasped into *

d ‘\“\l}
OWN comer. Ti ~—
h the >l The ayta —
irh "Hefnal 1000 » Mnmb"
red to standard airlifs (Interna| Vs P 3irlift ragep, . e
Q= oeUTement and Contrg| .-": eactors These 30s 45 some advantages as
gfficient temperatire Contre| ar& e riser and the .. -
p Low friction with an opfipn, Pycranfe g 7
i i | a ‘J icd Metrs 3
A SpECIﬁC residence time in the g .-;q Ct6T for ficer - . e 4
gubble column reactor js , f‘/“mdr,fa‘id section 0
“d! Column i
jtom through nozzles on 5 Perforateq , v N Which the gas is snare
he liquid in th ted or POrous dies-t 395 IS sparged at the
mugh btz ¢ Vessel ang May | _ - SDUtor plates, The gas bubkiec ic
haffle plates. T 3y be redisperson 8 gas bubbles rise
rfol‘ated A5t emperature CONtrols 1o SPersed by 3 succession of horizontal
; | coils oIS are maintainad ke o . . orizont
e intern@ . *d Dy the temperature jacket or

Y advantaq
ate.
cient mixing,

ae
=5 35S COMDAara *m shm - .
Paretp ¢ e standard fermoantar

g parts fiks agitator

€Cts and easy sterilization, |
or all phases, 1
interfacial contact-area with

ow energy input

Ced oxygen solubility achieved in arger tank

Dioreactor is an example of pneumatic

carticulate Diocatalyst
uidized with up- 1

Settling zone——

L e—Faed

Pump
Fig. 16.8: Fluidized bed bioreacter

___—-d
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16.4.2 Surface Fermenters

Microbial cells are cultured on the surface layer of the utrient medium (solidy IiQUid)
held in a dish or a tray and is generally called as surface culture.syste'?m or SUPPOWE.d growth
system. This technique is commonly used for production of citric acid from Aspergilius niger
and nicotanic acid from Aspergillus terrus. Microbial films can be developed on the SUrfaceg
of suitable packing medium. This may be in the form of a fixed bed, stones or plastic sheetg
This system is commonly used in biological waste water treatment. Packed bed colump
fermenter and tray fermenter are the example of surface fermenters.

1. Packed bed column fermenter: This is type of surface culture bioreactor in Which
solid particles form the packed bed on which enzymes are immobilized. A liquig
nutrient is allowed to flow continuously through the packed bed. Metabojjc
products are released in the fluid and removed in the outfiow (Fig. 16.9). When, the
film of micro-organisms is formed on the surface of packing material then thjs i
called as film bioreactor.

Culture broth

Product

Fig. 16.9: Packed bed fermenter

2. Tray fermenter: In tray fermenter, solid as well as liquid media are used for
fermentation. If liquid medium is used, cells are allowed to float easily and to make

the process continuous (Fig. 16.10). If solid medium is used for tray fermenter then
the process is called as solid state fermentation.

Solid state fermentation is defined as the growth of microorganisms (mainly fungi) on
moist solid materials in the absence of free-flowing water. These processes have been used

enzymes, organic acids, and also for
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Fig. 16.10: Tray fermenter as a continuous process
Advantages of solid state fermentation:
s Solid state fermentation produce higher yields than submerged liquid fermentation.

s The possibilities of contamination by bacteria and yeast are very less because of low
availability of water.

* All natural habitats for fungi are easily maintained in solid state fermentation.

* Culture media are very simple and it provides all the nutrients for growth of
microorganisms.

» Simple design of fermenter and low energy requirements.

» Small reactors are used due to concentrated nature of the substrate.

o Low moisture availability may favor the production of specific compounds.

* Inoculations with spores (fungi facilitate its tnifor dispersian hratgii e e

thvantages of solid state fermentation: '
i i SS
* The solid nature of the substrate causes problems in the monitoring of the proce
0

ntration).
parameters (pH, moisture content, substrate and oXygen cance

e ifficult.
* Agitation and biomass determination |s|ve;y dl:?croorg anisms that can grow at low
] ion is only suitable for
* Solid state fermentation 15

moisture levels.
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16.16 Fermentayi,
 em—————

i duction, homogenica,:
* The substrates require pre-treatment such as size re g Nisatiop,
e Su

: ent etc.
chemical or enzymatic hydrolysis, vapours treatm e BeTingi
* Possibility of contamination by different types o: :n 4
; ; igh level of solid co -
* Aeration may be difficult due to hig oY .
* Spores have larger lag times due to need for germination and also réquire Mora
cultivation times. .
i n viscous.
* Products obtained by leaching of fermentgd solids areEosftles <
| 16.5 LARGE SCALE PRODUCTION FERMENTOR D

Fermenter is a system consisting of different ypes of equupmerlitsf:r)mpgoznde m'c."°bial
growth by controlling environmental conditions. A typical large SC? € nler Consists of
three parts such as the culture vessel, associated supply and envnror‘lmenta SYStEm_S ang
measurement and control system. The various designing EepECtS required to be considergq
in constructing a ideal fermenter for production of pharmaceuticals are:

Provide operation free from contamination.
Adequate mixing and aeration.

* Maintain specific temperature and pH.
Access points for inoculation and sampling.

Non-toxic to microorganisms and safety.
Minimize liguid loss from the fermenter,
Monitoring and control of dissolved oxygen.
Allow feeding of nutrient solution and reagent.
Suitability for wide range of microbial cultures,

* Minimal use of labour and finances.

\
| * Cheapest materials and smooth internal surfaces for vessel,
| : ¢
i The fermenter is made up of stainless steel or borosilicate glass. They are non-corrosive,
‘*2 non-toxic and easily cleanable. The head plates provide parts for nutrient medium probes,
i gas input and waste product removal, Head plates and other accessories are fitted to the
| vessel by making use of gaskets, lip-seal and silicon rubber 0-1ings. Aeratian and agitation
; are achieved by using stirrers, baffies, agitators (impeller), paddles and aeration system
. (spargen) .Agntatlon and aeration system is one of the Major requirements of aerobic
*  fermentation,
Aeration of the fermentati ium i i
microorganisms  angd mre'r‘ma:t\:on me:'Uf" B SRR o the peactop o
‘ € crbon dioxide from the fer i ains

microorganisms, hence, it s sterilized before addition : menter: I
| Into the fermeter. Air is sterilized by
| Bl

utical Biotechnolo
(mace

!treatment at 25‘0 10 300°C ¢, Ultrayig|es liahs
ped ,,woot packefi filters or fibra glass woo!-f':[t: . !
© os'lty to filter mlcrOOrganisms |arger than 25‘“ Filtars are used
pof fmeta| or plastic or glass, Oxygen IS intr. Pg
o (ger. Spargers are situateq 5 ‘
[ ,aers are prepared from nop..
mic substance. Fine bubbles a1,
ofd en. Aeration is required tq P
ong of airflow is measured i tr
! , of bottom of fermenter, T
rﬂ ng. The aeration c;?pacity of
aeofair flow and the interna| py

Fermentation
CCllulose filter o porcelain filter or

A which have the effective
In ¢ - p

1 Size, Filters iysed for aeration are made
Ocuced at the .

oM of the ferm
Metal, rubber,
€ produced with the nelp
roduce larger am

OtOM of tha fsrm —
vHUIM of the fermente through
enta

- |
200N tank below the impeller

the bott
Orrosiva

Orous carbon, sintered glass or
of sparger 1o 4
ount of aic't'a::, and
ms of volume of airfvolume or medium
1ty of the medium can

ter is proportional

-~

he aeration Capac

the stirred fermen
essure,

Agitation in fermenter is most im
for oXygen dissolution, mixing of media contents and maintain
e production tank. Fermenters haye impellers (
inthe medium. Position and number of impellers are dependent on size, volume and height
of fermenter. Stirrer shaft can enter the vessel from the top (normal case) or from side or
from the bottom. Stirrer is rotated by the motor through adjustable pulley and beit or
through direct drive. Proper sealing is required at the entry point of shatt into S
prevent contamination. Agitation results into vertex formation and escape the bubbles into
hollow cone. Impeller action causes spinning of liquid as a mass. Vertical siates or ke

present on inside wall of fermenter to correct situation. Speed of impeller depends on size
of the fermenter vessel and nature of microorganisms.

| ) <

oe ennanced by

u oy

to the stirring speed

portant for OXygen transfer, develop larger interface

s uniform environment inside
Fig. 16.11) present to bring about agitaton

Anchor Gate anchor Helical screw
-
il
¢4 o
N
Propeller 6-flat blade disc - turbine
Paddle

Fig. 16.11: Types of Impellers
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- @rme
Fe"""entatlon Monitoring and Control ""’Uo,,

Measurement and control of environmental conditions and biologijc |
entation monitoring. The process monitoring parameters are IiStg al varj g
developments in digital electronics have permitted a high leve| of mo

fermentation processes. Th i
- Ihe computer can be a vital instry
and control, A

X i
ed in Taple 1 Wy
Nitoring and CO‘nt- Ney,
I Process optimizro! of
10,

Tablg 16.2: Controlled pParameters and monitorin ”

= — Eaometersiandimc g devices in fe :

’[7 >r. N Process control W
e —sitebaen o LA NS I itor; :

[ 1. |Airflow (0 to 6 lit/ min) W

Flow meter

et | Water flow

I' . Rota meter.
emperatur

p ure (8 to 60°C) Thermometer/ ther

mistory/
thermocouple

| el
;rld ther

4. pPH (2 to 12) pPH meter
S. Agitator speed (0 to 1000 rem) Tachometer
6. Pressure (2000 m bar) Pressure gauze.
3 DO, (0 to 100%) DO, analyzer
8. Power input Vom, target
9. Foam Foam, sensing and control unit,
10. | Rheology Tube or cone-plate viscometer
11. | Cell concentration Gravimetric dry weight or turbidimetry,
12. | State of culture Enzyme probes, substrate
concentration.
13. | Gas analysis CO; analyzers, gas chromatography.
14. Redox potential DO, analyzer, DCO, analyzer,
Polarographic probes, Galvanic probes. |

Process parameters are the optimum conditions which are to be mainta.ined for the
production organism. These conditions may be dependent on type of organisms such &
bacteria, actinomycetes, yeast, mould etc. It also depends on fermentation process stch a;
aerobic or anaerobic, surface fermentation or submerged fermentation .and batc
fermentation or continuous fermentation. The most important part in ferm.entanon p(oc‘?::
is to maintain optimal growth environment in the fermenter for production of ranIg:‘s!y
product. Maximum efficiency of the fermentation can be achieved by contl;: i
monitoring the variables such as temperature, pH, dissolved oxygen, pressure,aia;abg o
mixing, nutrient concentration and foam formation. Improved sensors are av
continuous and automated monitoring of these variables.

Fermentatioll

¢uﬁ‘a' giotechnolo 16.19 : < an
s , r or PIP€
e erature control: The temperature control in the fermente es reduced
TemP

arameter for a good fermentation process. Lower temperiturihceausgromh of
;mpoﬁantformation, while higher temperature advefsely affec Snd cooling systems
p(aduct nisms. The bioreactors are normally equipped with heating 3a o measured by
m;croorgge used to maintain the optimal temperature. Temperature r1:a?lli.: thermometers,
ot - in glass thermometers, pressure bulb thermometers, bllmiistaﬂt thermometers
mercuocouples, metal-resistant thermometers or thermistors. Metal re

mistors are used in most fermentation applications.

] . en pH 5.5

monitoring and control: Many microbial cells g(ovlth Opt"'?a”s/e t::tew:qetaf:olites

Microbial cells grow rapidly in fermentation medium and're ea Jium should be

2 > e responsible for change in pH. Hence, the pH of the meal H can often

e <ly monitored and maintained at the optimal level. Rapid changes in p d nitrogen

“’ntinuoudyby careful design of production medium with respect to carbqn an e
red:C-;-ahe pH of fermentation medium is also controlled by addition of acid ora

; i i ' trodes such as
smm;;ined glass electrode is routinely used for pH measurement. Other elec i
cmﬂr chloride, calomel, mercury etc. are commonly used for pH measu

slve
connection to pH meter.

i i it i ti at the
pissovled oxygen: In most aerobic fermentations, it is essen.ua'I to ensxljreoth P~
Jissolved oxygen concentration does not fall below a specified minimal level. Oxyg

‘ e : : . f
sparingly soluble in water and it is continuously supply to the culture medium in the form o

sterilized air. Continuous monitoring of dissolved oxygen concentration is most |mp<'i>rtar?z
for optimal product formation. In small fermenters, the component electrodes are galvani
and have a lead anode, silver cathode and employ potassium hydroxide, chloride,
bicarbonate or acetate as electrolyte. The sensing tip of electrode is a Teflon, polyethylene
or polystyrene membrane which allows passage of the gas phase. These electrodes are
suitable for monitoring very slow changes in oxygen concentration. Polarographic
electrodes are commonly used in pilot and production fermenter with gold using aqueous
potassium chloride as the electrolyte. Dissolved oxygen concentrations may be determined
by a tubing method. The oxygen which diffuses from the fermentation medium through the
tUbilng wall into the inert gas stream and then determined using a paramagnetic gas
dnalyzer,

Pressure measurement: Positive pressure is maintained in fermentation vessel and it
May differ from process to process. Positive pressure helps to dissolve the oxygen into

Medium. It does not allow external organisms to enter from any gaps which may be present

;th'Oints Or valves. Positive pressure in the fermenter vessel in controlled by adjustment of
eUmati : ‘ SR x

e tic control valve in the exhaust line. The pressure maintained is 12 to 15 |b per sq.

fpe F‘;aﬂ? formation and control: Foam formation is dependent on composition of media
s c: Microorganisms, aeration, agitation and type of metabolic product. Foam formatior;
Use seripys problems in fermentation. Antifoaming agents are added in fermentation
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Fermenta"oh

g |
levellMinera) gparger ® B4 fermengg, .
. i . Mineral o
When the culture starts foaming above certain predetermined leve Oils bag

. . ed o Antifoaming agens dditign of _
Slicane or vegetable oils are commonly used as antifoaming agents. Antifoamiy 2Geny, | 4 Sterile medium ® Antipyer .
may be added slowly at a predetermined rate by small pump so tha oammg Never occy; (© : : | Icrobia) agent
and there is no need to foam sensing system. A foam sensing and control u_nlt IS ofta USQS ‘The siZ€ of the NOCUlum jg Norma)| il ip
and it is a probe inserted through the top plate of the fermenter. Mechanical a”“fc’amind @ 01-1 LXK added iy
devices may be used such as disc, propellers, brushes or hollow cones attaclhed ' thg A e ®) 14, toa Production tan.
agitator shaft above the surface of the broth. The foam is broken down when it is throw: (c) ; ; (€ 2
against the walls of the fermenter. ; Antibiotics are mainly Produceq by Microgy ; ~ 0
R QUESTIONS ‘ Q (@) tag B iy s
(A) Objective Type Questions: (O} pationary (d) D(:g
1. Draw a neat labelled diagram of a fermenter. . g In fermentation process, impellers are ysed , i
2. How will you regulate concentration of gases in fermentation? (a) Aeration b Or'\'
3. Draw a complete typical flow sheet of fermentation process. (c) Centrifugation ( d; in.tlfo.ammg
4. Write advantages and disadvantages of air-lift fermenter. Shdtion
5. Differentiate between internal loop air-lift fermenter and external loop airlft el L
fermenter.
(B) Short Answer Questions:

1
2.

Discuss the different factors for designing of a fermenter.

How will you develop inoculum of spores forming microorganisms for fermentation,
process?

3. Write a short note on:
(a) Continuous fermentation
(c) Fluidized bed bioreactor
r (C) Long Answer Questions:
1. List different types of fermenters. Explain any one surface fermenter.

2. How will you monitor and control different parameters in large scale fermentation?

3. What is submerged fermentation? Explain any one submerged fermenter.

i; { (D) Multiple Choice Questions:

L; 1. Air-lift bioreactors contain draught tube which is situated in to the fermenter.
: . (@) Internal (b) External

(c) Both of the above (d) None of the above

2. External loop reactor system is a type of fermenter.
(@) Air-lift (b) Stirred-tank
(¢) Tray

(d) Packed-bed

—
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PRODUCTION OF PHARMACEUTIC,,
\S

Ly ; + LEARNING OBJECTIVES
After cc 7 / *
JHer completing this chapter, reader sfhiould be able to understand:

° J
Introduction

®  Penicillin

®  Citric qcid

®*  Vitamin B

®  Glutamic qcif
®  Griscofulvin

—

| 17.1 INTRODUCTION

Production of antibiotics, vitamins, enzymes and alcoholic products is the main 2 .
the fermgntation industry. Most pharmaceuticals are produced by the p,:,n g
fermentgtnon using specific microbial strains. Interest in utilization of antibiotics foriﬁses 4
beg.an In 1929 when Alexander Fleming found that a mould Penicillium had an e;fapy
against Staphylococcus aureus. Penicillin was the first antibiotic commercially produced fr;:
the Penicillium species by the process of fermentation. Its use in treatment of infections, leg
to the invention of thousands of antibiotics. These antibiotics are mainly produced fron
fungi, actinomycetes and bacteria. These substances have wide applications in medici
veterinary and agriculture practices.

Antibiotics are the most important class of pharmaceuticals produced by microbil
biotechnological processes as a secondary metabolites. Antibiotics are most importanta
antimicrobial agents for chemotherapy. These antibiotics produced by microbil
fermentation or chemical synthesis or a combination of both. The basic molecules of
antibiotic may be produced by fermentation and its therapeutic value can be increased
chemical modifications.

Microorganisms can be successfully used for the commercial production
Vitamins are organic compounds that are used for normal maintenapce :?md opti
of organisms e.g. thiamine, riboflavin, vitamin By, ascorbic acid, provitamin A etc.

RELRTSR % . & 1 By ¥

Production of penicillin began (1
fermentation of Penicillium notatum. During World War 1II, penici
studied extensively to increase yields of penicillin. Now-a-day, pen

(17.1)

of vitamins.
mal growtd

< 5.4 Y ¢ s < A e IV, 2 - Itura
in the United States (1941) by surface ¢

; i wert
llin producing f“"%' ::m

icillin is produce

of

ticals
production of Pharmaceu

penicillin is effEcEs ncillins
Rickettsia. Natural pe‘b't the
- i i
m-P d G) acteria. They inhi o
. iins V. an : rolyse by €
,-"cl."" cell wall synthesis and destroy the cell. Y hyd‘sm)’s that produce
L _ Hence, natural penicillins are ineffective against microorgan ase have been
ase. Semi-synthetic penicillins that are resisﬁaf’t' e g-la;tatr;rm applied to an
; fully used against a Gram-negative bacteria. Penicillin is a2 generic

uccess Al &
of antibiotics. 4
entiré group A) which consists of a

The pasic structure of penicillins is 6-amino-penicillanic acid (6 - AP- e e g1 e
ne ring with a condensed B-lactum ring. The B-lactum r.mg G ppiet
contains two amino acids such as L-cysteine and D-valine. Per‘ucnlh.ns a i
s of 6-amino penicillanic acid (6-APA). If penicillin fermentation is carne| st
without addition of any side-chain precursors then the active. ;o_mpouf\dsl?/ri caar: : 5
natural penicillins. In commercial process, only penicillins G, penicillin V (Fig. .’r)1 el
jmited amount of penicillin O have been produced. Penicillin X, d°_ not have any t er"pd -

walue but benzyl penicillin has therapeutic value. The fermentation can be controlle y
addition of side-chain precursor so that only desired penicillin is produced.

17.2

technology 1
sceutical Bi e against

. chrysogenum by submerged culture technigques.
gnif‘”‘ sitive pacteria and also some large viruses and

are effective against several Gram-positive ©
Penicillin is easil

enicillin
derivative

I & _~CHa
R—C—NH—CH—CH CH\
CH,
/C—N CH—COOH
7

(0]
— Cg Hs CH,— Penicillin G (Benzy! penicillin)
- HOCgH,; CH, — Penicillin X (Hydroxy benzyl penicillin)
— CgHs OCH, — Penicillin V (Phenoxy methyl penicillin)
CH3 CH, CH = CH CH, — Penicillin F (2-Pentenyl penicillin)
= (dnk (CH2)3 CH — Dihydropenicillin F (n-Pentyl penicillin)

X X X W W ™
I

= CH; (CH;), CH; - Penicillin K (n-Hepty! penicillin)
Fig. 17.1: Types of penicillin

szce Penicillin G or penicillin V is mostly used as the starting materials for the production
eral semi-synthetic penicillins. Natural penicillins are chemically or enzymatically épl't
i

to ﬁfSt ¥ E -
obtain 6-APA, which is then reacylated to synthesis desired derivative of penicillin
S.

Semisyntheti

; thetic penicillins are mor i Ctam Zym o]

il e stable, resistance to B-

,am'" icrobial spectr B-lactamase en es and expanded

-~ Penicil|i s
. Cillin which is used as long-lasting injectable.

um. Penicillin G is also produced as poorly soluble procaine salt of
o
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17.3

P .
Production of 6-APA: roduction of Pha

Penicillin G .("‘ﬂw.
ICtiin g
T andcazd?e produced with good yields €conomical
a £
s Ing phenyl acetic acid precursor duting’s Y by usip ‘
oS can be removed from penicillin 9 fermentatjop, Acy| €Nl
penicillins are produced by carrying out a obtain g APA, g groupffos
ositi i !
:3 [ .;nls to 6 APA (Fig. 17.2). Penicillin Ntroduce ngy, ac;“'syntheti(
rom Escherichia coli Producti 9ro
z lon of 6-Aps . uDej
source directly 4, PA S0l
: 4 pan
- Bacteria| cells are o pef\lqu,n

G by deacylation to
cylation reaction to j
acylase s ysed for

E. coli slurry is added as crude enzy
me

£ \ t
rom phenyl acetic acid and non-converted ed to pH 2,0 ang G Oveq
ketone. Precipitate the 6-APA at its | €d penicillin by extraction wi is S8pary
is : .
iy O€lectric point (pH 4.3) ang the crysta| methyhsobub
s ar,

(o) COOH
Penicillin G

Penicillin

acylase

pH 8.0

H,N M _s<__-CH,

H: ! I I \<CH3 + @—crnz—com{
S N COOH

Phenyl acetic acid
(use as precursor for
production of penicillin G)

6 - Amino penicillanic acid

@—(IZH -—COOH

NH,
Phenyl glycine

Penicillin acylase
pH 5.0

H

CH—C—N S s
o H>/]:| lfCHa
NH,, O > N COOH

Ampicillin picadd |t

2aa : illa
Fig. 17.2: Preparation of semisynthetic penicillin (ampicillin) from 6-aminopen

produ

auﬁ“’l piotechnology 17.4
ac

development: o)

ma‘u elected strain of Penicillium chrysogenurm s maintaine
The d preserved by lyophilization, or by mixing th
At = eparation, spores from working solid cultures are sus

o : . i i e
dded in flasks containing nutrient solution and ”::""zra\iedrhe inoculum tanks ar
um tank.

in the form
Stef”lze

are @ ; : 3 |
e g nocu
5porresult|“9 spores are used directly to inoculate |

- m. The resulting
for 48 hours with agitation and aeration to grow more r:()jlcz';ueven third-stage
is used for a production tank or it is added to 2 Se_COﬂ
culum tank to produce more inoculum for large-scale fermentation. 53
ino .o media: _ : r productio
h:t;z:ct composition of penicillin production media used in the 'Qrde‘-t‘sstz f:?waf particular
icillin is unknown. These media are considered to be trade s€ >
of PE " ion industry. A typical medium described by Jackson (1958) €O | alucose (196);
fermen drates, such as corn steep liquor solids (3.5%), lactose (3.5%) an ? (0.4%), And
carbOh'ym dihydrogen phosphate (0.4%), calcium carbonate (1%), edible ol e edia
faso ursor. The pH of this medium after sterilization is 5.5 tO 6.0. Inocu

ated

icillin prec ) ) ded in the
emsimilar to production media except that lactose and precursors are notaasz Sl
i media. These media compositions may be slightly changed to incre y

inoculum )
meet economic changes.

ermentation: : . > : :
i The media are placed in a fermentation vessel, sterilized and inoculated with a

suspension of Penicillium chrysogenum (inoculum). A flow sheet for large scale P"O:E’C:‘;;l‘o?;
penicillin is shown in Fig. 17.3. The fermentation vesse! is equipped with devices whic )
tontinuous addition of nutrients, acids/bases to maintain the pH (7 to 7.4) and cooling coils
to maintain the temperature (24°C). Maximum antibiotics are produced within4to 5 dayg.
The growth of mycelium is occur in first 20 1o 30 hours of fermentation. The mycelium
grows rapidly by utilizing glucose, lactic acid and organic nitrogen compounds. Fungal
growth becomes very thick and heavy. The growth occurs as disperse mycelial strands or
clumps of mycelium, which are 0.5 to 2 mm in diameter. Initially pH may decrease with
glucose utilization and production of acids. Ammonia is liberated by deamination of the
amino acids of the corn steep liquor and pH becomes 7 to 7.5. Glucose and lactic acid are
utilized first them lactose is available for the continuation of fermentation.
cultt::tcr:ﬁris stlowtly r::;ilisz,‘ henced pg remains constant (Fig. 17.4). In statio-r?ary phase of
acety| S‘Jrou Iesri‘dses ?1 i ?cp 2 '?Ir" i a‘ptlvelepzymgs il it f°~r- adsimon o_f pheny)
the actual F; nthezisamf 7 pt'arjlll‘EI Inl o3 G!%lsi‘ll't X dunng s |;ctose utlllzatlon. Befads that
a2 ynthesis of penicillin. In penicillin synthesis period, pH of medium may be
i idro ed by addition of calcium or magnesium carbonates and by the phosphate buffer
'aneijizr::sf;tty acnd; ar: utlllz:e_d by the fungus dur.in.g. the production of penicillin. These
! crease both mycelium and yield of penicillin. The medium pH may rise to 8 to

Mycelium to release ammonia. F i i
s ! : onia. Fermentation is stopped before this stage i
gradation of active compounds at higher pH. The vield of penicillin is dgpert\Zer?: oc;?\

Omposition of medi i i
ium. Generally, the vield of illin i :
e fermentation R y y penicillin is more than 60,000 units per ml in

-
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Lyophilized
spores of
P. chrysogenum

Agar slant
culture

e

Purification First
column extractor

.
oy LR

Second and
third extractor

Evaporator

Fig. 17.3: Floﬁ sheet for large scale production of penicillin

17.5
—__ Production o
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\h.rm
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Shake flagk Prima
culture seed culture Secongy
Seed Cuyrg
Acid,
and ”"b";rﬁ
e
Rotary vacuum Fermentation tank
filter

Crystal
washing

e e [

Ceramic Drying
filter

por Crystalline
~——— | potassium
penicilin G

Testing and

packing

 Sliic acid (Fig. 17.5) was isolated from lemons but today about 99% of the
 Ploduced from microbial fermentation. Citric acid fermentation was first

|
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Recovery and purification:
m penicillin G (cown stream

atic flow diagram for the recovery of potassiu
gscherm 2 > removal of

process) is incorporated in Fig. 173, The first step in the recovery procass is the =
mycelium or cells by filtration (rotary vacuum fiter) or centnfugation. These stages

carried out under aseptic conditions, to avoid contamination of the filtrate wath De""c_‘""""s
producing microorganisms (Bacillus species) which may cause lcss of antiDiClics. Penicithn is
extracted under controlled conditions of temperature, pH and sterility o mumimize chemical

'{ and enzymatic degradation. It is extracted in the form of acd nto amyl acetate, methyl
| isobutyl ketone or butyl acetate in a counter-current solvent extractor at pH 25 to 3.0.

A penicillin containing solvent is treated with active charcoal to remove pigments and other

~ impurities. The charcoal is separated from the extract on a precoated rotary vacuum filter

- and then washed with the solvent. Penicillin from the solvent is crystallized by the addition

~ of sodium or potassium hydroxide to farm its sait. The end product of penicillin is then
crystallized into sodium or potassium penicillin.

Penicillin may be passed through gel filtration columes to separate and remove all

| fontaminating proteins from medium. Procaine sait of penicillin may be prepared to modify
 release (slow release) of drug in the body.

Citric acldls a tunl constnu t “; " ofphnu animals. It
Most versatile and widely used organic acid in the fieid dhodmd';:umcmu::
world's citric acid

Shaapuach b
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Wehmer (1893) the fungus species of Penicillium ey

by submerged fermentation usin
Sources of carbohydrates.

glaucum. Now,

g citric aci 2
9 Aspergillus niger or Candi Id majn

: Pro
da species from - Ueg

diff

H,C—COO0H Sfeny

OH—C—COOH

H,C—COoOoH
Fig. 17.5: Structure of citric acid
Citric acid is mainly used in food ind
and palatability. It is common|

an y used as a flavouring agent i
Jellies, candies, desserts,

soft drinks,

ascorbic acid.

Strains and microbial biosynthesis for citric acid:

A large number of microorganisms are

v used for production of citri id i ;
bacteria, mould and yeasts (Table 17.1 ric acid inclydiy,

: ). Aspergillus niger and certain yeasts sych a
Saccharomycopsis SP are most commonly used for commercial production of citric acid

Mutant strains of A. niger have been developed for industrial produc

sugar concentration and low pH with suppression of undesirable
gluconic acid and isocitric acid)

tion to tolerate high
byproducts (oxalic acid,

Table 17.1: Microorganisms used for production of citric acid

Microbial group Species j

Moulds Asperigillus niger, A. wentii, A. aculeatus, A. awamori, A. foetidus,
A. carbonarius, Penicillium luteum, P. citrinum,

Yeasts Saccharomycopsis lipolytica, Candida tropicals, C. oleophila, C
guilliermondii, C. parapsilosis, C. citroformans, Hansenula
anamola.

Bacteria Arthobacter pardffinens, Bacillius licheniformis, Corynebacteriu
sp.

X . . . de'
Citric acid is a primary metabolic product formed in the tricarboxylic acid '(Kret:;)wca); 5
i itric acid. biosynthetic pa
i i rce for production of citric acid. The :
Glucose is the main carbon sou ) : G v
jon i here glucose is converted to ;
o id production involves glycolysis w . i
S 3:3 IdPF;ruvate in turn forms acetyl CoA and oxaloacetate which condense to g€
ruvate. Lo Al v
FT)::e steps in biosynthesis of citric acid is given in Fig. 17.6.

euticals
: pharmac
7.8 production of
o 17.
ical Biotechnology

t
maces
Ph.

Glucose

Glycolysis

Pyruvate

co,

Acetyl-CoA

itrate synthase

xcretion from cell
Oxaloacetate Citric acid — Excretio

Malate \
f Krebs cycle Isocitrate

Fumarate (TCA cycle) |socitrate dehydrogenase

Succinate a-Ketogjutarate

Glutamate
\_dehydrogenase
NH,

L-glutamic acid

Succinyl CoA
a-ketoglutarate co,
dehydrogenase x

Fig. 17.6: Biosynthetic pathway of citric acid and glutamic acid
Preparation of inoculum:

Mutant species of Aspergillus niger is commonly used for production of citric ac1.d. for
commercial use. Stock culture of species are mainited in culture tubes in form (?f lyophilized
spores or storage in refrigerator. Spores are produced in glass bottles on solid substrates
upto 12-14 days incubation at 25 to 27°C. A nutrient medium containing 15% sugar from
molasses is used in seed fermentation to induce mycelium formation in the form of pellets.
The spores germinate at 30 to 32°C within 20-24 hours to form pellets. These pellets are
used as the incoulum for production medium.

Production processes of citric acid:
Citric acid is produced by both surface as well as submerged methods.

Surface fermentation: In this method, microorganisms can grow as a layer or a film on
d surface of nutrient medium, which may be liquid (liquid surface fermentation) or solid
(solid-state fermentation) in nature. Liquid surface fermentation is the oldest method for
Production of citric acid. This is more sophisticated and simple method requires less effort in
?Pefation and installation, less energy costs and higher reproducibility. The inoculum in the
s°fm of spores is sprayed over the medium and fungus develops as a mycelial mat on the
Urface of the medium. The trays are made of high purity aluminium or special grade stee|

-
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(Fiq ;sr;hzed. nutrient solution automatically flows -3 =
- 17.7). Microbial culture is inoculated in the ir\c(L):Vbert'a 4
ation cha

‘ A ontrol tempe mb X
| _ rat o oF
r::;glat:on, the germinating spores fo:)m a“;i(?»o C) and hum|d|ty W?t;.ep videdwmg
D3 THe Fartabat i o P dm Cover of mycelium o N 24 hoyrs :;th
= ays. n th o
SUrfy
(& of
Air oyt
T T ey
—
Stock culture PDA slands Glass bottles

(Mutant A niger) (25 to 27°c/12 days)

(30”(:/4 dayS)

Nutrient medjum Medium i
Preparati
‘SRaw material) —{ CGbehyd‘:ates,m K24
8ugar / molasses 4 lsH, PO,, MQSOJHzO. Sterilization
£ Ce elements

Surface fermentation

Airin

- Mycelium l
| Separation
by filtration |

Fig. 17.7: Flow diagram for production of citric acid
Solid-state fermentation (SSF) is an alternative method to produce citric acid from agro-

industrial residues. SSF (Koji processs) is an simplest method for production of citric acid and
it was first developed in Japan. The solid substrate such as wheat bran or pulp from steet
potato starch are used in culture media. The pH of medium is adjusted to 4-5, then sterilzed

er. The spores can spread as a layers (3-5 cm thickrT?S)
rated by the addition

d, the entire solution

and inoculated the spores of A. nig
and incubated at 28°C. The growth of the cells/mycelium can be accele

of a-amylase. This fermentation process require 80-90 hours and at en
is extracted with hot water to isolate the citric acid.

' :(r)\:tain-ing citric acid is purified by treating with active carbon and passing th

 orm o exchangers. The filtrate is concentrated in vacuum crystallizers it 22 3

7 citric acid monohydrate. Citric acid crystallizers in an anhydrous form s to‘és Cto
ve 40°C.

o of pharmacett===
n

Produdlo

i ced
itric acid 1S produ
o b r yield. easy
‘ method5 are

technology 17.10

.“utlcal Bio

3 7 of the world’s supp!
is i thod du

d processes. This is most preferred me'ho Byl s
d lower labour costs. The limitations or d,sadz. et il
s and require highly e
used for submerge :
e er n

5ubme'9ed fermentation: Around 80°
Submerge
by mation an
aut® effect of trace metals, other impuritie
verse r and airlift bioreactor are commonly o1 Aft
biareacmf the bioreactors are made up of high guality stainless steel e fungal cells-
vesse'S ¢ ust be aerated by bubbling the air to allow maximum growt jjum with pulbous
G n'1'cric acid is depends on the structure of mycelium. The rHJCeS' b of oxygen is
el Oft;'form very small solid pellets is ideal for citric acid D’OCUCZ'Pn' ‘upo 4.1.2 volume
hyPh::d for good production of acid and ideal rate of aeration 15 %
requ

Jolume/minute (Vm).

culture medium contains carbohydrates, KH;PO.. MgS©4- ‘
ohydrates (12 to 24%) most suitzable for citric acic produ
lasses (sugar cane), starch (potatoes), cotton wastes,
c. Ammonium salts, urea, ammonium sulfate, peptone, m

d in the fermentation media. It is necessary

H. Trace element such 3s Fe, Cu, Zn, Mn,
and Zn)

ew trace elements.

o d f
7H,0 an e

ction are sucrose, gluco
banana extract, pineapple
alt extract and
to maintain

The carb
maltose: mo

waste water et
tes are the nitrogen sources use

se nitrogen consumption leads to reduce p
sential for the growth of Aspergillus species and some of elements (Mn, Fe

nitra
pH pecau

Mg are es
increase the yield of citric acid.

The pH of a culture medium may change by secretion of arganic acids s
acetic or lactic acids. The pH for optimum production of citric acid is below 2.5. The lower
pH is responsible for suppression of oxalic acid and gluconic acid production as well as
minimize the contamination of other organisms. Antifoam agents (lard oil) and mechanical-
antifoam devices are used to prevent foam formation. Fermentation process is completed in
about 5 to 7 days at 28-32°C°. Generally 90 to 110 gm/lit of citric acid is obtained from

140 gm/lit of sucrose.

uch as citric,

Recovery of citric acid:

. The steps for the recovery of citric acid from both processes (surface or submerged) are
given .in Fig. 17.7. The recovery starts with the filtration of the culture broth and washing of
'.TIYCEIIUm. Oxalic acid (unwanted byproduct) can be removed by precipitation by addin
lime (Ca(OH),) at PH less than 3. Citric acid present in the solution (mono-calcium Zit t 'g
:zrarat.ed b¥ precipitation at pH 7.2 and temperature 70 to 90°C. Citric acid is dissos :l) -'5

phuric acid and separates calcium sulfate in form of insoluble precipitate. The ﬁl:m;:

rough cation
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Vitamin B

: 12 IS a
'MpPortant diet water-soly

ble vitami
n
ary comp + commonly known as cobalap;

onent for normal growth in N 1t is

human beings and animals Rick an
- Ricke

Vitamin g. ., ;
12 IS One of
Structure of yipg the largest and the most complex molecules. The main

min B,, j s sy
12 IS porphyrin fiNg containing cobalt as the centra Part i the

¥anide (CN)
group, h | elem
called CYanocobalam Y(droxyl 8roup (= OH) or nitrite group (- NO,) attached to ¢h, ent, The
N (vitamin By,) h . o Cobalt;
Vitamin 8 12), hydroxocobalamin and nitritocobalamin resPEctiveiy is

IS pro : -
Produced by bacteria and actinomycetes (Table 17.2) Strepto
3 Myces

Olivaceus, p
» FSeudo > %
Monas demmﬁcans, Propionibacterium she

freudenreich{i are
By, is Prepared
S treptomyces oliva

. rmanii and Propionip
main| i i e
: Y Used for commercial preduction of vitamin B,. Generally, vita 3
t : i
Yy the submerged culture process. Production of vitamin By, f 3
Ceus have been discussed here.

Table 17.2: Vitamin B12 producing microbial species

Microbial
i Species

| Actino .
HPOses Streptomyces olivaceus, Nocardia species, Streptomyces albidofiayys

S. antibioticus, S. aureofacieus, S. griseus, S. roseochromogenus,

Bacteria Pseudomonas denitrificans, Aerobacter aerogenes, Bacillus subtilis,

Bacillus megaterium, Propionibacterium shermanii, Propionibacterium
freudenreichii Clostridium butyricum, Flavobacterium acetylicum,
Flavobacterium flavescens, Lactobacillus arabinosus, Mycobacterium
smegmatis, Serratia marcescens, Proteus wvulgaris, Streptococcus

faecalis

Preparation of inoculum:

Pure culture of Streptomyces olivaceus is inoculated in inoculum medium contained in
Erlenmeyer flasks. Bennett's broth [yeast extract (0.1%), beef extract (0.1%), glucose (1%) and
enzymatic hydrolysate of casein (0.25%)] is employed for development of inoculum. Flasks
are kept on the mechanical shaker during incubation for the aeration. These flask cultures
are used to inoculate the large amount of inoculum media. The required amount of
inoculum (5% of the volume of production medium) is prepared by successive transfers.

|

Pr f Pharmaceutl‘als
OdIJC'lOn o
12

uﬁ"' Biotechnology
acl
i+ Iy
2 . nutritiona

taﬂﬂ"' . 28”C ina
fer™®” ture of Streptomyces olivaceus is grown with gensy Ztm carbonate (0.5%) are
i Cumedium. Distiller's soluble (4%), dextrose (1%) and Cafl of vitamin Bi- Cobalt
fich crUdeesent in typical production medium used in D'OGUCJ;OZ to this medium as a
. I ; -S a & 8 2 -
ma'"' coclz - 6H,0) at approximately 2 to 10 ppm | by Streptomyces olivaceus 15
B,z DY ion and may

ide : - itamin .
chlof r. The flow diagram for the production of vita e tarilizat

P'ecu i Fig 17.8. The pH of the medium is adjusted to 7 10
nin 5
5|10W Calcium Cobalt | Soyabean
DiSﬁ"?r’: Dextrose || - bonate | | chioride oil
e
solub! sacv;'stir: Cufture of S. olivaceus
' L
Water: Caustic Steam
soda
i Heat. cool
Mixig Steriizer oo
tank -
Cocler ’
Add KCN
Fermenter e 14 4016
Broth hrs25C

Pure=— ‘@ .@ -— f— - l B @
i B,y Agueous / solvent Filtration
Crude
Drum Solvent i axtracton
drying precipitation
Chromatography

Fig. 17.8; Flow diagram for production of vitamin B,

or may not be controlled during fermentation. In the first 24 hours, pH of fermentation is
reduced due to rapid sugar consumption and again pH increases after 48 to 96 hours due to
lysis of mycelium. The change in pH. sugar and production of vitamin B, during a typical
fermentation process is shown in Fig. 17.9. A correct rate of aeration and speed of agitation
dre required for proper growth of microbial strains. The optimium rate of aeration is about
05 volume air/volume medium/minute. Soyabean oil, corn oil, lard oil etc. are used as
antifoaming agents to suppress the foam formation,
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Recovery of vitamin Bi,:

Vitamin By is mainly associated with th

cobalamin is recovered with the mycelium b

; olution is done by using
activated charcoal, fuller's earth, bentonite etc. Finally, elution of cyanocobalamin is

performed by using an aqueous solution of materials ranging from organic bases to
hydrochloric acid. Single step extraction into an organic solvent or counter-current
extraction and product purification is carried out by the process of precipitation.
Chromatography on alumina and final crystallization from ethanol-acetone is performed.
The final product is drum-dried or spray-dried. The vitamin By, content may vary from 10to

L-glutamic acid was the first amino acid to be produced by microorg.anisms;
Corynebacterium glutamicum. Glutamic acid is widely used in the production 0

nown as the ‘seasoning salt'. Monosodium

monosodium glutamate which is commonly k g

i i in conveni
glutamate is condiment and flavour enhancing agent and it commonly used in ¢

food-stuffs,

Caron
Gro

al culture
picr oDt

Numeﬂls

g

Preparabon tank

— Sterie anr

Fig. 17.10: Flow diagram of production of glutamic acid
This amino acid can be synthesized by number of technigues such ast
(i) Hydrolysis of wheat glutin, soyabean cake or by other prot=in rich food components.
(i) Cleavage of pyrrolidone carboxylic acid found in stiffens molasses.
(iii) One step fermentation process using single microbes.

(iv) Two steps process involving a-ketoglutaric acid by fermentation and its conversion
to glutamic acid by enzymatic process or use of another microbes.

Microbial strains and biosynthesis:

' L-glutamic acid can be synthesized from a wide species of bacteria, actinomycetes and
fungi. In addition of Corynebacterium glutamicum, the other different strains are used for
Production of acid such as Escherichia colt Bacillus subtilis, Cephalosporium
salmosynnematum, Bacterium a-ketoglutaricum, Bacillus megatherium, Aerobacter cloacae.
Pseudomonas fluoresences, Serratia marcescens. Microbacterium species etc. C. glutamicum i;

13 Gram-positive, non-sporulating, non-motile bacterial strain and its mutants are developed

19 produce high yield of acid.
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R e Gl fry Important for converting carbon source to glu;gp}']s. T‘lm
A ac'tor .and an essential coenzyme in fatty acid synthrcle-lsl'c g
e ganthmlc growth phase enhance excretion of L-glut s Tpe
e process of typical fermentation with glucose as carbon sougrcearnlc :

Glucose

'
i

Cell dry weight
Glutamic acid

w
Q

-
=

a-ketoglutaric acid

Fermentation compo
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96

72
<—— Fermentation time (hrs) —>

C. glutamicum using glucose
production of ac

o®

(carbon source)

Production of L-glutamic acid by
id. High ox/g¢’

Fig. 17.11:
The oxygen concentration should be optimum for ' e
growth of the organisms while a low concentration responsac *
The fermentation is carried out at 30-32

concentration inhibits

produce lactic acid and succinic acid.

of pharmacs==—=
uction
m,uuﬂcal piotechnolo iy 17.16 prod 2 o
. n tW
s adjusted T s 'I other
The pH of fermentation medium s 20Jus : cid by 27
] s converted 1O L-glufam'C 3

hour .
rocess, (-ketoglutaric acid |

v
:0"" tation £ mes (Fig. 17.12
e mes (Fig. 17.12).
rﬂicrobeS or enzy CO(g)H cOOH
|
(1,_—_0 CHNH,
(l:H + NH Glutamic acid CH, pe H2O
| > 3 ~denhydrogenase |
cl:Hz fi;H:
(&5%3. COOH
o - Ketoglutaric acid L - Glutarmic acid
to L-glutamic acid
mic acid forms

Fig. 17.12: Conversion of a-ketoglutaric acid
ulture broth contains glutamate in the form of ammonium s2it. Ghit=: b FCIOE
SG) which can be purified by passing through anion exchanget:

The €

monosodium glutamate (M
MG can be subjected to evaporation and crystallization. "/—j
7.6 GRISEOFULVIN - —
a Penicillium species in 1839. It

seofulvin is an antifungal antibiotic first isolated from

uran derivative (Fig. 17.13) produced by Penicillium griseofulvurm, P. nigricans, P.

d other species of Penicilliumn. Commercial grisecfulvin is produced by high
ns of fungi are aiso used for

f Penicillium patulum. Different other strai
urticae, P. atbidum, Aspergillus

Gri
is a benzof
gtulum an
ielding strain o

] : 3

production of griseofulvin such as Penicillium janczewskit, P.

versicolour, Khauskia oryzae, Nigrospora musae, N. splaerica, eic.
H,CO o

OCH,

0 C,H,0C

: Fig. 17.13: Structure of griseofulvin

riseofulvin is used in the treatmen i

_ t of various fungai skin infecti i

inthe treatment of plant diseases caused by Biotrytis ar?d Alteman'e:ts':;;i ‘h riinhd s
i.

Inoculum Development and Media:
Spore suspension i
e s as .well as vegetative cells are suitable to i
i crznzci:?e fermenta‘tlon‘sh .The media for inoculum develo mde"e":’p s iR
P o ilons are quite similar for all antibiotic producing f: e?t. il R
S
commonly used for growth and maintaining fungal ggﬁu::"s. apakanox
S on agar plates

P. griseofulvum gt
Powder |actog ) different media such as s i
e, whey power nitrogen, KH,PO., KCl, corn-steep ‘;‘;LU;?USZ?d";ediUm ey

ids), germination

. "ledium I r ri h H-P
(p otopeptone, malted cereal ext act, glucose starc NaNO SO
' , 3, K 2 04, M
g 4r
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Position contains in Production of antibiotic IS corn stee

and KCl. Carbon source (129% % [
Used for better yield production. S G s g

Fermentation Process:

Mmost Commonl"
\f

The production js carni
: arried out b : :
medium. The optimal ol Y an submerged fermentation with a

aeration 0.8-1 vym and the

i I .
tions for fermentation are: PH 6.8 - 7.2, temperatgrlécg:e fi
-ZGQC

period is 6-8 days,

The wet mycelium is
\ . collected from a rotary strin disch
times with butyl acetate. The fi 3 R e A
concentrated under reduced press
washing with chloroform,
with butyl acetate.

(A) Objective Type Questions:

1. Draw a flow sheet for production of penicillin.

2. How will you prepare inoculum for citric acid production?
(B) Short Answer Questions:

1. Write in short fermentation process of citric acid.

2. Write notes on;

(@) Production of glutamic acid (b) Up-stream process of penicillin,

(C) Long Answer Questions: :

1. Explain in detail about the down stream process for production of penicillin.

2. Explain the production of vitamin By, by considering the following points;
(b) Inoculum development

(a) Strains used
(d) Recovery of vitamin By,

(c) Fermentation phases |
3. Explain the production of Griseofulvin by considering the following points:
(b) Inoculum development

(@) Strains used !
(d) Recovery of griseofulvin

(c) Fermentation phases

(D) Multiple Choice Questions:

L is an extracellular enzyme produced b
hydrolyzes penicillin to penicilloic acid.

(a) Lipase (b) Streptokinase (c) Penicillinase

y most of Bacillus species,

(d) Amylase

which

Production of Pharmaceuticals

tical Blotechnolo 17.18
ace
’w‘“ odaY, penicillin is produced from o
2

(a) penicillium notatum (b) Penicillium chrysogenum
© penicillium griseofulvum (d) All of the above

RaW material mainly used for commercial production of penicillin.
' (a) Peptone (b) Corn steep liquor (c) Soya meal (d) Glucose

wo stage fermentation process of glutamic acid, is converted to L-glutamic

: :;ncitd by another microbes.
@ o-Ketoglutaric acid (b) Citric acid
(c) Oxaloacetate (d) Succinate
is a primary metabolic product formed in the tricarboxylic acid (TCA) cycle.
‘ @ Glutamic acid (b) Citric acid
© Succinate (d) Malate
is used in industrial production of glutamic acid.
: (a) Pseudomonas (b) Corynebacterium

(© Mycobacterium (d) Bacillus
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BLOOD PRODUCTS ANp
PLASMA SUBSTITUTES

i » * LEARNING
St LU"’P[C"”F this chapter, reader should be aff; OBJECTIVES ¢
g Introduction € to understan -
-

Collection and Stora !
vtorage of Blood and B,
®  Blood Products S

Concentrated Hiy Red 7

Dried Hu manj’;'xftz:: e i
Human Plasma Protein Fraction

Dried Human Serum

Human _’}'ién‘:wgcn

Human Thrombin

00 00ODOO

©  Human Fibrin Foam
©  Human Normal I mmunoglobulin
©  Human Albumin
®  Quality Control of Blood Products
Plasma Substitutes
[ 18.1 INTRODUCTION e

Blood is composed of a clear, straw-coloured, watery fluid called plasma in which sever
different types of blood cells are suspended. It is an important regulator and a mirror of
proper functioning of body cells. It circulates throughout the body by the circulatory system

Blood transports oxygen from lungs to the tissues and carbon dioxide from the tissues
to the lungs for excretion. It is also used to transport nutrients from the alimentary tract to
the tissues and cell wastes to the excretory organs (kidney). Blood also plays an lmpom.mt
role in transport of hormones to taréet tissues, protective substances to area of infection

and clotting factors to part of ruptured blood vessels. Blood makes up about 7—89%%
weight consisting 5.6 litres in a 65 to

70 kg weight in adult. The temperature O o
about 38°C and pH?7.4. Blood volume and the concentration of its many constituen

kept within narrow fimits by homeostatic mechanisms.
ovide a wide range of se

ital blood banks and blood centres prt : :
pres’c-’::i,i'on of doctor. It includes whole blood, platelets, grang_lp_cytes, single dona

(18.1)

rvices to patient o
plasﬂ“-

| main function of a
| molecules for free fatty acids, some drugs and hormones. Fibnnogen is responsible for

| coagulation of blood. Immunoglobulins are complex proteins produced by lymphocytes that

products and plasma substitutes

18.2 Blood

Sal piotechnology
: by some risk of

use of blood and its components is accompanied *
k g. F1»2-|epatitis, AIDS, herpes simplex; dsl)flfper:'e':t
i fectious mononucleosis etc. The risk of microbial corwtan'n'r\datxc:l;l 'sathogenic
arna ! on selection of donors and preparation technigues. T'he acciden i
5 ndi nted by careful screening of blood donors and finished products.
nis i ¢rom humans who aré
plood is blood that has been asepvtrcally vpthdrawn -fO“ Sy suitable
hol a physical as being free of transmissible disease and mixe e ftion
wﬁﬁed ut:ant. whole human bldpd is the final mixture of plood and an.tlrcOZ?:apiasma i
,nﬁa ot less than 9,7% w/v of haemoglobin. Whole blood is 2 mixture k
o rig. 18.1).

I’wycells

gsma et m £ infect]
p mission of infectious agents e.
ns
(o 4al tre

Whole blood

Plasma (55%) Blood cells (45%)

Clom'n*g factors e 3

Serum
‘ et m‘ T“mbocyte‘ S
Erythrocytes ocytes X
(RBCs) (WBCs) (Platelets)

Fig. 18.1: Components of blood
The blood plasma is made up of water (92%), plasma proteins, inorganic saits, nutrients,
hormones and gases. Aloumins are the most abundant plasma proteins. The

waste materials,
(T e . — o . &
lbumin is t0 maintain normal plasma osmotic pressure and it act as carrier

plays an important part in immunity which interact with antigen to form antigen-antibody
complex. Electrolytes are used for muscle contraction {(calcium ions), transmission of nerve

i impulses (calcium and sodium ions) and maintenance of acid-base balance (phosphate ions).

Nutri_e_nls such as glucose, amino acids, fatty acids, glycerol. vitamins and mineral salts are
‘ :a‘bsorbed from the alimentary tract and are used by body cells for energy, heat repair and
for synthesis of other blood components. Gases such as oxygen, carbon dioxide and

[ fNitrogen are transported round the body dissolved in plasma. Urea, creatinine and uric acid

._";Od'lhe waste products of protein metabolism. They are formed in the liver and carried in
s to kidneys for excretion. "

- Blood cells contains erythrocytes, leukocytes and thromt — Sart g
_.&nmnzed mainly in red bone marrow. The active celiular bone marrow is called red bone
- “''OW whereas the inactive marrow is called yellow bone marrow. The blood cells are

ﬁ:‘, from stem cell called Hemopoietic/Plucripotent stem cell. The process of blood cell
5.

e tion is called haemopoiesis.
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Syears as a part o h n ach
& o A f b‘OOd blank records. A freezer t at can achieve a Storage temperat
20°C or lower is required for storing fresh frozen plasma and cr yoprecipitate Sl

The w :
any hos it'jacl)'f Plood or its components may be procured by the primary health centre
P rom the Government blood banks, Indian red cross society blood banks ::

regional blood transfusion centres.

| 18.3 BLOOD PRODUCTS

Blood centres and blood banks provide a wide way of services which reach the patient
on prescription usually through a hospital blood bank or transfusion service. The major
blood product includes whole blood, concentrated human R.B.C,, dried human plasms,
platelets, human thrombin etc. (Fig. 18.2). These are called as blood and blood products.
They are distinguished by the fact that they are prepared locally in blood center and are

dispensed in the form of individual units identified by donor. 2

18.3.1 Concentrated Human Red Blood Corpuscles
Concentrated Red Blood Cells (RBCs) are units of whole blood with most of the plasma
removed. It is prepared by centrifugation or undisturbed sedimentation for the separation of
plasma and anticoagulant solution. The quantity of fluid removed is not less than 40% of the
total volume of whole human blood. A certain amount of plasma is left to ensure optimél
cell preservation and maintain viscosity for administration. All surfaces that come In cof“:rf:
with the red cells and plasma must be sterile and free from pyrogen. The contain
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Human normal immuncglobulin injection)

Fibrin (Clot, Human fibrin foam)
Fig. 18.2: Blood products

“\The haemaglobin concentration of the final preparation i 1 \
| The final container must be labelled with the reference number of the whole human

d from which the preparation is made, the ABO and Rh groups of the whole_ human
which the preparation is made,

s not less than 15.5% w/v.

bloo
blood, the date of collection of the whole human blood from ,
the date after which the preparation is not suitable for transfusion and the storage

P ————
onditions. This product is used principally in the treatment of anaemia. Red blood cell
fractions are also administered to patients with sickle cell anaemia and new born babies

suffering from haemolytic disease.

18.3.2 Dried Human Plasma
¥ Dried plasma has several advantages as compared with whole bload. It can be given to

patients of any blood group and well stored plasma can be used for five years. Dried plasma
t@n be stored at room temperature (below 20°C) if_p_a_rqtﬂeggd from ligh't_.—x—
+ The plasma of same donors contains haemagglutinating antibodies of the ABO system
ich on transfusion into patients of certain blood groups may cause intravascular
agglutination and haemolysis. This risk can be avoided by neutralization of the
3aemagglutinins with the soluble blood group substances present in the plasma of other
donors of appropriate blood groups. The mast satisfactory ratio for mixing is-;Z\TgTiarts) 7

09 parts) - B or AR (2 Parts).
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n Plasma Protein Fraction

is a sterile aqueous solution by
lins. It is an isotonic solution cont
nd prepared by fractionating pooled citrated plasma-
human donors and free from detectable
f blood or blood derivatives. Mainty,
d out by suitable sensitive methads.

proteins of plasma or
aining 4.0 to 5.0% wW/V
The plasma oOr serum
agents of infection
hepatitis B surface

1
Human p| ;
m containing

of total protein a
is obtained from healthy

“ansmissible by transfusion o
sntigen and HIV antibodies are carrie
The fractionation procedures is used to make use of following facts:
(i) Proteins are precipitated from solutions without denaturation by the addition of
organic solvents such as diethyl ether or ethanol.
oluble at different pH values.

(i) The different proteins are minimally s
differentially affected by variations in the

(iii) Solubility in presence of organic solvents is
salt concentration.
In a series of precipitation steps in

components are separated by centrifu
sedimented paste of proteins containing t

which these factors are carefully controlled, various
gation from a single pool of plasma. The final
: - he desired component in concentrated form is
dlssolve.d in a suitable solvent, the composition of which is carefully controlled with respect
:gt;H, noni‘c s:trength and temperature. The final product contain not less than 85% of the

protein in albumin. The solutions obtained are freeze-dried to remove residual organic

solvent and gives stable product.

Mi":;he product is dissolved in water and sufficient quantities of a suitable stabilizer, such as

Severn: caprylate or acetyl tryptophan is added to allow the preparation to be heated for
al hours without denaturation of proteins. Sodium chloride is added to make the

 Preparation i ; FEn s RIS R
rﬂﬂp:ratlon isotonic but no antibiotic or antimicrobial preservative is added at any stage
9 preparation. The solution is sterilized by filtration and distributed aseptically ingto

Scanned with CamScanner



£

P =
ha"maceuhcal Biotechnolo

18.7
Blood Products and p|
a

Sterile containers. The i in its fi !
. solution in its final ¢ i TS
G . : . ontainer is h by
estrpy the viruses of infective hepatitis and homolo B < 0.5°C f um‘h
then incubated at 30 e o

to 32°C for not less than 14 r“mjalmdice.\ T en
g Weeks and examined visually for evidence of r::icday.S Or at 20 tq 25°.c ?e coma_’n Urg t
€tween 2 and 25°C and protected from light £o0ka| contamina w

tion, It . ¢ less
Dried hu PR
protein f _man plasma protein function is Prepared p bes("“d
2 raction. Both are used for the same purpo Oy freeze dryj
8.3.4 Dried Human Serum POses as dried plagmg > 2 MUMman pla
Dried human serum is i

is collected into dry bottle
and freeze-dried. Its storag

18.3.5 Human Fibrinogen
Fibrinogen is a s
fibrinogen molecules a
a three-dimensional oting fakessilioy) ! :
fibrinogen is brougel:t ngwu(t)r: 0; 3 semi-solid polymer (ﬁb)r/ir:r;te;icet melverSib
LD the i : e
the activation of Prothrombin . L oE e T isyOb:l
After separation fro .
centrifugation and disso|

oluble plasma
re elongated and in

Fation of
Ined frop,
m plasma by fractionation,
ved in a citrate-saline solution.
otting of the product. The solu

the precipitate is
The citrate bings calc
tion is freeze-dried to
olid. The dried powder i

Collecteq by
1Um ions an4
obtain dried

known volume of solution and measuring the protein content of the separated and washeg
clot.

Dried human fibrinogen is stored in dry conditions, protected from light znd
- temperature below 25°C. The solution is used immediately after preparation

(before 3 hours). It is used for the treatment of fibrinogen deficiency. It is also used in
conjunction with thrombin to repair severed nerves and to aid the adhesion of grafts.

' 18.3.6 Human Thrombin T

Human thrombin is the enzyme that converts fibrinogen to fibrin. The prothromb'!n
obtained from the fractionation of plasma is washed with distilled water and dissolved_ in
citrate saline. Prothrombin is converted to thrombin by adjustment to.p!-l’_7 anq'addurgg
thrarﬁl;oplastin in the presence of calcium ions. The solyt:on is 'clarnﬁed, sterilized by
filtration and freeze-dried. It is reconstituted with saline solution when r.equcred. o

Dried human thrombin is stored in dry conditions, protected frgm light and .tempuesed i
below 20°C. Thrombin is mixed with ﬁprfpggen to'produce_ ﬂt?nn CI?[";'\ amljo:tall:o ek

[~ surgery to suture > severed nerves and to assist adheSI_c?nr of skin grafts. The ¢

haemostat.

o hnolo plasma Subsﬁtu!es
otec a9y 18.8 Blood Ploduds and
Bi
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2 Human Fibrin Foam

4"3.7 fibrin foam is prepared by adding throm i o into trays, freeze-
yma" form foam. The semi-solid foam of fibrin is P : r ated
U ediately tO t at 130°C for three hours. It is issued in suitable size

it 'ﬂ;nd cterilized by dry heat a C for three ¢ S hatow 20°C temperature

es in sealed sterile containers. The fibrin foam is store

P m light.
goP " octed fro . it
ro.‘ foam is used as absorbable surgical haemostatic agent. It is usua Y
fibﬂr:an thrombin and applied locally.
+h hu

g Human Normal Immunoglobulin

i 1 and
bin into the solution of fibrinogen

impregnated

m luti -dri ration
‘6‘3‘ an normal immunoglobulin is a sterile solution OF freeze-dried prepa
Hu

- immunoglobulins, mainly immunoglobulin G (;G), together with smaller i:;:;;t‘
wnm,nmg tasma proteins. Human immunoglobufin is the name given tp that
gl F:-\oglobulin), separated from human plasma. This fraction was previously known asf
g6 lm?:of immune serum globulin. When the fraction is prepared from random pools o
lo::‘;[asma it is called human normal immunoglobulin.
humHu&‘»én normal immunoglobulin is obtained from source mater'iats such as bloToh?,
a, serum or placentae frozen immediately after collection from healthy danors. This
asn;rz;tion is a solution of IgG immunogliobulin separated from ‘random pools of plasma.
gach pool is derived from not less than 1500 individual dgnanons Aof blogd. The paste
obtained by solvent precipitation is freeze-dried and then dissolved n a s-untable.solvent,
ysually sodium chloride (0.9% w/v) solution or glycine (225% w/V) solutan. Tt‘uomersal
(001%) or other bactericide in suitable concentration is added and pH is adjuste.c? to
68 + 04. The solution is sterilized by filtration and distributed into previously sterilized
containers and sealed. The liquid preparation is clear pale yellow or light brown in colour. A
trace of flocculent protein may precipitate during storage. The freeze-dried preparation is a
white to slightly yellow powder or solid, friable mass.

Itis stored at temperature between 2-8°C with protection from light. Its use is based on
the fact that adults have been exposed o a variety of virus infections. Plasma collected from
large number of different donors contains useful levels of 2 number of important antiviral
antibodies. Normal immunoglobulin is effective in preventing measles, rubella, chickenpox,
nfective hepatitis and bacterial infections. ;

18.3.9 Human Albumin

P‘luma.n albumin is sterile, non-pyrogenic preparation of serum albumin obtained by
indﬁlf’natlng blood, plasma, serum or placentas from healthy human donors. It is tested
iVldually for the absence of hepatitis B surface antigen, HCV antibodies and HIV

::t!bOdies and complies with other tests and requirements prescribed by the appropriate
tional control authority.

mlv‘:uman albumin is prepared from pooled source materials by precipitation with organic
s under controlled conditions of pH, ionic strength and temperature. Residual organic

P
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sufficient fluid withi

aseptic technique. The official standards and labelling are
and prepare quality blood products.
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on. pitation tests with specific antisera are used to show that
hum‘an Serum proteins are present in dried serum, dried plasma, the plasma o
fractions, fibrinogen, thrombin and immunoglobulin. Different types of gamma gloln?h:tem
identified by their sedimentation rate in an ultra-centrifuge. Fibrinogen and thrombin ::
identified by their clotting behaviour. Normal immunoglobulin is identified by a suitable
immunoelectrophoresis technique. Whole blood is identified by determination of the blood
group under the ABO and Rh system.

Assay: Whole blood and concentrated human red blood corpuscles assay is performed
by determining haemoglobin content by photometric haemoglobinometry. Protein content
of many blood products are detected by chemical method except thrombin and fibrin foan.
For assay of thrombin, a clotting dose being the amount of thrombin required to clot L m
of fibrinogen (0.1%) is saline buffered at pH 7.2 in 15 seconds. Determipation of K and Na
ions in plasma protein fraction ensure the electrolyte balance of the recipient.

Solubility: All solid preparations are soluble in an appropriate volume of t s
solvent in a specified time. Solubility parameter helps in detection of deteriorated p

he usudl
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30- g oducts are routinely tested for sterility, :'c.-*',.f‘;; Sf'fi'w; &‘_ ”fre quality of
Bloobnormal toxicity, loss on drying, protein and moistu :;: :......._‘—-C_igff’cf}"ﬁret'c-
#5 ama protein fractions is lso controlied by e‘e;ctm::";'? o e such a5 cosgulation
e plastrifugal apdichromatogiapcanay xS ies ;;;_.,,:;,c"a,' d ~—‘rf,« s are properly
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A nd substitut
w0 ity of plood substitutes are used as plasma expande g
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o to maintain blood pressure by providing vascular fuid volume afies haemo g

i ey ; Fre hon 5 to be
< or shock. standard electrolyte solutions or physiclogical safine have Se=n shown to
elatively inefficient plasma volume expanders. The slectronfe solutions
e over the entire extra

es of non-human origin that could be used to restore the Sioc
rs. These blood substitutes are

U
m
::fec!ive but i 4 L S
iloid fluids) diffuse out of the vascular system or distnbut e
cellulaf,ﬂ-”—ig space. Hence, large volume of crystalloid fluids ars required ff.’?ﬂ'f m Ieffec'.we
plasma volume expansian. Colloidal fluids contain larger maiscules that affuse SinV'Y across
the semipermeable capillary membranes. These fiuids such as dextran gel_at'n. starch
jerivates are used as effective plasma expanders. The major drawbacks of colioidal therapy
are high cost and the risk of prompting a hypersensitivity reactions. The ideal properties of
plasma substitutes are as follows:
s Low cost, ease of preparation and ready availability.
» I[sotonic, equal to blood plasma.
¢ Same colloidal osmotic pressure as whole blocod.
* Viscosity similar to plasma.
* Freedom from toxicity, antigenicity, pyragenicity and confusing effects on impartant
tests.
* High stability in liquid form at normal and sterilizing temperatures and storage.
* Low rate of excretion or destruction by the body and complete elimination from the
body.
* A high molecular weight such that the malecules do not easily diffuse through the
capillary walls.
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composed of two types sfenlergy Storage Polysaccharide r: ;’:\na o9 NCtiongy
amylopectin (branched molecu? y Ay Olymers such as am)ioecme. F animas Sataiyam1
into animals but is rapidly h de). Amylopectin is wel| tolerated th (lu ear mmeCue)rchis
make it more stable within yth'olyie by amylase Amylopectin mgle":ﬂ:SEd lntl’aVagcuI::d
e G ule '
hydrOXyethyl starch (HES) Plasma by SUbStwtutmg hydroxyethyl e rli Modifigg a}'
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a
extremely well-tolerated p| to atbumin. Hydroxyethyt starch open. T e
uncommon. The inci Plasma expander Allergic reactions to HES TS to be
€ incidence of allergic feactions to HES was 0.085% co e, dbtin

for albumin infusion. The important
‘Mpairment of coagulation after mode

HESszLciixyethyi stérch h‘as b.een well studied for its efficacy as a plasma volume expands
‘ lon (6%) in saline increases plasma volume from 71% to 230% of th
!nfusgd. The colloid osmotic pressure is increased significantly following HES infuiic\:r:h:g
mft_mon has good hemodynamic effect. In comparative studies of fluid therapy patier;t; i
fusing, HES solutions (6%) has increased central venous pressure, cardiac output a
ventricular strike work, with efficacy equivalent to that of 5% albumin infusion, HES and
dextran both effectively raise colloid osmotic pressure and plasma volume, though the
plasma volume increase may be greater and more sustained fol‘lowing infusion of higher
molecular weight dextrans.

adverse effect of HES infusion
rate (20 ml/kg) doses.

Perfluorochemicals:

Perfluorochemicals (PFCs) are 8 to 10 carbon fluorinated hydrocarbons and used_asr_an
oxygen carrying blood substitute. Fluosol (Fluosol - DA 20%.) is a ﬂuorocarbqn emulsm:wn :f
perfluorodecalin and perfluorotripropylamine. This emul.sign is prepared by using p:;):a i
188 (Pluronic F-68) or egg yolk phospholipid as a emLflsnfymg agent and hYdm;:y:rt\d W
is added to increase oncotic pressure. Fluosol emulsion can absorb, transpo

Blood Products and Plasma Substitutes
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r;bm'/kg; e L lobin is a tetramer
i is principal protein found in erythrocytes. Human hemoglo ('j it
emoglobr:‘nass 64 kDa consisting of two a-chains (141 amino acids) :nt_ O

JmowFUIa;cids). Each of the four polypeptide chains has heme as prosthetic g

(145 am";;,m for oxygen binding of hemaoglobin. ‘ e

is’espon hemoglobin solutions has number of advantages, including the po_tent;: o,
i t:ble oxygen-binding, colloid volume expander with no antigenicity. eﬂaf

deve!OP' athz mai;w problem with hemoglobin solutions which has led tg the d?velozme;lt Sn

i Ifiee hemoglobin solutions. There are highly purified hemogloplr\ solutions, free fro

“;mz—cyﬁc membrane fragments, which are responsible for renal toxicity.

e

stroma-free hemoglobin solutions are prepared frorn the hemofys_rs ofdwca:get:i
ted, banked, human packed erythrocytes. Pure crys.talhne ijerr\oglobln.ns produ y
. tially crystallization and washing of hemolysate. This protein is stored in dry form'or .’t
sequ;: reconstituted into a solution. These preparations are relatively stable and shelf-life is
: :reatly prolonged if stored in frozen state.

stroma-free hemoglobin has high ability to bind oxygen. The oxygen half-saturation
pressure (P-50) of stroma-free hemoglobin solutions varies from 12 to 1§ torr compared
with a value of 26 to 27 torr for fresh blood. This increased oxygen affinity is due to thg loss
of tetrameric hemoglobin, the lack of 2, 3-diphosphoglycerate (2, 3-DPG) and a higher
pH compared with the intracellular erythrocyte pH. The increased affinity for oxygen by
stroma-free hemoglobin solutions could lead to inadequate release of oxygen to the tissues.
The major problem with stroma-free hemoglobin is their rapid clearance from the vascular
space due to renal excretion and reticuloendothelial cell uptake.

s. The plasma half-life of fluosol is about 17 hour

Hemoglobin is conjugated to additional high molecular weight substances (dextran,
polyethylene glycol) to prolong vascular retention, reduce antigenicity and potent plasma
volume expansion properties. Polymerized hemoglobins are prepared by cross-linking with
dluteraldehyde to prolong product half-life by preventing disassociation into dimmers or
- Manomers, Hemoglobin has been successfully produced by recombinant DNA technology is
; Eherichia coli and Saccharomyces cerevisiae. Human hemoglobin ¢ and B genes have been
- Plants and animals

n,’“"WGSSEd in a wide variety of prokaryotic and eukaryotic systems, including transgenic

E:
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' Dextrans are polysacchari
Polymers (Fig. 18.4)
rnesenteroides.

Dextransucrase
Fermentation

N-Sucrose

Dextrans of various me| Flng. 18.4: Production of dextran
molecular masses
Plasma expanders. Two dextran solutions sually 1, 40, 60, 70

r 110 kD
average molecular weight of 70,000 (de)(trare NOW most wide| 2 are oft

Y used, a 6% o el
of 40,000 (dextran 40)). 21 70) and 2 10% solution with e Mt
ge Wejg

ht

fper:)r;esst of apd hydrolysis, thern.1arl degradation, ultrasonic disintegration and seedjn
en er. with .low molecular weight dextran (Refer Chapter 5, Page 5.18). The i th
molecule is purified by solvent precipitation, adsarption or membrane filtration, L {8y

Higher molecular weight dextrans (mainly dextran 70, 75 and 110) are used to promote
short-term expansion of plasma volume thus preventing shock due to blood loss. A solution
of these dextrans (6% w/v) exerts an osmotic pressure similar to that of plasma proteins.
The initial dose of 500 to 1000 ml is administered by intravenous infusion but not more than
20 mi/kg of body weight. In addition to plasma volume expansion, dextran solutions are aiso
used as antithrombotic effects, probably mediated by inhibition of platelet aggregation and
to impro‘v_e___t;kmd flow. The low molecular weight dextrans are mainly responsible for

improv of microcirculatory flow by decreasing the viscosity of blood and inhi?iﬁng
SRt he xtran (40 kDa) shows similar

i i N ight de
erythrocytic aggregation. The low molecular weig :
therapeutic effectsto the high molecular weight dextrans, although it must be used &
. ; smatic pressure.

higher concentrations (10% w/v) in order to achieve the same o

i d it mainly excreted
i ran depends on molecular size an ainly €
b s : ed in the urine slowly diffuse into the

= changed in the urine. Large molecules not excret. etals
‘ m rstitium where u‘b_té'f;into the retriculoendothelial cells. Dextran m°,Iecu';Zal:ta ; failure;
\de effects such as renal failure, coagulation disorders, congestve ns may
i Tzt oo ol ration and allergic reactions. Dextra

a, hypersensitivity, severe dehydration < and serum &

e .._.tlh cross-matching of blood if unsuitable dilutions of erythrocyte

"Mlc

——

I

P e Questions:
v Type Kl fion
) b’dw is plood? Write the importance of blood dona
at o hetitutes
i i Wh. e the ideal properties of plasma substitute
: b . in short quality control of blood products
Exp'ﬂlﬂ )
) tions:
nswer Ques s
or % i applications of dextra
¢ & write in short production and app
1 write short notes on:
' (g) Human fibrinogen
(b) pried human plasma
© Human normal immunoglobufin
(4
tions: ’
ol i } _ae of blood and biood oroducts.
© l-"":x |ain in detail collection, processing and stor2ge S Y
| of different p substitutes.
3 wete in detail the production and importance of aifrerent Pt
g, Wi i
i i estions: A
i S i isolated from Leucorc
Y Mu[:)thrans are produced by the bacterial enzyme Iz
1. De )
esenteroides.
A crase (o) Amylase
(a) Dextransu ;
(c) Lipase (d) Protease 4
; vt 1ast celis
2 is a naturally occurring anticoaghifant made by the mast
. )] n
(a) Disodium edetate (b} Hepa o
(d) None of above
(c) Citrates
3, The breakdown of fibrin is catalyzed by
i (b) Protease
(a) Urokinase -
i (d) Plasmin
(c) Renin ‘
i i sma IS
4. Freezing point of normal human pla e
(a) 4°C (b) ;
(d) -0.54°C
(¢) 0.54°C ta
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APPENDICES

[APPENDIX I - ANSWER KEY|

Chapter 1: Introduction to Biotechnology e
(D) 1-(a), 2-(d), 3-(d),4-(b), S—(d)

Chapter 2: Enzyme Biotechnology
(D) 1-(d), 2~ (b), 3-(d), 4-(a), 5-(b), 6~(c)

Chapter 3: Biosensors
) 1-(a), 2-(0)

Chapter 4: Protein Engineering
(D) 1-(), 2-(¢

Chapter 5: Cloning Vectors and Enzymes
(D) 1-(c), 2- (b), 3-(a), 4-(b), 5 -(c)

Chapter 6: Recombinant DNA Technology
(D) 1-(b), 2-(d), 3-(a)

Chapter 7; Polymerae Chain Reaction
D) 1-(a), 2-(a), 3- (©), 4=(d), 5~(d)

Chapter 8: Immunity
D) 1-(b), 2- (@) 3-(a), 4-(0o)

Chapter 9: Hypersensitivity Reactions
0) 1-(a), 2 =), 3-(a), 4- (b). 5-(b)

Chapter 10: Vaccines and Sera
D) 1-(g, 2- (b), 3-(q), 4- (b), 5-(d), 6- (d

Chapter 11: Hybridoma Technology
D) 1-(), 2- (d), 3-(q)

(AL1)

-

) 7 -(d),

| Biotechnol
3C¢"ﬁca AL2 a ;s
"I’““ endix - Answer k
d.,.pfe' 12: Immunoblotting Techniques

) 1-(d), 2-(@) 3-(9

pter 13: Eukaryotes and Prokaryotes
a

(D) 1-(b), 2-(b), 3‘(d)- 4—(C), 5-(b), 6—((), 7_(b)’ 8'-(b), 9-(¢)

apter 14: Microbial Genetics
(D) = (b), e (d), 3~ (d)' 4~ (a): 5~ (d), b~- (a), T (a)' Re. (d)
chapter 15: Microbial Biotransformation
() 1-(d), 2-(b),3-(a), 4- (a)

Chapter 16: Fermentation
(D) 1-(c) 2-(@a) 3~(d), 4~(b), 5-(c) 6-(d)

Chapter 17: Production of Pharmaceuticals
(D) 1-(c) 2-(b) 3-(b), 4-(a), S-(b), 6-(b)

Chapter 18: Blood Products and Plasma Substitutes

(D) 1-(a),2-(b), 3-(d) 4-(d) S
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