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CLASS XII (2024-25)
COURSE- STRUCTURE- (THEQRY)

One Paper Max. Marks 70+30
Time: 3 hrs.
Units Marks
UnitV Protein and Gene Manipulation 40
UnitVI | Cell Culture and Genetic Manipulation 30
Practicals 30
Total 100
One paper Time: 3 hrs.

Total Marks: 70

Unit-V_Protein and Gene Manipulation 40 Marks
Chapter-1: Recombinant DNA Technology

Introduction, Tool of Recombinant DNA technology, making rDNA molecule, Infroduction
of recombinant DNA into host cells, Identification of recombinants, Polymerase Chain
Reaction (PCR), DNA Sequencing.

Chapter-2: Protein Structure and Engineering
Introduction to the world of proteins, Structure-function Relationship in proteins,

Characterization of proteins, Protein based products, Designing proteins (Protein
Engineering)




Chapter-3: Genomics, Proteomics and Bioinformatics
Gene prediction and counting, Genome similarity, SNPs and Comparative genomics,

Functional genomics, Proteomics, Information sources, Analysis using bioinformatics

tools.

Unit-VI Cell Culture and Genetic Manipulation 30 Marks

Chapter-1: Microbial Cell Culture and its Applications

Introduction, Microbial nutrition and culture techniques, Measurement and kinetics of
microbial growth, Isolation of microbial products, Strain isolation and improvement,
Applications of microbial culture technology.

Chapter -2: Plant Cell Culture and Applications
Introduction, Cell and tissue culture techniques, Applications of cell and tissue

culture, Transgenic plants with beneficial traits, Biosafety of transgenic plants

Chapter-3: Animal Cell Culture and Applications
Introduction, Animal cell culture techniques, Applications of animal cell culture, Stem cell

technology.

PRACTICALS 30 Marks

Note: Every student will be required to do the following experiments

during theacademic session.

1. Use of special equipment in biotechnology experiments
Isolation of bacterial plasmid DNA

Detection of DNA by gel electrophoresis

Estimation of DNA by UV spectroscopy

Isolation of bacteria from curd & staining of bacteria

Cell viability assay using Evan’s blue dye exclusion method

N o U R W N

Data retrieval and database search using internet site NCBI and download a
DNA and protein sequence from internet, analyze it and comment on it
8. Reading of a DNA sequencing gel to arrive at the sequence

9. Project work




Scheme of Evaluation

Time: 3 Hours Max. Marks 30

The scheme of evaluation at the end of the session will be as under:

A Two experiments (only ongfnmputer
based practical)
Practical record 04
Viva on Practical 04
B Project work
Write up 05
Viva on project 05
Total 30

Note:- More emphasis should be given on hands on work in projects.

Prescribed Books:

1. A Text Book of Biotechnology - Class X| : Published by CBSE, New Delhi
2. As reference- Biotechnology - Class XI: Published by NCERT, New Delhi
3. A Laboratory Manual of Biotechnology - Class XI - Published by CBSE, New Delhi
4 A Text Book of Biotechnology - Class XlI : Published by CBSE, New Delhi

5. A Laboratory Manual of Biotechnology - Class Xl : Published by CBSE, New
Delhi




Assessment Areas (Theory)

2024-25 Class XIl
Biotechnology (045)
Time: 3 hrs. Maximum Marks: 70 Marks
Competencies

07
Demonstrate, Knowledge 0%

andUnderstanding
Application of Knowledge / 30%

Concepts

Analyse, Evaluate and Create 20%

Note:
+ Typology of questions: VSA including MCQs, Assertion — Reasoning type

questions; SA; LA-l; LA-Il; Source-based/ Case-based/ Passage-based/

Integrated assessment questions.

+ Aninternal choice of approximately 33% would be provided.

Suggestive verbs for various competencies

+ Demonstrate, Knowledge and Understanding

State, name, list, identify, define, suggest, describe, outline, summarize,
efc.

+ Application of Knowledge/Concepts
Calculate, illustrate, show, adapt, explain, distinguish, etc.

» Analyze, Evaluate and Create

Interpret, analyse, compare, contrast, examine, evaluate, discuss,
construct, efc.
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UNI-5

PROTEI N AND GENE MANI PULATI ON

CHAPTER 1
RECOMBI NANT DNA TECHNOLOGY

5.1. 1. RecombiTeramihobiNWytyr oducti on

The intrinsic capabilities of a cell a
[

Genes are made up of DNA (deoxyribonpc
their phenotypic effects through trajns
expressionpf Oolpi e the cell are -prod
conservative replication. The high f|d
transmission of genes from parents tj
i's the reason for stability of genegt |
gerseg phenotypes over generations.?% Howe
to 1p0er gene per generation) of change
(spontaneous mutation); these mutatilpn
all the heritable variations observed

The natur al processes of gene tranisf
appreciably I n their range and spefi
certain | I mi t s on movement of genes

However, during evolution, genes appea
taonomic distances; for exampl e, ma nj|y
directly i ntegrated i nto the human |[ge
evolution.

One woul d l i ke to reproduce such apd
transfers in a controlled mannenat andoae
be of practical application. This i|s
recombi nant DNA technol ogy, which dea
recombi nan(tt DeNADNA mol ecul e that i s prc
toget her t wo or mor e DNA segmentns ujs u
di fferent orMfgpani aemisi)eving one of t he
Object-i ves:

11



1)To obtain a | arge number of copies |of
gene of interest/ a desired gene
2)To recover | arge quantities of t he |pr
i nterest gee®ired
exproduction of humakEn iewsluladsnt usi nig
production of hepatiyteiasa $B hwad[ i
3)To integrate the gene of Il nterest/ desi
target organism where it exprecspmant|ts
of a desired phenotype in the organi $m
e X production of insect resistant
Even for the | atter two objectives, t
| arge number of copies of t he concejrn
case, the poouei nofp the gene iIis the Jit
i's isolated from the organism and puti
modi fied phenotype of the organism i|s
since t his enhances, I n S 0me way, t
organi sm.
The pureiprdud copies of desired gene| c
foll owi ng -t wo ways:
mGene Cloning: The process of obtai|jni
gene 1inside a I|living organism by t hle
technol ogy.
HBPol ymerase Chain Reactoibam:i nTilneg prud cte gpd
of a gene inside a tiny tube using 9o
an automatic machine.
5. 1.STTEPS OF GENE CLONI NG
The entire procedure of gene cloning]|o
may be classified into the following]|s
1) sol ati on of t he DNA fragment ¢ O |
i nNnterest/ desired gene thabDNAeiensetrt ®

12



2eneration of a recombinant DNA (r/ DN
of the i1isolated gene in a sui twddtorcjar
t hat I's capable of autonomous repliila
host cell
3)ntroduction of the recombinant DNA
/| cel | (Bsuaodod ath d H(tdor ocess call ed trangf
4 Bel ection of only those host cells]| c
them to multiply I eading to the mujt
along with multiplication/ expressipn
within the r DNA.
5Where needed, t r ansifenr a@fndt eex pgene | |
target organism to obtain the desi|r e
same.
. P{t’ Host cellrsovm\h cloned G,::I,:}r,n
. Bacterial Plasmid _
Cell C“*W“"I (v'm:) - ’
Enzyme I e::;:: @ 00 @ ' By
Segment of DNA (Insert) - (Clone)
R YQ Culture in-vitro \:;:igt::/:h
anzyme Joining of Insert & cut fia
vector
Recombinant DNA @ Ir.al:wsformed How
Transfer of rONA int& / Selection of host
a living system cells having rONA
Tr(aBnas?oer'::‘::Ln
Bacterium
(Host)
Fi g 1: Basic Steps of Gene Cloning

13



2)

5.1. 3TOOLS OF r DNA TECHNOLOGY
5.1. 3Relstriction Enzymes: Mol ecul ar Sci
Endonucl| eaarseesenzymes t hat produce I nt
cl eavaige, DNA mol ecudxsnucl aesm ves ane
nucl eoti de at a time from the end off
produce I nternal cut s I n DNA.) A tlyp
cleaves DNA omleyarwitthhoisne osri t es, whi ch| h
sequences, aree<xtnmoiwat iasn e n d oannudc | tehaes ¢S 1
recogni sed by t hemecaorgeni tciadnl eds@mgu ¢ n
recognitioonrr sstrisctiolmhesirteecsoogni ti on | s
ar e di fferent amar speei fdcfferent
endonucl easesReqtzryimetsi.on enzymes areje
for cutting DNA molecules at specific¢g¢
Restriction enzymes exi st i n many bajlt
part of t heir defencleed metébeahr s mt i O
Modi fi caysobam.
(The presence of restriction enzynes
by W. Arber during 1960s.)
Restri-Mdadiofni cati on system consists| o
1) The first component is a restrigt |
recognises a specific DNA sequerc:
mol ecul e containing thaltestmgiwenider
refers to the function of t heseg
propagation of foreign DNA (e.|g.
bac tuam.i
The second component i1 s a modificatiijn
group to one or two bases usually wi h
the restriction enzyme. Once a base |ir
by the addition of a methylzymesup,ailth
recognize and cleave that DNA. This i s

14



therefore protects its own chromosomal
restriction enzymes.

Di fferent species of bacteria contaj|n
endonucl eaveseapodndi ng met hyl ases.

5.1. 3.Ty.pke.s of Restriction Endonucl eajse

Ther e ar e foll owing t hree di sti n¢
endonucl-eases:

1)Type | restri cti onareen dcoonnupclleexa seemssdonudq]| «
have recognition sequences of about 1
about 1000 bp awé&ywdf rodm t thleedléAjduoecnact ee [d
within the recoghdKik oB, seittcee, e. g. ,

2)Type || restricti onar enndaomkuacblleyas et ablil e
i nduce cl eavage ei ther wi t hin or I
recognition sequences, which arez2*sy mm
i ons afsacamor for Il nducing cl eavage. C
endonucl eases are used i n orleogoymbiinnawmjte
their cleavage only Bd¢RIHpaeakl fic sitegs,

3)Type |11 restrictiameemaoruaceaasaes bt
and Type |1 enzymes. They c¢cl eave DNA |
their recognitibaol EcPkesHI hd . lg. ,et c. Iy

enzymes recognise asymmetric target S
duplex on one side of the recognition

**Type I and Type (I restriction en
recombinant DNA technol ogy.
Tabl e: Tuyspter ilclt iroen enzymes & their re|st

15



restriction enzyvme restriction site
qi ';I
- G|G ATCC™
BarmH I
3‘,ICJETJ-"—"UG Gﬁ,
51 3!
ceor AT
31 51
51 3!
O G|C C
Hae Il C C‘G G
51
3!
G|C G C
Hh
a | cCGCcCla
3 5
Hirmd 11 SAAGCTTB
,_;,TTC GAAS

5.1. 3.Nam@encl ature

The nomencl at gre o—f

restriction en zy fiphreviatiop ,  Meaging o | Description
general pattern |: K 1) | fcheghiof|i rgenes

|l etter of t he namecgof g ectlius | i secies

whi ch a gi ven engyme rY1$ strain

di scovered S WT T t ten T

capital (2) Thils is foll owed ¢

the first two | ettérs]| ofiftspleigentfigion
name of the organism.| Thes el INnthespecies
three |l etters ar e generally
written I n | tExlof ceBschegichi a fHn o m
Haemophilhdsunenzae(,3)et&t.rain or type
depictelBe¢k et.cpme of &cWagfnR)me of str ai
( 4) When an orgammogm pdrhadcducoense enzyn
identified by sequenti al roman numer
di scovery in that organi sm, e. g., t h
H. i nf |lwtemaiare Rd & el Hadneldl , et c.

16
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T ST O™ TV ~0nT o

Fig.2 A palindromic sequence. (a) Sequence in asingle DNA strand. (b) Sequence
in a DNA double helix. The arrow represents the axis of symmetry.

. 1. 3. Rec3agnition sSequence

h e recognition sequences for type

alindromes with rotatil@at@i ndytoimetlras
equence in the second half of a DNA
he sequence in its first haeftarcynDBd
trand of a double helix also shows
n palindrome with rotatiobhal bayemstetd

he first half of one strand of a DN

f the second half ofr antds (cFoingp| e3me.n tT
alindromes, the base sequence in bot
eads the same when read f5@m3d)ie bod
he strands. Mo st of the Type || r

ecognition sites dbfp 4,base opairs),
redomi nanntilgyh .GC

5 GAA + AAG 3 FETT T TTC S
5 GAA | AAG 3
(a) Single strand (b) DNA double helix

5 G¢AATTC 3

3 CTTAA{-} B
EcARI recognition site

Fig. 3 A palindrome with rotational symmetry.
The arrow represents the axis of symmetry.

17



5.1.3.Adl.¢lavage Patterns

Mo s t type || restriction enzymes ¢l ¢a
their speci fic recogni tion sequences
I mmedi ately outside the targetMNIirlacogn
SadA, et c. These cut st aagrgecenpedt(d2e)en (| 1)

dending on the enzyme.

Protruding ends

5 GAATTC-———— 3 R G AATTC----—-—-- 3
3 CTTAAG-—-—-—-—- 5’ 3 CTTAA G- 5’
EcoRlI Cleavage 5’ Protruding ends

L )

5’ CATG E L e — CATG e 3
3 GTAC L (— GTAC-——-—- 5
Nlalll Cleavage 3’ Protruding ends
STAGGERED CUTS
5’ AGCT 3 Y— AG (o) pe— 3
3 TCGA - (— TC ey — 5
Alul Cleavage Blunt/flush ends
EVEN CUTS
Fi gt. DNA cl eavage by restriction endo
S5®rotrulBchklg) (adNllal 1) protruding ends
(Allu) producing blunt/flush ends. The
siteutofi®m DNA strand.
Mo st enzymesstpagpgecasds i n which the
of a DNA doubl e hel i x ar e cl eaved
5 e G AATTC-—————- 3 | S G AATTC-—————- 3
3 CTTAA G- 5’ I CTTAA G- 5’
DNA Sample A DNA Sample B
EcoRl Cleavage
5 GAATTC-—————- ¥ 5 GAATTC-——m- 3
3 CTTAAG--—————-— 5’ i CTTAAG-——————- 5’

RECOMBINANT DNA MOLECULE

18



gener presrudBar§oeendscFi g. 4) , . e. , one
doubl e heli x extends $ hme obdhees el o r
palindromic (symmetrical) nature of tr
two protruding ends generated by such

have compl ementary base sequence. A S

with each other unmcaeirt iaonnnse;al s mgh cends
cohesomwd i cky ends. An I mportant conge
i's that when fragments generated by a

from different DNAs are mixed, they |]
sticky (eFnidgs. Toh)er efiog eprdperty of t he |
enzymes is of great value for the <c¢cpn
DNAs.

Fig. bwo distinct samples (A and B) of

same restrictBconhn )endhme ff agments from
readily join nvistahmptlheo sBe dfureo t o t hei r |[co
= compl ementary) protruding ends.

Some restriction enzymes, on the ot hler
of a DNA molecule at the same site 9o
ends HMdwertfl ushds i n whiwoh stih@ands en|d
same point Thei .l uea)t . cut endef taaot iav|elc
uti |l i sedonfsamuction of recombi nant DNA
special strategies.

5.1. 3.REIBP (Restriction Fragment VLengt!lt
RFLP i s ddfiiffeed emsces among i ndividuall s
of fragments generated by restrictian
DNA. These differences are detected by
RFLP denotes that a single restrictipn
differ ent l engt hs from restriction d| g
di fferent individuals of a species ol

DNA i sol ated from an i ndi vi dual has
sequentlerefor e, DNAs from different i
ex acthley stame array of restriction sift
enzyme. Il n other words, the |l ocations
given restriction enzyme happens to|b

19



di
erent

s arl
W i

fferent
[

m
f

I & diwhiyd uawhse.n TChNaA
dual s are digested

ro np
i f

ndi vi

Individual A Individual B

P s ==\
( &

(

~)

)

{

L
/
~

S~

[

.Z.T T Isolate DNA
tes)))

7/

|

{

Digest with Restriction enzyme

Separate fragments using agarose gel electrophoresis

Individual A Individual B

Fi 6: RFLP Technique

ction enzyme, DNA fr a
phenomenon constitu
resol ved (aagcacroorsdei nge |t
pattern of DNA bang¢
f or &a DpNaAr taincdu lraerp rpoedrusco
ction enzyme again anlﬁ
ng

be t o MOINAL i
upon di fference
by digestion with

application of RFLP S DN/
used i n forensic scidamde .t

Used Cl ng

g

the same restri
generated, t he
fragments ar e

el ectrophoresi s,
whi ch is wuniqgue

the same restri

Thi s
sampl es
fragments

A maj or
frequently

5.1. 3.02.her

used
t he

techniqgue can
depending
gener ated

A
0]

Enzymes i n oni

t

addition to
pl ay an i m

|l Tgmadekal i ne

restriction
portant rol e
phosphatase

I n

enzymes,

r DNA
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1)DNA |l i gaBi s

rigin of )
enzyme " '-\ Foreign DNA /_ ceoee
phaoshodi ester bg{zavage — — St
b et ween a dJ ,-Tgst .\.. o Restriction
nucl eotides \Re e erdonuciease
i AATT AATT
covalently |l i nks Ttwo
fragments of DNA/ "AT he TTAA TTAA
reacti on requir TAf’one
of t he fragments ' to
have 5d&phosphate M
residue and t he o‘her a
3hhydr oxyl group. An
TTAT
A
Fi g 7Us e of DN ATY Recombinant Chromosome
. A A plasmid
| i gase t o cre g a =
c Oval ent l y Recor&inLnt({zgc,?cﬁd ‘ O
reombi nant e J
D N A p r o d uce d th 0 h Transformed bacterial cell
association of mi n i
gener atkec®l by
Transformation, Tc selection
Il n a previous section, It was i ndi c a
wi t BcRI stick toget her ; DNA | i gase
annealed cohesive ends by efobminaug bat
t he adj acent nucl eoti des (Fi g. 7) .
bacteriophage T4 is frequently used f
2)Al kaline p h o sLpi hgaatt ai soen: requires t5hHe
phosphate group. | f some of the heag
phosphatase to remove their phosphat
|l igate within themselves and are forg

cont aibnfi ngs phat e

groups.
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C ngase
+ dimers, etc.
Alkalme
2pPi phosphatase
OHOH | |jgase
CHOH X
No reaction
ﬂngase
Foreign DNA
fragment
/—Nlck
‘Transformation
Nick
Host repairs one nick at each
join
Fig 8Application of al kaline phospha
unwanted recircularization of %
foreign DNA/gene of interest.
One nick at each join remains unl i ga
of host bacteri a, cel lul ar repair me
dupl ex (Fi s8)i.s He ncse ftuhli strategy |
sed fgation of cut vector . An I nser
generating rDNA as the wvector is pr
treating it with alkaline phosphat as:¢
5.1. 3Ve&ct-¥ehicles for Cloning
A vector I S a DNA mol ecul e t hat h
autonomously in an appropriate host

22



fragment to be ENAnNemnms qircga lilnetdegr at ed | f
Therefore, a vector must have amotoerd|g:i
asor)i that functions in the chosen hps
vehicle to carry a foreign DNA seque¢n
Any extra chr omosomal s mal | genome, e .
may be used as a vector.

An i deal veéhcatvoer tmwestf ol | owi ng featur e|s:
1)t should be able to replicate autonom
it must bmeasveequaennce compatible with t hje
2)A vector shouldthani déalklby inhess ze bejca
mol ecul es ar e br oken during puri fi¢a
i mpose difficulties during wvarious mal
cloning.

3)The vector shoul d have suitabl e ma [ k
detection dAedtoon sef t he host cel l|s
recombinant DNA from among the cell s t
vector atnrdamofnor med cel l s.

4)A vector should contain wunique rest|ri
restriction enzyme whi ch anmd ibret ruosdeudg if
DNA insert i nto wvector. Mo st of t he|l
sever al uni qgue restriction sites for
enzymes and these restriction sites | a

23



known mas tiple

cloningrpaiytlee nkMCSBo | vy I

provides flexibility in the choice o
used for cloning.

5.1.3.2.1. Pl asmid Vectors

1)pBR3 22T he napBd&k denotes t hep sfiodg niofw
pl asmi d, BBadlsi vferrom and R i s fsr,omB Ra)r1
R represent the initials of pBR22Z.ci B
numer@32@Qidbsti ngui shes this plasmid f
devel oped in the sandBRBaAPBRZA2 PBRS 2 8¢ .
et pBR322 is one of themmewitdeloypul ar &
Fig. ®t.ructural fpB&RBRRRes of

used plasmid vector of 4363 bp. [Et. h
copiasmid Col E1. This replication mg
I nto many ot her pl asmi d vectors S
amplafiaen/ replication when protein

amino acid starvation or treat ment

resul t, under such conditions, eac

en
Ld

d
[ O

g .
nc
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t housand (upto 3000) copi es of t he
bacterlitabreueasily yields a milligrar
selectable marketsaftdeampcgmfd | nesi st

genes) and only single or unigue res
di fferent restr iPslt,Polo, elneyateead (aumedg h
gene, Baanhil Sall, etc. tewgéeheh. The pr e
restriction sites wetthidmpplkee mmaskamns
selection of host cell s trans@gBdRr3A&d
romgmenEerepressor of pri mere)ducesgegtheat ¢d
cCopy humber .

|l nsertional |l nacti vati on

|l nsertion of DNA fragment into this
Pslt &wlu, pl aces the DNA | nsapandi t hiu
makes I tf umomi onal . Bacteri al cel | g
recombi pBaR3t22 wi | | be wunable to gro
ampicillin, but wi || grow in the pr
when restri ctBaotl eSalymes used | ngdret
pl aced withitrembkée ngedff@wunmcdn onal . The
of a gene by insertion of a DNA sequ
DNA insert) withiinnsietr tiiso nkanlo w.nn @astcit ea
cell s possessing s pBmM3 22 rwiclolmb itnhaenrte f
ampicillin but not on tetracycline|
i nactivation all ows an easy selectio

recombipB&B822 from aomomgr 10ypes of cel

l denti fication ando®&dli maimiten of Rec

Transf oEmedccodlil s ar e first pl at ed c
containing that antibiotic the resi st
t he DNA fragment S not I reserTledr e f
bacteri al cell s having the recombin
resi stant to this antibioti-tr anlshfiosr n
bacteri al cell s; t he resul ting bact

recombinant opBRGBM2a2l.t elrheed csool oonbiteai n e d
repl-plceat ed on agar plates containing

) N

O ir

e {
er
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the gene for which the DNA insert [

devel op on this plate wipBIR3@Q&nt alihrer t¢H e

the anti biotilconsieenss iatrievel dceont i fi ed an
master plate; these colonies wild!/l h a
process may dake. 1

2)pUC1l9pUC series vectors @aBR32Rerandt

much smaller (ampd@h®d Rag &khbhgd .padtd Dwin

(Fi g. 10) :

1)Ampicillin redcilsat amaekgengene
2)Col E1 origin ofpireplication (
3)A part Bof ga@ldeagZ t hi s |lppadr& ddnol @ad@aZrby
| aAZand encodetsertmhienaN fr agmehkftr, a gcmdn

ofa-gal actdase, the enzyme that hydroly
can al so hyglalol ycel Xurl ess substrate
bl ue coloured product/ dye.

4)A polylinker sequence or mul tiple «cl
theaAgrovides sevestti onhigumnesitees f of
The polylinker sequence is created i
interfel@adA@kphession by itself, but
placed wiaBh&@xpieéssion is prevEntecdlisg

possessombhi naw@l19 agel actosidase defi

puUC18/19 m-mcs
2,686 bp

Fig-%$0ructupUeCl1®f vector

aw
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| denti fi cati on and Sel ect-Tha mét Redc pm

screening for t he preuUsCelmc e i sof r erfeecr
as b-lwha te sel ecmeitohnood Tihsi shbased wupon |th
Il nactivationowdnea hgr dsaecntZ on t he Y
expresses t he-gaénmnrymsi data whose ajct
a colourless subGalr aitret ccad | eldueX col ofur
t he 10gecn eZ I S l nactivated due to tr
t hen t he enzyme IS not expressed. F
experi mebBt dosit cell s are plated -on |ai
Gal containing solid medi a plart ebltler
are those whi ch have transformed celll
not have the insert (express active |el
white are both ampicillin resistan
recombinant DNA angl |l ¢ hutsso abe u & ed
experiments.

3) Y13 This vector contpmBiRB22tIseqeernicee pl
origin of repl Ocapgliowsaimifd om 26, 318 b
found I n S 0me strains ofLEU2y € a ¢
chr omosomal gene frecmoyWeass tanwhinzhly me |i
| euci ne bi osynthesis. These vector|s
restriction sites for Il nserti ohEW?2f D
functions as a selectable marker in |ye
of this gleenl3,gtwiaa .of yeasbEUXetl tai o |wi
be able to grow on the mini mal medi uim
Fig 11. YEpl3 Ve

(medium | acking |
only when they w
transfor med by

2um PLASMID
vector. gg‘oueuce
This wvector has
compatibl e wi t h

bacteria (prokaryote
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yeast (eukaryote) so it can functi orn
vector which can function in two types
vector .
5.1.3.2. 2. Phage Based Vectors
Bacteriophages ar e viruses t hat
i njecteng DNA I nt o t hem and consec
machi nery o f t he bacteri al cel |l §
i njected DNA hence I S selectively
t he host bacteri al cel | argeessu | twhjgc
eventually extrude out of t he cC e
nei ghbouring cel |l s.
Thi s ability t o transfer DNA frpm
bacteri al host s during t he prole
scietndg i sthe I dea t hat specificall:
vectors woul d be useful tools for ge
l)L,ambda Phage @&8:acVectophage | ambda h a
stranded, | i near DNA genome contjai
12 basen each end are unpaired but com
therefore are sticky and are call ed C
i mportant for packaging DNA i nto
feature of the | ambd a genotme iirs tt b
centr al regi on of its genome i SE. not
colcell s. Therefore, vectors have bege
region can be replaced by foreign 1ns
vectors allow cloning of DNA
fragment s up t o 23 k b I n si ze.
2M13 Phage asMIV®xcitoora fil amentous PBhage
cohaving a pilus (protrusion) which is
present I n cel l s containi*ngel | &) . F| T
genome of t hes Ml 3 spihnagglee istranded
6407 bp. Foreign DNA can be inserted
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any of the essenti al genes. Il n the | i
i nfection ofE. ¢ @mleil Ihos he singl e strijan
convert ead dtom bt anded mol ecul e whi gh
as the Replicative Form (RF) . Thie
about 100 copi es i n t he cel | /
becomes asymmetric and sitnhged e g esnt grm
ar e produced and extruded from t|he
as M13 particles.
The maj or advantageé oping vectors base
genes cloned I nt o M1 3 based v elct
form of snidnegdl e DNsA.Tr a

M13 phase

(single strand)

RF

(double strand)

Assymmetric synthesis
Single strands from RF
Fig 12. Life Cycle of M13 Phage

5.1.3.2. 3. Cosmi ds
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Cosmi ds have been constructed by cojmb
plasmid and the 'cos' sites of phage| |
The simpl est cos mid vectoorigtcoant ad
replicati on, a selectable marker, ¢
and t he | ambda COS site. Cosmi ds clan
fragment s up t o 4 5 k bp I n si ze.
5.1.3. 2. 4. YAC Vectors

Used to clone DNA fragment sze.f Tnoagreeftd
they are wuseful i n cloning | arger DN
mapping genomes such as in the Human | G
These vectors contain a telomeric seq
an autonomously replicating sequjen
replicate |l i near chr omosomes I N y e
These vectors al so contain sui tapl
forei gn DNA as we | | as genes t o b
YAC i s askhwund!| ef oofie c t caonl di Yeast .

5.1.3. 2. 5. BAC Vectors

BACS or Bacteri al Artificial Chr omo s|jon
natur al |, extrachromosBmaetdilhieas mied tfirlpm
pl asmi d.

A BAC vector contains genes for repl
t he F pl asmi d, a sebdecthbhéengmaske
These vectors can accommodat e I ng e
used I n genome sequencing projects
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5.1.3. 2. 6. Ani mal and Plant Viral Vec
A vector based on Si mi an Virus
firshingl oexperi ment il nvol ving ma mina
A number of vectors based on
Adenoviruses and Papillomavirus have| b
ma mmal s .
At present, retroviral vectors ar e p
mammalan cel | s. |l n case of pl ant s, Vi r
Virus, Tobacco Mosaic Virus and Gem|n
wi t h ' i mi ted success.

Vector Type Insert size (kb)

Plasmid 0.5-8

Bacteriophage lambda 9-23

Cosmid 30-40

BAC 50-500

YAC 250-1000
Tabd e
Common Cloning Vectors with their cl ¢on
5.1. 3H®&Bst Cell s
During gene <cloning experi m&OMNA, (afetcd o
combi ned wi t h t he gene o f I nt er es|t)
transfer/intrDMAcienttdhhia Iri ving system
whi ch 4DMWNeA rcan replicate, t hat i ving
hosMany types of hostE.c elolyse aisn ¢ | uvadii nnoa

pl ant cells are available for

used depends on the

alm of t he

gene ol
cloning
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Properties of a Good Host

1) should be easy to transform
2) shouduwpport the replication of re¢

3) shoul d be free from el ement s t
replicatDNM of r

4) | ack active restri cE.J ogKollRin zsyurbesst,r
HB101

5) shoul d not have met hyl ases sinc
met hyltateereplicated recombinant D

woul d become resistant to useful

Bacteria are the hosts of cAmbaog
t herk,. dalsi become the most wi del y us
gene c¢cloning expmarsiements b

(1)its genetic makeup has been extensiyv

(2)it i s easy to handle and grow

(3)can accept a wide range of vectors,

(4)has been extensively studied for saf

(5)under opti mal conditions, t he malkilrmrsg
it possible to obtain | arge amount o
signal s are 1incorporated (control e
amount of recombinant protein (coded
be obtained in a shortt. pkrulotdurcefs tgirn
fermenter (Il ar ge

vessel ).

The&. cotliain K12 is the most commonl y
i n gene cl oni ng ietx phearsi nmseenvt esr: a | substr
RR1, HB101, etc. , each of whi ch h

I mportt ann cl oning.

For the expression of eukaryot:.
host cel
are often peehheseedf the foll ow

32
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a)Eukaryotic genes contain introns (noi

—

their coding regions (split genes) T
from pri mary transcripts for proper €
genes, but prokaryotes do not floavedehiglhd
removal from primary transcript
(When eukaryotic genes-DHAge tBeyaaed act
free and suitable for expression in pr
b)Eukaryotic proteins require proper e
modi fications, suocnh, atso gbley cfousnycltaitoinal|l y
IS not possible in prokaryotic cell s t
only eukaryotic host <cell s.
Yeast cells have been used extensi
expression of eukbeercyacutsiec ogemseesver al flea
a)Yeasts are simplest eukaryotic orc
|l i Ee cohave been extensively charactaer|
b) Easy to grow and manipul at e.
c)lLarge amount of cloned genes or |r e
be obtained fruamsygasotwnculnt fer menter]|s
culture vessel s)
Pl ant and ani mal cell s mayn®DiNAo be use
experiments and cell ssidam e «cuwint breeld r
and manipul ated to form whole organi $m

1)

2)

plants and ani mal s)

Tr==070

vector and donor DNA
digested (cleaved) with
AATT A AT restriction enzyme

5.1. 4Making r DNA

To isolate the ! and t
. WAA overhangs\ e AATT
fragment cont ai nlﬂ
to be ¢l ognetdh eu ssianme ""“'"g
DNA ligase added seals overhangs

restriction enzyme. g N
To treat t he ve,orm
TA recombinant

alkal'ne phosphatase enzyme DNA molecules
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3)

so that |l ater in the | igati oclni ggateq. t |

The cut vector and DNA fragmen
t hen | i gat ed ewiztylmet DNA | i gase
vector containing insert.

5.1.5l.ntroduction of rDNA into
Transformamni obhis procedur e, b
from t he surrounding enviro
such Euaso,l i yeast and ma mmal i

up foreign DNA and have t o b
competent to do so.

Transf ecAmetnhod to transfer r DNA I n
mi xing the foreign DNA with e c hcaalgcei
phosphat e, cationic | i posomes or
on recipient host cell s.

El ectropeAmati ehectric current IS
mi croscopic pores I n the recipien
r DNAt o ent er .

Mi croinj-dmt itchre procedure of microinj
directly injected into recipient cell
phase contrast microscope to aid visi
Bi ol i sMiiccrsoscopic particles aa fe gcool af
with the DNA of I nt er est and K
devi ce much |1 ke a particle gun.
Anot her met hod of I ntroduci ngn aftourreal
genetic eAgraobecterium t.umefaciens
5.1. ol ymer as eRe&aa@ti inon

The polymerase chain reaction techni
i n 1985, S extremely power ful . I

qguantities of DNA copies (upto bill

t are
to yi

Host

acter|
nment .
an cel

a |
\
| s

e c heimi

e C

X e
) O

g n

gu
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segment , present even as aprsepagrlaet icoonp,y

matter of few hour s.

The process of PCR consi sts
reaction/ amplification cychesi dnd uitti
the fol I(olwi nQNA preparation containi
segment to be ampguénedldiwtoarogetgosnea c
primers (about 20 bases | ong) speci f
t wo 306
borders (the sequen8@&undpr ederttheatt wtoh

the desired( 3lelganefh o ur deoxy

vizdTTPdepoxythymidine triphosphate),
triphosphate), dATP (deoxyadenosi ne
(deoxyguanosi ne tri pfphMos p hhaetaet) , s taanhdl
pol ymerae.sg.,,, pdlagmer ase (i sol at ed fr
Ther mus aquaticus

Prodere of PCR

At the start of PCR, the DNA fro
amplified, an excess of t he t wo P
deoxynucl eoside triphosphates and th
together to form a reaction miXxtiutriee
of 2Mg
A single PCR amplification cycle in\
steps (Fig. 13):
a)dDenaturati on
The reaction mixture is first heat ec
98C (commorCly that ensures DNA denat ul
bothtbte strands of DNA) . This i1 s t
duration of this step in the first c
9 4C.
b)Anneal ing
The mixture is now cooled to-6a0C) etmpa
permits annealing of tReneptiamgr sequete

nucl eosi c

3

L o =

[ O

ne
y C
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t he DNA,; these sequences&ardes lodc attheed

strands of the desired segment. Thi g
durati on of annealing step S
during the first as wel |l as thel sabsé
PCR. Since the primer concentration | s

of the templ at et eDipA,at gr ihnyebrri d f or mat i

favoured @awnaerealrneg of both t he tjen

c)Primer Extension/ Polymerisation

The temperature I s nNow SO adjusted t
synthesizes the complement a3@®H sof andcte
pri mers; this reaction i s itnhevdsvaome g|a s
replication of the | eading strand of a
extended towards each other so that ¢t he
the two primers is copied; this i1 s |e
compl ement ar3x@ ndos tohfe t he segment t o |be

duration of primer extensionC.is usual/l

Thecompl etion of t he extension step
amplification cycle of PCR. Each-5cyqgl
mi nut es. To begin the second <cycl e, t
convert al | the newly synthesized DNA
whi clran now serve as a template for gy
Thus, the extension products of one ¢y
subsequent cycles and each cycle doulbl

previous cycle. As a result, from, ai|si
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IS possi bl e tromod eercaurl @@tse ad t er n nur:lLbe

Usual |l 80 2@cles are carried out I n o]
case of aut omat ed PCRtmacmahesx,yhieal &
researcher has to only specify dlhes K nu
et c. after placing the complete reac|ti
the machine performs the entire progta
templ ate DNA mol ecul e, It "mel posbkedl|af
n number of cycl 89. cysekeaxlslaya,r i 2@ out i
PCR experi ments. | n case of aut omat e
t her mal ctyteéd erssearcher has to only $p
duration of cycl es, et c. after pl aci|nq
for Il ncubation, and tshda hmacemitnea ep errfoar
operations precisely.

Fig. AA3schematic representation of t| h e
during each reaction cycle of PCR

5 — 3
3'

5
Denaturation step Above 80°C o b o

1

DNA strands separated

—1
50°-60°C | Primers

Extension step Above 70°C

Four strands of DNA
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Applications of PCR

a)PCR can be wused to
an organi sgne n(et)r abnys

transgene for amplification of DNA

Amplification wil
organi sm.

b)To generate abundant amount of DNA
figrerprinting techni que used I n f

susp@ct

DNA to the DNA recovered at a c¢cri me

c)PCR can be wused for

bi ol ogical sampl es

d)PCR is wustaectt ot dee presence of a sSpe
responsi bl e for causing a @particul
actual onset of the

e)PCR can be used for

sickle cell anaemi a.

5.1.7. SelgNAncing

The process of determining the nucle

of a DNA mol ecul e

been devel oped to sequence DNA:

(1) The dideoxynucleotide chain ter mi
Fred Sangedramwd CAul son.
(2) Automated DNA Sequencing

detect the prese
ulBend stbgquences

occur only when

detection of ge
to detect the in

di sease.

prenat al di agn

i's called as DNA

(N

D S

ot
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Salhgerdi deoxy

met hod makes
mer ase. (a)

onucl eoti de str
| ate strand to

group

DNA

: ( b) The
hosphate (ddNTP
S al s
nserted I
the anal og i s
for the next
strand, an
s anneal e
eXBmpt e

synthesized str
ons where dC
the chance

to be adcddeéed.
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S i
ed
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S
ensure t
at | east
t i a sol uti
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t
I ring
S 0

of

Base
(A, G CorT)

Normal deoxynucleoside triphosphate
(i.e. 2’ deoxynucleotide)

c hai

us

tri phosphate
Sangeadusreeq uesnees ndyi ha ox

ddCot her wi

due.

n termination

of the mechani
pol ymerase requ
dred)t,i des whechdd
gui de selection o
o f t he pri mer r
(dNTP)

e

anal ogs t o I nt
o known as the d
n place of a dNT
| adldesdhlyddeocrybkeqg
step. (c) The DN
a short pri mer,
to it. By addi
se norm
be pr e
occur s.
anal og
ddCTP
new str
at S 0 me
containing a mi
Each C residue
particul asi 2 ed

)

d
d

ands wi | |
nor mal | vy
hat t he
However,
hat each
one ddC
n

a

Base
(A,G CorT)

OH group missing [H

Dideoxynucleoside triphosphate
(i.e. 2', 3’ dideoxynucleotide)

il
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fragment s, separated by electrophores
resi dues.

This procedure is repeatetdhesepaumt dtd  NT
and the sequence can be read directly

gel . Because shorter DNA fragments mi
near the bottom of the gel represent

to the prb5@enrd)(thaeedqgué@erce I s rbd@gadd (| n
direction) from bottom to top. Not e| t

t hat of the strand complementary to] t
(templ ate strand) .

Primer
o FECws]-on
e —CTAAGCICGACT

-

dCTP, dGTP, dATP, dTTP

Ty

+ ddATP + ddCTP + ddGTP + 2dTTP
=R —-GATTCCGAGCTGddA E—GATTCCAGAdC EE—-GATTCCAGCTdIC mMI—UATTCOAGCdT
ES—-CATTCGddA EX—-GATTddC ER—-CATTCGAddAG =8—-GATddT -
E=—-GddA W —-GATTCddG LE}—-GAddT :
=-d4G _/____'
| r’?’,‘
\ A C G T >
| ('“ R R IV PO T AR \
12 e JLA - A
1 3 o - G
10 . @ * 3 m. T
9 b "'. " N e - AN ek P c
‘ 8 b e T e 1) s G
7 gadpimeea (AT et 2y L et A
l. 6 T OO . TUC g
[ v o o
A | ST et T
a | L e T
2 | s 2Ot i e A
1 \ . “ (G / G
Autorndiogram of Sequenco of
(c) clectrophoresis gel complementnry

strand

Fig. 14. Steps of Chain Termination Me
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5.

1. 7A2t omated SEMAiencSinggl e Tube Seqjue
Met hod
DNA sequencing I S readily aut omat
Sangsersequencing method in which the|] c
for each reaction atne
B g Templateof a diffe_rently col oujr e
[T i tag. Thi s t d ohmso | DN &
__j} sequences containing t
e s nucleotides to be dpgt
l’“:ﬁ:’:’%ﬁr‘é‘ few hours.
o s Each dideoxynucleot]|d
c—p T t he Sadangneert hod can ble
e g t o a fluorescent mo |
N gives al l t he fragmegnt
I n t hat nucl eoti de a
— s, C OOlu T . Al | four | ablel
c,“'o Copeewir AT € added to a sin(“;l
- —_— resulting coloured DN
l ar e t hen separated by
= single electrophor etji
e in a capillary tube | (:
migration || Slectrophorema gel electrophoresis |t
3 = faster separAdtli ofnrsg g me
j« i of a given |l ength mig
= the capillary gel ih
[;/ ;mmﬁ and the colour asspc
Detoctar || T each peak is detected
l beam. The DNA sequepc
: by determining t he S
colours in the peaks
t he edetor . Thi s i nf pr
fed directly to a cjon
determines the seque|nc
Fig. 15. Automated DNA Sequencing
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CHAPTHER 1
RECOMBI NANT DNA TECHNOLOGY

5S.1.1MULTI PLE CHOI CE QUESTI ONS

1. Which Enzyme is used by bacteria for defense against
viruses?
a) DNA Pol ymer ase
b) DNA Ligase
C) Restriction Endonucl ease
d) Pri mase

2. Which of these is called as the molecular vehicle?

a) Host

b) Restriction Enzyme
c) Vector

d) Gene of interest

3. Which vector is used for genome sequencing?

a) M13
b) YAC
c) BAC
d) Both B & C

4. By which method the recombinant vector enters into
the host cell?
a) Transition
b) Transformati on
c) Conjugation
d) None of the above

f these produces ssDNAT

h
)
)
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) BAC
) YB

o 0

6.  Which enzyme is produced by lacZ gene?

h

a) Beta Galactosi dase

b) Beta | actase

c) Beta per mease

d) Acetyl ase
7.  Which of these is not true for lambda phage vector: -

a) It 1s linear and doubl e

b) I't has cos sites

c) It follytoiws pat hway

d) I't'"s insert size is 45
8.  Which of these is not a selectable marker gene?

a) LEU2

b) GFP

c) amp

d) MCS

9.  Which of these gene transfer methods may need
calcium phosphate?
a)  Transformation
b)  Microinjection
C) Biolistics
d) Transfection

10. Which of these is a shuttle vector?
a) Yb
b) pBR322
c) pucC1i9
d) BAC

11. If your foreign DNA is of size 35 kbp, which vector
would you use?

a) BAC

b) YAC

c) Cosmid

St

kbp

r
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d) | ambda

12. A vector based on which virus was used in the first
cloning

experiment involving mammals?

a) Adenovirus

b) Papill oma virus

c) SV40

d) Retrovirus

13.  Which microscope is required for microinjection?

a) El ectron Microscope

b) Phage ContraspeMicros
c) Fluorescent Microscope
d) AlIl can be wused

14. How does a scientist select for a sensitive or negative
trait following a transformation experiment?
a) By Replica Plating

b) By Blue White Screening

c) Both can be wused

15. Who fo und the transformation of E.coli cells upon
treatment with chilled CaCl > solution?
a) Mandel & Higa
b) Herbert Boyer & Paul Berg
c) Watson & Crick
d) Stanley & Cohen

16. If a PCR reaction initiated with three molecules of a
dsDNA template, after 35 cycles the amount of DNA will
be:

a) 3x35/2

b) 3x(2x35)

c) 3x(2/35)

d 3x23

17. From the options given below which vector is used
between two hosts?
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a) pBR322

b) puUC19

c) YEp

d) All of these

18. For performing Site directed mutagenesis, which
vector will be required?

a) phage
b) cosmid
c) M13
d) BAC

19. What is the expansion of ddNTP?

a) Dedioxynucleotide triphosp
b) Dideoxynucl eoside triphosp
c) Dideoxynucleotide triphosp
d) Deoxynucltadtpihbesphat e

20Which of these is not present
a) Centromere
b) Telomeric Sequence
C) cossite
d) Autonomously Replicating Sequence (ARS)

21 Which of these iIis not an anim
a) SVv40
b)  Gemini Virus
c) Adenovirus
d) Papilloma Virus

22. Which of these enzymes can be used to prevent self -

ligation?
a) EcoRl
b) DNA Ligase
c) Hindlll

d) Alkaline Phosphatase

23. Which of these is used by bacteria to protect their
own DNA from the action of restriction endonucleases?

45
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24.

a) Alkylation

b)  Phosphorylation
c) Methylation

d)  Hydrolysis

If you are using YE p vector having LEU2 selectable

marker gene, what would be your media?

25.

26.
transfer

27.

28.

a)  with/containing leucine
b)  without leucine

c) None of these

d) can'tsay

Which o f these vectors would be needed for template
preparation for sanger's method of DNA sequencing?
a) Lambda phage

b) pBR322
c) Mi13
d) BAC

Which of these methods is used exclusively for gene

in plants?

a)  Electroporation
b)  Microinjection
c) Biolistics

d) Transfection

What is the sequence of steps in a cycle of PCR?
a) Denaturation, Extension, Annealing

b)  Extension, Annealing, Denaturation

c) Annealing, Denaturation, Extension

d) Denaturation, Annealing, Extensio n

Polymerase Chain Reaction was invented by:
a) Edward Southern

b)  Kary Mullis

c)  Fredrick Sanger

d) Paul Berg
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29. If you are interested in amplifying a specific region of
genome of an organism, which technique would you
use?

a)  Sanger's dideoxy chain termination
b) Polymerase Chain reaction

c) Replica Plating

d) Blue White screening

30. If you are interested in amplifying a specific region of
genome of an organism, which of the following would
actually help in such targeted amplification?

a) Probes
b)  Primers

c) dNTPs
d) ddNTPs
31. Which vector is used for blue white screening?
a) BAC
b) YAC
c) pBR322
d) pUC19

32. What was labeled with fluorescent tag in the single
tube DNA sequencing method?

a) Primer
b)  dNTP mix
c) ddNTP

d) None of these

33. In DNA sequencing method, chain elongation

terminates due

tolackof _ in ddNTP.
a) 2" hydroxyl group
b) 3" hydroxyl group
c) 5'Phosphate group
d) All of these

34. In Sanger's chain termination method, lack of
formation of which bond terminates the chain elongation?

47




a) Phosphoester Bond
b) Phosphodiester Bond
c) Glycosidic Bond

d) Peptide Bond

35. Expand RFLP.
a) Restriction fragment length polymorphism
b)  Restricted fragment linear polymorphism
c) Regenerated fragment length polymorphism
d) Regenerated fragment linear polymorphism

36. Which of these is a bacterial vector compatible with
plant cells?
a)  Gemini Virus
b)  Cauliflower Mosaic Virus
c) Tiplasmid
d) Tobacco mosaic virus

37. If you are treating bacterial host cells with calcium
chloride for facilitating introduction of rDNA, which of
these methods you are using?

a)  Transformation
b)  Electroporation
c)  Microinjection
d) Biolistic

38. If you are coating your DNA of interest onto the
surface of microscopic gold particles for introduction
in host cell, which of these methods you are using?
a)  Transformation
b)  Transfection
c)  Microinjection
d) Biolistic

39. Suppose you want to insert your gene of insert in

pBR322 vector within the tetracycline resistance

selectable marker gene, by which of the following

restriction enzymes you would isolate the gene of interest?
a) Alul
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b) Psil
c) EcoRl
d) BamHlI

40. If you are doing replica plating using pBR322 vector

for selection of transformed recombinant cells, in which
plate would the transformed recombinant cells grow?

a) master plate

b) replica plate

c) Both the above plates

d) None of the above plates.

41. Which of the following types of restriction enzymes is
used in recombinant DNA technology?

a) Typel
b) Typell
c) Typelll

d) Allof these

42. Which of these is the correct sequence of steps of gene
cloning?
a)  Transformation, Restriction Enz  yme digestion
Ligation, Selection.
b) Restriction Enzyme  digestion, Selection,
Ligation,
Transformation

c) Restriction Enzyme digestion, Ligation,
Selection,
Transformation
d) Restriction Enzyme digestion, Ligation,

Transformation, Sele ction

43. What is the advantage of MCS or polylinker site in
vector?

a) increases flexibility of choice of restriction
enzymes

b) decreases flexibility of choice of restriction
enzymes
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C)

marker

d)
marker

increases flexibility of

genes

choice of selectable

decreases flexibility of choice of selectable

genes

44. Which of these sequences can be cut by a type Il

restriction
enzyme?
a) ATGCGTCGTGTCGTG
b) GTGCGATGACGTGCG
c) ATGGAATTCGTGCGTA
d) GTGATGACGTAGCGTG

45. Which of the following

recombinant

can

be used to create a

Hin dlll digestion and a
EcoRI digestion.
Hin dlll digestion and a
Hin dlll digestion.
Hin dlll digestion and a
EcoRI digestion.

DNA?
a) A fruitfly gene isolated by
human gene isolated from
b) A fruitfly gene isolated by
human gene isolated from
c) A fruitfly gene isolated by
human gene isolated from
d) None of these
46. The first recombinant DNA was developed by whom?
a) Boyer, Berg, Chang, Cohen.
b)  Boyer, Mullis, Sanger
c)  Arber, Smith and Nathans
d) Linus Pauling, Winkler
47. The first type Il restriction enzyme was isolated by
whom?
a) Boyer, Berg, Chang, Cohen.
b)  Boyer, Mullis, Sanger
c)  Arber, Smith and Nathans
d) Linus Pauling, Winkler
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48. What is the source of DNA ligase for
DNA technology?
a) T4 bacteriophage
b) Calf intestine
c) Bacteria
d) Plants
49. The natural genetic engineer of plants is:
a) Alcaligenes eutrophus
b)  Agrobacterium tumefaciens
c)  Bacillus thuringiensis
d) Bacillus amyloliquefaciens
50. What is the role of GFP in recombinant DNA

technology?

a) acts as Selectable marker gene
b)  performs restriction digestion

recombinant

Cc) increases rate of transformation in host cells

d) all of these

ANSWERS OF MCQs

Q. |Ans | Q. |Ans | Q. |[Ans | Q. |Ans | Q. |Ans
1 c |11 | c (21| b |31 | d |41 | b
2 c (12| ¢ (22| d |32 | ¢ |42 | d
3| d |[13| b [23| ¢ |33 | b |43 ]| a
4 b 14| a |24 b |34 b |44 C
5 b (15| a [25| ¢ |35 a |45 | b
6 a |16 | d (26| c¢c |36 | c |46 | a
7 d (17| ¢ |27 | d |37 | a |47 | c
8 d [18| ¢ |28 | b |38 | d (48| a
9 d [19| b |29 b |39 | d (49| Db

10| a |20 ¢ |30 | b |40 | a |50 | a
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5. 1. 2ASSERTI ON REASON QUESTI ONS

Foll oQuegti ons consi st dAs stewot isotnha t(eAne

Reaso

option given bel ow:

a. Both

correct explanation of the asser

b. Both

correct explanation of the asser

c. Assertion is true but Reason is fa
d. Both Assertion and Reason are fal sg¢
1) AssertiToyqpe | IlIipesenzygmes are used
recombinant DNA technology.
Reasofype Il enzymes recognise and ¢

recognit
2)Assert
ReasoMhi

3)Assert

Reasoht

4)Assert

Reasolls

5)Assert
Reasomht

6)Assert

n (R). Answer these questions
Assertion and Reason are true

Assertion and Reason are true

l on sequence.

Vewrwt ors are treated with al ka

S enzyme avoids selyf |l igation
removing their 5 phosphate ¢

ion: YEP is wused for both pro
cel |l s.
I's a shuttle vector.

P&R: based diagnosis is faster
speci fic.
it does pathaogensti ve

P&R: uses Taq DNA polymerase e
I's 1 solated from a thermostab

pBR322 based true recombinant s
tetracycline sensitive if the
di sar med with Bam nHllo nruecslteraiscet
enzyme.

1%

S5

ut
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Reasohnsert fails to show insertional

tetracycline resistance gene n

cel |l s.

7)AssertiMaB: is used in DNA sequencing| a

Reasoht prodepgliscative f or ms.

mut agenesi s techniqgues.

8)AssertiTbe: ends of | ambda phage DNA Jar

cal lcedi t es.

Reasonl2 bases on each end are wunpaired

compl ementary to each ot her.

9)Assert pw@l9 I s an expression vector.
ReasopUC19 has sitgrnaanlssc rfioprt i on and
translation in given host.
10) AssertiMAdMarobacteri umi sulkinbavoni agssngt
genetic engineer .
Reasoht inserts a part of i1its own DNA
host plant cell
ASSERTI-FRBEASON QUESTI ONS
ANSWER KEY
QNO. 1 2 3 4 5
ANS WE d a a a a
Q. NO 6 7 8 9 10
ANS WE C b a a a
5.1. 3VERY SHORT ANSWER QUESTI ONS

1) Name any two scientists involypye
recombinant DNA mol ecul e.
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AnsPaul Ber g, Her bert Boyer, Anni
Cohen.
(Any two)
2) Answer the -foll owing:
a) Whi ch vector was used I n t
experi ment
Il nvol ving mammalian cel | ?
b) Identify the vector shown Qel
A SamH:
w0 > QN
I o -{-,Te‘.racychne[
"‘-“-.'\;\ X L resistance
Origin or / ™4 _ .
replication
Ansa) Simian 40rus
a) pBR322
3) Answer the foll owing:
a) Expl aiMn sRstem existing in bacteri al
b) How does a modi ficati on enzyme
DNA from its own restriction enzymes
Ansa) Restri-cMoidanm i cati on system: The m
I ncl ude restriction enzyme (R) ,
nommet hyl at ed DNA sequences t he
t he propagation of any exter njal
bacteriophage I nsi de bacteri al C
transferase or met hyt asect(sM) hacgwh
own DNA sequences from t he act
restriction enzyme(s).
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b) By methyl ation of host DNA so h
to the action of restrictian
4) How can LEU2 gene be used as a sel ¢c
AnsLEU2 gene <codes for an enzyme requi
of ami no aci d | euci ne I n yeast cel l
pl as mi d can grow on a mi ni mal medi urt
hence can be selected out of ot her
conitra thi s gene.
5) Speci fy one advantage of devel opi|ncg
vector .
AnsMul ti ple single stranded copies o
gene can be obtained while gene cloni|ng
5.1. 4SHORT ANSWER QUESTI ONS
1) Listedlow are four di fferent singIJLe
of these would you expect to be
endonucl ease? Give reason.
(a)ACTCCAGAATTCACTCCG
( b)ACTCCACTCCCGACTCCG
(c)GCCTCAAAGCTTGCCTGA
(d)GAGCGGTTTATCTGAGCAG
Ans(.a)ACTCCAGAATTCACTCCG
(c)GCCTCAAAGCTTGCCTGA
These sequences have recognition pal
restrictionEeRlIz yaneds dch)) |
2) Expl ain vari ous steps i nvol ved I n
technol ogy experi ment.
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AnsSteps eavoly | solation of a DNA frhpag

of interest that needs to be cloned (c
a recombinant DNA (r DNA) mol ecul e by J[in
i nto a carrier DNA molecul e calalned evdc:
replicate within a host cell . E3. ®ka&n|sf
cel | (process called transformation)
cel |l s carrying t he r DNA and all owing
mul tiplying the rDNA molecul es.

3) St wdts of Cl ass X1 visited Mi c
Coll ection, Chandigarh and observed

Providencia SsteatomycesandadlHawesnophi |l jus
aegyptudame t he restriction enzymes
and al so specdirfigttihhwheni sites.

Ansa) Sour-cé#daemophilus aegyptus
RE Hakl |
Res. -Si tG&-C360

b) Sour-c®rovidencia stuarti:.
RE Pslt
Res. -S1 tT&-C-A-G3 0

cC) Sour-c&treptomyces al bus
RE S all
Res. -Si tTéE-G-A-C3 0

4) Selection is an i mportant step inj| g
gi ven ampicillin and tetracycline
antibiotics, whi ch selection techni
di fferentiate bet ween r e croemcbad mhainmt aj n t
cell s?

AnsTr arf or med host cell s are first pl a
containing t hat antibiotic t he resii s
Il ntact, and t he DNA fragment S no:
gene. Therefore, host cell s having t
expected to alme tesi gthi s antibiotlic
el i mi nattesamsofnor med cel | s; the resul tjir
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either recombinant or
t hen reoplateal on agar
(within et hfeorgeamhi ch th

that develop on this p
i

the antibiotic sensit
master plate; these ¢
process may dake. 1

5. 1. 5LONG ANSWER QUESTI ONS

1) Few restriction en

such a manner t hat single strand
generated I n t heECRNA i st rommred.such
enzyme.
(a)Write the sequence for r eBdRli.ctdiovng
name to the type of ends gener ated
sequences palindromic in nature?

(b)Expl ain about a-hgss wmetwvecd®rt hat

enter he st cel |

(c)Why i s small size desirable in a c
Ans(.a)Restriction s ib5#zAAfT3CEC o RI I S
The ends generated wil/l be called sti
No, all the Restriction sequences may
(b)Mi croinjection met hod can be U 9
DNA into plant atmdcareiumal cell s
Biolistic met hod makes use of p a
gol d/ tungsten bull et s coated wi t h
DNA into host cell s.

(c)Smal | si ze off a c ivleictt aotre s entry o]
mol ecul es I nto t he host cel l s.

unal tered vect (
pl at es contain
e DNA insert S
|l ate wil |l cont a
ve col onies ar e
ol o

Zymes br eak t he

ni es Twiilsl ehham
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ar e mor e stabl e and | ess l i kel y t
mani pul ations taking place in gene <cl ol
2) Given bel ow i s t he aut or adieosgurlam | ool
Sanger's method of DNA sequencing. Bas
on this answer the foll oWi n'b une%tions.
(a)Read and write the

original/ templ ate DNA

sequence from the

autoradiogram bel ow.
(b)Define the principle and steps of t
techni que.
Ans(.a)3®&AGCTTCAGTC
(b)) Pringi\When a ddNTP get s I ncor p|or

growing DNA chain during DN
extension stops-amai Hab3d 0t yono

hydroxyl group on the ddNTP pgJ e

end, incoming nucleotide cannpt
Steps
This method makes use of the mechani gm
pol ymer ase. (a) DNA pol ymemasner r € qu ijsrh
oligonucl eotide strand) , t o whi ch nju c
templ ate strand to guide selection off
the3dhydr oxyl group of t he pri mer rea
deoxynucl eoside triphosphawepladdNghigdifeos
bond. ( b) The Sanger sequencing procjed
triphosphate (ddNTP) anal ogs t o I ntjer
Sangseermethod is also known as the dj d
ddNTP is inserted in pl aceatiodn ai sd NnlTaPl, | es
the anal og i s added, 3Hkneycdaruosxey |i tg rloaucpk sh et
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306borders (the seqatentBhkeen dpr eodenthe t we
the desir ety seegimewmit , deoxynucl eosi ¢

of
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) E

next
and,
eal ed
mpl e
t hesi
re dcC
nce t
ed 1 s
ure t
st on
ai nin
I due.
a p a
arate

S pro
t he
Bec
r t he
the p
ectio
t he s
and) .

xpand
PCR
di a
PCR

cess.

process of PCR consi sts
reaction/ amplification cychetwr @antd uitti

f ol |
me nt
mer s

(c) The DNA to be seq
and a short pri mer, radi oact
to bDh. oBy samdtl tiamounts of a
ddCTP, t o an ot her wi se nor
zed strands will be prematur e
nor mally occur s. Given the &g

step.

h aatl| otgh ewi d n be incorporated W

smal | . However, ddCTP is p
hat each new strand has a nh
e ddC at some point during s
g a mixture of | abel ed frag
Each C residue in the sequern
rticul ar |l ength, -siuzéd thmagrn
d by el ectrophoresi s,uerse.veal

r

i
y

cedure is repeated separatel
sequence can be read directl)

ause shorter DNA fragments mi

bottom of the gelporse ptrieosnesntcg
r iSreenrd )(,t haend t he sequenbcGead3Ds
n) from bottom to top. Note t
trand complementary to the st

PCR.re Whahte & hr ee basi c St d
reaction? Expl ain I n det ai
gr am.

Pol ymerase Chain Reaction

(o NOGNA preparation containi
to be amplified2d(wmoargleitg osneucc
(about 20 bases |l ong) specifi

of
|11
ng
I ee

~
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dTTP (deoxythymidine tri phosphat
phosphate), dATP (deoxyadenosi ne
oxyguanosi ne tarnidp(hdo)aphlae¢ @) , st abl
ymerasge.,, pdhygymer ase (i sol ated from
rmus aquaticus

Steps of PCR:

At the start of PCR, the DNA from whijclt
an excess of the two pri mer mol eeulles
triphosphates and the DNA polymerase  a
reaction mixture that has agpropriate (¢

1Y%
N—r

D

A singl e PCR amplification cyclje
three basic steps (Fig. 13):

a)dDenaturati on

The reacti onf im «tt ureeatiesd to a teM@BEr af u
(commonliICy)y 9hat ensures DNA denaturat]j o
of the strands of DNA). This is the de.l
this step in the first cycle of. PCR ij|s

b)Anneay.i

The mixture i s now cooled to-60C)empaijt a
permits annealing of the primer to tihe
t he DNA,; these sequences3d@anrdes loofc att fe

strands of the desired segmee@aal i nfdhi s[Th
duration of annealing step is wusually 1

as t he subsequent amplification cycl e:
concentration i kept very high relati
pri meampl at e y

0

S
hybrid fecartmayt i 6 mv oiusr egr o
annealing of b

.
th the template strand|s.

c)Pri mer Extension/ Polymerisation

The temperature I S now SO adjusted t
synthesi zes t he compl ement a3 H s brf a ntdpse
pri mer s; t his reactitomati so dtchuervdswaromen gja s
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eplication of the | eading strand of
xtended towards each other so that
he two pri mers I S copi ed; t his I S

o O —“+ o —

uration of primer extensionC.i s usual

The completion of the extension step

cycle of PCR. Each cycle o5 MCHRuUtoersd.|
begin the secobDdlAcysl eagathe heated tag
newly synthesized DNA into single st

serve as a templ ate for synthesis o f
extension product s of one cycl e ca

subsequent cycl es and

each eydloubl es syt

a

mo u nt of DNA . )
' ; Two strands of DNA
previous cyc | e .Denatyfytign stepg isog 8C| t ’ Wwa strands o

from a single tefprate"DNAY

mol ecul e, It S ﬁossible t  ODNA strands separated
generamel 2cul es a er

n number of CVY Cihpygs T |
Usuall 5810 23Q/ c € ASealingatep € 50°-60"C __ Primers
carried out i n mo &t | p &RHE

experi ments. | n EEast et
automated MPCRemac

call eder mal cycl

the researcher has t only

spec i f y t he nu n{%&r&io? step Above 70°C

e

Fi gA schematic representation
performed during each reactio

and durati on of cycl es, et c. after
mi xtur ei nfcaurbati on, and t he machi ne
programme of operations precisely.
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. 1. 6 CASE BASED QUESTI ONS

= Ol

Forensics, short for forensic scie
a | egal setting. Bi otechnol og
nt i t s to coll ect or process t
: bl ood or semen sampl es, whi
e(s) . An I mportant aspect of m
DNA profiling, or genetic fing
cl ude, DbhHaiord, semen, saliva, bone an
uni que DNA profile. The only exce
ns. The chemical s&r DAurn s oheeva
so many millions of b&as®Npait hat i
on has a different sequence. Usin
d be i denti fied sol ely by t he
Y%
d

> 5 O

> PO X O S
o — —

T Q9 T TOoO unmw unu unvu —

er , because there are so0o many m

shorter method, because of repeating
of a technique that amplifies DNA, wi
exact copies of DNA from a biological
DNA fingerprinting geey amal Yysgognti't

(i )PCR =a:

(a)DNAdegradatetichhmi que
(b)DNAsequentcealgni que
(c)DNAampl i fitcead hmingu e
(d)AlIdft hese
Ans(.c)DNAampl i fitcead hmingu e

(i itHownan®DPNAdup!l exreesbt aifnreoadm & NAdupl e x
af tbecry c lodPsCR ?

(@ 25
(b) 10
(c) 32

be weaorys umineg. |l nsteadpbpl sectentuis
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d 5
Ans. (c) 32

(P11 ). uBrefdatelrBso |l y mec haeeactairen
(a9i nglta an@MA |l i gonucl eoti de
(bDoubs$tr anbhA | i gonucl eoti de
(c9i nglte ankRINA |l i gonucl eoti de

(dDoubs$tr ankRiIMAI i gonucl eoti de
Ans(.a) Single stranded DNA oligo

(iv).i Wih&unctoifpni mer ?
(e)Toi dentihfpyar t i cruelga oof® N At ob e
copibeyg CR.
( f )Toc o pINA.
(g)Tocr edtNeAhucl eoti des.
( h) Tomaint ahe emper adfa ha&® CR
reacti on

Ans. Toi(dae)nt ihfpyar t i cruelga oof® N At ob e
copibeyg CR.

OR

Chooshei ghdmbi naotf¢c @omp oneretqau itree et pP CR
reacti on

(a) Templ 2NAt wpr i medrNsT,Pasn ODNA i gas e

(b)) Templ 2NAt wpr i meNTsPRan DNA I gase

(c) Templ ARNAtL wopr i meNTsPRan dNApol ymer as

(d) Templ 2NAt wpr i medrNsT,Pasn ONAp ol ymer a g
Ans. (d) TEMmA] tawepr i merdsNTPsand DNA
pol ymer ase

2. Advantage Bf a@asliihgst <cell s I S t h
conditions t he cell s di vide ever
t o clone | ar ge amount s of f
t he appropriate signal s ar e I n
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character
amounts of
from yeast

Pl ant and
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can be i nduced a
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i) Calcul ate he
popul ation of 10

AnslO x2c2|

[
been

t

cel |

| s

i i )Mr .
col i
Wh at

t
cl

Raj
The
coul

attempted
gene was

d be the

Ansa) Erythropoietin,
and pcoond i n g region
transcript has t o
splicing,
perform

b) Erythropoietin
modi fications i e .
possible in a

Wi
be

such compl ex

a

amoumescsombomant

preferred

S
genes
necessi
used
because

tBt acehill mbdmor one d
S

reason(s)?

prok&ryocoic

proteins

her uses.

o f eukaryot.i

because, t o
gomald moditf itcratn
n oEt. pcoost<eil b lIse
containing i
tating t he
extensivel
of sever al
(unicellul ar)
zed genetpuwladtl g
cloned genes or
cultures gr own
ani mal cel l s
cne | | tsi s scuaen
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I 1 i1What contr ol el ement s or regul
requi ried an expression vector
expression of desired gene success]|

AnsPromoter, Operator, Ri boson
I v)Whi ch device I S used for | ar ge
recombi nant eukaryotic protein
cul ture?
AnsBi oreactor
v) Are genetically modi fied or ga
transgenic organisms are same? J
AnsNo, t he t er ms ar e of ten used i
k ey di f f etreenecre ®GMO and transge
S t hat GMO i s an organi sm th
altered genome, whil e the trans

t hat has an altered genome cont

or gene from a different speci

3. Thearvi ation i n sl e

(I engt h) of t D @iuaial i cti on Individual B

enzyme generated

fragments among

i ndividuals withip_a gi Prosza)

species is ter med(RFLP" (&)

schematic represent a tobdlionenmmn

of how RFLPs arlr e Separate fragments using agarose gel electrophoresis

generated 1Is given || gossh e

figure. —
=

(i )The variation inl size

(l ength) oifctihenr|eg tH———mm

e n Z y me g e n er at e d Individual A Individual B

fragments among

I ndi vi

7

duals withi’m &a given
species Egéedapae.to ?

€ S|.
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a) Usage of different restriction enz)
b) Variati on I n charge bet ween 1
I ndi vidual s
c) Size of their genome.
d) Di frfeenc e I n t heir DNA sequenc
of Restriction site

Ansd)

(i iWhich among is not a property of R
a) Palindromic
b) GeneraBl hpddl ong
c) Restriction sites are uni
d) They alwaysagetd via even

Ansd)

(i iTihe individuals that -have same RFL
a) No i dentical wins
b) Brothers and sisters
c) Mot her and daughter
d) Cloned ani mal s

nsd)

(i vRFLPechnique 4s used in

a) Parental diagnosi s
b) Strain differentiation
c) Forensic science
d) AI'l of these
Ansd)
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UNI-3

G

mi

PROTEI N AND GENE MANI PULATI ON
CHAPTBER 2
PROTEI N STRUCTURE & ENGI NEERI N
5.2.1lntroduction t o t he Worl d of
|t I s noteworthy that among t he b i
proteins have the maxi mum diversity
The key t o t his enor mous di versity
proteins.
Al t gdu al | proteins ar e mad e up 0
aci ds t he si zes and sequence
variations of each protein
uni qu-® tructures and thereby func
Scientists have been tetnivisnguctaa
functi on.
A number of human di seases ar e
abnor mal structure of proteins.
a)lThe |l ack of a particul ar s uby
oxygen carrying protein hae
Thlaassaemi a, a devastating di s
cannot grow without repeated tr
b))l f t he bet a chain I S present
of t he amino acid residues an
callede SiCekl Anaemi a resul ts
certain parts of Africa.
c)The absence o-fAdeawmsi e@zycheami nas e
I n t he birth of a severely i
cannot | ast I nfancy (SCI D) .
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5.
5.

dMore recentllyeen idi stcaovvered that |
proteins"” whose structure has bee
di seases such as the Mad Cow di s
Itself appears t o be propagaie
called "prions"”
Di fferent cells have speciali seld
functions I n addi tion t o t he
required for metabol i sm and g €
2. 2StructFwmeti on Rel ationship in Ppo
2. 2Chymotrypsingl yat ipec oearezy me
Chymotrypsin, which hydrolyses |pe
bul ky aromatic amino acid resi qu
actually synt hesi sed I n t he p
pancreatic duct rel eased i nto
Chymotrypsin eiss zedsyntals i nact ijv
precur sor, known as chymotrylps
zymogen), which is then activatec
t he duodenum, I ts site of ac
I /it u activation. Thiwgl aracttda ryms
resul ts I n an alteration I n
now be abl e t o i nt eract wi t|h
The enzyme chymotrypsin i s made| u
245 amino acids interruptedBj @t]|o
The proteiimtofolads gl obul ar -Btrjuc
structure of t he enzyme, thr
resi dues, hi s57, aspl0O2 and ser 19!
space which allows a "charge rlel
I ndicated | ater. TheasnplgtaZ iivel gblc
hydrogen bond with the adjacent | h
the hydrogen i on from the | atter.
parti al hydr ogen I on | oss t o d s |
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hydr ogen I on from t he adj ac
hi s5&si due mu c h I i ke a rel ay
I S passed from one me mber t
her e being t hat t he bat on
I n chymotrypsin, ser 195 becomes
constellation of talte d t hreese dueam
the protein has fol ded uni qu
enzyme active site

« polypeptide is in the active site

« an H ion moves from the serine
amino acid to histidine amino
acid

* oxygen atom in serine forms a
covalent bond to the carbon of
one of the substrate’s peptide
bonds, it acts as a nucleophile

+ Positive His-57 is stabilized by
negative Asp-102

» Bond between the carbonand the
nitrogen in the peptide bond is
broken

« The nitrogen-containing group is
stabilized by the formation of a
bond to a hydrogen atom from
His-57

Q,,
.2

Ser Oty —Be ) “ substrate

195

e

4

o
e

enzyme active site

L1,

2
m d)
sor-oc,—o/

éf-&

N
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site of chymotrypsin (recall

to aromatic resi dues) S a
the enzyme active siteobnd ese
which therefore only allow bul k

amino acids to bind. This Dbindi
peptide bond close to the attack

« The part of the polypeptide /\\c/
with nitrogen moves out of the -t -C“;—Q"/““
active site (cleaved), OIS

/
o N
fr
10f
enzyme active site
& D
«  Water molecule moves into ﬁ’f\j\/r\}
the active site d
Q,
+ Oxygen in Hz0 loses an H' S =B 2
ion to a nitrogen atom on ~d
His-57 N
\ N
« The oxygen atom then forms
a bond with the carbon atom His” A
in the remaining portion of &7 Cr
the substrate t\c,o
i
105
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With double bond
reformed, the bond
between carbon and the
oxygen of Ser-195 is
broken

The -OH group on Ser-
195 is restored with a
transfer of an H+ ion
from His-57

With this step, the Ser-
195 and His-57 are both
returned to their original
forms

The remaining portion of the

substrate moves out of the
active site

Active site is back in its
original form, ready to
repeat the process,

-Q)
¢’
?;-%ES/:}_;—H
ol
\ N
His” J‘
57 8
108
enzyme active site
i Doy
CH,
bl
i
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5. 2. 2 M>?

The red cell s of t he pat
mor phol ogi cal change and rese
farmer sickl e and t hus t he n

Because these unusual

0O X

capillaries they | ead

I n

On
sickl e
of nlor
t hat H
t he | a
M. | ngr
finger
( LMB)

Protein

Each protein has a unDqgmappepnhdd

hence s

aur e
b)The

trypsin whi ch cl eaves t he protei
residues Ar g and Lys.

c)Two
wi t h
t o

f charge relay system medi
O works in some other prot
n (a proteoBytsoabéeatlyamet ¢ oum
(a proteolytic bHeolr xilmtdan
oline Esterase.

l ecul ar -Dicsklaess ec el | anaemi a

|y shapeg
ygen carryind tapabetygat stuc

t o t he
patients.

e of the first attempts to S

cel | anaemi a was t o compar
maHDb ) and sickl e cel | haem
b mo v ed faster t han SscHb,
tter differed in a charged ami
am in 1957 who pioneercdadl laedis e

printing I n t he famous L a
at Cambridge, UK.

FingeRPemtriiche i Mggppi ng

erves as a fingerprint for the

Hb and scHb are taken separ al
Hb and ScHDb ar e di gested wit

separate strips of WhHpao ma e
Hb and scHbD tryptic pept.i
separate usi ng t he techni qu

at

ah )
g m

72



p H 2. 0. Hi ghly charged pepti des
the anode/ cathode.

d)The paper dgrtiredg,s atrteached t o |
What man paper and chromatographe
t he el ectrophoretic direction uis i
Water: Acetic acid. Il n such a system
on their poaer ftfiitciioenntc bet ween the |[so
whi ch S dependant on t he rel ati|ve
pepti des.
Mor e - Purify Haemoglobin 0

Normlal RBC Sickle Iell RBC

? Trypsin treatment ?

Hemoglobin Hemoglobin is clgaved int_o small peptiqes scHemoglobin

} iyt e }

h;j‘ Paper Electrophoresis h\o“

l Paper chromatography

Result : All peptides were similar from both l
’ = samples except one (marked blue).
A 3 ]
10..| ..’

—l_‘ Peptide sequencing 12 l
hydrophobic peptides wil/|l move wiilh
di st ances.

Fi g. 1. Pr ot ei-nPeRitn gdeer Marpipn tnig
e)The chr omataorger athsi ed and stained W |
vi sualisation reagent Il 1 ke Ni nh
containing regions appear as ol a
f )The peptide ma p for Hb and 5 C
was found t hat oneer e ngd pt i dpel acwe@s
ScHD map .
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g)On examining this peptide and det
sequence, | ngr am found that It
for gl ut ami c acid I N t he peptid
The single substitution ofatvatthee6tflor|pa
of the bet a chain) dramatically c h
maki ng It form fibres wi t hin t hie
def ormati on of t he cel |l (sickling)
a mol ecul ar heal tteerrat i oo | etcul ar di s¢ga:
5.2.2T%Wo0o Dimensional Ge l El ectrophoregsi
Two di fferent techniques ar e -c o mb |
| soel ectric focussing (1 EF) and
Polyacryl amide Gel E{PAGIEr ) aphoresi s ( $D
I n simple electrophoresi s, t he mobi I|it
charge, which i s pH dependant. At I t| s
does not possess any charge and thug
el ectric field. Thid ifrathee tieshmrixgu e
whi ch separates proteins on the basis
Usually | EF S perfor med I n t hin tiub
set up within the | EF gel by the inclu
as ampholytes.
A protein sample fr a

cell or any other

source is th TR wmo [ (S o
TRCOTPOrAT ed] ! i 8 !

el ectrophor e s~e=g N} |
within these tubes| —
wherein the diffeilgnti—> ——— il
. 8 —
proteins separatesjand il
. _ Nl |
mi grate to their &
zones. The tubes L@ - =)

R R M ostable pEH Protein
gradient is solution iz
C 0 n t a I n I n g t h e established in added ancd
the gel after electric field

separated pr ot ei N geehguegor  isreapplied
then | aid-on a SDS

ficld.

Afler staining,
proteins are
shown to be

cdistributed along
pH gradicnt
according to
their pl values.
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PAGE sl ab gel and electrophoresis con
| EF direction.

I n SPASAGE, proteins separate on t he

hence at the end of this electrophor
I nt eD 2patterns wi t h hsght wo e sporloupteiraotni
proteins have been explochadgenanbdestr

Proteins i n the gels are stained wi
sensitive dyes and can be scanned and
databases for analysis.

4 N

b bl o b ]

Protein samples and marker
loaded in vertical SDS-PAGE system

Buffer

l Buffer
e (LU

I C

Direction of migration of samples
———— in vertical SDS-PAGE system

Buffer

W -
i
I

I
=

—s £ SDS-PAGE gel after Coomassie
blue staining

I
I
I
Il

Fig: SDS PAGE Techniqgue

I/
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Overview of 2D gel electrophoresis

;L Isoelectric focusin l—] D) )7 )) )7 ))))\I
. First :—TF Decreasing gelis placed on SDg
dlmensuo.n t‘: ol polyacrylamide gel.
Mocuing ]
Nai
=) ¥
I I 2))B)BB)D) - = _
Isoelectric focusing . Jecon = Decreasing
gelis placed on SDS dimension = . M,
polyacrylamide gel. SDS polyacrylamide e : 1
gel electrophoresis -
— Decreasing —
pl
5.2.3Characterisation of Proteins:
Techniqgques | i st ed bel ow character
properties such as mas s ,-aciids osed euwce
et c.
1)Sodi um DoSlwelcyhRaleyacryl ami de Gel B
(SDS/ PAGE)
2)Protein Fingerprinting/ Peptide Map
3)Two di mensional gel electrophoresi
4)Protein Sequencing
5Mass Spectrometry
**The first three techniques have alr
text.
4) Pr oetgeuienn cS ng
The process of determining the compl ¢
given protein sample is known as prot
There are two popul ar -methods of the
a)SangserMet hod
b)Edma®& Degradation Method
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a) San@geMethod

I n t he fmi dd he bast century, Dr . F
devel oped t he first sequencing r e
benzene) and a gener al strategy for sjeqg
By using this met hod he was abl e toc
hor mone i nsulirrquwhedh by di abetij|cs
Il mportantl vy, he demonstrated for t he
| i near pol ymers of amino acids.
For this work, he was awarded the Noblel
b) . Edmahe gr adati on Met hod
Anot her protein chenminst ] n P&BB6O0O Edelve
another sequencing reagent, namef y
(PI TC), and procedur e whi ch il s
sequenators as t he procedur e has l
* ok Notably using t he sequence yof
Sanger a biotechnology company <call edg
recombinant human I nsul in whi ch [
I nsul in administration t o di abeti c|s
5) Mass Spectrometry
Mas s spectrometry S ane amlatyt ideeale| m
t he mol ecul ar wei ght of chemical Co
mol ecul ar i1 ons according to their masgs/
It (S extremely usef ul I n obt aijni
i nformation such as peptide mass or gmi
The devi ce used for mas s spectromet
Spectrometer.
The mol ecul ar Il ons ar e generated e
of a charge (e. g. el ectron ejectijol
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Af ter the i1 ons ar e bfeor nseedp,ar attheedy a cccaorr d

m/ z ratio and finally detected.
The process of loni sati on, Il on separjat
spectrometer can provi de mol ecul ar

i nformati on.

ACCELERATION
IOMISATION

B T 2§
r LILI

vaporised
sample
DEFLECTON

electromagnet

to vacuum

> pump

DEFLECTON

chart
recorder

Fi-B Parts of a Mass Spectrometer
Basically, a vapouri sed sampl e o |f
i ntroduced i nt o t he i nstrument
il oni sati on. The charged mol ecul e[s
propell ed i nto a mas S

) . )G
anal yser (filter) wh3|+ch5001 s
separates t he 4+ o
: . relative . 10001
i ons accordingg fos sutheir
m/ z rati o. ™h e gui 9|n a
recei ved upon detec|tion ol|f
t he i ons at t e detector
I S transferred
cCo

mputer whi ch S- | " D :
and processes -
i nformation and 'sefts

ma s S spectr um, mlz-ﬁoog% Mz J0008/8 mize10003/3 m/ze 100022 m/z e 100011
indi cated -3 n wh i g Hhesmepoeinwithamolecuarveightof 10,000 contins 5,4, 3, 2and

can be anal yse dharges The mgs spectropgeter detegts the puotefaions at m/z = 2001, 2301, 3334, 5001
the molecular mass o f™0Qmgg
sampl e. Fi-8 Mass Spectrui

78



The
and
mo |
c al
use

I n
p ha
for
ont
k ey
cau
mat
dir
ma s

5.

a) .

b) .

goal of mass spectrometric anal ys
proteins is tasecreabrsgadromh p
ecules which arevolgmdandreal | YA np o p
| ed Matrix Assisted Laser De s g
d to vol atali se and protonate
t his proxrmaplue e, i $ hetransferred
se to a gas phase wi t h t he
mati on I n MAL DI I S achieved b
o a sample suspended or dissolved
ole in this technique by absorbi
sing t he matri x materi al t o Y
rix plays a role in sample ionisa
ected by electrostatesatl ensesouf ce
S analyzer
2. 4Protein Based Product s
aBl ood products and vaccines.
b)Therapeutic antibodies and «
c)Therapeutic hor mones and gr
d)Regul atory factors
e)Anal ytical application.
f)X ndustri al enzymes.
g)Function&lat amgni c proteins.
h)Nutraceutical proteins
Bl ood products and vaccines
Factor VIII for treatment of He
Factor | X for treatment of Haer
Hepatitis B vaccine for pr 6
Therapanti bodi es and enzymes.

v

1 €
no
IV'
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Monocl onal antibody preparation via HybD
e. g. Monocl onal -3anutsiebdo dtyo OXKrTev e nt acut e
rejection during kidney transplantatifon
Ti ssue pl asmi no¢en aa @triotaetodryt (it a@nzjyn
di gest Dblocks in arteries following myo
c). Therapeutic hormones and growt h f ajct
Though insulin was prepared from tr
pi gs, t he ability t o genetically
bact eancd t he ability t o modi fy g mi
engineeri hgrxil htaast ed t he devel opmejnt
whi ch ar e faster acting I i ke h g m
unl i ke pig insulin which takes 3 hourjs.
Anot her drrcwphatel et derived growth |f;
approved for di abetics wh o devel op
d). Regul atory Factors
Vari ous phar maceutically i mportant reg
named as cytokines I ncluding I nt er,f er ¢
i nterl eukins, t umor necrosi s factor an
are there.
Il nterferon al pha I S used for trlea
Mul tipl e Sclerosis and gamma for
di sease.
e). Analytical Applications

Hexoki nase for guantitative e

serum, Uri case for deter minifni

serum,

Hor se radi sh peroxidise and

ELI SA.
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f).I ndustri al Enzyme
Al cal ase S
papain S u

i
S

i somer ase
chymosin [

g) . Funct i oecnaatla Inyotni c

Functionaclat ahgni c

have propert
water bi ndi ng,
tabl e

n

proteins

S

an engpmp | ndes

sed I n t he be
t he confect

used I n t he c

protewhsch
such as
whi pping and

i es

Functional Property | Mode of action

Food System

Whipping/Foaming Forms stable film

Egg less cakes, desserts, whipped
topping

Formation and stabilization of fat
emulsions

Emulsification

Vegetarian sausages, salad dressings,
coffee whiteners, soups, cakes, infant
food formulas, biscuits.

Gelation Protein matrix formation and setting

Meat, baked goods, cheeses

Viscosity Thickening, water binding

Soups, gravies, salad dressings

Water binding Hydrogen bonding of water;

entrapment of water

Meats, sausages, cakes, breads

Solubility Protein solvation Beverages

Browning Undergoes Maillard reaction (on Breads, biscuits, confections, sauces
heating, the amino groups of protein
react with aldehyde groups of sugars)

Flavour/Aroma Lactose reacts with milk proteins Baked goods, biscuits, confectionaries,

sauces, soups, dairy products.

Nutraceuti cal Prot ei

( Nutrition +

Nutraceuti cal

t hreapeutic

protei

Exampivbeey protein C
i ntol erant babi es)
et c.)

Phar maceutical)

function(s)/val ue.

ns

ns are those whioc
oncentrates, | ac
and i nf ant f o

ar
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A typical composition of milk from bl

I S ngi ven t he foll owing table from
can b e made to suit an i nfant
Constituents buffalo human cow
(per 100 ml of milk)
1.  Protein (g) 3.8 1.2 1383
2. Casein (g) 3.0 1.4 2.8
3. Lactalbumin (g) 0.4 0.3 0.4
4. Lactoglobulin (g) 0.2 0.2 0.2
5. Fat(g) 7.5 3.8 3.7
6. Lactose (g) 4.4 7.0 4.8
7. Calorific value (K Cal) 100.0 71.0 69.0
8. Calcium (mg) 203.0 33.0 125.0
9.  Phosphorous (mg) 130.0 15.0 96.0
10. Chloride (mg) 112.0 43.0 103.0
Tabl e: Composition of milk frr
cCcCow

Besides use of mohk!| asoaroatrit can @

curd whi ch S benefici al I n t he ma
I ntestinal i nfections and effectively
Mor e recentl vy, curd has al sebi otbie
(administered wibtenc a uasret i biitot iics) a
benefici al bacteria which can col oni s
Since ti me I mmemori al , whey (1l i qui
administered t o t he sick for
ail ment s.

The speotffrunml| nesses treated wi t h
i nfected skin -ulrdsiiacrys, trqaeni tdrmfect
Using modern scientific resear-cWheyit
proteins result I n t he el evati
gl ut at figamegd ut a my | cysteinyl gl ycji
peptide is a reducing compound and h
i ncluding detoxification of xenobi ot
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components from the effect of oxyggen |iI
That why, whey proteins have positive]|h

5. 2. 5Designing Proteins (Protein Engi|ne

Considerable i nterest exists in the]| b
engineering of proteins with increafe
harsh conditions |l i ke elevated temper
reactive chemicals, often encountered

The stability of a protein may be imp
acids that ei ther favour s tod dieldi spirnogt e
or destabilising interactions in an in
Numerous proteins and enzymes have Dbjee
Il mprove their properties | i ke t her mal
tol erance and solubility, catalytic

a)l mpvong | aundry detergent Subtilisih
Subtilisin (27 kD) IS a prot easie
can di gest a br oad range of pr
clothing. The enzymatic activity 0
a catatytad, . e. , Ser 221, Hi s614 AN
chymotrypsin. Repl acement of all thr ele
singly or I n combinati on resul ts i
Subtilisin represents the l|lamryyeesnzy medus
I mpr ove t he efficiency of l aundry

manufacturers suppl ement subtilisi|n
vari ous catchy sl ogans on t he de
cutter™” or “"biologically active eln z
The native enzyme subtilisin is easi|ly
90 %) . Careful studies showed that t hji s
oxidati on of t he amino acid rgsi

protein molecul e.

Usi ng -disrietcet e d muotfa g etnhees i ssubtiHlE.i sg mlji
this methionine was substituted by Ja
and the enzyme activity measured in |t
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observed t hat Ssubstitution of Me t| 2 ¢
ter md activity and stability. Nowadaly s
contain cloned, genetically engineer e|d
b)Creation of Novel Proteins

The specific sequences of amino acids| i
I mmune response s aregi tkompevwen aA recagml
based on selected epitopes provi de s
mi cromani pul ati on, unhindered supply é
effective vaccine. Wor king on these I
has baesanembl ed as a first step

subunit vaccine agai nst Hepatitis E
c) mproving nutritional val ue of e
Deficiency I n seeds of certain €S
cereal gr aiegsumesorunsditabl e for a

Suppl ementati on of di et wi t h essent,ii
sources therefore becomes essenti al

Q

The modern day approach for overcoming
of seeds woul d be t o engi neoedre gsetnoersa g
proteins with more of the nutritionalfly
i nserting additional amino acids or gul
with new ones.

Wh ey protein I S superior t o ot her
t o bramwmihea -adieds | eu, val, l ys ajn o

BCAAs (Branched Chai-n Amino Aci ds)

The branched chain ami no aci ds |
t he bi osynthesi s of muscl e proteijn:
the -abiol abil it ymploefx hciaghb o hoyad r at e s n
absorbed by muscl e cell s for anajbo
One of t he theories 1is t hat dur i
rel eased from t he skel et al muscl le;
useas fuel and t he nitrogen par|t
whi ch t hen goes t o t he l i ver whet
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energy . So for athl etes wh o W
mas s, t he I dea I shetdo foakes BEAAT
excercise. BCAASs reduce muscl e br
source before and after exercise. He
performance and del aying exhaustion

muscl e growt h.

Bi ol olgi ¢al ueme(@BVW)r es the amount of pr
I's retained by the body from a gi ver
has been consumed. | t has been obse
proteins S t he hi ghest compared t o
prome.

Protein efficien®PERrasi aseBER)ys a mea
expressed in terms of weight gain of

protein. The PER value of the follo
decreasi A wheydemi | k, caseheat soya, ri

5. 2.1 MULTI PLE CHOI CE QUESTI ONS

1. The correct order for the basic features of a mass
spectrometer is

a)  Acceleration, deflection, detection, ionization
b) lonisation, acceleration, deflection, detection
c)  Acceleration, ionisation, deflection, detection
d)  Acceleration, deflection, ionisation, detection

2.  Separation of ions in mass spectrometer take place on the basis
of which of the following?

a) Mass

b) Charge

c)  Molecular weight

d) Mass to charge ratio

3.  The point mutation leading to sickle cell anaemia occurs:
a)  Sixth position in alpha chain of haemoglobin
b)  Sixth position in beta chain of haemoglobin
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4.

c)  Sixth position in alpha chain of myoglobin
d)  Sixth position in alpha chain of myoglobin

is a technique for separating different molecules by

differences in their isoelectric point pl.

5.

6.

a SDS-PAGE

b. 2D gel electrophoresis
C Isoelectric focusing

d Mass spectrometry

In isoelectric point -

net charge become high

b. net charge become zero

C. net charge become low

d net charge has no relevance to isoelectric point

Qo

In case of 2 -Dimensional Electrophoresis, proteins are treated

with SDS which masks the proteins and provides them a negative
charge. This indicates that:

a.

b.

oo

The protein s are separated on the basis of mass -to-charge
ratio in the second dimension

The proteins are solely separated on the basis of molecular
weight in the second dimension

All the proteins now have approximately the same mass -to-
charge ratio

The proteins are separated on the basis of charge to mass
ratio in the second dimension

Proteins are solubilized and separated according to change plin -
a. first dimension
b second dimension
C. third dimension
d at no dimension

SDS PAGE means -

sodium dodecyl sulfate polyamide gel electrophoresis
sodium didecyl sulfate polyamide gel electrophoresis
sodium dodecyl sulfate polyacrylamide gel electrophoresis
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d. sodium didecyl sulfate polyacrylamide gel electrophoresis

9. Application of 2D gel electrophoresisis -
analysis of cell differentiation
detection of disease markers
cancer research

all the above

aoow

10. In SDS -PAGE migration of protein is affected by -
. charge of protein

b.  size of protein

C. net charge of protein

d. all the above

Q

11. Proteins are separated in an SDS -PAGE experiment on the basis
of their -

a. positively charged side chains
b. different isoelectric points
C. molecular weight
d. negatively charged side chains
12. The first attempts to study the molecu lar basis of sickle cell

anaemia by comparing electrophobic mobility was done by -
a. Linus Pauling
b. V.M.Ingram
C. OdFarrel
d. Max Perutz

13. Inan SDS -PAGE:-
a. proteins are denatured by the SDS
b. smaller proteins migrate more rapidly through the gel
C. proteins have the same charge -to-mass ratio
d. both a and b

14. For the treatment of Multiple sclerosis Is used.
a. |l NFA b. I NFa c. | NFO d. INFu

15. When is electrophoresis not used?
a.  Separation of proteins
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b.  Separation of nucleic acids
C. Separation of Lipids
d.  Separation of amino acids

16. The most important non -covalent bond in driving proteins to
fold into compact structures in water is -

a. hydrogen bonds

b. hydrophobic bonds

C. vanderwall interactions

d. lonic bonds

17. The causative agent of mad cow disease in cattle is:
a. rogue proteins
b. prions
C. infectious distorted proteins
d. all above

18. In electrophoresis, DNA will migrate towards -
a. cathode or positive electrode
b. anode or negative electrode
C. cathode or nega tive electrode
d. anode or positive electrode

19. pH at which a protein has a neutral charge ;loss or gain of
protons in a pH gradient is

a. iIsoelectric focusing

b.  electrophoresis

C. SDS-PAGE

d. Isoelectric point

20. Which of the following  biomolecules displays maximum diversity
in function -

a. Protein

b. Lipids

C. Carbohydrates
d. Nucleic acids
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ANSWER KEY

S. No. | Answer S. NO. | Answer
1 b 11 C
2 d 12 a
3 b 13 |d
4 C 14 b
5 b 15 C
6 b 16 d
7 a 17 d
8 Cc 18 d
9 d 19 d

10 b 20 a

5. 2. 2ASSERTI ON REASON Q

Fol |l owQuregtions consi st
Reason (R). Answer thes
given bel ow:

a. Both Assertion and Reason

correct explanatio

b. Both Assertion and Reason

correct explanation of the asser

c. Assertion is true but Reason is f a

d. Both Assertion and Reason are ffal sg¢
1. Asser-ti olnn sicklehaemdd!| obi n,

Ssubstitutes glutamic acid at 6th p

Reaso®equence of amino acid makes

functi on.

UESTI ONS

DdfAsswotisamat ¢ he

e questions s

n of t he

ar e tru

ar e t r ue

asSser
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Q. N1 2 3 4 5
Ans. |A B A C C

5.2. 3VERY SHORT ANSWER QUESTI ONS

1) I n a variant of chymotrypsin, Asp
Do y ou expect t he enzyme t o ret ai
answer .

AnsY.es, I expect t hat t he enzyme
Because both Aspl02 and Glul02 are

acids and their nature i s exa
2) Whatar e BCAA? Name any t wo BCAA.

2. Assertioml:ectrophoretic mobi | it
haemogl obin is | esser than the nor
ReasonSickl e cel | haemogl obin has

capacity.

3. Assertion: | soel ectric focusin
the basis of their pl values.
ReasoAt pl value, a protein comes
4. Assertion: The major pettaomeoer
that as | ittle as picomoles of a

P
ReasoMass spectrometer analyse z/ m

5. Asserti ohdMati ve subtilisin | oses$

presence of bl each.
Reason: To maint anen hi osi aet 222t y s
with cysteine 222.

ANSWER KEY

functions of BCAA.
AnsBCAAs are Branched Chain Amin
BCAA: ile, leu,val, lys, trp.
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TheyAare =essenti al for the Dbiosy@thes
help in increasainlgabihlei dommloé x he¢ gmhb dhy[dr
reduce muscle breakdown and act as an
after exercise. Hence while maintaini:H
del aying exhaustion BCAAs are very i mpo
3) Write any two propeimpesvehdi ¢chroaghb
engineering.
An sA Properties for ther mal and |[pl
A solvent tolerance and solubil
A catalytic potency &etc.
4) Name t he ami no aci ds i nvol ved I n t
regul at esr eclhaayr gsey st e m i Gh yt nhoet reynpzsyi nmep
AnsHi-57, -A9pR and 9%er
5) An enzyme X is used to remove staifns
bl each and a detergent that containe(d
school uni for m. However, she did not g
the ye!tmez X and provide an explanation|f
detergent t hat contains X. Suggest al s
proper explanati on
An sX S Subtilisin. The nati ve enzyl
il nactivated by bleach @upghto p9@%) emSpls
the detergent that contains Subtilisi|n
mut agenesis which is not affected by |bl
5.2. 4SHORT ANSWER QUESTI ONS
1. What -sistui nactivation? Howr ed @mg/s stylsd ¢
operate in theoengpmentChy
Ansln Situ Activation means acti valti
site of activity in the presence of |tF
in its shape.
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ue to constellation of three amino a
hymotrypsisp,10t2he s abl e to hydrogen |
hi s57 by borrowing a hydrogen i on.

hydrogen 1 on from the adjacent serl9
charged oxygen anion to be able to ma
peptbded of the substrate.

D
C

1. A gi ven protein wi t h a mol ecul ar

containing 5,4,3, 2, and 1 charge, S
Find the seqguence of protein ions det
Ansm/ z = MY+ nHFor mul a)
m/z = 20,005/5 = 4001
m/z = 20,004/4 = 5001
m/z = 20,003/3 = 66638
m/z = 20,002/2 = 10,001
m/z = 20,001/1 = 20,001

SequemdMass spectrometer detects prot
5001, 6668, 10001 and 20,001 respecti

2. Thal assaemic patn eratl phd aok diett me s
haemogl obin | eading thoi nidmpai rceadp aacx yt g

erythrocytes. How can the missing subl
Ans Nor mal and thalassaemic erythro
their | ysates ar e analgyesediavd agegHr
el ectrophor eBOR/ MMRARGE so as t doirdden
chain is absent.
3. Whi ch functional property of whey
foll owing food systems:
(i )Eggl ess cakes
(i iSoups
(i 1Gogf fee whiteners

Al so, state their mode of action.
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Ans. Food systems Functional Mode of action
Property
(1) Eggless cakes Whipping/ Forms Stable film
foaming
(1) Soups Viscosity Thickening/ water
binding
(111) Coffee whiteners | Emulsification Formation and
stabilization of  fat
emulsions

5.2. 5LONG ANSWER QUESTI ONS

1) How was it be proved that sickl e

amino acid substitution in Haemogl obi

AnsQne of the first attempts btaos i s st

sickl e cel | anaemi a was t o cCo

mobil ity of nor mal ( Hb) and S i

On finding t hat Hb mo v e d faster

predicted that the Nl qged eamidnd faeced.

confirmed by V. M. |l ngram in 1957 who
call ed protein finger printing [

Mol ecul ar Biology (LMB) at Cambri dge,

Protein FingReptpirdetMagpi ng

Each tperion has a uni que -Dbemapyde amap |

serves as a fingerprint for the prote

a) Pure Hb and ScHDb ar e taken sep
tubes.

b) The Hb and SscHDb ar e di gested
enzyme trypsin whi ch cl eaves t
amino acid resi dues Ar g and

c) Two separate strips of Wh at i
spotted wi t h HbDb and ScHb to
pepti des all owed ttoh e s etpeacrhantiec
paper el ectrophoresi s at p H
pepti des wi | | mi gr at e mo
anode/ cathode.
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d) The paper strips ar e dri edj,

squares of What man papert amdghdtchr|amn

to t he el ectrophoretic direction u

Water: Acetic acid. Il n such a system pe

their partition coefficient bet ween |tF

dependant on the hebiadiitvye dfydt b pep:

hydrophobic peptides wi || mo v e wi t h 1

di stances

- Purify Haemoglobin c
Normal RBC Sickle cell RBC
? Trypsin treatment ?
Yiamogiobi Hemoglobin is cleaved into small peptides scHemoglobin
by protease trypsin. Trypsin breaks peptide |
bonds adjacent to a lysine or an argining.
h;‘ Paper Electrophoresis hB
l Paper chromatography
Result : All peptides were similar from both J
: = samples except one (marked blue).
= o
l—: Peptide sequencing =2 l
Fig. 1. ProtePepFidge MaPBmpi mtgi nig

e) The chromat ogr ams ar e dri ed and
sui tabl e vi sualisation reagent | i
pepti de containing regions aplpe
spots.

f) The pepti de ma p for Hb and
and It was found t hat one
pl acien t he ScHDb ma p .

g) On examining t his peptide and d
acid sequence, l ngr am found t|he
Ssubstitution for gl ut ami c aci d i

The single substitution of wal6itrhe pfoosr| tc¢

of the bet a chain) dramatically ch

maki ng It form fibres wi t hin t hle
def ormati on of t he cel | (sickling)

a mol ecul ar alrmer snbil ecul ahe disease
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2) (a) | Il T ustrate t he I mportant par
with the help of a suitable diagr
are volatilised as we | | as anal ys
(c) Wh a t I s thactmagmrf art using th
characterization tool for proteins

Ans(.a)Mass Spectrometer

(b)The protein mol ecul es can be V 8

met hod call ed mat ri x assiste
l oni sati on wher e a puldsecctl ad e
sample suspended in a matri x.
The protein molecules can be anal yse
the charged i1 ons by electrostatic | er
mass anal yser.
| ACCELERATION |
\ electromagnet
o
r 2, to vacuum
vaporised / PP
sample o
chart
recorder
Fig. 10. An outline of a mass spectrometer.

(c)Hl t can provi de i nformati onhtabod
unknown mol ecul es/ structur al [
of protein samples can be anal ysed

95



3) Explain any -basedppobdunt s.
Ans(.i )Bl ood product s and vaccines e. ¢g.
haemophilia B
(i1 1iTHTherapeuticieantiabdd enzymes e. g.
anti bodies OKT3 for preventing gratt
(i iTiherapeutic hor mones and growt h f
to treat diabetes.
(i vRegul atory factors e. eqg. |l nt ey f
properties.
(v)Anal yticdlicaappns e. g. Hor se rad
for ELI SA.
(vil)ndustri al enzymes e. g. Papain for | m
(viHFunctionadat alont i c proteins e. g. K
mil k protein stabilization.
(viNut)raceuti cal proteins fermul atl ind@n
provide adequate nutrition for i/nf
5.2. 6 CASE BASED QUESTI ONS
1) Mass Spectrometry Mas s spectrometily
an iimportant t ool i n biotechnol ogl.
obtaining protein strswathuraasl pienpftoirgnes
or amino acid sequences. The mo | g c
ei ther by a | oss or gain of a cha
protonation or deprotonation) . Af tler
can be separated according tnoa |l 1 yle i
detected. A protein with a molecul|l a
generates five different peaks with
and 1 charges, respectively, as show
44
54 T 24 1+
| 4
%*a.ﬁ & %
I — |
0 e 10,000
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at happens i f there is a
an analy

( a)Wh

(b)Masspectrometry 1is
(c)Cal cul ate t he m/ z
5

r

ati o each fo

, 4, 3 and 2 charges.

OR
(cA protein has a mol ecul ar wei ght
It f or ms t wo protein I ons cont
What wil | be Iits mass/ charge rat
Ans(.a)The mol ecul ar I ons ar e gener at
gain of a charge (e. g. el ectr
deprotonati on)

( b)Mass Spedtrryomi s 4y s(eid) idbt ai ni ng
structur al I nformati on such as
aci d sequence (1 1) |l denti fying
amino acid modification within prof

(d)ym/ z = (N /+n 0 H

For n=5, m/z = 10,000+5/5 = 2001

For n=4, m/z = 10,000+4/4 = 2501

For n=3, m/z = 10,000+3/3 = 3334. 3

For n=2, m/z = 10,000+2/2 = 5001

O R = pH gradient

m/iz = (N /+nh 0 H P

For n=6, m/z = 20,000+6/6 = 3%34,.33

For n=7, m/z = 20,000+7/7 =p=i858. 14

2) Set up ginvermFi ged for

four proteins A, B,
extract.

séeparati

| oss of
ti cal t

5.8

obtainéd

on

o
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The pl of the proteins A to D is 5.5,
set up and answer the questions that

pH gradient 5. 5, 5. 6, 5. 8, 6.0
(5.5 to 6.0)
(a)Whi ch proteins A to D <can be s e

setup?
( b)What change I n t he above set up
separate all the proteins?

(c)ln el ectrophoresis the protein wil

1. its pH iIis greater than P

2. i ts pHnaild er than Pl

3. its pH is equal to PI

4. PI i's greater than pH
(d)At certain pH environments the i so0f

1. solubility of molecul e

2. solubility of solvent

3. temperature

4 density of molecul e
Ans(.a)Protein samples A and B wi | | g

set up.

(b)Using ampholytes with broader rang
from 3 t o 11, we wi || be abl e
four proteins.

(clits pH is equal to PI

(d)solubility of molecul e
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UNI-3
PROTEI N AND GENE MANI PULATI ON

CHAPTER 3
GENOMI CS, PROTEOMI CS & Bl Ol NFORMAT

5.3.1Genomics (Genome+omi cs)

I 1920 t he cGeemrowas coined by H. Winklijer
compl ete set of chrombsomas$ omald g«ne®r
I n an organi sm.

|l M987 t he dGeewmamdwas coi ned by Thomas H.
that time, this term was taken to mean
genome to analyze its structure and ofrg

Todagygenomiianx | vdes:

a) sequencing of genomes

b) determinati on of compl et e set of [
concerned genome

c) functioning of genes and metabolic]|p

Thugenominmsg only deals with the detejrn

I nf or marte eantp i n an organi sm, but al sj|o

mechanism by which this information i]s

5. 3. 1Btanches of Genomi cs

The di sci mleinmani i oft en di vide(d
foll owing two domai ns:

a)Structural Genomics
b)Functi®emdmi cs
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a . Structural: deéanemi wist h t he det er nji
compl ete sequence of genome as wel/l {
produced by the concerned organi sm.,
b . Functional: d@&en smiwist h t he study (
genes andl metpdohways, i .e., the gene
organi sm.
5.3.2Bioinformatics

(Biology + Information Technol og
The i nfor mat i ong egneonna reasteend rinmo u s .
Management and interpretation of t hi

of computers.

Bi oinformatiams emerging field concer ng

and application of computer
acquisition, storage, anal ysi
i nformati on.

5.3.3Proteomics (Proteome+omics)

Proteomiscshedy of gene products encod

The major areas of study are as

a) identification of the genes

b) their time of expression

c) the type and extentansf ataingn
the gene product, 1 .e., prot

d) the function of the encoded

cellul ar compartments.

har dwa
S and

foll o
whi ch

aplosmo d i

el n

prot el

y)
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TableA brief description of wvarious tjer

Genome The compl ete set of

Genomics Genomd ructure and fu

Structur Structure of t he g
Genomicsproteins it encodes
Functi on Gene expression, r
Genomi cs phenotype produc

ProteomeThe complete set of
by the genome

Proteomi Deter mi mdtitchre proteo

Bi oinfor Management and inter
generated by genomic

5.3.4Gene Prediction and Counting
5.3.4Gene Prediction

Af ter a genome sequence has been obt
accuracy, the next task Is to find al
Gene Prediction.

Gene prediction ianthbeationst ste
Annotat Aonotati on S a procesi|s
genes, their regulatory sequencge:

Annotation al so -pirdoetnetiinf i e & d innogn
i ncluding those -RNA{-RNAo daen df og marl
nucl ear RNAs.
Annotation also identifies mobjil

repetitive sequences present 1 n
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Locati ng-cprdatngi ngenelsy iisn dpecet i

sequence using a computer softy

Genes have several iI-denti fying

a)ln prokaryotes

(i Prot-eodi ng genes ar e comp
reading frames (ORFs).

ORE MORFhas a series of c odd

an amino aemde seq

They begin with an initiat:.
with a termination codon (T

ORF s ar e Il denti fi ed usual

software (ORF scanning soft

(i Agdi ti onal computer progr a
I deinfty genes I n prokaryote

Gl i mmer , et c.

a)l) n eukargenes have several fe
their searching difficult.

(iGenes I n eukaryotes have a

(coding regions) alternated
regi ons) I .e. As Sal resGengst

are not organized as continu

(i 1) Genes I n eukaryotes ar
il ncreasing the chances of fi

That why, for maki ng searc
eukaryotes, sever al sophi

sowdr es
have been developed for g

GENI E,

GENESCAN, GRAI L, GeneFinder

e

®

ng
Va

D S

D N

At
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But none of t he above pr o
accur ate
at i dentifying genes.
4 G2ne Counting
T ven i f we know where the getneiss$

not entirely c¢clear how to count

Due to e X1 sotveetrap pionfg @measepsl | c €

variantt si s difficult to def
shoul d be regarded as t he
genes.

/ met gly thr his ala phe ala \

Initiation —— )
[ | | I | 1 | |

571 5

IAd L A S kLT
MRS EUAS S SRHREYGRY S o0
:

Initiation ——> B

\\ met leu leu pro /

Fig: Oaeping Genes

1 53 G2
@asee Met Pro Gin FPro Lws T Thr Lws lle Cws Ser Leu His \

11 1 i i a1
EOR R C e ] i _\"-.\"-._C ChAA A TSR A ER A AR T T T T ST T AT
1 JL JL_JL__JL__JL

ATPase g et Asn Glu Asn Leu Phe Ala Ser
1 g
63 G
ATPase 2 Ser Leu Fro Pro GInSer Stop

1 1 1 11— 11
TCATTECCCCCACARATCO TASGC O TR — W ACA TR

RN I S 1 IS I Y I Y I Y I Sy | L1
ATPase g Fhe lle Ala Pro Thr lle Leu Gly Leu Thr

=] 17 226
poly-A site

Fig: Oeeping Genes

I ne
s an

ne
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Exon 1 Exon 2 Exon 3 Exand Exon 5
RNA
I Alternative Splicing ]
1 2 3 4 5 1 2 4 5 1 2 3 5
MRINA s ey s s B D e s B
Translation Translation Translation

Protei A Protein B Protei ©

Fig: Splice Variants

Neverthel ess, for pract.i
eexperi mentoag)lve ecmar count
present in the genome of

Escheric 5,00, 000 5,000

Saccharo 12,068, 000 6, 340
cerevi si

Caenorha 100,000,000 19,000
el egans

cal pur
numbenrn
an or g:
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Drosophi 175,000 000 13,600
mel anoga 196, 000, 000

Arabidop 157,000,000 25, 498
t hal i ana

Homo sap 3,000,000, 0 30, 0®®, 000

Tabl e: Showing Genome size and t|jhe
of genes

5.3.5Genome Similarity

One of the surprising findings fr
sequences of di fferent organi sms
organisms differing remarkably i|n
similar.

1)Hu man and mo us e ar e SO0 mu c h di
appearance but these two ©®7ganjis
% of t heir DNA tdeadquepeesorm ¢e
functions.

It has now been comah s ded dt mitc
di verged from a common ancestijor
years ago. During this period, t
di verged only to a | i miteddaxtgen
DNAs have diverged to a much gne:

2)Simi |l arl vy, It I s measnt iamadt edh itnhpaatn
genomes differ for only 1 to 3%

Because of this similarity, evipl
chi mpanzoeer asl osest Bi.ving rel gt
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5. 3. 6SNPs and Comparative Genomi cs

SNPs (Single Nucleotide Polymorphismg)
genomic DNA at which different

nucl eoti des occur — - AGCTTGES e r e nt
i ndi vidual s of a P8Rk at i olfdvidelA
Each nucl eoti de at such a
position denotes an all el e
of t he SNP. | t I s__egctadcgmat ed t hat
90% f o sequence variation i n |Individual B
humans is due to SNPTHIman
genome i s estimated to contain
3-17 million SNP Sm;m_ngb%mﬁdhyh“§m§_e 5%
of the SNPs are expected [ inditic@i ¢ |
occur within genesT TCGACCECA———
Thus each gene ma y be

expected to contain ~6 SNPs.

------------- AGCTCGCGT
Individual D

Thus SNPs proviadre —a—-Ttaackte-c-u-
mar ker t hat occurs I n genome
at a very high density.

The SNPs can, t herefor e, be us ed t o m &
di seases.

By wusing SNPs as mar ker s, each gene| |
mapped.
Further, It shoul d be posgsenbelse itnov oil dveel

human di seases.

The wvariations in genetic sequences |of
SNPs) are thought to be involved in
a) Disease susceptibility
b) Response to environmental facl|o
c)Drug response
d) Nor mal devel opment and aging
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5. 3. 6Phartacogenomi cs
The field of study t hat I S conce
genetic variati on on di sease s u
response i spkaommacagenomi cs
Phar macogeniosmiespected to develagp
treatments that wil/ be safer as| v
The genetic differences among i nhd
response in the following ways:
a)They may affect the metabolismj|o
b)They may inheuacocteon of the drjuc
mol ecul e.
The drug response is |likely to pe
concerned wi t h drug metabol i sm
production of drug targets.
Efforts are being made to use §NI
thousandened$ t hat have an effecti
efficacy of various drug treat mgnt
Before prescribing treatment, phy
DNA sample to determine the paitt
profile and from that they can pr.
| ek y to respond to a given drug.
Fig: How to predict response to drpug

i g o SNP proflle of pa'tu'ents sh‘owmg

good efficacy in clinical trails
T T SNP pro.ﬁle o.f pa.tl.ents sf?owmg

poor efficacy in clinical trails
e o oM e e Predictive of good efficacy
S e s e Predictive of poor efficacy 107




5.

5.

3.

3.

6 G2nes and Di

seases

Single-gene mutations which follow
mendelian inheritance

Gene polymorphisms which has complex
inheritance

Cystic Fibrosis (Cystic Fibrosis Transmembrane
Conductance Regulator CFTR gene)

1. Inheritance: autosomal recessive disease

Common late-onset Alzheimer's disease

1. Inheritance: Major cause is epsilon4
allele of the gene coding for
apolipoproteinE (APOE)

2. Genomic location: Chromosome 7

(7q31.2)

2. Genomic location: Chromosome 19
(19q13) and recently Chromosome 10

1.  Inheritance: autosomal dominant
2.  Location: Chrosome 4 (4p16.3)

3. Mutation: increased number of CAG
repeats more than 35 times

(10q21).
3.  Mutation: The most common mutation is
a deletion of 3 bps resulting in the loss of
codon no. 508, which codes for
phenylalanine
Huntington disease (Huntingtin gene HTT) Migraine

1. Susceptibility locus: Chromosome
6p12.2 - 6p21.1 and Chromosome 1q31

7Functional Genomi cs

Functional genomi cs di ssect s t
about geno
to understand the pgedectaandubbei
Il nteractions. Two exciting ne
enabling scientists t o get a
complicated story:

a)Fl uorescente hgbridization

bMi croarray Technol ogy

7Fluor escesnicteu itmy biramdi z at

It I's a technique which is wused
presence or absence of specific
chromosomes within <cells or ti 9
glass slide/solid support
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This techniqgue uses f | uor e socnelnyt
those regions of the chr omosome
sequence complementarity.
FIl uorescence microscopy can be U
fluorescent probe is bound to th
fluorescence.
The fluorescent probe wused in F
the process of Ni ck Transl ati on
met hod of DNA |l abel |l ing (radi
| abel |l ing).
Ni ck transl ati on can be used
radi oactively orbefllluwdr epsrcoebretsl yt ol
various hybridization experiment
NUCLEQTIDE
Fi g: EXISTING  E. coli DNA VERY BRIEF
STRAND pQOLYMERASE | s TREATMENT
R, 5 ( 3! 5! 3
— ¢ Wy *———¥
LABELLED
DNA DUPLEX DNA DUPLEX
NUCLEOTIDES WITH NICK DNAase |
EXISTING STRAND
DIGESTED PROGRESSIVELY
NICK
Y Y
k\ y —eooo0 M e L L TSV —
\
NUCLEOTIDES THE NICK MOVES
ADDED TO 3*OH ALONG THE DUPLEX
A schematic representation of the process of ‘nick translation’. The newly added nucleotides are usually
radioactive (one or more of the four nucleotides).
Ni ck Transl ati on
5.3.7.1.1. ProsSeepsofof FIt Bl pr ocess
a. Preparation of probe (fltiher ebas
sequence of probe mu s t be C ¢
sequenof the gene to be detected & | o
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b . Fi xation of cells or ti ssues on gl

per meabi |l i zZFRatxiaotn:ves ar e used whi cilh

mor phol ogy whi | e concomitantly per mega
| abell ed ol ipromlue.l eoti de

C . Denaturation o f DNA I nsi de fixed

formami deC.at 42

d. All ow the fluorescent probe to hyb
ti ssue.

eWashing to remove unbound probe.

Observe under fluorescence mi Cr os c

| ocati on of t he bound probe by det

associated with probe.

5.3.7.1.2. Application of FI SH
I n detecting t he severityochrodni £ a

myel ogenous 6(l EMkemi @aancer of white bljoc

CML i s associmaeedpmwoddl atransl ocation
Ch22.
THE PHILADELPHIA CHROMOSOME
Before translocation
S ™)
-

>~
BCR ﬁgf_‘

Philadelphia
Chromosome

ABL G
#9

der 9
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Fi g: Reci procal Transl ocation bet ween
to Philadel phia Chr omosome
From the DNA |library, It was possi bl ¢
genes i nvol vabdh nidbnc)rCML (
Usng nick transl ati on, it was possi bl
fluorescent probes foabdbodbr.of t hese
Suppose that talkeli probhggéodrwith red a
bcrs tagged with green fl uor e $Hc ecmatn tbhi
foll owed as bel ow:
1Fi xing of bl ood | ymphocytic ce
per meabilizati on.
2. Denaturation of DNA inside fixe
3. All ow both the probes to hybri
the cell s.
4 Washing to remove unbound pr obej.
5Visual ismdaeronf|l uorescence micro
6 . Counting of cel |l s showing vyel!l
overl|l apping of red and green f
i dea of disease severity.
5.3.7M2croarray TechE%E
An array is an order :
of dat a. ~_ 2

A DN®Wicroarray <consists of .l arge

number of singl e stranded DNA
mol ecul es/ fragments, e
di fferent genes of

MICIROARRAY

U

N d

eg
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spotted in a systematic order at fi X
solid substrate, wusually a glass slid
Eachospon a microarray contains mul ti
(representing a gene).
The DNA sequence on each spot i1s unigq
Thousands of spots are arrayed in or
solid surface (usually gl ass).
The pr ¢éoicaée¢ i on and sequence of each
computer database.
. 3. 7. 2ypes of DNA Microarray

Spotted DNA Oligonucl eotid

Mi croarray Mi croarray

(DNA chips/ Bio

. 3. 7./DNA- sequencesDifferent olig

representing |representing d

genes of an qgof an organism

are spotted osynthesized di

sl ide. silicon wafer

Gene/ DNA sequtechnique of

can be obtainphotolithograp

genomic | i br a

or gami

Comparative c¢cDNA Hybridization Microa

To perform a comparative cDNA mi
1. mMRNA mol ecules are typically
sample and a reference sampl e.
coulbe <collected from a healthy
sample <coul d be <collected from
cancer .

croar

coll e¢
For e

I ndi Vi

an i
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2.

The

DNA (c

d
I
b

3.

I ffer
abel |

e | ab

The

mi cr oa

4 .

e

e

The

n t he

Fol l

Xpres

I f
ampl e
t he

|l n <c

han i
Fi na
pot a
. The

Xpres

Xpres

t wo MR NA

DNA) , a
ent col
ed with

nd eac

sampl es are then con

h sample i srbbhbebtf

our . For i nstance, t he

a red

el l ed with a

t wo sampl es

rray sl

process

sl i de

owing hybridization, the microa

sion of

I de.

i n wh

i s cal

each

fluorescent dye,

green fluorescent

are then mixed teoge

ich the c¢cDNA mol ec
| ed hybridization.

gene printed on th

he nexdr eas iaacd ti cul ar gene is hi

t han i

mi croarray

ontrast

n the referemee spamplapgpetamesngr e

Il 'y, 1 f there is equal expressi
ppears yell ow.

data gathered through microarra
sion profiles, which show si mul
§i manyg genes i n response to a p

treat ment .

n t he

, 1 f ot

reference sampl e,

appears red.

he expression in t

€

C
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5.

Healthy cell Pathological cell

O Cell types O
“ Culture “
NN NSNS\ AN NANAN
AN ANN RNA isolation AN OIS
AN NN Reverse transcription AN AN
ANy AN and fluorescent tagging aVaV, rave "

Hybridization
onto microarray

FigComparatDbMA micr
7. Applications

n be used to reveal
ssoufe an organism at
vironment al condi t

3. of

Ca

en

Ge
(t
p i

Mi

ne expressiarnms
x pr egsioofn t housand
cture lafr dalnlca i on.

croarray technol

ogy

1. Ti ssue spec
2 . Regul atory
3. Cellul ar

4 Cel | cycl e

5. 3. 8Proteomi cs

t he
feti

Prot eome:
entire ||

compl e
me .

Proteomi cs: | t I S t h

organi sms.

pirhoef i Imemg ur ement

responses

DNA Microarray

. Not present in cells O In normal cells only

O Present in both cells . In pathological cells only

Image By Sagar Aryal, created using biorender.com

oarray hybridiza

Mi croarray Techn

t he
a gi
n, i

i dentity of
ven poi nt

0] e . , expres

of

S of genes at 0

has been us

I fic
gene

genes
def ect s i
t o env

vari ati ons

t e set of

e | ar ge scal e s

pr®t el
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Study areas under Proteomics:

1) prpreitein interaction studies
2) protein function

3) protein | ocalisation

4) protein expression

5. 3. 8Btanches of Proteomi cs

Structur al PMatpe@o migc o:ut the 3D struct

protein complexes present specificall
Aim of Structur al Proteomi cs:

1)To identify all the proteins, prese

2) To characteprpbéeeiahl|l i preta@cnhi ons

these proteins.

Functional Proos e omif cspr ot eomi cs techn

characteristics ofneaenowerhkid lavedg@rion ea nl

One of t he recent successes of t his

anal ysis of mol-eetwar k provei ned I n

(n

compl ex ( NPC) I n yeast . Thi s succe

(n

transl ocation of mo Ise ctud etsh & r @ ynt \mipud cel

versa.

Expressi on PrQuaenotmitcast:i ve study of pr

bet ween samples differing by some varj|i

The pattern of expression of the comp
proteome) between coanmpmlreesd.can be

Expression proteomicexpsegsibve .psef ul
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5.

3.8P2oteomics Areas & phenomenon of
Signal transduction
Disease mechanisms
Drug
targets Glycosylation
Proteome Expression Proteomics Post-translational
s modifications
\ Phosphorylation
Proteomics
Protein-protein
Functiongl interactions
Proteomics Structural Proteomics
Protein networks
Protein functions Organelle composition
Mouse knockouts Subproteome composition
Fi g i Protein complexes
Types of proteomics & scientifioc
gained from t hem
3. 8Nd. of Genes v/ s No. of Proteins
Generally, It S assumed t hat
protein.
But, actwually, the relationship
no. of proteins alpipneeaars. t o be
Usual l vy, each gene gives r insse
having different structural and fu
I n other words, the number of p
the number of genes.
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Transcription

Post Transcriptional

Modifications

DNA——»

Fi gProcesses

mul tiple

5.

Bi

5.

3. 9Bi
O

M1 Bi oi
and

acquisition,
I nfor mat .

3. 9B1oi

The
and

bi ol ogi cal

The
for

ol
nf or mat i

nf or mat.
application
storage,

Translation

——— > variant mRNAs ———— variant proteins

(mature)
Alternative Splicing
mRNA editing

t hro
protein

nf ormati cs

cs = Bi

CS I S

on.

nf or mat i

devel opmaematb & e
management

dat a.

I nt e

product s

ol

CS.

(immature)

Phosphorylation
Glycosylation
Proteolysis

Post Translational

Modifications

variant protein forms
(mature)

c h
t h

wh i
Wi

ugh

ogy + |

the sci
computer
anal ysi

of

Chi ef

an ef fi ci

of t he |

devel opeenal g6 raintgdhtmest i st i cal n
anal ymsd

rpretation of

genes
di

nf ormati o

ence

Component s

ar ge
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cong¢
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n

e

har dwar
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ent S
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t he
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The application of t he aabhbyei st oah
I nterpretodti bhe various bi ol ogi clal
nucl eotide sequences, amino acid $e
5.3.9D2tabases and Retrieval Tool s
1T Dat abaAe:dat abase S a vast clo |
pertaining to a specific topi c|
protein sequence, etc., in an el
1T Dat abase Retri efvhael uTodlig:ati on 0
databases requires ¢ hsesearseh odn gsi
and analysis tools. Thedattabalsg
retrieval/ miamahg the@eolpsr ocess o|f
utili zati on diasg akbmesvwen nEsni ng.
5.3.9B8oinformatics Organizations
T There are three public fdocmaiin ibeisoi r
1) National Centre for Bi otechnol ogy
| ocated at National l nstitute| o
2) European Bioinformatics I nstitute E
3) GenomeNet (Japanese Bioinformatics| S
These organizations develop databases| a
tool s.
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The computational tool s and dat aba
management and utilization of t he r

bi ol ogical data.

5. 3. 9D4t abases:

Dat abasesnayeomait-wo types
(1) Nucleotide sequence Database

(2) Protein databases

GenBank Genomic DNA s NCBI , U S

EMBL Nucl eNucl eoti de se EBI , UK
Sequence ( DNA & RNA)
Dat abase

DDBJ (DBHBAaNucl eotide se GenomeNe

Bank of Ja Japan
dbEST EST Sequences NCBI , I
GenBank, EMBL EBI, UK

DDBJ dat abase

Homol oGene Homol ogous ge NCBI , US
human, mouse,
zebrafish, <co

Uni Gene EST sequences NCBI , UsS

one gene grou
sets coal bW sde r

5.3.9.4.1. Nucl eoti de Sequence
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5.3.9.4. 2. Protein Databases

PDB (ProcSequences of t NCBI, USA; E
Data Banproteins whose
structures are

PI'R (PraocProtein sequenNCBI , USA
I nf or mat
resour ce

Ref Seq MRNAs and prot NCBI, USA
human, mouse a

SWI SBSROT Protein sequenNCBI , USA,; E

PALI Phyl ogenetic Il I Sc, Bangal

Dat abaseal i gnment of p

Uni Prot KAnnotated prot NCBI , USA; E

sequences

5.3.9DAtabase Retrieval Tool s

BLAST (Basi A group of tools wused

Al 1 gnment I nf or mati on and det e
Tool) (NCBI, sequences
ENTREZ (NCBI Used t o access i ter

sequence and structure
LOCUS LI NK Accessing information o

USA) Il .e., genes of differen
due to common ancestry

TAXONOMY Taxonomic classificatio

BROWSER( NCBI well as genetic infor ma
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. 3.

9. BLAST (Basic Local Al

T BLAST is a f a+dhirliend
search tools on the
T The BLAST server 1S

Il gnment Sea

Fy usequenc
we b .

supported t

T This tool i's designed to ident

a givye@quence.
T 1t can analyze both
T Ildentification of h
probable functions o

T BLASTp It compares t

DNA and prd
omol ogues
f the conce

.9.6. 1. Types of BLAST Progr ammes

h e submitt

agadtn a protein database.
T BLASTX |t transl ates t he S ul

sequence 1 nto amino
| atter with a protei

acid seque
n dat abase.

T BLASTn This is used to compare

with a nucleotide se

guence dat 3

T t BLAS:TInt converts t he submitte
I nto nucl eoti de sequence and

nucl eoti de sequence

.9.6. 2. BLAST Compari son

dat abase.

Strategy

T Let Uus suppose, researcher has
( DNA/ RNA) or amino aci dHe pwiod hee

to compare this seq

database with a view

uence wi t h
to 1 denti f

M The BLAST search tool carries

a set of algorithms.
T 1 n simple ter ms, t he
as Ifoows

| ogi c use:/

A |
.
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1) The sequence submitted by resea

pe-base or anpeaeomiarcda daci d with the dat

2) A Ssubstitution scoring matr i X
programmes. Each match i s awarded
eah mismatch iIs penalized by a spe

3) The sequence ali gnment S t hen
whi ch S t he summat i on of scores
paired nucleotides/ amino aci ds.

4) Top scoring al i gnnoerndtisn garteo rsaentk
These criteria distinguish between

ancestry and that due to random ch
5) Di scovered homol ogi es or mat c h

usi ng I nformati on accessible t hr

search tool s.
5.3.9Anhalysis using Bioinformatics To
Processing raw | hH e r neaxtpieorni:ment al |y
sequence (raw information) IS proces
Il nto genes, the proteins encoded and
sequences, and inferring phylogenetic

Detection oGemengrsedamrmt bendone wusing

programmes | i ke GeneMark for bac
eukaryotes.
ProtePnetein sequences can be 1in

by using simple computer program

| dent i f i

cation of FunctiTbe meif e at nwavy

i dentify the function of a new ¢

The gene sequence is translated

protein

It I s expected to encode.

compared with a protein datt 8k aSHdi

teri eé

ferre
me s .

ene |

i nto
Thi
X 1A p

- o ~
(@)
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perform both these functions. | f the |en
a protein in the database, i1t confirms
gene. |l t also suggests the function off

T Ildentification of Funclthieareal a| @

severmaloi nformatics tool s for t I
protein motifs and protein dompai
are PRINTS, PROSITE, SMART, BLQOC

T 1ldentification of regulatory seqi

T I nferring phyl ogeneti d nfroeglmaattij ot
regardihemg rel ati onships between
obtained by aligning sequence
cal cul ating evolutionary di stjan

phyl ogenetic trees.

5.3.1MULTI PLE CHOI CE QUESTI ONS

1. OEven if we know where the gienesfp
di fficult to exactly count themd. The| r
A. Overlapping Genes
B.  Primer Excision
C. Semi discontinuous synthesis
D. Degeneracy of genetic code
2. In accordance with the given phylogenetic tree, which of the
following organisms are expected to have highest genome
similarity?
A. BandC
B. AandB
C. CandE
D. DandE
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3. Asingle base difference in the ApoE gene is associated with?
A. Migraine
B. Huntington disease
C. Cystic Fibrosis
D. Alzheimer's disease

4. As per the studies conducted in the field of comparative
genomics, how much genetic similarity exists in between the
functional genome of human and mouse?

A, 20%
B. 80%
C. 97.5%
D. 99%

5. How many types of haplotypes are present in the D NA
sequences shown herewith?

A. 2
B. 3
C. 4
D. 5
6. How many SNP loci are present in the aligned sequences shown
herewith?
A 1
B. 2
C. 3
D. 4
7. In CML (chronic myeloid leukemia), which of the following

chromosomes undergo reciprocal  translocation?
A. Chl0- Ch22
B. Ch9-Chi2
C. Ch9- Ch22
D. Chl0- Chl2
8.  The full form of FISH is: -
Fluorescent in situ hybridization
Fluorescence in situ hybridization
Filament in situ hybridization
Fragment in situ hybridization

OOw>
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9.  The main purpose of nick translation is: -
A. To introduce fluorescent or radioactive label in the
DNA
B. To synthesize protein from nicked mRNA
C. Toreverse transcribe mRNA into cDNA
D. To create variant forms of protein from mRNA

10. During dete ction of CML through FISH, which of the following
fluorescent signals denote the cancerous state?
A. abl- red signal
B. bcr- green signal
C. abl-bcr yellow fusion signal
D. eitheraorb

11. Which of the following statements about DNA microarray is

false?

A. Microarray exploits the preferential binding of complementary

single stranded nucleic acids

B. A DNA microarray consist of large numbers of DNA
molecules from two different organisms spotted in a
systematic order on a solid substrate, usually a slide

C. Scientist can study many genes at a time using a single
microarray chip

D. Microarray can be used for expression profiling of the
organisms

12. In a comparative cDNA hybridization microarray experiment of
normal and cancer cell using green and red fluorescently tagged
cDNA molecules as probes for normal and cancer cell  respectively,
the microarray spot(s) showing yellow fluorescence after m icroarray
imaging/scanning will mean which of the following : -

A. the concerned gene is being equally expressed in normal and

cancer cell

B. the concerned gene is being expressed only in the normal cell

C. the concerned gene is being expressed o nly in the cancer cell
D the concerned gene is not being expressed in normal as well as

cancer cell
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13. 0Rel ation between number of genes
non-l i near 6, -because:
A. One gene codes for only one protein
B. Gene may no t always code for protein
C. One protein coding gene usually codes for variant protein
forms
D. Two genes may sometimes give rise to the same protein

14. Full form of BLAST is: -
A. Biological Local Alignment Search Tool
B. Basic Local Alignment  Similarity Tool
C. Basic Local Alignment Search Tool
D. Basic Local Application search Tool

15. Taxonomy browser provides which of the following information?
A. information on the official gene names and other descriptive
information about genes

B. comprehensive information on a given biological question
C. information on taxonomic classification of various species
D. information on homologous genes
16. Identify the correct match from the following:
S. | Database S. | Information Provide d
No. No.
1 |EMBL a | Three dimensional structure
of proteins

2 | UniPro KB b | Phylogenetic analysis and

alignment of proteins

3 | PALI c | Annotated protein sequence
database
4 | PDB d | Nucleotide sequence

A. 1-b,2-d,3-c,4-a
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ANSWER KEY

Z
O

ANSWER

NO.

ANSWER

10

11

12

13

14

15

ol N| o g A w| N| P
@ O O O O O W >»

16

W O O O » W O >

5. 3.

Foll owWiuregti ons

2ASSERTI ON REASON QUESTI ONS

consi st

DdfAsswo tisomt ¢ A

Reason (R). Answer these questions sil
given bel ow:

a. Both Assertion and Reason ar e trye
correct explanation of the assertipn

b. Both eAsss on and Reason are true but]| t
correct explanation of the assertijon

c. Assertion is true but Reason is fals

d. Both Assertion and Reason are fal sseg

11) Asser-ti©ystic Fi brosi s I S an aut

di sease.
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Re as-on

12) Asse

Re as-on

13) Asse

Re as-on

14) Asse

Re as-on

15) Asse

Re as-on

The mo st common mut ati on re
di sease I S a del eti on of 4 b
of codon no. 506, which codes
r-ti @mronic myeloid | eukemia I
skin cell s.

The maicause of t hi s di sea:s
transl ocati on bet ween Cheo an
to Philadel phia chromosome.
r-t i ome proteome of a given cel
| n addi ti on t o i denti fi caé
of t hej or m goal s of pr
characteri ze¢ranspast onal m
on proteins.

r-tilomcusLi nk S a type of d a
devel oped by NCBI , USA.
LocusLink carries I nfor mat. i
gene names and ot her descrji
about genes.

r-t i @enome similarity search
hel pful I n wor king out
relationship among different
Mor e t he genomety si met ween
organi sms/ speci es, | esser t h

be closer phylogenetical

Iy .

L t
D t
od

e )
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ASSERTI-FREASON QUESTI ONS
ANSWER KEY

Q. NO

1 2 4

A NS WE

3 S
C D B A C

5.3. 3VERY SHORT ANSWER QUESTI ONS

1) Name any t wo di seases showing ge
complex inheritance.

AnsTwo diseases showing gene pol yrn
Il nheri-tance

ACo

AMi gr ai ne

2) What i s

AnsThe curator revi ews and checks n
ensur e t hat bi ol ogi cal features

and t he C

known rul es.

3) Given be

myoglobin from different organi sms.

mmon -bas et Al zhei mer' s di se

the role ofi nf matcesat or I N

onceptual transl ations of

|l ow Iis a | i st of the bHetrast

e | 0 12 0 [+ [ 5[
Human D | P G H G
Chicken D | A G H G
Alligator K L P E H G
Turtle D L 5 A H G
Tuna D L T T M G
Carp D F E G T G

ar

h €
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Based on this informati-qm, walriech
conserved, and (b) are highly
AnsG amino acid is most conserve
A amino acid is most variabl e
4) You have ehesegaance of a protei
proteolytic activity. How wi | | )
bi oinformatics that this protein
(a)Has homol ogues in other organi sms
( b)A dat abase t hat can w e used
evolutionar yhihd sproatye wlfytti ¢ pr
Ans(.a)BLAST sk akichd Bobomol ogous seque
ot her organisms by |l ooking fo
proteolytic enzyme.
(b)Phyl ogenetic (Evolutionary)
alignment of proteins (PALI Dat a
5) Name any two databases I mportant i
the ‘type of i nformation whi ch ma \

dat abases.

Database Information Available
EMBL(European Molecular Nucleotide sequence
Biology Laboratory)

Nucleotide sequence

Annotated protein sequence

PDB (Protein Database)

Three dimensional structure of proteins

Ribosomal RNAdatabase

rRNAsubunit sequences

PALI| database

Phylogenetic analysis and alignment of
proteins

MO«

O 1
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5.3. 4SHORT ANSWER QUESTI ONS

1) Bioinformatics dat abases provi de
sequences such as Ref Seq, Homol ogen
and BLAST. Whi c h of t hese woul d y O
starting point for:

JFor inferring relations among orga
IDnf or mati on retthesedre$oomce wi |
I n designing gene chips.

') Avoiding redundancy in EST dat a.
i
i

Ansi.) Uni Gene database
I i )Homol ogene database
| i iTRef Seq database

2) What ki nds of anal ysi s can be u
bi oinformatics tool s?

AnsProcessing raw I nfeapmat memt alTlhye 0
sequence (raw information) IS proces
Il nto genes, the proteins encoded and
sequences, and inferring phylogenetic
Genes: Gene predictioinng ano rpu tdern ep rboy
Gene Mark for bacterial genomes and G
Proteins: Protein sequences can be 171
by using simple computer programs.

Regul atory seqgquences: Regul atory deqg
and analysed by wusing bioinformatics

I nferring phyl ogenetic rel ationships

relationships between organisms can b
sequences, calcul ating evolutionary
phyl ogemed¢s c t

Making a Discovery: Using the Dbioinf
the functions of unknown genes can be
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3) Compare Fl uorescence I n situ hybrni
Karyotyping for identification of c h
AN s FisH Karyotyping
Interphase chromosomes can be | Metaphase chromosomes are needed
used
Easy Technigue as it gives colour | No such specific colour
to the chromosome

4) Write t he steps of BLAST i nvol veyd

sequences.

An sA The gi ven sequence I S compared w
dat abase usi ng Ssubstitution majt r
scores t o either "reward'’ a ma-t
mi s mat c h.

A Top scoring mat ches ar e ranked
criteria t hat serve t o di stinguji s
due to ancestral relationship or due

A Tr ue mat ches ar e further examiine
ot her detail s accessible t hrough
avail abl e at NCBI

5. 3. 5LONG ANSWER QUESTI ONS

1) (a)Li st t hree dat abase retrieval t

NCBI . Al so mention about the Ppo

( b)Whi ch i nfor mabeonretaneved from I h
databases? (1) EMBL (i1) PDB
Ans(.a)Database retdieval tool s

ENTRE¥ ves access to |iterature, sequegen

TAXONOMY BROWPERVI des I nf ormati on oI

classification of overLOCWD OO Icher g a rejiss

i nformation on official gene names an|d
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(b)EMB& nucl eotide sequences
PDB 3D structure of proteins
2) The mi croarray technique can be u
product s bet ween nor mal and cange
principle involved in this techniqgue
AnsPrinciople: Mi croarrays consi st of
mol ecul es spotted I n a systematic or
usual l ydea (<Iiig. 4) . The base pairing
under !l ying principle of DNA mi cropr
t he preferential binding ofst racndm|de
nucl ei c aci ds. A microarray S typif|ce
materi al Jonsbi dvdh,i ch DNA mol ecul es ar e
| ocations (spots). The type of mol ecyl
varies
according {@ D’
b 2,
@ Cells
mRNA extraction and
reverse transcription
. &5 ZiuséeNs:ent labelling a : ’
o ® pe=yyes o
\ 000 }
\ooo \
\(')0. \
e o000 \
\\0.(:(‘_00 \  Hybridization to a e0e
> microarray
\5'e e A
\323 | e o
\. e ‘j channel laser
Fig. 4. Major steps involved in comparative microarray hybridization experiments between
normal and affected (for example, cancerous) cells are illustrated. Observe that some spots are
yellow, meaning that the particular gene is expressed in equal amounts. Some spots are clearly
red or green indicating that the particular genes are expressed in only normal or affected
condition. Some spots are more greenish or orange meaning that the expression status is not
clearly tilted to either side but there is a trend towards either extremities. A few spots may
appear blank (no colour).
circumstances. The mo s t commonly usid
compl ementary DNA, which is deri wed |[fr
cDNA are deri ved from a distinct me s
represents an expressed gene. |l n order
mi croarray, t hey must rbeepolrdaleel |neodl ewjut
i denti fies their presence. T hu &r etseccehnnti
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dyes I n DNA and I ts use I n detectijio
hybridization has been previously app!
hybridization (FI SH) .
5.3.6 CASE BASED QUESTI ONS
1) BLAST (Basic Local Al I gnment Sear[h
biionf or mati cs software t ool and A |
bi ol ogi cal sequences. |t S pri ma
similarity searches, all owing usir
sequence against a database of k now
similar seqdenicefseranfunctional, e v
structur al relationships.
The BLAST tool empl oys an algorithm | h
similarity bet ween t he qguery sequenc
dat abase. |l t cal cul ates ali gnmendtu essc,or ¢
gaps, and substitution matrices. BLAST
bi ol ogi cal sequences, i ncludi ng DNA, R
di fferent programs tailored to speci|fi
reqguirement s.
Answer the questionfsorbmasdadnomgitvheen:i n
1. Which of the following best describe
a) A database management sy st
b) A sequence alignment al dot
c) A machine | earning al gor|it
d) A genome assembly tool
Ansb) A sequence alignment al got
2. What does BLAST ?stand
a) Biological Local Al i gnmgnt
b) Basic Local Alignment S¢gql
c) Basic Local Alignment Seat
d) Biological Local Al i gnment
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4 .

5.

2)

Ansc.) Basic Local Alignment Se
Whi c h type of BLAST I S usetde i I
sequences against a protein dat a
a) BLASTN
b) BLASTHDP
c) BLASTX
d) tBLASTNHN
Ansbh.) BLASTDYP
BLAST primarily focuses on:
a) Gl obal alignments
b) Local alignment s
c) Multiple sequence alignn
d) Pairwise alignments
Ansh) Local alignments
BLAST can be used to search for i
a) DNA seqguences only
b) Protein sequences only
c) Both DNA and protein seg
d) RNA sequences only
Ansc) Both DNA and protein seg
Gene prediction S an i mportant
bi ol ogy and t her e ar e vari ous a
Table 1. Genome size and gene predictions between several organisms.
Organism No. of Genome size The Number of | Part of the
chromo | in base pairs Predicted genome
somes genes that
encodes for
protein
Bacteria Escherichia coli 1 500,000 5000 90%
Yeast Saccharomyces 16 12,068,000 6340 70%
cerevisiae
Worm Caenorhabditis elegans 100,000,000 19,000 27%
Fly Drosophila melanogaster 4 175,000,000 - 13,600 20%
196,000,000
Weed Arabidopsis thaliana 5 157,000,000 25,498 20%
Human Homo sapiens 23 3,000,000,000 20,000 - 25, 000 | < 5%

mi
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prediction usi ng Known genes as a
foll owing tabl e shows Genome si zje
bet ween sewesals or ga

Based on your observation and anal ys
guestions.

(i) Even

i f e know where the gends |ar
di fficul

to count them due to
splice Variants
overl apping genes
exons

Both A and B
Botddda n @dBO

UUOUJ:D-—-E

(i1 )Which or
coding f

anism has the maximum| p
r the proteins?
Escherichia col i
Saccharomyces cerevis
Caenorhabditis el egan
Drosophila mel anogast
Escherichia col i

>Dow>o©

Ans.

(i1 i RPart of t he gendoeneg ft dat p eHoneoi n
sapieamss less than 5 % , one of tihe
this could be

A Repeated Sequence
B. Exons
C. BotdAda n dBoO
D SNP
Ans. A Repeated Sequence

(i v)The relationshinp bet ween number

genomei i bease Ppairs i s:
A. direct
B. indirect

C. no relationship
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D. correl ation of 0.5

Ans. C. No relationship

(v) Computational Gene predi-ction 1is
A. Iroisilico Gene predicti

B. I ®™Vi vo Gene prediction

C. Invitro Gene predicti (

D. Microarray prediction

Ans. A. Ilmsilico Gene predict
(vi )After observing the tabl e, It $
bet ween the intuitive complexit

number of genes i-n its genome i s|:
A. No simplreel ati on

B. Simple correlation
C |l nverse correlation
D Depending on the organi

simple or I nverse

Ans. A. No simple correlation
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UNI'T 6 CELL

Chapter 1: MI CROBI AL

SUMMARY : | MPORTANT POI

crobi al
i nto

from

1. A mi
materi al

product s reactant

CwHxOyN:+ a® hOGIN ——

For such react.i
utrients (provided
uUbstrate which 1 s

ons
b

Al | mi croorgani sms
itrogen, oxygen and

possi
ompounds in which th
abor atnadriyt icons. Such
media is one of t he
ti ssues. | t provi des

pressur e et c.

(b) The chemical
synthesizing (unl i ke
simple inorganic subst

4 . | t has been
C
I

5. The carbon
Ni trogen sources such
sl ghterhouse waste et
sources which provide

sour ces

6 .
of
t he

For | arge scal
cul ture medi um
fermentati on

e
or
me d i

cul ture
product.

aObN .

mi

mo s t

constitsenes

fermentat.

CULTURE AND GENE MANI

C E LALP PC U LCTAU R EO NS
NTS CONCEPTS &

wor ks as a
Thi s chemical

S I n a gedeaspe

+ L, dEECHMH

the microbes
growth medi

n
y

require water

ner al el

0 ma k e
crobes can
a are cal/l

Il mportant
Opti mum con

bl e t
e mi
me d i

a

(a)

mi croorgani sms
ances.)

such as
as Ammoni
C i n t he
energy f

um s al
cul tu

or t he

on

the substratef

a .

f

um
convertddsbyetdher o

e (

ashe chnt

car bohy

proce

ement sj.

i

qr
N
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7. Bacteria grow at neutr al pH wher eajs
pH. Before autoclaving the medi um, N
according to the desired need.

8 . Fermenters have mechanical atf iflreesr| &
l ncrease turbulence, which ensure ade

al so provides mixing and the needed o|xy
9. The simple way -sbape®d pmotveclleomra iYnde
the sides of the flask. Such fl| alsksk ajr e
| mprove the growth of the microbes l‘y
oxygen transfer due to increased turrbu
for | ar ge scal e fermentation and mi c
fermenters or bioreactors are used

10. Fer mentosrdi yeasel with proper ariral
agitation, temperature and pH control

control s for t he monitoring of physgi
parameters that affect the growth by |ce
11. The rapi d grroomarhg aonfi stnhse immi ct he f e[rr
alters the pH of the medi um. Hence t|hce
should be continuously monitored and | m;
al kali as required.

12. Batch <culture is a c¢closed <cultufle
anmunt of nutrients. | n a fed bat ch
continuously or sequentially fed with f
the growing culture. Hence over a pejri
culture vessel goes on increasingheAs
met hod used in getting a continuous $u
or product s.

13. |l n continuous culture, cells can| b
rate for an extended period of ti me. A
and substrate contamptiaonfiakd pate. |
continuously fed to a culture at a sjuli
eventually achieved.
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14. The Growth rate of t he cel |l remai n
t hat means the concentration aof nadlrli,¢ nr
i nside the reactor remain constant.

15. Doubling time is the time required
doubl e I t's original val ue during tih e
organi sms.

Measur ement of Cell s Mass:

Measur ement of cel | nmeaasssi eiss  ovme sofof it Ir
growth of the organi sms.

Measur ement of Dry Weight: | t I's carjri
wei ght of t he cel |l materi al I n a fi x
removing the cells from the medium 4gn

wei ghabtiasi ned

Use of Spectrophotometer: Cell growth| i
the absorbance of cel | suspensions I n
principle S based on the fact t hat

proportionates to their concentrati onj.

Me as urretmeof Cel | Number s: Measur ement |
carried out by counting the <cell numbe
done with a special mi croscope slide |kn
16. A microbial culture undergoing baljar
reaction where substrate i s getting cot
cel |l mass I n this case. The specific|g
i ndex of rate of growth of the cel | s

Specific growth rate cangbaX¢é¢dlkculvat |exd
determining the slope of the straight

17 Downstream Processing: After the ¢o
desired met abolites are recovered by
fermentation broth and purificatioel lo|f
di srupti on. Such operation is referred
The steps involved in isolation of thie
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1. Separ at

2 . Cel | d
the broth

3. |l ni ti al

4 . Met abol
puri fied t

5. Pol i shi
IS concent

ion of cells from the fer ment
I sruption i f the producotn iosf i
I f the product is extracelljul

purification of the metaboll i

I te specific purification v h
o very high degree, and

ng (HbIraon% i muwr ittoy )9 8olfi tteh ew hneeltes
rated and formul ated for usie.

The Clarified fermentation | iquor cont
extracellul ar enzymes. They are reco|ve
precipitation, solvent extraction and| i
Once the pure metabolite is obtained |a
using sever al Il ngredients known as ex|Ci
18. There are several met hods wused {o
under .

Storage of Agar : Cultures are grownj|o

st ored at

month I nterval s

5 to 20 AC-:cuTlhteusree dmuastt abpep rsguxbi

Storage in Liquid Nitrogen: The cultyr e
agent gl y8d®drgl i(sllOadded. These are dij s

ampoules and frozem.ilf®& itd®i6d )t roge

Lyophilization: LyopHirlyii ngt iicnnwodwer dea:
culture followed by drying under wvacpu
strains or commercially/scientificall]y

they have

t oo nkeed mMairntuase f or posterigy

which maintain these cultures for posgt

Centres.
avail abl e

The Cultures deposited at t h
to prospect investigators.
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19. Mi crobi al cul turetihals fiortmenise pigoe

very usef ul compounds. | n gener al , m

exploited primarily I n Si X di fferent

met abolites. They are | isted below

T Production of whole microbi al cell s
T Product ironmmaorfy pmet abolites (acids, |al
T Production of secondary metabolites$
1 Biotransformation reactions (enzymat
T Exploitation of - Mecabbilakm | eachijng
treat ment .

T Recombi nant -ptbéeerapsutic proeki nel y
vectors/ DNA.

20. The main areas of consideration | f

bi otechnol ogy ar e

T Pathogenicity: Potenti al of modi fipd
to infect humans, animals and plants
f Toxicity and ateécrwiyt @smiocri obi al prl o
T Ot her medically rel evant effect|s
environment al pool of antibiotic res
T Probl ems associated wi t h t he di s|po
bi omass.

1T Safety aspects associated nfwethi ocnon
mutation of process strains.
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CONCEPT MAPS

Isolation- Enrichment Technigue

Mutant Selection

Genetic Improvement

Engineeting Strain Isolation, Improvement,
Storage on Agar Preservation

Storage in Liquid

Nitrogen Preservation
Freeze

Drying/Lyophilization

Intracellular Product, ie
recombinant protein(s)

Extracellular Product, 1 e
antibiotics

Isolation of Microbial Products

Determination of dry
weight of cells
—
Turbidimetric \
Measurement

biinaouhlo
Determination of \\
Wet Weight of cells \\‘}M(‘awll‘mmi

Use of Coulter 1
Counter /|

Viable Flate Count / Measurement & Kinetics of
=233 (LogX -Logk) /t J4 Microbial Crowth

t = 0.693/p Kinetics

n o= 3.3(LogN -LogN,)

Batch Culture

Fed Batch Cults
SRR CINE 3y pes of Microbial Culture

Continuous Culture

MULTI

n o
ol

There 1is
o the f

1.
due t

a) Exhawusti
b )

c)

Space

B @d ahn d@bo

d)Acclimati zation t

Ans: d

constr ai

Basics of Microbial Culture

MICROBIAL CELL
CULTURE & ITS
APPLICATIONS

Scale

Industrial Applications of
Microbial Cultures

\

Microbial Culture at Industrial

Synthetic

Media
Types of ‘,/;eml-
Culture [ Synthetic
Media Media

f'ﬁ \ Commerci
[ \_al Media

Carbon
J Sources/Energy
\ Source

-
‘ Essential |/ Nitrogen
‘1 Nutrients and Sources

| Conditions
| 7 &\ Crowth Factors
|/ \

/ \ Antifoams, pH,
\\Im\pera:.ne

At Lab Scale-

\
\
\ Autoclave

|
M Sterilization

\
\ \ Procedures /
l ; Sterile Air- via
\ Filter
| \ Sterilization

At Lab Scale- Shaker

,/ At Commercial
level- Steam

Aeration 7
\and Mixing /" a¢ ingustrial Scale-
Sparger & Stirer
Stirred Tonk
Fetreael Bioreactor (STB)
Bioreactor Bubble Column
Reactor (BCR)

Froduction of Whole Microbial cells
{for food, vaccings)

Production of Primary Metabolite
{acids, alcohol)

Production of Secondary Metabolite
(antibiotics)

Biotransformation Reactions
{enzymatic, steroid)

Utilization of Microbial Metabolism
{bioleaching, bicdegradable waste treatment)

FProduction of Recombinant Protein
(therapeutic proteins)

PLE CHOI CE QUESTI ONS

i ncrease in
l owi ng

on of t he

nt

o the

medi u

the cell

reasons:

m.

new envi

r

o

D N
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2. I n which phase of growth is the sg
calcul ated?
a) Log phase
b) Lag phase
c) Stationary phase
d) Decline phase.
Ans: a
3. A student adds antibiotics to the
still obtains the same growth curve.
wi | | be:
a) Antibiotics add growth factors
b) Antibiotics provi de asneirmuanh fcoerl |tsh.
c) Antibiotics enhance the nutrient
d) Antibidothasve doamy effect on ani mea
Ans: d
4. Which of the following instruments
after It has been prepared?
a) Autocl ave
b) Lami Mir Fl ow Chamber
c) I noculum Needl e
d) I ncubator
Ans: a
5. Which phase has the condidi &6 ?20f s
a) Lag phase
b) Log phase

p e
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c) Stationary phase

d) Death phase

Ans: d
6. I'f a culture starts with %D0ecselnls,
after five generations with no cell d
a. 200
b. 400
c. 1600
d. 3200
Ans: C
7. Lyophilization means
a. Sterilization

b . Fr-cdreyien g

c. Burning to ashes
d. Exposure to formati on
Ans: b
8. In the medium other than nusedenhs
excess, that medium i s
a. Enriched medium
b. Speci al medi um
C . Enri chment medi um
d. None of these
Ans: a
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9. Autoclaving is carried at

a. Dry heat

b. At mospheric pressure
c. 120 degree Cel sius
d. All of these

Ans: C

10. Agar is obtained from
a. ®Wnoal gae

b. Red al gae

c. Green algae
d. Bygueen al gae
Ans: Db
11. The condition required for autocl

a. 120 degree temp.and 15 | bs. pres
b . 120 degree temp.and 20 | bs. pres
c. 150 degree temp.for 1 hr.
d. 130 degfrere 2 ehlp

Ans: a

12. Large vessel containing all the p
the growth of desired microorganisms |i

a. Bio reactor
b. Auto reactor
c. I mpeller

d. None of these
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Ans:

13.
I S

Ans:

14.

Ans

15.

Ans:

16.

a
The purification and

cal l ed
a. Upstream process
b. Downstream process
c. Surface fermentation
d. None of these

b

Il n autocl ave, the
a. Dry heat
b. Moist heat
c. Steam under pressur
d. Both b and c¢

d

b .

c .

Ant i f oilasm agent

Silicon compounds

Corn oil
Soyabean oi l
Al | t hese
d

The

of
apparatus used to
Chemost at
Aut ost at

Ther most at

ma i

principle

nt

rad ¢ ®v e If ye r anfe n

Il nvo

n a

147

tt I

CO



Ans: d

17. Which is not a method of train pr
a)Storage on agar c)Storage in al cohg¢
b)Cryopreservation d)Lyophilizati on

Ans: c

18. Cultures are grown on agar s20ant s

oC. These mucsul tbuer esdu b

a.approxi mateelky ihterval

b.approxi mamehiyhl2nter val
c.approxi matag!l y nG er v al

dapproxi manm®ent h i nterval

Ans: d

19. Cultures may be deposited to cul't
1l Because they are not to be stored
2. Because they are costly

3. These centers safely maintain cul't
4 Can be distributed globally

5t0 protiectelktlhect ual property right g

Whi ch among these are true

a)Ony 1 c)Only 3, 4and 5
b)l, 2, 4 d)1, 2,3,4,5

Ans: C

20. Applications of minctaobieal cell cu
1. Production of whole microbial C ¢
2. Production of primary metabol it
3. Production of secondary metabol

d. Both a and c

e s

ur

U r

1%

3%
)]
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l odegradabl e waste treatment)

P OFRPQO © TOo »
5 - ..

a y 1
b.1, 2, 4
c.Only 3, 4and 5
d ,2,3141516
Ans d
21. Single cell protein (SCP) 1is
1 Application of cell culture
2.A whole cell uspdotsi sour ce
3. A selection process
4 An engineered protein
A.Ony 1 C.Onl y4 3abBd
B.Only 1,2 D.1,2,3,4,5,6
Ans: b
2 2. Examples of applications of

1 Expression of huBwsacnhlenrsiuclhiina icno

2 Hepatitis B surface antigen in
AOnlly true COnly 2 false
B.both 1,2 true D1 false 2 tr
Ans: Db
23. The tperr atmeat hel ps to det er mi
a. size of culture
b. specific death rate
c. doubling ti me

Bi otransformation reactions

of
mi cr o
i

Ye as
ue
ne m

149
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Exploitatilaomsmof( metralbao al | eachi

Synthesis of recombinant protei
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d. nutrient medi a

Ans: C
2 4. Met hods used for measuring cell gfro
1l . measurement of wet weight of <cells

2turbidity measurement s,
3. ATP measurvinebnlte pl ate count .
4 Coulter counter

AOny 1,2 C.Only 3and 4
B.Only 1, 2, 3 D.1, 2, 3, 4
Ans: d

25. [ X], ES]i ANDhel @i agram ar e

TIME
1. The cel |l density t[iXgn afheprcooduceetn t[rSa]
specific substrate turnover rate [RS
2.The cell density [S], the concentr at
specific substrate turnover rate [ RS
3.The cell density [X], the concentraat
specific sBubsovaterate [ QS]
4 The cell density [QS], the concentry a
cebpecific substrate turnover rate]|]
Ans: 3
26. The growth medium is designed in |su
nutrients is in |imited quantity. Thuls,
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growth, as this nutrient is exhausted t
occurring in
aBatch culture c)Both a and b
b)Fed batch cultured)ontinuous cul tjur
Ans: d

270r otwh rate of cells remains constanit
operation. This means that at steady |st
cells, metabolites and other nutrientis
const@amat is, formation of new bi omasi|s
bal anged hlke | oss of the cwlTthurse ifsr om tf h
occurring 1in

aBatch culture
b)Fed batch culture
c)Both a and b

d)Continuous cul ture
Ans: d

28. There are four gener al patterns off
a.Bacteria grows by chain elongation]| a
di viywebdbddi ng, fungi divide by bingr:
viruses normally do not follow a regg

b Bacteria grows by budding, yeast diyv
ahd

viruses normallyrdguhat §doobwbiw pattfe

fungi divide by chain elongation

c. Bacteria grows by binary fission, Yye
fungi divide by chain elongation anpd
viruses normally do not follow a reg
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d Bacteria grows by chain elongation
di vibge binary fission, fungi divide
viruses normally do not follow a r ¢

Ans: C
29. 1In this formul aL®&gX0pP.B08B, (Whigc Xt

I's not correct?

a.0: The specific growth rate
b . Xt bi omass meontc. after ti
c.X0: biomass conc. at the start of {
d .t doubling time (h)

Ans: d

30Saccharomyceshaerkeesi qei te popul ar
experie

t be di

safe and scientists have | ong

i ndustrial fermensaadovanst hge

a)dDetailed i nformation on biochemist
of this yeast is also known.
b)Yyeast can be mani pul ated genetical
c)pproduct yields arebS5ewebéatithel yotk aw

1.0nly a

2.all of these

3.0nly b and c

4 Only c
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ASSERTI ON AND REASON TYPE QUESTI ONS

Directianshe following questions, a st
foll owedt aotyement of reason. Mark the <c
(a) |I'f both Assertion and Reason are t
explanation of Assertion.

(b) I'f both Assertion and Reason are t
explanation of Assertion.

(c) I f nAdserttriu@ but Reason is false.

(d) I'f both Assertion and Reason are f

1 AssertiBnotechnol ogy produces trans
act as microfactories for proteins.
ReasonTo produce proteins of human |

mi croorgamainsime devel oped.
Ans: a

2. Asserti olnhe desired metabolites
extracellul ar depending on which
cel | di sruption may be RreamaynWANo-L
are secreted i nto the rmedimbmn aih
accumul ate i ntracellularly.

Ans : b

3 AssertA ofaga@t ch cul ture cannot be

Re a s oTnh: e mi cr obes di e out eventual l

| i mited substrate

Ans. A

4 Assertlimnmost mi cr obi ol dgiaam In gp rhampee
be a big problem and must be prevenfg

ReasoBxcess f oaming denatures

hi ndr ance t o free diffusion of

Ans. A
5 Assertiona-bhéedh cul tur e, over a
v 0 me of cul ture medi um I N t he

i ncreasing.
Reas-ohhi s happens because during
medium i s continuously added i

C &
t ¢
t bb

il ¢

ope

pr
0

p e
C

f
n t

L N

et
DI

I e

SRS

)t
K'Yy

roi

e d
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remov al of

vessel

with the

cul ture
Ans. C

6 Assertlimen expression

host happens to be problemati c.
Reas#étmr maxi mizing the production
expression vector used must be su
copy number and is stabl e.

Ans. b

7 Asserti oMet agenomi cs I S an approacik
containing the microbeées e pagtt soi | /
medi um and all owed t o grow un
conditions in such a way that t he
i nterest i s favoured.
ReasoMet agenomi cs (S a powerful t e
desired tel foramb from an environmen

Ans. d

8 Assertiobnce a strain producing a n
has been obtained, It mu s t be appr
use.
Reas-onf not done properly, the strai
vi abyl or even show decline in the j
which it was isol ated.

Ans. a

9 Assertibndustrial fermentations are
ReasonThey require a thorough reseat
produce at | east possible expenses

Ans. a

10. Asserti®pasts should not be used
i ndustries.
ReasonThey produce several har mf ul
and baking.

an equal vol ume

of a eukaryoti ¢

oV

)




Ans. d

SHORT ANSWER QUESTI ONS

1. Write a Chemical equation for the pjrc
Ans: The Cbgmatabn for t he producti pn
reactants in a given period of time is r
2. Name the product whose production Dbec
to strain improvement through several |su
Ans: Penicillin.

3. Whathei s Baffle fl ask"?

Ans: The fl asg«kbBawedhnat ¥ h or i1 ndentatijon
flasks call edThBaffilmpriovask the growth| o
I mproving the efficiency of oxygen trans
the agcudtede medi um.

4 . How are strains cryopreserved?

Ans: They are preserved by storing them
undelr76 -1 96 degree Cel sius.

5. What is |Iyophilization?

Ans: Lyophiliza-tdmowi nogr ifnrveod zvee s freezi
flolowed by drying under vacuuming result
Lyophilised can remain viable for 10 y|ec
6. How much i1s microbial conversion ef|fi
Ans: -3D0% as a | ar ge part of t he subgt
orgamifsor growth and multiplication (ipc

7. Name some Semi Synt hetic Media. Wha|t

Ans: Nutrient broth, trypticase soya Dbr
(BHI ) because They contain complex comp
extract, yeast extract or Casein

8. Name the raw materi al used as a car|boc

Ans: Cereal grains, starch, cane mol ags
whey are commonly used as carbon sour c|es




9. How i1 s the fer melnitagdd ofnomews a isn efrejir n
the pressure, time and heating temper ajtu
Ans: Steam i s used for sterilizati orn

pressure is held at 1.5 PSI for he-a&t0i ng
mi nut es.

10. What i s s pramwegiitnegr 2i n a f e

Ans: Sparging involves passing steril e &
11. Name the energy sources used as nutr
Ans: Carbon sources such as carbohydrpat

culture medium are whecmapoovisbes cenel g
of microbes.

12. Why are antifoaming agents used i n

Ans: The antifoam agents are added bpc
processes, foaming iIis produced may bel ¢
medium or ese®meéebhemmicrobes themsel ves |
common cause of foaming iIs the presen
medi um. Commonly used antifoams are fha
sunfl ower oi | and silicones.

13. Suggest methods ofsprasas®ing micriok
Ans: Two met hods of preserving microbijal

Storage on Agar: Cultures are grown
t-2 0A C. These nAtuuslitt ubhe s s Wk approxi ma
nterval s. The time of subculyeare maAylfb
re covered with sterile mineral oi |

Q T o1 o

Storage in Liquid Nitrogen: -pheteat i\
gent | 1 ke Bl0OYu) e riosl a(dldCe d. These are (i
mpoules & frozen in |iquid nitrogen.

v T

(@)

.Lyophilizati on: |t i nvol ves fre
under vacuum. This results in sub
viable for 10 years or mor e.

ezing
| i mafg i

14. Whestpeics fic growth rate"?




15.
mic r

Ans
i nf
a

r

Ans:

cen
pr o
ar e
Si z

Ans
mi c
wi t
con
ope

18.
me d

Ans:

sl a

Tr a
S ma

19.

Ans

. The specific growth wvlhadetx/uX icdx ded
an I ndex of t he rat e of gr owt h

Il ronment . I't can be calculated by p
sl ope of the straight I ine.

Wh a't ar e t he factors whi ch I ni
oorgani sm?

Nutritive medi a of required con
| uence the growth. Besi des, aerati
nsfer and achieving uniform concent

How i s t he p rtorceetsisono fustweldt rtad i | s (
mentation broth?

Where cell settling does not occ
trifugation. ( b) Ul t radffiillttrattii om.
cesses i n which particliesestlyganfikta
retained when the solution is forc
e, usually |l ess than 0.5 mm.

What is a fermenter?

Fermenter
roorgani sms
h adequate

Ni tamdehr soarekements u

under a
arrangement

I S

trol, steaming a
rate aseptically
Name s ome

I a.

Nitrogen
ughter house

ce el ement s :
| |

guantities.

What Erl enmeyer

| t I s used

sour ces: Ammoni um Sal t g

wast e

Cu, Zn, Mn |, Mo ar e al
flask Iis used?

i n | aboratories for cul

a vesseslic,al @ s egdr oW
li sd ae ncv
aeratio
remove

nd dr ain
due to

gcoontt ol
for

t o

st eamin

g

an




SHORT ANSWER QUESTMAREKS

20. How is continuous culture better tha
Ans: Continuous cul ture S better t hjan
because we can geupalygoonfi muocusbsal -gr o
product s. I n this the growth medium i9g
of the nutrients iIs in |imited quantity
as this nutrient I s exhausted the growt
the nutrient i's fully exhausted, a frjes
nutrient I's added to it. Hence in confti
at a particular growth rate for an exte
Culture i s most widelogf ulsieguifdrwagsteat nen
21. What is the difference between c¢hemao
Ans: |l n a chemostat, a constant environn
turbidostat a constant cell concentr atji
22. At wh at PH should bactegerow iamdmiY¢Er
cul ture?

Ans: Bacteria grows at neutr al PH whel e

at acidic PH

2 3. Expl ain what S me ant by Steady |St
mi crobi al cultures?

Ans | f medium is fed at a Ssuitahbeteapnta
chemical environment (chemostat) and (
( Turbidostat) the steady state i1Is achije\
and substrate consumption takes place]| a
cells remains condtranti.onTlhd aoenden me | a
nutrients inside the vector remai ns cCo
bi omass by the culture 1s balanced bly
reactor .

2 4. Write down the advantages, di sadvapan

cutlur e?
Ans:

The advantages include:




1. Reduced ri sk of contamination or cel |
short.

2. Lower capital i nvest ment when compar
the same bioreactor vol ume.

3. More flexibility with varying produjct
4 . Hi gher raw materi al conversion | eye

growth period.
The disadvantages include:

1. Lower Productivity |l evels due to ti:
coofyj nemptying and cleaning the reactojr.

|l ncreased focus on i nstrumentation [do°t

2
3. Greater expense Il ncurred I n preplar
i nocul ati on.

4 . Hi gher costs for | abour and/stratpiyomeer
process.

5. Larger i ndustri al hygiene ri sks d u
pat hogenic Microorganisms or toxins,

Common applications for batch cultures| I

1. Products that mu s t be produced witil
or organism mutation.

2. p&rations in which only small amountj|s
3. Processes using one reactor to make| V
4 . Processes in whiccohnth aamtuohisormpr edmict S
adequat e.

25. What is the role of water in the cul
Ans:atWwr i s the major component of thg

mi crobes in the | aboratory, singe dist.i
adequat e. For | arge scale microbial C

u
di ssol ved salts of t he watder edouMMaé¢ e hja s
required for the ancillary service suc|h




26. Why is foaming caused in microbiollocg
har mful to the process? Name the commojnl
Ans: Foaming is causted, bPrmeetahbhe and mec
The f oaming I S har mf ul as It denatufe
antifoams are fatty acids such as ol iye

al so used as anti f oams
27 . How can the desirabl e crmprawdd? i st|i C

Ans: Mut ant selection and genetic engi
I mprove desirable characteristics of s|t

2 8. How aeration and mi Xi ng I s done I
| aboratory?

When microbes are cultivat eodn iann dt hnei xlignbg
be easily achieved by putting the fl asgk
may be further augmented by the use |of

bi oreactors however, transfer of oxygen
di fficuldt bewcauser garei s ms mu s t be well |
medi um and t he oxygen mu st be di sper
concentration. Many fermenter designs | h
the medi um, and baffles to increase tupyr
mi xi ng. aFeorracteidon al so provides mixing fan
29. What is wultrafiltration?

Ans Ultra filtration is an alternatiye
the process in which particles bigger |ir
when the 3@l Udtoircred through a membraneg
(<0.5 um). Cells can be concentrated ufsi
30. What are excipients?

Ans: The additional i ngredients used |toc
mar keting or commerci al pUr mdosees), lainke |s4
agents are called excipients.

31. What do you mean by coagul ation and
Ans Coagul ati on: |t I's the process off

di sper sed coll oi ds usi ng coagul ati on a
proceds aggl omeration of flocs (for mec

| arges settable particles using certgil
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Ans:
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33.
cl a

Ans:

34.

Ans:

I i q
den
S

35.
cul

Ans
fer
cre
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36.
Ans
ma i
i nv
r ul

depositors.

do you mean bywtexatcreddcal laul arm

compounds

hat

| ati on f

er soluble organic
) .

Wh a t
| ati on?

Extracel |l ul ar means t
I um. Thus t heir i SO
mpl e: StreptSaoamyGaiersifursom
racel l ul ar
ce t heir I sol ati on f ol
ombi nant | Esulciohi fr om
Name t he met hods us ed
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used

Wh 'y
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ne centrifugat:i
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y gravitational
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i's done

ar eontshe ff umoatriobi al cul ture c¢
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id. NCIB (National Coll ection of I ndus

R T DSMclk®elBtamml ungvon Mi kroorgani s
Ger man)

I V. MTCC (Microbi al type <cul tu-rleocadleld
|l nstitute of microbial Technology, Cha
37. Wh at I's the name and |l ocation of
Centraedof?l

Ans: MTCC | ocated at I nstitute of micr
38. While culturing microbesmli ncdrhiec dle
what measures do you suggest to enhanc
Ans: Growth of microbes can be deprgnme
fl asks. One of t he simplest -wahyaspeds
i ndentation in the sides of the fl ask
mi crobes by improving the efficiency ¢
turbul ence of t hre amediatmdby ut he 4utstee
continuous agitation of t he cul ture
efficiency of t he oxygen transfer al
mi crobes.

41. What is the role of shakers in mic
Ans: The shaketrheproon tdiesuous agi tati
medi um. The continuous agitation i mpr ¢
to efficient oxygen transfer.

42 . Why does the PH of the medium nee¢e
mi crobi al culture?

Ans: The gr owt h mat e sofi nbt ganced by
medi um. The PH is therefore balanced b
| n fermenters, PH I s altered qui cklI |
mi croorganism. Therefore, the growing

and mai nt apiemred eagsui rement by adding ac

4 3 . Why i s aeration important for mi
aeration be achieved in the microbial
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Ans:

and
cel
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ste
t he

45 .

Ans
or i

46 .
| ab

Ans:

Lab
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mi ¢

Il n microbi al culture a steady state
substrate consumption take ©place |at
| s remai ns constant during steady |s
abolites and other nutrients i1nsidepe
ady state. The new biuamasdss raddanccesdl i
culture from the vessel
What i1is time doubling ti me?
; It is the time required for the ¢gel
ginal valve during the balanced gr ojwt
LONG ANSWER QUESTM@REKS
Name and describe the equipment uge
oratory | evel and for | arge scal e fjer
oratory | evel fermentation: Baffl e |fl
cription:
oratory | evel fermentation: sl ncanbloe
tured in test on a very small scal e
tures with volumes from 100 to 1000 1
akage due to heating or chemical at|te
fermentatiosnal eLaberméont  gti on pr ojc e
roved by better design of flasks an
r
Baffl e FI ask: One of the ways of imp
orporation of baffl es. Il n a gl asasl Iffl
ented (softened by heat-4 wliabea tnharni
bul ence when the flask is wused to f@r
se types of flasks are called baffle
the microbes byf fiimprecwiyngo ft hoex yeggen| t
rease in turbulence in the culture| T
usstcrayl e fermenters also have baffl e
Shaker s: Continuous agitation of the
I mproving the oexfyfgiecni etnrcayn soffert.helT hi s| o
ture gr owt h. Shakers ar e used for
robes by i mproving the efficiency pf




in turbulence in the culture medi unm

scaleehtems al so have baffl es.

b . Shaker s: Continuous agitation of t
of i mproving the efficiency of the o0ox
cul ture gr owt h. Shakers ar e used f o
fermentation:

a . Femtmer : Fermenters (bio reactor s)
fermentation. Fer menters ar e cl osed

aeration, agitation, contr ol of pH an
outfl ow vents. Bi oreactors arnedsc aopfabllie
culture media and can operate aseptic
al so needpatismeé (as the same vessel ¢
types of cultures) whenever a new bat
figure 1 (basicmedesegn pagea noerl1l04,

culture in the textbook

b . Stirred tank bioreactor: |l s the mo
culture medium is stirred with an i mp
mi crobi al cells in the Hiedree achteo rs od aurb
the medium. This can create anaerobic
can suffer. Forced aeration is resort
oxygen transfer.

C Air i ft bi oreactor: | s anot hercttoyrps
the motion of Il njected gas through a
circulation wiitrbcuf lagi hgr € hrough the
tube and the tower or vice versa. Al
i mpel |l er and wifttlhhwfgicghdeasur e. Verti
which continually flows i1inside the cheé
transfer happens in stirred tank al so
higher in airlift bioreactors.

47. What is the use of coulter counter
Ans:ouCter counter i's an electronic 1n
mi crobi al cells in suspension.

4 8What do you understand by strain i mp
Ans: The process of strain isolation

producing desired gmsocdcwnmcstur eButhaitt i do p

n suf fici

ent qguantity t o be economi
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Example: Culturing microbes in a | aborjat
b . FBdtch Culture: | f a batch describe
sequentially fed with fresh medium wit!
culture iIs-badalched Jdvéedrr ea. peri od of ti me
the culture vessel goeBatarh icrudrteia i nigs
when hi gh substrate concentration cCphu
overcome this probl em, substrate is fgqd
| evel eve aghowt h. Blya tucshi ngu Ifteudr e , high
can be achieved in the same reactor vol
batch culture. Ex. fed batch culture |i:¢
production of i ntracel l ul ar metaeabof i tfens
reactor .
51 Wh a t are the main aspects of conjsi
Bi otechnology?
Ans The I mportant considerations W i
Pathogenicity: refers to the ability af
host. Abinlsi ttyhemeganeti c component of the
toxicity and allergies associated withl n
Problem associated wi t h t he di gp ¢
bi omass.
Safety aspects associated wi t h C O
mutati oncebspstrains.
There are fears that genetically
could escape from the | aboratory
create unpredictable and perhaps |ce
Then such release may upset the pa
DNA i n new microorganisms coul d Jal
i n undesirable and unpredictabl e |we
Gui del haes been established t o en
practices and | evel s of contai phm
hazards.
52. Write down the waofomsceappiakcatubnjur
Ans:
1. Production of whole microbial <cell s (
2. Production of primary metabolites (jac




3 Production of secondary metabolite
4. Biotransformation reactions (enzyma
5 Exploitation of metabolism (microbi
6 . Recombi nant proteins (Therapeut.
vectors/ DNA) Expression of human i nsu
Vaccine I n Yeast ar e t he most thiodmab
mi crobes for human use.

53. Explain what i s meant by GRAS and
Ans: a. GRAS: Food and Drug Administr
restricted certain microorganisms for
for i ntroducing genes. aTrhee sdee smigcraa cerdg g
regarded as safe. The GRAS -plaitshtoegde nmic
toxic and generally should not produc
product wi t h GRAS status I S exempted
approval reqguirements.

An @mgsm is included in the GRAS 1 st
or after an appropriate safety assessHt
found in nature have been genetically
i mprove the quality of poviel the welal i
environment. EPA (environment protect.i
basis the ecology around the area wh
rel eased

Exampl e:

Lactic acid bacteria (LAB), daily 1ing
the dfoobndustry for t he manufacture
Saccharomyces i serextiecmsi vely used for
proteins

b. GMP: The process design in manufact
t hat make it easier to Iimplemermtesgod
bi oreactor desi gn based on GMP shoul
mi crobi al culture to ensure sufficien
accumul ation of toxic metabolites. To
cause mechanical damage to the roller.




CASE BASED QUESTI ONS
Read the foll owing paansysaedg et men df alnlsoweirng
1 Met agenomi cs
A study of the metagenome of the micrphb
Sea, generated sequences of aboutwhal gi |
cl asses of genes that wer e more di vej|rs
anticipated on the basis of studies off
simple microbial community that | 1 ves
draining from met al mi npeost ednetmoanl s torfat Malt -
to dissect detailed inte+wcaommuang yamenmd
Met agenomi cs, however, I s-s cneolree st ehgaune njcu
f uncthiacsnred Met agenomics, millions of ral
l i brary ar e trpnet at e 4 bnpt obacteri a 1 h
| aboratory. Cl o ofeosr eppgaoodtueciinnsg ar e t hen| s
various capabilities, such as vitamin) p!
This enables researchers to access theg
mi crobi al community without knowi ng any
gene sequence, the structure of t he de:c
origin. New antibiotics and resistance
di scovered us-bagetiuNet agenomics.
1 )Metgeenomi cs invol ves
1. The study of meta genome
2. Fishing out of genes from the ploc
culturabl e genome
3. Both 1 and 2
4 Only 1
Ans: 3
2) Choose the <correct seqguence of [ h
technique
A.l sol ation of DNA
BExpressdoanahysis of proteins
CCreation of DNA I|library
DRestriction digestion
1.D B A C




2. A B C D

3. AC D B

4 A D C B

t

Ans: 4

3) What is
a.Anal
b

Ans: b

2. Micro

bi a

2 . A cl ear
utili zati on
section, t
eval uati on

patterns of
Viruses. Al
by bi nary

el ongation
regul ar

growth pattern as they grow in

Number of Microbes

he met hods used for t he n
of mi crobi al growth wil/l b
mi crobi al growth exemplif
I these microemdgamwasyms dgrac
fission, yeast di vide by

he primary focus of metage

yze the genome of an organi
Il nvestigate DNA directly from
c . Analyzmutaei on present 1in an
d Determining protein structure

growth kinetics

understanding of mi crobi al
of bi ol ogi cal processesisf

and branching whereas Vir

Bacterial Growth Curve

Lag Log Death
Phase Phase Stationary Phase_ Z Phase

TR

Time




Mi crobi al gr owteh , kitrheet i rcesl, atii.onshi p b

growt h( ropft ea mi cr obi al p o
(s) , I's an indispensable t

genetics, ecol ogy, or biotechmmdrotgaynt &

of the basic teaching of

AWhich of the foll owing
bacterium?
l1the Il ength of time it
2t he |l ength of ti me it
3theime it takes to re
4 the | ength of time of
Ans: 2

pul ati on
00l I n al

mi cr obi ol

i's the best

takes to
takes fo
ach stati
the expo

B.During bat ch fermentati on, I n

fermenter are adapting
A . Lag phase

B Log or exponenti al
C. Statihamsaery p
D Death phase

Ans: A

CDuring the decline pha

a . Mi croorganisms try
b. Shows exponential g
C . Death rate is equal
d. Number of |l ive cell
Ans: d
D.Which of f ot hewi ng I S

continuously?

1. Chemostat

to the n

phase

se?
to settl e

rowt h
to the r

s decreas

us ed t o

and
I fi

ogy.

rea
r a
onar
nent

whi c
ew e

I n

at e
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2. Coul ter Counter

3. Haemost at

4. Pet rbafufsser chamber
Ans: 1

3. Mi cr obi al Cul ture Medi a

A microbi al culture medium i s a miXtur e
and supports thefgrewthaandndof microg¢r
medi a contain nutrients, -enemgyi mpufae
mi ner al s, met al s, buffer salts, and glel
sophisticated formul ations of our ciul

reprodeu,cidnd repeatable microbiologica

Defined (Synthetic) Media

Defined medi a, al so Known as synt hegt i
guantitative and qualitative chemical C C
I ts amount I n the medium are odpedibfl iee d
consistent. These media are used when |st

requirements of an organism or for phlys

precise control over the growth condi t|ic
Complex (Undefined) Medi a

Compl ex media arerdmrmatated product s

extract s, meat peptones, or beef heart| i
composition is not completely known. Th
of nutrients. They are used to grow a b
t hatay have complex nutritional r-asaquit rej@m

to defined medi a.
1. Which of the following is a charactjer

a) Product resulting from the digesti




b) Aqueous extract of | ean beef tis
c Aqueous extract of yeast <cell s
d) Complex carbohydrate obtained fr
Ans: Db
2. Which of the following iIis used as a
a) Beef extract
b) Peptone
c) Agar
d) Yeast extract
Ans C
3. A cul ture enxeadcitunc otnmpeosi ti on of whi ¢
call ed as
a . Si mpl e
b. Compl ex
C . Defined
d. Nat ur al
Ans: Db
5. When one wants to culture microbes
useful metabolites, one may not wuse
1 sources of nutrients,| whnd hawaiel a&lrlog
2.nutrient sources or raw materials t

U7
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3.

Sour ces

4 That vyi

Ans:

4 .

A bioreactor oiffsesraneny péeisc e | t hat I S u
production of various chemicals and bi
| t S a cl osed container wi t h adeqgu
agitation, temperature and pH control
remove the maassst eofbicoul tured microorgan
product s
A bioreactor should provide for the fo
1. Agitation (for mixing of cells and
2 Aeration (aerobic.fepmenters); for
3.Regul ation of factors I i ke tempenm g
nutrient feeding, and | iquid | evell
4 Sterilization and maintenance of st
5 Withdrawal of cell s/ medi um
The bioreactor is the heart of any bi
environment for mi croorgani sms todobe
metabolites for the biotransformati on
into desirable product s.
The reactors can be engineered or ma n
requirements of the organisms used.
Reactors are machines that chaino |l bdgamad
materials into desirable products.
They can be used for the production- o
catalysis processes.
lldentify the parts of abeasmdAtBramwdi €Ch

use

4

Fer men

which are available through

el ds minimum product or biom

ter

a S

(D
—

u f




Aseptic INOCUlaion = Pe—
post Stirrer sha
seal

-

Sampling port

x —w— Stenle
! air line

ASparger , pHBaGonter ol | er
B.Baf fdde Cornotl | er, Sparger

CBaffle , 1 mpeller, Sparger

DIl mpell er, Baffl e, Sparger

2. The-sscnadlel (seed fermenter) Dbioreact
a)-1® | itres
b) -20 | itres
c)-10 litres
d)-2D l|litres

Ans: d

3. The Batch cultwure is al/lan cu
a) Open

b) Closed
c) | solated
d) S-embsed

Ans: b




4. Which among them is Not true for bajtoc
1. The microbi al culture goes throyg
including | ag, expangnt aad, detath.

2 . Nutrients ar e added continuouslly
mai ntain growt h.

3. The ri sk of contaminati on I ngr e
fermentation progresses.

4 . The process S typically us eld
phar maceuti colreciwbereontr ol over gl o
required.

Ans: b

5.Strain i mprovement

Strain I mprovement I S an advanced bijot

various cellular pathways are modified b

I mprove the yield oftmat aboéi bepebdaoarcghk

Strain Iimprovements are directed toward

yield by enhancing substrate uti i zati

resi stance to phage infection, &etc.

One of t he cl assical e X a mpneend afsi rsg r

met hodol ogy i1 s the production of anti i

mut ati ons were necessaryPeoideheiom ahisy

capabl e of producing nearly 100 ti mes

produced by alhestofrBiegninci | | i um tnhoutsat mapk i

production of penicillin commercially fe

The pri mary genetic rout es t o strajn

mut agenesis for the <creation of genet| c

I mproved straifmisgat(i30)n iodfenitmproved stira

cul ture optimizati on of operational a

downstream processing.

1. State the principle used Iin mutant ge
mut agen.

AnsT-he strain is exposedttrosobemncdl ne
or physical (e. g. UV rays) mutagens p@an
characteristics are selected. e.g. nj|t




2.0A transgene may be added, whi ch encoc
metabolite producreidsnbyt ot hei eolrdgaa ne¢w
i nt ed wislt | t his be considered as str a
giving two exampl es.

Ans: Yes this can be considered as| s
transgene/ foreign gene S i ntroduc¢e
met hod ofi cgeemnegi neering results in i1mp
3.0When a eukaryotic gene is introducec
may not be al wadySsuggxeptesasnegd reason ajnd
overcome this.

Ans. When a eukaryotic gene (e.g.segla
in a proKdrayxatire al ) host, there are|a
tackl ed. -tbdi mgpnrodgitome eugangotmucst
excised. This requires use of reverse
Because t he bacterimdvedel ltpobdogansanoitpt
modi fication.

4 How to check the expression of your
required?

Ans: The foreign gene may be put undge
switch such that production of recormbi

unt il required.




Chapter 5: PLANT CELL CULTURE AND AP
SUMMARY: | MPORTANT POI NTS CONCEPTS & DEF
1. The wunique and the most character]| s
culture iIis the totipotency.

2. Cel | Totipotency is defined as the| a
i nto whole plants. Durli9n3g0 tahtet epneprtiso dw elr9e
culture the i1solated plant organ such| a
(194®70) attempts weraeempdant oticas d eals,
ant her s, pol |l en, cells and protopl ast s,

i n suitable nutrient media from culturjed
3. The whole ©plant can be regeneratedf

referred to acselelxspl ahhes masi c technijqgl
culture involves the following steps:

a) Selection of explants such as shoot| t
b) Surface sterilization of the explant
hypochlorite) and then washiadigstihlel @& pjWwa
c) |l nocul ati on (transfer) of t he expl

medi um (which i1s sterilizedt dii laiuzteod | acd
mi crobi al contaminati on) i n culture ves
i n | aminar eftl)aw cabin

d) Growing the cultures in the growth| c
room, having appropriat-¢ iplysiacgali fc¢acndil
photoperiod), -2@Mmp@Yy adamder €l at-608&) humildi
e) Regeneration of ppllaanntts tfirsosnu ecsu.l t ur e|d




f)Transfer of plants to the greenhousj|e
(hardening) of the regenerated plants.
Step 4: S| 4 : Shooting & rooting
4 . The major constituents of a cultune
nutrients, (b)) Organic nutrieexamp(e) abGri
(cytokinins and gibberellins ), (d) Vit a
thiamine, pyridoxine) and agar
5. Among the i1 norganic nutrients, besji d
(oxygen) . Additional 12 elements N. BP.
Mb), which are essential for plant gr ojwt
6 . Pl ant hormones play an i mportant r ol e
cultured cells in tissues.
7. An optimum pH uUusumbal gt &@&i ned.
8 . The choice ofromdpbhawtarspsecies to |s
I mportant media is MS media which was|]
Skoog in 1962.9. MS deals with cultureg ¢
under | aboratory condition (i vitro],
depemgiupon the organ wutilized for the c
10. Expl ant culture. The culture of pll &
Explant Cul ture. Explant cultures arej|g:
pl ant regeneration. Callus refers htioc han
are generally parenchymatous. Callus cjul




1. Plant regeneration,

2. Preparation of single <cell suspengpi
transformation.

11 Pieces of undi fferentiated <calli ar
continuousagitated t o obtain a suspensi
culture with single cells can al so be| c
either mechani cal (grinding the tissueg f
centrifugation) or enzymatic met hod.

12. Suspenstiuore ccan be maintained -Bayt camy
cultures and continuous cultures.

a) Batch cultures are initi2&t0ednlad | ;ais|kg
are propagated by transferring regulanl
a fresh medi a.

b) €omuous cultures, are maintained 1]
by draining out the used and adding fi e
culture or the addition of medi um I s Jac
equal vol ume of suspensi ordc ulotpierne c(onfjt h
culture™

13. Organogenesis means formation of agr ¢
Somati c embryogenesi s, t he totipote|nt
embryogenic pathway to form somatic ejmb
regenerate intoscomplete plant

14. Somati c Embryogenesi s I S i nfl uenjice
regul ators and by the physiological S|t a
met hods of pl ant propagati on, known afs
cul ture of apical shoot seriaxielmsarogn b
nutrient medi um.

Significance of this Method

1. Rapi d mul tiplication of superior
uni formity.

2. Multiplication of disease free pl an|ts
3. Multiplication of sexwually derived |st




Direct

organogenesis

| W, Rooting
—)
Root
organogenesis
Indirect s
Caljus organogenesis i h \‘f
Explants — L@ _ o Wl
Jt Shoot
o S organogenesns
N, T i Plantlets
{ e 'f Roohng
| — ' m
Direct I
Somatic ant @ flis ot A e
----------- - S Indirect Somatic embryogenesis
nbryogenesis Somatic )
embryo

Figure 5.10: Plant Regeneration Pathway

4 . The mi cargoat ipagrop i s rapi d and has
commercialization of Il mportant pl ants
strawberry, car damom, many ornament al
pl ants. Il n certain crops, and particu
becomes i bl e to produce virus free pl
the commerci al | evel. Il n the convent.
propagati on, storage and transport
transplantation is a major probl em.

16 The arti(falcssoalcasleleedds as synthetic
can be wutilized for the rapid and mas
as wel | as hybrid varieties.

17. The term "embryo rescue" is wused
and ovary <culturecasentcdei mbeachi ve

embryo. During distant hybridizati on,
early stage of development, so that no
18. Also it is very difficult to prodyg
l nteeeneti c crosses because of abnor mal
whi ch causes prematur e deat h of t he
formation of sterile seeds.
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19. The technique of hapl oi d product] o
culture as well ass ovariymneewlsteurwese i n| |
empl oyed to i mprove crop plants.

20. Triploid plants raised by endospejrn
seedl essness which is desirable i n cro|ps
21. Protopl ast Fusi on or i Sonoantei cofHy bjh e
I mportant uses of protopl ast culture. T
hybridization between species or gener a,
by conventional met hod of sexual hybrijdi
general | yr usuesd ofno of protoplasts eithejr
(interspecific fusion) or from two diye
speci es.

2 2. Il n 1972, t he first Il nterspliccdiicans
gl auamd. | angwaaer fpfrioid uc elds obny aCadr hi s g s
Later, Mel chers and his team in-gleh7ed& |d:
somatic hybri8cl eoreunvetembeondatol)ycaompder sij c
escul enttwmat o) and t he hybri ds ar e k n
Topatoes.

2 3. Pl ants hprusdaunade tof sophisticated C
These include chemicals that are requifr e
processes such as sugar s, |l i pi ds, ami
secondary met abolites such as al kal oi d
However, many of the secondary product s
are of I mmense use i n medicine.

2 4. Such compounds are produced iin pj|l a
therefore, t hey ar e qgui te expensi ve.




shi konin are ulteidngcopmrmed ci al |l vy I n I
bi oreactors.
Table 1. Few examples of industrially important plant secondary metabolites produced
through cell and tissue cultures

Product Plant source Uses

Artemisin Artemisiaspp. Antimalarial

Azadirachtin Azadirachta indica (Neem) Insecticidal

Berberine Coptis japonica Antibacterial,

Antiinflammatory

Capsaicin Capsicum annuum (chilli) Reumatic pain treatment

Codeine Papaver spp. Analgesic

Digoxin Digitalis lanata Cardiac tonic

Diosgenin Dioscorea deltoidea Antifertility

Scopolamine Datura stramonium Antihypertensive

Quinine Cinchona officinalis Antimalarial

Shikonin Lithospermum erythrorhizon Antimicrobial; Red pigment

used in lipstics & dye for silk

Taxol Taxus spp. Anticarcinogenic

Vincristine Cathranthus roseus Anticarcinogenic
25. Il n vivo gene banks have been made
by conventional met hods e. g. seeds, v
gene banks have been made tespueces-vé
conventional methods, i.e. cell and ti
26 . Freezing Storage or uCriyloipzreesset vat
preservation of cell-lawdt émpen®6A8ge i @
|l T guid nitrogen) for i ndefinite ti me
di methyl sul foxide, glycerol, proline a
2 7. Il n the directtheds, ttrreedsfereimgn g
delivered into the host plant cel |l wit
Transfection: Direct DNA upt ake by
chemical s | i ke pol yethyl ene gl ycol (
techniqgue estsbvohatfvcrtually every pro
transformabl e.
Mi croinjection: Here the DNA is direct
cells (specifically into thelOGumi eusmg
di ameter) glass neéetdkee or micro pip

n< @
o ~ Q

il
et
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El ectroporation: Thi s met hod i s baseod

Il mpul ses of high field strength.

Bi olistic: Il n recent year s, It has begel
plant cells is also possible, when hegv)
coated with the DNA of interest are bomt
ft per sec. ).

28. The biotic stress that pl ant s enico
pat hogens, nematodes, Il nsect pests an|d
where they are ootawasnteddppdgiel ds anid
by competing with crop plants for | i ghjt,
29. The most commonly empl oye@dodpptogal
herbicide target enzymes (uswually in tjhe
it beciomseesnsi tive to the herbicide. Al

variety of l nsect s, mites and nemat odfe s
yield and quality.

30. The transgenic technology provides
met hod t o | mpr ov emapneasgte me a ht rwohli-c hi einsd|l #
effective, Sustainable and beneficial i
(e. g. cotton, rice, mai ze potato. tomgt
with Bt genes have been developed.

Such transgenic vdreicdtiivees ipr ocvoend refl | i |ng
and it has been cl ai med worl dwi de thaJ

in yield along with dramatic reductiop
gene imparting the wvirus resistancentiss

are produced.

31 Abi otic stress response reactions |
rel ated osmol ytes i ke sugar s, eqg: tr
al cohol s, ex: mannitol, amino acids e K:
certain Proteinpregei Aetifreeze

32. The gas hor mone, ethyl ene, i's inpo
ripening. Therefore, ripening can be s|lc
et hyl ene production.

33. Mal e sterile pl ant s ar e very I mp o
poll i natitoon edndni nate the process of er
production of hybrid plants. These are




coding for an enzyme (barnase, whi ch |i
that inhibits pollen formation.

34. Il n 1990, C. Ma rmioamn iBedgd uomt saurcc e 6 $ f
gene construct having another speci fifc
tobacco) and bacteri al coding sequencse
froBmacil |l us amyl dloirqyefoadaican)n of tr an|sg
Utilizimgl e& hdtseri l ity bar nas29RiNase ) comn|$t
possible to Il ntroduce mal e sterility i
tobacco, |l ettuce, caulifl ower, cotton,| t
35. An additional maj or goal of the Wwseot
of transgenic plants and factories for
and pharmaceutical s.

36. Transgenic crops with i mproved nutjri
produced by introducing genes involved
mi ner al amiamad aci ds. For e-Aameglfeéci ¥§nt §inic
to night Dblindness and skin disorders,|
and Dr . Peter Beyer devel oped genetilca
known as " Gol den Rice') whivdah amisn beynr
i ntroducing t hree genes i nvol ved I n t
carotenoid, the precursor for vitamin
37. The nutrition quality of cereals Jan
deficiency of t he essenti al amino acg.i
me tihoni ne and tryptophan i mpul ses.

38. Transgenic plants can also be used t
used as edible vaccines. The procedurje
encoding antigenic proteins from the RHRat
edi blceivnees that are produced | i ke thits
l'i ke (a) Al l eviation of storage prob]e
feeding (c) Less costs as compared to]|t
by bacterial fermentation.

40 . Il n ordearhet d ooodl wreel ated probl ems and
production and crop productivity, GM Jor
becoming very popul ar .

The major concerns about GM-crops and |GN




1. The safety
example, GM fo

2 . The effect

3. The effect

of GM food for h u m@afno rja n
od may cause allergeniciity

of GM crops on biodiversjit

of -t@GM gerntomsndomemeaerf i ci al I

4 . Transgenes may escape through poll g&n
poltliuvon) and may | ead to the devel opment
5. The GM crops may change the fundamegnt
as the genes from animals (e.g. fish ¢r
crop plants.

6 . The antibiotic resistaoceoprmauker tgat
crops may horizontally transfer I nt o |mi
problem of antibiotic resistance i n huma
7. The GM crops may |l ead to the change i

However, wi t h

t hteh ei nacw aeraesree sisn about t|h e

hazards of plant genetic engineering an

| arge are now realizing the I mmense pgot
crops. We should make sure that peopl ¢

regultgtepolicies formulated and adopted

commercial wuse of GM foods.

CONCEPT MAPS

PLANT REGERATION

PATHWAYS

PLANT CELL AND TISSUE CULTURE

TYPESOFPLANT
CULTURE —

IVM & HAPLOID
N CELL SUSPENSION CULTURE CULTURE

P ORGAN CULTURE ’
REGENERATES WHOLE
[ EXPLANTCULTURE | o PLANT

PROTOPLAST CULTURE SOMATIC HYBRIDS &
CYBRIDS

ORGANOGENESIS

=y SOMATIC EMBRYOGENESIS
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~{_MICROPROPAGATION _|
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ARTIFICIAL SEEDS
H  EMBRYORESCUE
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SOMATIC HYBRIDS & CYBRIDS

1 |

.

.

PLANT CELL & TISSUE CULTURE

APPLICATIONS % Insect(Cry genes)

STRESS B Virus (coat protein)
P TOLERANCE
ABIOTIC g Herbicide

Glyphosate/Round-Up

Qualit

Edible Vaccines, Delayed Fruit Ripening

Others | —

Biodegradable Plastics

MULTI PLE CHOI CE QUESTI ONS

1.

(a)
(b)
(c)
(d)

Ans:

2.

(a)
(b)
(c)
(d)

Ans:

Who is known as the Father of ti ssu

Bonner
Lai bach
Haberl andt
Gautheret
(c) Haber/|

The

andt

production of secondary metabol

Meri stem
Protopl ast

Axi || buds
Cell suspension

(d) cCell

ary

suspensi on.




3.

(a)
(b)
(c)
(d)

Ans:

4 .
(a)
(b)
(c)
(d)

Ans:

5.
cul

a)
b')
c)

(
(
(
(d)

Ans:

6 .

embryos with

(a)
(b)
(c)
(d)

Ans:

7.

The pair of hormones required for a

Et hryd eAwx ian
Auxin and cytokinin

Auxin and Abscisic acid

Cytokinin and gibberellin
(b) Auxin and cytokinin.
What i1 s Dimethyl sul foxide
A gelling agent

Cryoprotectant
Chel ating agent
An Al kyl ating agent
C¢hpbprotectant.

The formation of embryoids
ture medium is due to

Organogenesi s
Test tube cul ture
Double fertilizati on

Cellular totipotency

Synt hest ilaac esegpadduced by the

Sodium acetate
Sodium nitrate
Sodium chloride
Sodium al ginate
(d) Sodium alginate.

Totipotency refers to

(d) Cellular totipotency.

used for|~

encapsul




(a)
(b)
(c)
(d)

Ans:

8. Which

(a)
(b)
(c)
(d)

Ans:

10.
appe

(a)
(b)
(c)
(d)

Devel opment of faucubktéorem fl owers

Devel opment of an organ from a cel

FIl owering in a culture medium

All of the above

(b) Development of an organ from
of the following is there@in

Cl onal propagation

Production of embryoids

| nduction of somacl onal wvariations

Overcoming hybridisation barriers

(d) Overcoming hybridisation barrji

n tissue culture of parenchyma, mi

Auxi n

Cytokinin

Gi bberellin

Both auxin and cytokinin

(d) Both auxin and cytokinin.

Il n which of the following conditio

ar ?

Pl ants raised in tissue culture

Pl ants expaosagd to gamma

Pl ants growing in polluted soil or

Pl ants transferred by a recombinan

af

i1t C

n S



Ans: (a) Plants raised in tissue cultu

11. Haploid plants can be obtained fro
(a) Anther culture

(b) Bud culture

(c) Leaf culture

(d)oR <culture

Ans: (a) Anther culture.

12. pllrmnt tissue culture, the callus ti
complete plantlet by altering the conc

(a) Sugars

(b) Hor mones

(c) Amino Acids

(d) Vitamins and minerals
Ans: (b) Hor mones.

13. Mriof the following is cultured to
(a) Embryo

(b) Nucl eus

(c) Apical bud

(d) Entire anther

Ans: (d) Entire anther.

14. Which of the following vectors 1is
management ?

(a) Agrobacterium
(b) Pl asmid

( cQos mi d

(d) Phasmid




Ans:
15.
(a)
(b)
(c)
(d)
Ans:

16.
(a)

spec
(b)
(c)
(d)

Ans:
spec

17.
comp

(a)
(b)
(¢c)
(d)

Ans:

(a)
Whi ¢ h

Agrob
of the
Et hyl ene

Cytokinin

acterium.

foll owi

growth horm

ng

Auxin

Gi bberellin

(c) Auxin.

Cybrids are produced by

The nucl eus of one rsopne chioetsh btuhte cpyat
i es

The fusion of two same nuclei from
The fusion of two different nucl ei
None of the above

(a) Nucleus of one species but =cy
i es.

Whitchhe offol | owi ng medi ums i S compos:¢

Sorbitol

ounds?
Natural medi a
Artificial medi a
Synthetic medi a
None of the above
(c) Synthetic medi a.
Which of the following chemicals a
i on?
Mannitol
Polyethylene glycol

0)

0ef
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(d) Mannol

Ans: (b) Polyethylene gl ycol

19. Which of the following plant cell s
(a) Cork cell s

(b) Meristem

(c) Sieve tube

(d) Xyl em vessel s

Ans: (b) Meristem.

20. What is Callus?

(al)i ssues that grow to form an embryoi f

(b) An unorganized actively dividing t
cul ture

(c) An insoluble carbohydrate
(d) A tissue that grows from an embryo

Ans: (b)) An unorganized actively divi dfi
culture.

21. What are somacl ones?

a) Plants chemically identical to the
b) Pl ants morphologically identical to
c) Plants anatomically identical to th
d) Plants genetically identical to the
Ans: d) Plants genetically identical to
22 What is protoplast?

a) Cell wal/l + Pl asma membrane

b) Pl adcelkl!l wal l

c) Cytoplasm + cell wall

d) Pl asma m¥cnybtroapnlea s m
Ans: b) Ploaet | cehbhl |




23. The typicalulpluaret nutsseatc medi um ¢
a)) norganic salts,a carbon source (us
acids , growth regulators and compo
coconut milk, malt extract, yeast e
b)) norganic saltso wict@ami nsgramwitim r eg
compounds | i ke casein hydrolysate,

yeast extract, tomato juice.

c) norganic salts,a carbon source (us
regul ators and compounds | i ke casei
malt extract, yeast extract, tomato

d) norganic salts,a carbon source (us
growth regulators and compounds | ik
mi | k, malt extract, yeast extract,

Ans a
24The explantsy pamr tbefanr he pl ant k e

a . piece of stem
b . | eaf
c. hypocotyl s
d. cotyl edon
lonly a true
2only a and b true
3only a,b, ¢ true
4a, b, ¢, d are true

Ans 4

25. I sol ated and pahlrlidricegd aostgsa ncerl | nist o
one species cantthe feciepgi evmnt hpr ot opl as
plant species is called

a)Organel l e transfer

b)Organel |l & uptake

c)Both a and b

d)Only b

Ans c

O
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26.1 . Preservation of t heeglesnetviegerteasa
gul es, etc. and n tvgiesoek rhgamrk sa s

| IPr eser vat igoenneotfi ct reesoufCeés Bhdotqghk
cul ture met hvagdesn@ banks

lonly | true

2only |11 true

3.neither I nor [ 1 i s true

4 bot h | and || are true
Ans : 4

27. For del ayed ripening the strategy

aby bl ockienWlggcomg et hyl ene productio

b. introducing ethylene forming gen

i ts own expression in the crop plant

lonly a

2. both a and b

3.only b

4 another strategy is to be used
Ans . Db

28. The produchymmi o thtorvelpdhsgr fusi on
f oc usé éon.

a) Agriculturally important traits

b) Somatic hybrids integrated into
programme

c) Extension of protopl ast roefgecnreorpa |

species
d) AlIl the above
Ans 4

29. T"Theatively highclyew&l nofn ééamvdon r teda
during organogenesi s.

a) Root formation

b) Shoot formati on

vre




c) Both root and shoot formati on

d) None of the above

Ans: a
30. Genesis of an entire plant from cu
cal limgirectly iIs called

a). Differentiation

b).-dbd ferentiati on
c).-dRéferentiation
d) . Regenerati on

Ans = d

ASSERTI ON REASON QUESTI ONS

Directianshe following questions, a st
foll owed by a statementrmondctreabBomince Mas|:
(a) I f both Assertion and Reason are t
explanation of Assertion.
(b) I'f both Assertion and Reason are t
explanation of Assertion.
(c) I'f Assertion iIs true but Reason i s
d) I'f both Assertion and Reason are f g
1 Assertlinonpl ant tissue culture, somatji
from any plant cel .
ReasoAmy viable plant cell can diffe
Ans : A

2. Asserti®he process of plaantb et iussseude f¢

faster vegetative propagation of ne
ReasonCell s in a callus are totipotent
An: A

3. AssertTlroamnsgenic plant production i S

ti ssue culture.

r €

cour




ReasoAn organism that contains and ex|pr
called a transgenic organism.

Ans: B

4 Assert&@@mdproteins are named so becaupe
proteins.,

Reasonln the acidic enviro@nmpnobtei nign.
are solubilinzeel @aadethexi c core fragm
photolytic action.

Ans: A

5.Assertlhen:process of plant tissue cult
faster vegetative propagation of neWw

Reasde:ll s in a callus are totipot enit
Ans: A

6 ASSERTI ONifrruese pl ants are regenerataed
meristem culture.

REASON Api cal meristem cells are degv
Ans: a
7 ASSERTIEONThe Somatic cell hybridizail.

alternative tilostabtahgwbngds.

REASOSomatybrihds are created by fus|n
di stantly related plants.

Ans: a

8. ASSERTIEONAuXxins taog et el dmatdt umei f cal l
i nduction I s desired.

REASONature and quantity of auxin add
and source of explant.

Ans: b

9 ASERTI ONMal e sterile plants can be [cr
pl ants with barBasel ese afmydmqui f aci

D




REASON Barnase gene under control of
RNA hydrolyzing enzyme in tapetal <c
formati on.

Ans: a

10. ASSERTILIONhere are no constraints
acceptance of transgenic crops.

REASONransgenic crops are compl etel
| i fe and can cause any threat to
Ans: d
SHORT ANSWER QUESTI ONS
1. What cedpbteotcly ?
Ans: It i s defined as the ability of
pl ant .
2. Which property of the plant cell S

Ans: The proper-pgt eofcyceild daxplioi ted t
cdls. Cepdtgamay is the ability of a pl
whol e Pl ant.

3. What is explant?

Ans: The excised pl ant part from whi
regenerated is called explant.

4. Which is the most commonly wused cul

Ans:heT most extensively wused nutrient
was developed by Murashige and skoog i

5. Which protein is required in cultur
Ans: Auxins.
6 . Whi ch chemical compound I S used

sténization of the explants.

Ans: Sodium hypochlorite.

e\




7. Name t he pl ant s for whi ch mi cr op
commercially.

Ans: The techniqgue of micropropagati on
plants | i ke banana, apple, etc.

8. Give two plxamps egr owvn using call us
Ans: Bwihejral | eaf explant is used to-grt
| eaf mesophyl | cells used to grow in ¢
9. What are Cybrids?

Ans: Cybrids are cytoplasmic hybrids c
and NMNuactled protopl ast s.

9. What are Cybrids?

Ans: Cybrids are cytoplasmic hybrids c
and nucleated protopl asts.

10. Wh at I's the namgeonfetilbesbmasici hy
potato and tomato?

Ans: Thentergenetic somatic hybrids b
are known as " Pomatoes" "Topatoes"
11. Name of few compounds used as <cryo
Ans: Di met hyl sul foxi de, glycerol, pro
Cryoprotectant s.

12. Name the Wwacasernat unal genetic enagji
AnsAgrobacterium itsauméhacibeamcsg eri a whi c
natural genetic engineer of plants.
13. Name the protective chemical I n  whii
in artificial seeds.

Ans: The paldmicdalvei s calcium al ginate,
14. Name the red algae from which the
Ans: The gelling agent agar desl iodbituam nae
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SHORT ANSWER QUEZTMAREKS
15. Enumerate the dcitfepenpagaépsoni metjhc
Ans: There are four di fferent steps I n
These-Saees
i . I nitiation of culture.
Ii. Shoot formation.
. Rooting of shoot s
I v. Transplantation
16. Write Dbriefly the benefsi ttshaaf abrieo dper
from GM pl ant s.
Ans: Biodegradable plastic which-is prjoo
Economic
Conserve nature
Eco Friendly
17. Explain how embryo rescue can be ufse
Ans | t I's very difficoltcase pfoduwunde|rb
i ntergenetic crosses due to abnor mal de
causes premature death of hybrid embiy
sterile seed.
. Novel hybrid is produced by exerci s
seedsamtappropriate time along with qul
Nutrient medi um. This i s known as embrjyc
18. Explain why Bt cotton flowers under
bees i n spite of being insect pest res|is
Ans: Because amut tbeerefsl iaerse not a pest anc
not cause any disease or harm to the
contact with the fl owers for nectar and
Hence, they only aid pollination and) | d
Cotton.
19. What are the two methods wused for |i s




Ans: Both mechanical and enzymatic mef{h

of plant cell s. Mechani cal met hods i nvol

suspension in a bottewed mgdifumtfation/

get rid of cel |l debri s. The enzymati g

enzymes (pectinasel/ macer ozyme) whi ch

bet ween the cel-tellukarthementeto rel eas

20.ha are the uses of cell suspensi on| ¢

Ans: The <cell suspension cultures are |us

a. I nduction of somatic embryos/ shoots

b . |l n vitro mutagenesis and mutant seljec

c. Genetic transformation.

d. Production of secondary metabolites|.

21. Whsatmeant by ' Golden Rice'"? I n what

Nor mal rice?

Ans: Prof . | ngo. Potrykus and Dr. Pet e

engineered Rice known as Gol den -Ri tca&miywrh

A by I ntroducing thrmeet ge nkeiso s yrntoh evteidt i

carotenoid, the precursor for vitamin |A.

i n col our because of provitamin A whic|h
SHORT ANSWER QUESTMARKS

22. Wh a t are genetic etnogimreeeatiengt lIea rfad lel

i n transgenic crops?

a . Herbicide tolerance

b. Abiotic stress tolerance

c. I nsect resistance.

Ans: Bi otechnol ogy strategies can be ys:

by application of chemical pesticides.

a . Weeds deecrceracspe Wihel ds and qual.i by

t
plants for l i ght, water and nutrie

y
nt

tn




achieved by engineering the crop by ope
enzymes. Plant becomes insensitive to |th
b . Trainsesgphants over express the genes
acids etc. which increases plant tol eranr
C . Genetic modification of Crops provic
pest resi sdrayngene .Ex

23. What was thea rrsameg eanfe talveaifl abl e f oy
of crop plants for pest resistance?

Ans: Cryl AC gene

2 4. The AgrobacteriumiNaturcaonsgamreteidc @B
pl ant s’ Comment .

Ans: Agrobacterium is known as the nafu
sicne t hese bacteria have nat 4DrNaAl od b itljh e
plasmids into plant genome upon injectfioc
cause an unorganized growth of a cell ma
F1 plasmids can be wuseddaealsi vgeernien gv eucstepfru
genes into target plant cell s and ti ssue
T-DNA regi eon acsfmiTdi i n place of unwanted]|s
25. What are the natur al secondary metjact
Ans: Pl ant s pracmmdissc eo ft hsoaumshi sti cat ed clh e
These i nclude the chemical s t hat ar e r
met abol i c processes such as al kal oi ds,
Shi konin S o bl iati medp efrrmum  emylt hiosr i z®@|d
anti micrombedl pi gment used 1 n | ipstics|
obtained€ihcbmna oiff iwcdechlas an anti maljar
26. Write two genetic engineering apppro
I mprove the seed protein quality.

Ans: We <can i mpirtoyw eo ft hper aqtueailn- i n t he spe
|l ntroducing the amino acids (containing
pea plant for removing the deficiency |of
. Modi fication of endogenous genes t|o

cereal s.




27 . What

Ans: Edi bl

whi ch ar
vaccines
ar e i sol

ar

e
Co
at

e edi bl e vaccine

e vaccines ar e t

eaten for vaccination/ i mmu
mpared to recombinant vacci
e d from pat hogens and e X

pl ants. Uses:

. Vacci
Tomat o.

. Feedi
di sease.

2 8. How
Exampl e.

nating Hepatitis and chol era

ng

ani mals sugar beets to vac

can t &k detrciteonai

Ans: Thi s i

proteins
achieved
amino aci

29. Wh a t

s achieved by using engi neé
i n a seed with more nutritio
by i nserting additionalesinriab
d with new one. Eg. Zein sto
I's the special precaution ta

pl ant bioreactors?

Ans: Pl ant cells can be cultured in sgp
whi ch essentiallyrder npas hpivanta el | s
|l n place of stirrer, gas is gently bu
as meet the demand of a higher oxygen

30. Wh a t

I s

protoplast cul't

Ans: Protoplasts hoaetphantel

enzymatic methods (cellul ases, hemicel
seedl ing, cal |l i, poll en grain, embryo
wall , they can be utilized for many pu
a) Varioclhhembical and metabolic studies.

b) Fusi on
c) Fusion

d) Genet.

0]

o

C

f t wo somatic ce
f enucl eated and

mani pul ati on.

s and what

he antigenstg

es of seed

ure? Write

teiwvhs!l wand

|l 1 s to crea

nucl eated

ar

ni

ol

pr




31. Write down the composition of nuttr|i e
Ti ssue cul ture.
Ans: The mo st extensively used nutri e
devel oped by Murshige and Skoog. | t co|ns
| norganic salts (bo-ehemaate)and mijcr
A carbon source (uswually sucrose)
Vitamins (e. g. hhtcami nec¢ pgrddoxi|ne
i nosi tol ).
Ami no acids ( e.g. arginine)
Growth regulators (e.g. auxins, cly t
Some ot her compounds | i ke <casein |hy
Malt extract, yeast extr a-cgtel ltgnagat|o
agar i s added to the | iquid medium f
32. How can the ripening of the fruilt
Il mportance can this serve?
Ans: The ripening of the fruit iIis delay
gene(s) to ssu@ppresssiian in the crop pl e
ripen sl owly. Due to slow ripening (e|th
can be exported to |l onger distances witt
shel f 1ife.
33 How do t he transgenic o | atnot s p ruogdeu
Bi odegradabl e plastics?
Ans: Transgeni c pl ant s ar e used as f a
engi nedreadi dopl anss produce PHB (poljylt
gl obules exclusively in their chl orop]l a
and develforponmaniteaves ex. Posruwll s .prodea ¢t
PHB i s easily achieved by extracting PHE
34. What are artificial seeds?
Ans: Artificial seeds ar e t he embr yos
chemicals |like calcium al gn nfartoem wdhe scihg cp
They can be wutilized for the rapid and
species as well as hybrid variety.




Encapsulated in protective chemicals

They can be wutilized for mass presp aagsi

hybrid variety.

The diagrammatic representation of an artificial seed. The artificial seed coat (A),
somatic embryo at torpedo stage (B) and artificial endosperm (C).

35. Who first attempted to cultivate

cells on a simple nutritive medium? Me
Ans: Gottlieb Haber |l andt was t he fi
mechanical I sodfatcoedl| Ipd aomnt d esi mpl e nut
Contribution: Concept of growth hor mon
the cultivation of artificial embryos

LONG ANSWER QUESTMARES EACH

36. Describe Bioethics iinnglant genet.
Ans: The GM crops are fast becoming a
the world because of their contributi
and to global food and fiber security,
i ndustry However, atske@ccanedr aviinths publ
transgenic crops continue to be I mpor
communi ty. Tr foll owing are the major

GM foods.

1. The production of genetically modi
reactions in the | ong run.
2. Transgenic plants may | ead to prol

i nsect strains.

3. Overuse of Transgenic plants has t
weeds.

h
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4 . Over growth of transgeni c omaydelveed dp pt

i nto weeds.

5. Some transgenic plants carry the ge
which is I|Iikely to alter the basic nat
di seases.

6. The GM crops may | ead to the change

7 . The antibiotic resistance marker g
crops may horizontally transfer I nt o
problem of antibiotic resistance i n hu
Bi otechnology is a doubl e edgierde! sywoorn
manner of its application. Science & t
the society and drifting from its trag
and |l ead to unknown hazards.

CASE BASED QUESTI ONS

1. The GM <crops may | ead to thleutc oam
pattern.

Unfortunately, the public debate over
gene technology suffers from an astol
mi sunder standing and mani pul ati on. I
accumul ati on of etvyi damd e efoff i csiaefnec vy , 3
absence of any evidence of harm to th
the environment, more and more consum
because of the i1increased awareness al
genetic @emgi MFeuertiher , the transgenic ¢
corn and soybean) which have already
carry a | abel, . e. GM crop or GM
subjected for the extensive fieldl artr ee¢g
wild species and competitive perfor manr
as per the standard regulatory polici
commercialization. Il n fact, i n 20009,

25 countries <culithilvatmedhek3Ares (330

crops that were genetically engineere

del ayed fruit

ripening and i mproved oI
crops planted fro

m 1996 to 2009 is sho

gs




GLOBAL AREA OF BIOTECH CROPS
Million Hectares (1996 to 2009)

200 i “Trait Hectares”
1804 —¢— Total Hectares [l 25 Biotech Crop Countries
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A record 14 million farmers, in 25 countries, planted 134 million hectares (330 million acres) in
2009, a sustained increase of 7% or 9 million hectares (22 million acres) over 2008.

O i Mt oo ARAN

l.What are trcansgens? Give two exampl es.

Ans. Genetically modified crops are kn
savr tomato and Bt cotton

2 . From the above given data enumer ate
hectors) from 2006 to 20009

Ans: 110 millionmhédt ame hretcd aXT &G .
3. Why do biotech crops suffer from pu

Ans: Biotech crops suffer from a publi
mi sunderstanding and manipul ati on.

oV

bl

4 Ewen after so many misconcepstiaornes ,notwh e

being gl obaléJuysactgpbgdgi ving reason.

Ans: The continuing accumul ation of e
and the complete absence of any wevide
ani mals as well as the environmemg,Kh a
becoming comfortable to accept biotech
million farmers from 25 countries cul
mil |l ion acres) wi t h t he cCrops t hat

herbicide, I nsect rfersiistt ancegenidred apned

quality.




2. Arti ficial seeds

An artificial seed (also called a synt he
manufactured seed) Il ncludes a range of
somatic embryos, buds, s hoaot st,i ssruest henr
coating, t hat can be sown in the sameg
produce a new plant. The coating may |be
soluble and may al so enclose nutrientspg
additives deemed.neagxcoarmryhi zal fungi , f

bacteriocides).

The artificial seed producti on techni c
propagation t o cultivate somati c e mbr y
endosperm and constrained by an aritciifailc

seeds represent capsules with a gel e n
somatic embryos but also axillary angc

segment s. Expl ants such as shoot tips,
embr yos ar e encapsul ated iinal crlyiokper o big d
alginate gel, ethylene glycol, di met hyl
can be developed into a plant. The co¢a
mechani cal damage during handl i ng and
conversion t o occung wuhHewstr abnldeucvwvarji a
behave I i ke true seeds and sprout il n

conditions.

1. Synthetic seeds are

Aartificially synthesized seeds
Bsomatic embryos encapsulated i n suifla
Cseeds of plants modified genetically

Dnonet bése

Ans: b

2 . Somati c embryoids are

Al denti cal with zygotic embryos and Wi
Bidentical with zygotic embryos and Wi
Cnondenti cal with zygotic embryos anjid
Dnondentical with zygotic embryos anjd
Ans. b

3. Which of the following is not true |ak




A. Can be stored for a year without

B. Easy to handl e

C.Can be directly sown in the soil
D. Need hardening in the green house
Ans . D

4. The encampsafl azomati ¢ embryos can be
A. automatic encapsulation process
B.gel complexation
C.both (a) and (b)

D.coating proteins

Ans. C

3. Mi cropropagati on

The tai mropr opbagdteiren t o-sthkeel mubeipli¢

plants by bud proliferation or bud ind

vitro . 1t is implicit that when micro
an alternative t o vnme,qgetthaet ipvlea nptrso ppargoad u
trueda ype, free of pathogens, and free
| atter are environment al organi sms t ha
explant at establishment of the tissue
subul ture steps in multiplication. Veg
the field is a slow process that is de
requires | abour for pesticide treat men
from crop infectiontiocr danods sbidoutei ct os tarbe

drought and disease, respectively.




1 Arrange the below given flow chart

1 Explant
2 Iﬂiﬁaﬁl}r_‘.l\ of culture
3 Inoculation
4 Hm‘thg
5 Ru.n{.ting
6 Surface S;Lilizaﬁun
7 Shooting

Ans -6-312-7-5-4

2.Do you think micropropagation i1 s a
significance i n the fieldiwmnfg asagrnitad

reasons t o support your answer .

Ans: Vegetative propagation of pl an
in agriculture, horticulture and fofy
mul tiplication of wuniform materi al
Traditiondhd onfetvheoget ati ve propagati c
budding, grafting, corms, tubers an

The main problem with this meattheadksiiv
| ow productivity and seasonal . Thus

propagaktnioonn, as ' mi cropropagation' t
probl ems mentioned above.

3. Could we sterilize the plant tissue
not ?




Ans. No, delicate cells cannot be d
the procedure has a hieghrt empematsure
materials wusing high heat we woul d

Why i s a sterile environment i mport

Ans. An environment t hat has been
be free from all bacteri a, Viruses




Chapter 6: ANI MAL CELL CULTURE AND

SUMMARY: | MPORTANT POINTS, CONCEPTS &
1)The process of growing of cells und
Cel | Cultlure s carried out in wvitro
in vivo ('"within the |iving').

2 Ahomogenpopul ation of cell s deri vec
cel | I's called a clone. Therefore,
are genetically identical

3)Thegr owt h rate of asi mal atcieveélsy sl g
require 18 to 24 hour to divide. Th
vul nerable to contaminati on, as a s
soon outgrow a | arger popul ation of

4)The ani mal cel | culture became a r
19504 eaf George Gay establ i shed( Hél)ea
from cervix cancer

5 Advantsage ani mal cell culture:

T

=A =1

= =4 =8 =4

Homogenous

Control | edc hpehnyisciaclo envi ronment .

Easy t o
( RNAI ) .
Avail abl e
Easy produ
No et hical
Cost effec

a

genetic

dd genes
I n
cti
cl
tiv

on of

e

6)Di sadvandfagarsi mal

c el

adequate

earance
screeni

popul ati on.
(Transfection)

numbers to
bi ophar maceut:i
required.

ng assays.
cul ture

T Smal |

1T Sca-lbp
T May no
7)Lar ge
produced
for
8)Fetaumse of
T Ani mal

T Nutrit

T Depend
can be
nutrit

S i
I S
t

proteins

n

ze (high sensitive techni
chall enging.

represent in vivo phenoty
or glycoproteins of

bacteriaus@alhgiesopr amp mad

l-saa glee
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I ve
I ng

ma |
| | s

me d i

on

gr own
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I v e
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gr own
need
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t hey

apeuti g
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T Anot her I mportant feature of ani
and fill the surface of the cultu
(contact inhibition)
T I n ani mal cel | the major di fferen
I nt er accte-hobntsr,i x i nteraction, | ack
architecture and alteration I n
environment
9 Di fferences i n growth patterns in
uti |l i zed by Oncol ogi sts (cancer bi
t umouarrse cancerous ol Yy fusn maytdi on
10) The <cell culture can be <cl assi fi
secondary cell culture.
11) The mai ntenance of gr owt h of t h
conditions in suitable cul tpoun enaangldli
cul ture
12) Primary cells can gr ow neintoh eary ea s
a suspension
13) Adherent acellussually derived fro
such as kidney where they are not
connective tissue
14) Suspemsiceel |l s do oot haet saclhate of
vessel Virtually all suspension cu
bl ood system
15) Primary cell s bybtdaiisnaegdgr egati ng
mechanically or enzymatically to pr
16) Thenost frequentl yesfsoagd seempzayrmat i ng
a given tissue (dispersion)trarpesiar
coll agenmlaste cl eave t he proteinaceo
bet ween cells in a tissue
17) Thedr awbacks of pri marey thahtt urheey
consuming amd rtehgegu use of l i ve ani
There can be considerabl e vari at.i
anot her particularly i f prepared by
18) Once the primary culture i s sub
secondary acruldgeaiaendary cell | ine.
19) Sub cul taurihgplitting cell s, " I S
provide fresh nutrients and growing
cel | | i nes
20) Thdedrequency of emubdehsiuryey of cel
depends on t hei ccshaacfacdaeah sdcel |l type.
frequently or at too | ow a density,




not split frequently enough, the celll
di e

21) Sufulturing :i nrveommoweisng t he growth 1
the pldatsessociating the adhered cel|l
(e.g. with trypsin), although some [e
pi petting or gentle scraping), and |di
fresh medi a.

22) Rous and wemesfirst to i ntredurzydane
trypsin for the subculture of adhergn
23) Someti mes, certain cells of thesi
spontaneously be¢odmansafl)dremmeedi gi ve r
continuous oéalilchl ismesy | mmortality

24) Cel |l | i nes are cattyemas ifzierdi tientme Itfjlwc
continuous .ceFiniltienecel | l T nes are|t
have a | imited |ife span and grow ¢t hr

generations.

FINITE CELL LINES CONTINUOUS CELL LINES

Show Mortality Immortal
Have Contact Inhibition No contact Inhibition
Show Anchorage Dependence No Anchorage dependence
) l
Form Monolayer Multilayer formaﬂion
Slow growth rate (24 to 96 Hours) 12-14 hours for cell division
Low Density High Density (Smaller and rounder)
Ex: Normal cells Ex: Hela, CHO, Cos-1 (Mammalian Cell
lines)
25) Cel |l |l ines transformed wunder I n | vi
conti nuolusl icred s .
26) Most mammal i an cel | cul tiumewbaamge
mai ntained at 37AC
27) TheH is | mptoatmaitnt ain proper ion
functioning of cellul ar enzymes and

growth factors to cell surface recept




28) Theaegul ationi sofdom¢ using a vari
Ssystems.

29) Sal t, glucose and amino acids 1in
thesmol ality of .the medi um

30) Culture me &i uom e of t he mo s t I m
culturing cells and tissuags.i edhdam
culture systems is the growth medi u

31) Nutrient en@t @i ns l norgani c s al
essenti al for ani mal cel | culture a
promote cell proliferation.

32) sodium bicairmhotntae emedi udiu gler flotr ens
used as a <carbonate source and It
mai ntaining the appropriate pH and

33) pH indicatorery helpful I n monit
culture medium in an incubator.

34) Phenol (rpeHd i ndi cator) I nto y ecl |
conditions while highly alkaline co
pink col or.

35) Seruims one of the most i mportant
culture, as it supports <cell prol i
culture vessel s, Serum T sBowd s amian oS
hor mones, l i pi ds, vitamins, pol yami
such as calcium, c¢chloride, ferrous,

36) Antibiotics such as penicidrld nofa
used i n culture medium to comntlr odn
fungal <contaminant

37) A cell culture | aboeg@uiop melmrstkse u It d
culture hood, CO incubator, inverte
doing animal <cell culture work

38) Theaminar Air FlowalllLdAw)t heowdsr k
free cohf csount ami nati on.

39) ALAF hesdentiall ywpeffuoacms ons:
1. Protects the tissue culture fro
sterile environment).

2 . Protects the operator from the
infection risk)

40) LAF hood: b@rsishef the nature of
hoods are grouped into three types

41) The LAF hoods have continuous di
passes through a high e(fHERA)ent hlatp

moves particulates from the air

dt

earr




42) CO2 im@ztwuwomi ntains the constant te
the sterility of the chamber, an a
carbon dioxide and high relative hu

4 3) A pan ofi svakept ati naltlhet iimesubato

to maintain high raenldatprveev emumidde stiyc
culture medium and maintain the cor
44) The ani mal cell s are gr o5an0 % nC @&2n
45) Aninverted micsossepdefor visualiz
situ.

46) Several medically I mpor t amtl s p rhoai
been produced wusing ani mal cel |l cu

technol ogy

47) t-PATissue plasminogen activator
produced by mammalian cell culture,
di ssolving blood cl ots ttPhrAati scaa as ¢
conversion of pl asminogen to pl asm
di ssolving blood cl ots.

t-PA degrade
Plasminogen——— Plasmin —— Fibrin ———— Dissolution of Blood
(Inactive precursor-enzyme) (clot) Clot
Introduce into mammalian cells
S T
- PA gene
Mammalian cells in
petri plate
' n U
~ Transter in Fermentor Mammalian cells
secreting 1-PA

Fig. 6. Production and mode of action of tPA.

48) EPOErythroposeti mor mone | i ke subs
the kidney in response to hypoxi a
(l ack of oxygen).

49) These efuEPO I s advaoveargeblusod tr
as it does not require donors or tr
of transfusion associated disease i
50) HUEPOrecombinant human erythrop

producedChsnpepge Hamst(EeCH®Vvaaegland&int
effectively usedofnabhbmi areantetmaehtf a




51) Li ke EROtori svldllso a glycoprotein
bl ood clotting. Used to treat Haempp
trethaemophilia B
52) Antibodickes tdimpecific domai ns b f
(antigens) ebnowpeas
53) Monocl onal anarbodpeeducdegbribyl oma
technol ogy.
54) Hybridomas ar e foubstianign ean bgnti body
|l ymphocytes <cell andl .a (My esl polneae nc ecl ¢ |
I mmund zwi th red blood cells from shege
55) Myeloma-behé marrow tumor <cell

Antigen
\40_.; Q.- —-‘: ~
= ST 09000
N N
- \:'i%{ / Myeloma cells
(HGPRT-)
Spleen cells
e €0 00 | o
(3OO C) | 1.Culture in HAT medium
SRS 2. Test each supernatant for
P L__J' antibodies

3. Clone each (DO
pnsitivc culture '

( ,l J G @&
& i 4 Test each supernatant for
I_' YO }r) (j_‘_)?('_'} antibodies
] ) 5. Expand positive clones
!eooo‘

/ Propagate \ o =
.l N

oooo R

In vitro l l in vivo

Harvest monoclonal antibodies
Fig 2. mAb generation by the hybridoma technology

56) Polyclonal aAnret idseeaeriaved from many e
t hey ar e heterogeneous antibodies t
epitopes on an antigen.
57) Generally monocl| odkaT ARt iubsoeddy f qr
treat ment of acute renal all ograft T e
58) OK®B3was the first monocl onal anti| b
the treatament ofejection in clinics




Liver perfusion

! ; Recipient
Donor Liver graft | Portal vein P

) LT
»
MY WIS

ot © p
Y Extraction of lymphocytes ! 1
s ’

P ok vy from liver perfusate
"
IV infusion of
‘f. activated lymphocytes
. 3 days after LT
< N .
oy -\ ° l.‘s_

s "ok, £ SN
o

Stimulate lymphocytes with IL-2 for 3 days
Add OKT3 in order to deplete T cells

Fig. 8. Adoptive immunotherapy with OKT3 during liver transplantation (LT).

59) T-celpbay an i1 mportant role i n re
transplants so patient needs suitahb
OKT3 is hence highly effective the
acutenal allograft rejection

60) Herceptin (tr)asitsuzaoma@ahoalnti body
for therapygptaoade elareé gst cancer that
growth factorpoRsaceapteor( HHER2 +) .

61) Stem caidéscells that retai-nendéw
we |l | as produce progeny. They artea ci
potentials the range of distinct ty
give rise |like skin, bl ood and int
continuous renewal throughout | i fe
number of <cells that retlaifrertali e pg ot
such | osses.
62) The formation of blood cells i s a
63) A typical bl ood ccealnl Dbfeor dniav if daud
stages
a.Stem aodlilch retains therenaepnacity t
b.Progenitormwhicehl shave |-r mnewdl seh

greater capacity to differentiate.

c Precur sorwhcelhl shave no capacewy
di fferentiated.

d Mature whildls are those which neit
to renew or di fferentiate tredry
di fferentiated.

ol |

h e




e

Gliat cell

Fig. 10. Cultivation of adult stem cells from bone marrow and their
differentiation into specialized cells.

6 4) Embryonic sterme cedllls | i nes

i nner cel | ma s s of fertil
transforming agents.

65) The field of stem cel |l
Ernest McCull ochlTidahdadamée

MI ND MAP

\
Secondary: Subcultured Cells (Cell
Lines)

Production of EPO, tPA, Factor VIl
& X

pH:74
[ Hybridoma Technology

Osmolality: usion of mAb producing B cells & myeloma

cells. mAb Based drugs: OK3 (Renal
300mOsm s 0

Transplantation) & Herceptin (Breast
Cancer)

Inverted
—  Microscope

MULTI PLE CHOI CE QUESTI ONS
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1. Name the type of culture which is pfle
from the tissue of an organism to culfu
a) Primary cell cul ture

b) Secondary <cell culture

c) Cell | i nes

d)rd@nsformed cell cul ture

Ans : a) Primary cell cul ture

2. What is a cel/l l i ne?

a) Multilayer culture

b) Transformed cell s

c) Multiple growth of <cell s

d) Sub culturing of primary culture

An d) Sub culturing of primary culture
3. Which of the tbokel mwjog FTanbdbOifon of |th
A) Promotion of tuber and bul b format.
b) Stimulate cell gr owt h

c) Enhance cell attachment

d) Provide transport proteins

Answer a) Promotion of twuber and bul b f
4. Which of the followingti daonomial aclas$ic
culture?

A. Sterile environment

b. Appropriate growth medium

C . Uncontrolled temperature and pH

d. Adequate oxygen and carbon dioxide || e
Answer: ¢. Uncontrolled temperature anjd
5. Which of the foll owi ngamnsnad aocrmmorc ¢dh
A. Optimizing growth conditions

b. Avoiding genetic drift

Cc. Minimizing contamination

d. All of the above

Answer: d. Al of the above

6. Ani mal cel |l culture deals with

a. The isolation of cells from ani mal |t
b. Surgical fioteremmtalonof tissues or |Jor
C . Cells placement into an environment| (
survi val and proliferation
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Essenti al
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Bi oengi nee
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swer : d. Al
. Which of t
Smal | Si z
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east cancer
Herceptin
OKTS3
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none of t h
swer a. Her

above

I of the above
requirements for growth o
mperatur e

strate for an attachment
or that maintains the <cor
above

I of the above

re techmi gueolhasn weherc hu g
genetics

cal analysis and surgery
ring and pharmaceuti cal i
above

I of the above
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v al
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unec

above

I of the above

he following is NOT the
e (high sensitive technigqg
l engi ng
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12.
A)
B)
C)
d)

Ans

13.
a)
b)
C)
d)

Ans

14.
a)
b)
C)
d)

Ans

15.
A)
B)
C)
d)

Ans
16.
A)
b)
c)
d)

Ans

Whi ch of the foll owiageief
Small size (high sensitiyv
Sagpl a s challenging
May not represent in vivo
none of the above
wer d. None of the above
Haematopoesis i s
formati on of RBC
Formation of pl atel ets

WBC formati on

none of the above

wer a. Formation of RBC
haematopoesis occurs 1 n
spl een

bone marrow
both

none of the above

wer cC. Bot h

Which of the following 1is
Small size (high sensitiyv
Sapl a s chall enging

May not represent in vivo
none of the above

wer d. None of the above
Which tissues are subjecte
bl oo

i ntestinal epithelium

skin

Al | of the above

wer d. All of the above

. Subculturing involves
removing the growth medi a
di sassociating the adhered
diluting the cell suspensi
Al | of the above

wer af tAhé above

Nomi mak
e technig

phenotype

NOT utt Harr &i

e technig

phenotype

d to contji
cell s
on i nto f

dli

I €



1. Adher e

8. Mode of growth is monolayer 1in
finite cell | i ne
continuous <cel |l | i ne
ot h
none of t he above
wer a) finite cell Il i ne

9. Growth rate is rapid in
finite cell | i ne
continuous <cel |l | i ne
both
none of t he above
we)r cbhonti nuous cel |l | i ne

O. Which of t he f ol

wing is NOT true
I cal f

| o
required to periodi |l y provide r
Splitting of <cell s
needed to grow secondary cell Il i ne
form primary cell |l i ne
wer d. Form primary cel |l Il i ne

| 1 s ar e
om connective tissue
not m o

Adhere

nt
deri ved
b i
t ssel
t

e
Al | of e above
wer d Al | of the above
most commonly used enzymes for sepa
Pepsin
trypsin and coll agenase
Cbymypsin
none of the above
wer b. Trypsin and coll agenase
3. Cancer cel |l s
are rounded
pile up on each ot her
| ose contact inhibition

none of t he above

wer d. Al | of t he above




24. Which of the following is feature o
A) Ani mal <cell s can be grown in gl ass
b)They can be grown only for | imited ge
c) they divide and fill the surface of
growi ng

d) All of the above

Answer d. Al of the above

25When cel lassdgmrewch the walls of the <c
confluency) they stop growing further
a) Colony formation assay

b) transformati on

c) infinite cell l i ne

d) contact i nhibition

Answer d. Contact inhibition
26Homogenous popcwelldtsi odreroafved from a si
call ed

a) Clone

b) Stem celll

c) Epitope

d) none of the above

Answer a. Clone

27. First cell | ine established 1is

a) He L a

b) Hybri doma

c) CHO

d) none of the above

Answer a. Hel a

28. Advantages otuaei malk cell cul
a)Homogenous genetic popul ation.

b) Control |l-elde pmihya&li convironment

c) Easy to add genes (Transfection) or
d) AlIl of the above

Answer d. All of the above

29. Ani mal cell vulnerable to contamina
a) girheewt h rate of ani mal cells is rel
b) uswually require 18 to 24 hour to di

ti

Vi




c) a small number of bacteria would so
ani mal <cell s.

d) All of the above
Answer d. Al | of t he above
30. Stem cell s have

a) cgphoitenew

b) formed from I CM
c) differentiate
d) All of the above

Answer d. All of the above
31.Who amongst these were the first to introduce proteolytic enzyme
trypsin for subculture of animal cells:
a) Kohler and Milstein
b) Rous and Jones
c) McCulloh and Till
d) Smith and Nathans
Answer b)Rous and Jones
32.Which of these is NOT a function performed by sodium bicarbonate in
animal cell culture:
a) pH Maintenance
b) Acts as carbonate source
c) Maintains osmolality
d) Provides sterility
Answer d) Provides sterility
33.Whatis the need of a CO2 incubator in animal cell culture?
a) Maintains pH and Sterility
b) Maintains high relative humidity
c) Maintains high temperature
d) All of these
Answer d)All of these




34.Which of the following gene transfer methods in animal cells need
HEPES buffere d saline?

a) Lipofection

b) Microinjection

c) Electroporation

d) Calcium Phosphate mediated
Answer d) Calcium Phosphate mediated

35.Match the following and choose the correct option:

Therapeutic Use
Proteins
)] Factor A) Cancer
VIII Therapy
i) FSH B) Stroke
i  T-PA C) Infertility
iv) L2 D) Haemophilia A

A.i->B,ii ->A,iii ->D,iv ->C
B.i->D,ii ->C,ii ->B,iv ->A
C.i->C,ii ->D,iii ->A,iv ->B
D.i->A,ii ->B,iii ->C,iv ->D
Answer b)i ->D,ii ->C,iii ->B,iv ->A
36.Which of the statements regarding inverted microscope is true?

a) Optical System is at the bottom while the light source is at the top.

b) Optical System is at the top while the light source is at the bottom.

c) Both Optical System and Light Source are at the top.

d) Both Optical System and Light Sour ce are at the bottom.
Answer a) Optical System is at the bottom while the light source is at the
top
37.Which of the properties of multipotent stem cells is NOT true?

a) They are lineage restricted




b) They are adult stems cells
c) They can differentiate into allty  pes of specialized tissues.
d) They act as the repair system for the body.
Answer c) They can differentiate into all types of specialized tissues
38.What is the expansion of ICM that are used for embryonic stem cell
culture?
a) Interior Cellular mass
b) Inner Cell Mass
c) Integrated Cell Mass
d) Inside Cellular Matrix
Answer b) Inner Cell Mass
39.What is the principle behind Gene -Knock Out?
a) Homologous Recombination
b) Homozygous Relocation
c) Homologous Relocation
d) Homozygous Recombination
Answer a) Homologous Recombination
40.Identify the correct order of sub culturing of animal cells in culture.
a) Washing the plate -> Removing growth media -> Dissociating
adhered cells -> Diluting cell suspension into fresh media.
b) Removing growth media -> Diluting cell suspension into fresh
media -> Dissociating adhered cells  -> Washing the plate.
c) Diluting cell suspension into fresh media ->Washing the plate ->
Dissociating adhered cells  -> Removing growth media.
d) Removing growth media ->Washing the plate -> Dissociating
adhered cells -> Diluti ng cell suspension into fresh media.
Answer d) Removing growth media  ->Washing the plate -> Dissociating
adhered cells -> Diluting cell suspension into fresh media.
ASSERTI ON REASON QUESTI ONS




Directiaonshe following questiong,s a st

foll owed by a statement of reason. Mar
(a) I'f both Assertion and Reason are t
explanation of Assertion.

(b) I'f both Assertion and Reason are t
explanationnof Assertio

(c) I'f Assertion iIis true but Reason i s
(d) I f both Assertion and Reason are f

1 Asserti OKT 3 is used to prevent gr af
transplantation

ReasonOKT3 blocks i mmune cell s whioch
Answer : A
2. Assernin CO2 incubators are required f

ReasonCell s arel@¥%o@w@2.i n 5
Answer : A

3. Assertion EPO is produced using CHO o
Reasonit S mor e benefici al t han b |
patients.

Answer : A

4 Asserti OKT 3 is used to prevent gr af
transplantation
ReasonOKT3 blocks i mmune cell s which

Answer : A

5.Asserti HBPES buffer is really expensi
Reasonit has superior bufferimgdiZcdpaci

Answer : B

6 Asserti 8alection of proper growth me:q
critical stage for animal <cell cul turn
ReasonAppropriate media selection wi
to be cultured and on the requirewmeh
di fferentiation and production of desji
compounds.

Answer : B

7. Assertidntibiotics such as penicilli
culture medi a




ReasonAnti biotics are essential for grc
Answer : B

8. Asscemrt Bome additional approaches areg
cell culture products

Reason The serum in t he cul ture me di ja
purification and I sol ati on of cel |
phar maceuti cal compounds

Answer : A

8 Asser tAnoinmal cel l culture vulnerable |Jto
ReasonGrowth rate of ani mal cells i
requires 18 to 24 hours to divide.
Answer : A

1Q Asserti Al | cel |l s wi t hin a cl onal p C
i denti cal

ReasonA homobgepopul ation of cells can
single parental <cell termed as a cl one
Answer : A

VERY SHORT ANSWER QUESTI ONS

1. Which serum is always added in the
culture?

Ans: Fet al calf ser um.

2. Which filter Bbedilizes the LAF

Ans: Hi gh Efficiency Particul at e Air
chamber .

3. Wh a't I's the difference between monpc
antibodies?

Ans: Monocl onal antibodies bind very |st
antigen. Paontyicd @mal on the other hand J|ar
cells and contain heterogeneous antibpd
epitopes on an antigen.

4. Write down any two features of ani mal
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13. What is growth rate and doubling ti
Ans: The growth rate is slow and dou
hour s.

14. Whnyaiinst ai ning pH important i n ani mj
Ans: pH i s 1 mportant for mai nt ai ning
also for maintaining opti mal function
binding of hormones awcel drowtrii atectrerce
15. What is role of bicarbonate source
AnsThe Dbicarbonate content of t he medi

i ncreased CO2.

1. Define the foll owing

(') Sub cul tumitnge(lll )(ITAdhRherSauspensi on
Ans: (1) Sub culturing: Sub cul turin
medi a, washing t he pl at e, di sassoci a
enzymatically (e.g. with trypsin), alt
repeated npmi poerttgentl e scraping), and ¢
i nto fresh medi a.

(i1) Adherent cel |l s: Cells which grow
adherent dependent are called adherent
(i1) Adherent cel |l s: Cell s whinehveagsoeavl
are adherent dependent are called adhe
(ir11) Suspension Cultures: Cells which
culture vessel and grow in a suspende
are called suspension cultures.

2. What i1 sonth&ndaenpof pH while culturing
mai nt ai ned?

SHORT ANSWER QUESTI ONS




Ans: Regul at i-coenl |aufl ae x tareatl | uhar apH i s
survi val of i ndi vi dual mammal I an cel |
bet ween 7 and 7. 4.

The pH is important for:

I . aMntaining the appropriate i1 on bal an
cellular enzymes.
. Opti mal binding of hormones and gr

The pH is regul ated t hrough bufferin
bi car b-o2t esy st em.

3. . What aadrveanttlmegges of using establish
by the scientists?

Ans: The advantages of using establis
characteristics, media requirements atl
are established andentthdroagf drhe ©canvweirtii s
4 . Wh a t determines the osmolality of
cell s?

Ans: The osmolality of the medium usg¢
formul ati on. Salt and gl ucose ar e t
osmol ality dafumt hel m@ough amino acids
significantly Osmolality i s checked di

5.a) What is EPO? What is it used for?
b) Why is it advantageous over transtf

Ans: a) EPO is recombinant -HuB®&0)odpyteh
using Chinese Hamster-HoEROYyiIi €seVilrtualels
endogenous hor mone.

| t iI's effective in the treat ment of a
Cancer chemotherapy and chronic renal

b) The wuHsueEPOOd irs aduwanbage bl ood trans
require donor s, transfusion facilitiets
patient receiving the bl ood.




6. What are the inner mass cell s? What |ar
Ans: | f we fertilize a nioiussseu ee gcgul armud g
fertilization), It IS observed that alf t
which are dividing get accumul ated injo
i nner cel | mass (I CM) cell s. These <cell
cultwume the presence of Il rradiated filbr
these cell s

[ Could retain the characteristics off
prolonged culture and extensive mani pul a

Were able to reintegrate égéhgr amne/oi

—_ -
5 —

e embryo.
Ili. Could be used to create chimeric |mi
I V. Could maintain a stable euploi d kajry
v. Coulrdenseen fwi t hout differentiating in
7. Distinguish between Finite cell | I nje s
Ans: (@) ckildi tl i nes: Finite celll | i nes | a
l i mi ted | i f e span and t hey grow thrpu
generations. Finite <cell | i nes show th
density | imitation and anchooédggroapbnde
monol ayer form. The growth rate is slaw

to 96 hr s.

( b) Continuous <cell l i nes: Cel | l i nes| t
conditions gi ve ri se to continuous cle |
associ atthedcowiti nuous cel |l | i nes ar e:

T The ploidy is either aneuploid or hegt
T There is no contact inhibition and po
T The mode of growth is either monol aye
T The growth rate is rapid and doublihpg
8 . Which monocl onal antibody is sued iIn| t
what i s HER2+? How does it work in the t
AnsTrastuzumab is a monocl onal anti bod)y

eardtyage breast cancer t hat I S Hu ma




Receptmpasi2ti ve (HER2+) . Cancer cell s ojve
dysregul ation of receptor activation. i
itself to HER2 receptors that receive | s
cells to proliferatfer amdr édeickiimg drhewt h
result is iIimpaired growth of Dbreast <canc
9. What are the applications of ani mal|, c
Ani mal cel |l culture has diverse applifa
|l i sted bel ow:

AAs a model system fionmtethetisdtmudpetoweer
di seases causing agents as well as their
AAs a convenient and economic tool to |st
AAs a useful technique for vaccine proldu
A As a producti on house for vdriprust em
phar macuetical s

10. How does OKT3 prevent transplantat|ic
Therapeuti 8 ONMASB Mur oprtoDiB3a b ( BQRT i s a mur
monocl onal antibody directed against D23
It i s used as an I mmunosuppressant tdr pg
reverse acute rejection of transplant ¢d
i ver .

When OXTs bound to <€@B3| reeefgt or ( TECR)
endocytosis resul tciend iamdamcitrserbty DIl o¢ k
of T <cell s whi crholpd aiyn aacnatjeorgr af t rej e
subsequent recognition. T cells are h
Aftero3SOKEerapies are over, T cell funct.i
within a week

11. . Fill i n appropriately tkel phamumgd
culture them and their use.




Phar maceutical|Cell s uselTherapeut

1 |[Follicle SICHO cel | S|-mmmmmmmmemeee
Hor mone

2 | e CHO cel |l SAnemi a

3 |[Factor | X CHO cel | s|-mmmmm-

T CHO cel |l s|Stroke

5 |[Monocl onal ant|-—-—-m--- Cancer t

& Aut oi m
di seases

6 |- CHO cel |l sifHemophi I i
12.1 ans) infertility
12. 2 ans) Erythropoietin
12.3 Hdemophilia B
12.4 ans) Tissue Plasminogen Activator
12.5 ans) Hybridoma cell s
12.6 ans) Factor VI I
LONG ANSWER TYPE QUESTI ONS
1 Wh a 't are the physical factors that

vitro conditions?

Ans: The physi cadf ffeacctt otrlse tdaltl s gr owi
conditions ar e temperatur e, pH, 0 S Mg
supporting surface and protection of
mechanical stresses. Cell cultures are
37ACost™M mammalian cell cultures are gr
at 37AC because it i's the core body t




media strive to achieve and maintain t
cel |l types may have an optitmuims prHa nsglqi.
regul ation of pH iIis done through a wvar
The osmol al ity of t he medi um wused i
formul ati on.

Salt and glucose are the major contr

medi um, although @gmiahneoaciocmgs rmdbut e si
al | commer ci al media are formul ated t

300 mOs m.

The composition of the media also pl a
cel | culture because the medi un nprtacvaitd
i ncorporated into dividing cell s, sucl
i ons, trace el ement s, vitamins, cof ac|
the proper chemical environment for th
Serum is another component oduseiimal c
growth factors which promote cell pr
adhesion factors.

2. What do you mean by the term Hybrido
Ans: Anti bodies obtained from serum at
protein rel eastedpobpyul dcuitfilfoemgehofc yBes and
are known as polycl onal anti bodies bin
an antigen. They are produced from ant
t hat have been I mmortalized by hybr

myel oma cel | (cancerous | ymphocyte). g
devel oped the immortalized hybridoma

producing B cell s and cancerous cel
polyethylene gl ycol (PEG) . Tahhuisl itthye ohf
cells to secrete antibodies and the 9
i ndefinitely. The Hybridoma technol og)
area of diagnostics and anti body based

b))

Ans) Sanpum

me d

Wh at

a bec

serum one of theoomest ioMmp cretl

are the disadvantages of seru

i's one of the most I mportan
ause

D QO m




T Ser um
vitami

T Serum provides
c h

addi ti on,

wh i

T I n
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H+ caused acidity Decrease H+ caused r
over a range of % CO2 gamnbeappcbpeval
concentration

(BChemi cal bufferimgtbgstcadmmi cal buf f
zwi tter-(dhogmndrody-é-phpk)yazineethanesul for
I's used that has a superior buf ffedi. g
and WwWiHEPES, a controlled gaseous at mg
relatively expensive and toxic at a

types.

5. Name and Describe the wvarious equi
culture.

Ans: Equi pment RequetédCubtuAeri mak C
a. Laminar Air Flow Chambers (LAF) or

b . CO2 I ncubators

c. I nverted microscope

d. Cell counter

e. Centrifuge

a . LAF: Ani mal cel |l cul ture wor k i nv
pat hogeni c organi s ms me rhteanlc e waarl K efx per
media and cell mani pul ati on must be ¢
pat hogenic forms of bacteria and fung
much faster. For maintaining an asept.:
(LAF) cabimnets @r ool ean wor kbench for
Whil e working with the LAF cabinet, t
that he or she is protected from any ¢
the culture is protected from anyLABN
may be classified into three types de|j
organi sms. Each cabinet I's housed 1in
frequent much. At a time, two workers
Class | : These are hes iizmo nwhail c hwoa ikrb einsc

front passing through the culture of ¢
of the hood. The LAF is housed in a pil
the air sucked inside is also sterile.,

i's frequently disinfected. The worker $

Ti




me ant for t he pur pose S0 t hat t he)
contaminati on.

Class 1|1 These types of LAF s are a
air is drawn

Cl ass (I Presal iazed scabinets t o w
materi al s (radi oi sotopes, carcinogeni
pathogenic organisms. These are biohaz
preferably by one person at a ti me.
i nsi sdewal | as below the workbench in
front screen S mad e of Per spex t hat
removed to facilitate cleaning and han
wor kers have to use special ipgredt gdtoived
to be screened periodically for checki
b) CO2 I ncubators: The CO, Il ncubator i
has devices to maintain proper CO2 te
sterile conditions.

Bbwing air over a humidifying tray col
the chamber and mixes 02 and CO, I n t
tension.

By controlling the gas phase, t he | nsg
congenial atmosphemnd fami mahe ceddwt mnd
The CO2 incubators are expensive and
purified air to maintain the sterile
purified air Is to maintain the steri/l
C . l nvBlrtedscope: |l nverted mi Cr oscope
mor phol ogi cal changes in the cultured
placed in a Petr.i di sh they remain a
remains above t hem. Hence an ordiwniaew
t hem.

|l nverted microscope has a specialized
source at the top and the optical Sys
stage S big enough so as to hol d b
visibility one cag obséeuve bohecki Vs, (
also the patterns of any microbi al I n
be photographed by an i nverted micr osc¢
t hat we can view them.

OCD_‘@CD




c) |l nverted microscope hagstaemsplavian g
source at the top and the optical Sys
stage S bi g enough SO as t o hol d b
visibility one can observe the I|living
al so thes paftteamy microbi al I nfection.
be photographed by inverted microscope.
d) Cel | Counter: A cell counter S r
gr owt h ki netics. | t I S more hel pful
cultured. cobetcefyl can be done on a gl a
chamber held under a microscope. The n
I's the coulter counter.
e) . Centrifuge: Low speed centrifuge
Operating temperaturiese.arar kierpd 2 0MAC
purpose the centrifuges arecoperalklkeddii
Exposure of cells to higher temperatur
CASE BASED QUESTI ONS
1.Stem caerlel schar acttelraizredalbbiyl ity to r
through mitotic cell division and d
specialized cell types. Stem <cell s
organi sms. Stem cells are | ike goo
whi ch can emutlhteirp(l $ eldf r ebnye wae t)t i ng
shares or sold(diof baye gibioatseles | i ke
and I ntestinal epithelium ar e sub
t hroughout | i fe and must mai nt ai n
(stem <cel Itsai nt htahte rpeot ent i al to pr(
such | osses. The most well studi ed
of blood cells (haematopoiesis). |t
haematopoiesis occurs in the spleen
being abOu@O0O@ haematopoietic stem c
RBC, one billion platelets, one mi/l
Kg body weight per day. The field
established IEmne860MclCun d ambs dti |t h

Uni vietrys of Toront o.




AWhat is depicted in the above given

B. Name two di seases which can be treafge

CWrite two sources of stem cell s in
DDifferentiate between pluripotent s
cel |l

Answer s

1 Cultivation of embryonic stem cell s
2Leukemia, partalysis, burns

3. Bone marrow, spleen

4 Pl uripotemnm3 cceellllss:are pleuripotent 3
all types of specialized tissues. T
( leang e restricted) and act as a re
maintaining the nor mal turnover of
bl ood, skin, or intestinal tissues

Q2. Hybri doma technology is one of th

produce monaonctlicobnoadli e s . I n t hi sprpordoucce sng

l ymphocytes ar e il sol ated from mice a

specific antigen and are fused with i

hybrid cell s, call ed hybridoma cell

cultured in a |l ab to produce monocl on

antigen. This can be achieved by an i

preferred above al | t he avail abl e m

anti bodies because anti bodfi elsi g upu rpirtg
highly sensitive and specific.




Production of monoclonal antibodies

1. Mouse challeged with antigen

AN

2. Spleen Cells 3. Myeloma Cells

200900000000
4. Fusion

9
Q‘Z

=<
ot
: R &

5 Culture in HAT Medium
Select for positive cells

and explain its use. (2)

Answer s

1 HAT medium selects the fused cell s

2. Poly ethylene glycol I's fusogen

3. Production of antibodies Iin a cont.i

4 Monocl onal antibody
Q3. The wvarioulsl tlyipeess odr ececategori ze
finite cell |l ine and continuous cell
|l ines which have a | imited | ife span
number of <cell generations. Finoft ecacrt
i nhibition, density I|limitation and an
growth is in the monol ayer for m. The
time Iis around 24 to 96 hour s.
Cel | l i nes transhorvmaid bundercondi ti ons
comtuious cel(lFilgi.nellshe various propert.i
continuous cel | pli mie@ ¢ haarneg:e time basi c
chromosomes), no contact inhibition an
mode of growth is either monohleaygerrowotrh
I's rapid and doubling time 1is betwee
l i mitation is reduced or | ost

a. In the technique depicted, th
technician forgot step 5. What
would be the outcome of the

procedure? Q)
b. Name the fusogen used in
step 4. 1)

c. What desired feature$ the

Spleen cells and Myeloma cells

are retained by the hybrid cells
(1)

d. Name a therapeutic agent th

is produced usig this technique

qr




Hela cell line from human CHO continuous cell line Cos-1 cell line from
cervical carcinoma from Chinese hamster ovary monkey kidney

Fig. 1. Different mammalian cell lines.

1. Define contact inhibition
2 Name two properties of infinite cel
3Why continuous <cel/l |l i nes (myel oma)

ant i bprdoyducti on?
4 Define ploidy
Answer s

1. Contact i nhi bition is where cell s g
surface of vessel

2. Finite celll | i nes are those cell (I
and they grow through a | imited nun
cel |l |l ines show the property of <con
and anchorage dependence

3. Continuos <cell |l i nes are transfor me
hybridoma technology to form monoc|l

4 Change in basic numbercalfl edrmpimoisdyn

Q4. OKT-3 is monab -CD3, an immunosuppressant drug given
intravenously to reverse acute rejection of transplanted organs such as
heart, kidney and liver. OKT3 is the first monoclonal antibody to be used

for the treatment of patients. OKT3 ac ts by blocking the function of T
cells which play a major role in acute graft rejection (Fig. 8). OKT3 binds
and blocks the function of a cell surface molecule called CD3 in T cells.
The binding of OKT3 to T cells results is followed by blocking of their
functions. After OKT3 therapy is over, T cell function usually returns to
normal within a week




Liver perfusion

Recipient
Donor Liver graft | Portal vein B

\ LT
. .
MARA s

e p
/; s 1 Extraction of lymphocytes [ ‘1

P ol v from liver perfusate

L3 "Ll R
2 gl

Stimulate lymphocytes with IL-2 for 3 days
Add OKT3 in order to deplete T cells

Fig. 8. Adoptive immunotherapy with OKT3 during liver transplantation (LT).

Whi ch monocl onal antibody is I mmunos
Whi ch organs are generally transpl a
How does OKT3 acts?

Whi ch asl fseratctline of defense in o

OKT3 is immunosuppressant
Heart, kidney and |l iver can be tran

1
2
3
4
Answer s
1
2
3.0KT3 acts by blocking the function o
i

n acute graft reddsecandnbIOKcIiBs btime f u
surface molecule called CD3 in T cell
results is followed by blocking of th
over, T cell function wusually returns
4. T acelltdheafirst | ine of defense in (¢
Q5 The ES cells are cell |l i nes derived
growing embryos without use of I mmor t
The inner cell mass (|l CM) of embr yroes ic
the presence of irradiated fibrobl ast
The stem cell s: a . retain the charact
prolonged culture and extensive manip
embryogenesis if transferredchicmercioculnd
taking ES cells from a black mouse anc
al bino mouse (white). The progeny so
and whi t e (a chi mer a Fi g. 11) . d. C

karyotype. eremweowiltdhseet fdi fferentiatin




Now it I's possible to selectively remo
make ot her precise genetic modi ficati|jor
create mouse models of human di seases. !
extremeflyl us@t only i1 n understanding tjhe
but also in search for new diagnostii
1998, James Thomson developed a techni|qgl
ES cells in culture. The humam E®ecalnlns
cel | mass of bl astocyst or from human
mei osis and cultured I n a petri di s h. S
the presence of specific growth factofs
and platel eted gcowt h The human ES cell]ls
possibilities for stem cell therapy 1in
' EMBro Lonor .. Embryo
\?‘ = R
ES Cell b Micro injection
of ES cells imto
Trophobla —
Vil b e
surrogate mother
Cuture of £5 /\
:u‘:" J!"f-‘
e Prow
Fig. 11. Creation of chimeric mice using ES cells
1 How are ES cell l ines for med?
2 How are I CM Cells maintained?
3.Mention any two characteristics of B
4 What i s a gene knock out?
Answer s
1.The ES celelld driemes derived directly
of growing embryos without use of '
agent s
2.The i1 nner cel | mass (I CM) of embry
culture in the presence of i1rradiatp@ege
3.The stem cell s




a . retains the characteristi
culture and extensive mani pul ation.
b. reintegrates fully 1in

C could be used to create

bl ack mouse dand ti mpnltaon t he e
(white). The progeny so

(a chimer a)

d. could maintain a stab

to embryoge
mer i ¢

c hi

CS of

mbr yo

devel oped

|l e euploid

e. coudreéneevl wi t hout differentiat:i
4.Gene knock oete @eeesvshare sel

COMPETENCY BASED QUESTI ONS
1.

Electroporation

/
omblnatlon
Selection with
resistance marker

a) What is the techniqgue depicted here
1
b) What is the principle behind the te
1
c) Expand the term I CM. From which st a
1
d) What is electroporation? 1

Answer s

1 Homol ogous Recombinati on
2.Genetic recombination wh
bet ween two similar or i

ere genetic

dent i

ecti vel

c al

q
h

ng

do

)




S3Inner cel | mas s
4 |l ntroduction of recombi naneél ONAr it oaljh o

MEDI A LI NKS

1. https:// www. voutube. com/ watch?v= -udMO
gL9GydVAOfFaZv WOQ& i n d epxa= 15l )

2.https:// www. vyoutube. com/ watch?v=k2SPR
gL9GydVAOfFZv WQ&i ndepxaTslt4d 2)

Shttps:// www. vyoutube. com/ watch?v=CxupL
gL9GydVAOfFZv WQ&i ndepxasl3 3)

4 htt ps:// www. yout ube.Xowh-wwad&Icihs?2tv=WE X F |
gL 9 Gy dVhfFZy WOQ&iI ndex =7
(part 4)

5.https:// www.voutube. comidb@B&kih®v=BQEKKF
gL9GydVAhQfFZv WQ&i ndepartt 5)

6.https:// www. vyoutube. com/-5vAa&lcihs?tv=W9 B>
gL 9GydVhfFZy WOQ&iI ndex =7

7.https:// www. y o uattucbhe?.vc=ogpon7/8wp O k o N6 9 g

8.https://www.vyoutube. com/ watch?v=00hHD

9 https:// www. vyoutube. com/ watch?v=8vnpm



https://www.youtube.com/watch?v=_udMO7nlNpo&list=UUEXFE-gL9GydVqFZ-7favWQ&index=15
https://www.youtube.com/watch?v=_udMO7nlNpo&list=UUEXFE-gL9GydVqFZ-7favWQ&index=15
https://www.youtube.com/watch?v=k2SDRUnuVvg&list=UUEXFE-gL9GydVqFZ-7favWQ&index=14
https://www.youtube.com/watch?v=k2SDRUnuVvg&list=UUEXFE-gL9GydVqFZ-7favWQ&index=14
https://www.youtube.com/watch?v=CxuBLaTIGnE&list=UUEXFE-gL9GydVqFZ-7favWQ&index=13
https://www.youtube.com/watch?v=CxuBLaTIGnE&list=UUEXFE-gL9GydVqFZ-7favWQ&index=13
https://www.youtube.com/watch?v=w936wbss-5A&list=UUEXFE-gL9GydVqFZ-7favWQ&index=7
https://www.youtube.com/watch?v=w936wbss-5A&list=UUEXFE-gL9GydVqFZ-7favWQ&index=7
https://www.youtube.com/watch?v=FQK_78t-uCM&list=UUEXFE-gL9GydVqFZ-7favWQ&index=6
https://www.youtube.com/watch?v=FQK_78t-uCM&list=UUEXFE-gL9GydVqFZ-7favWQ&index=6
https://www.youtube.com/watch?v=w936wbss-5A&list=UUEXFE-gL9GydVqFZ-7favWQ&index=7
https://www.youtube.com/watch?v=w936wbss-5A&list=UUEXFE-gL9GydVqFZ-7favWQ&index=7
https://www.youtube.com/watch?v=p78b0koN69g
https://www.youtube.com/watch?v=o0hHD2yjjNI
https://www.youtube.com/watch?v=8vnpmRANztU

Question Papers
Solved Question Paper 1

Unsolved Question Paper 3

SOLVED BOARD QUESTION PAPER
BIOTECHNOLOGY (045) Class XII (2023 -24)

Max.Marks:70 Time allowed: 3 hours

General Instructions:
1) All questions are compulsory.

i) The question paper has five sections. All questions are compulsory.

lii) Section dA contains 12 Multiple choice questions and 4 Assertion -
Reasoning based questions of 1 mark each; Section B has 5 short answer
guestions of 2 marks each; Section oC has 7 short answer questions of 3
marks each; Section -D has two case -based question of 4 marks; Section -E
has three long answer questions of 5 marks each.

Iv) There is no overall choice. However, internal choices have been
provided in some questions. A student  has to attempt only one of the
alternatives in such questions.

SECTI @GN 16x1=16
1. Themat usaluracfenzyimmar nasnebar staar ,
systesmetdomachi eve male sterile pl @

=

A) Bac i Isdbtiiss

B) Bar t o menkelaa

C) B a c i larhylolgyuefaciens
D) Barnesville coli

2. Severoembi nendhunodef iddisemsEeEya uscecue
t d h absence

of :
1

(A) A d e n o sdipnosphate
(B) A d e n o sdeam@éase




(C) Ad e n o scychase
(D) Gu an i dnitrate

Single nucleotide polymorphisms usually occur in __regions.
1

(A) Coding

(B) N o fcoding

(C) Regulatory

(D) Exonic

Ar t i fsieceidaslgr odubyypdcapsultdae®omgt i c
e mb r yaottbe

stage in a protective coating.

(A) Torpedo
(B) Globular
(C) Cotyledon
(D)  Triangular

Theoept hde momenshr owft cttogps omot e
heal ghywotth ancehilsi taroef tear i ved
from 1

A) Phenred

B)  Antibiotics

C) Bl o cedum
D) A mi naoids

|l dent hegcttdratnf ec.t st elclosnt aiFfAi ng
pl as mindlhat haasi nglte anaierdc gl ao me

1

(A)  Agrobacterium tumefaciens

B)  YEp

(C) pBR322

(D) M13

An example of secondary metabolites produced




10.

11.

12.

by microbial
cells include

(A) Vitamins

(B) Alcohol

(C)  Acids

(D)  Antibiotics
WhemtransdgeamaeanGeneti Maldl yaeredp
escapehsr ough pollen to a related
known as

1

(A) G e n wansfer
(B) G e n pollution
(C
(

) D N Acontamination
D) T o x i trangfey

A protein i on with a molecul ar

Dal tons carr i e® an dvh ssrughbg eotftoe d
masspectromeatad iy€alsculi atse naos s

c h a rrgtie. 1
(A) 2001 (B) 2000
(C) 2501 (D) 5001

Embr yositi eecneldesr i ¥ edbn ast osctyasgté h e

e mbr ware N nature

1

(A) Totipotent (B) Pluripotent
(C) Multipotent (D) Bipotent

An improved strain of Penicillium , capable of producing
higher concentrati on of anti bi oti

A) Peni c inbthtumu m
B) Peni c ichrysogenom
C) Peni c ieutlophusm
D) Peni c icérévisiaem

c ul ur e s can be mai nt a d

t [
period of ti me kxwlrteapdatged s

ne
ub

v e

cl




Ovary
Protoplast
Callus
Ma s eell

FormMQuest inounnsb €lr3t 01 6t wost at esmant®s ven

one |
(R) .
(A),

(A)

(B)

13.

Reason (R) :

Assert.

abelalsedAssertion (A) and the ot
Sel ect the correct answer t o
( B) , ( C) and (D) as given bel
Both AssertiRBaaqdd®An @R)J are t
Reason ( R) S t he correct
Assertion (A).

Bot Asser t(iAcanndReasadmRardar udbdut
Re as 0 Ri) sot

the correct explanation of the Assertion (A).
Asser ( Alpsnr ue , Rdaid 0 Ri) false.

Asser (Apsn f BuRe as ER) srue.

S mMeAX)pebtes | elratth e ma st
bemor eha®0, 000 genes i n h
genome.

Unreliability of in silico gene prediction is
responsible for reporting lesser number of
genes in human genome.

14, AssertApnTheexaccthemi camposi of on
compl mkxcr obi al growt h medi
Reason (R) : Complex nutrient media is used when
specific growth requirement of a
microorganism is unknown.
15, Assert i dm edgsation: of pH is essential for
survival of ma mmal i an cel | s.
Reason (R) : Animal cell cultures mostly make use of

Bicarbonate - carbon dioxide buffering
system to maintain pH.
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16, Asserti ®dnur(iA)g pl ant ti ssue cul tpr

explants are treated with
hypochl orite.
Reason (R) : Sodium hypochlorite helps in
acclimatization of the
regenerated plants.

SECTION B (2 Marks)

171 I l ussrape® howheonst r uocfdrieocno mb i DhNaAn t
molecule.

18Whatarehadvant agesebhycd eatmonugsmo d e |
wi tdghe nkenoc kD u't

19Nameé heechnitdqhwtde!|l psst udyhwent ipmetei n

pr offirloean gi vwetny pe.
Br i eefxlpyl alhg@r i nca fip h iemethod.

20Wr i abowtinyt wetr at agiae $ tadelnd a ntchee
producdofi omne c omedtaarbyoi iptl egneé net i c
engineering.

21 .(@ Givaeny wWwawbaacfksi madt Ul t iunviko.

OR

(b)) (O An oncologist is performing colony formation
assay on tumour cells from a patient.
What is he trying to determine ?

(i)  Animal cells growing in culture show the
property of contact inhibition. Relate this to
what happens in an adult human body.

SECTION C (3 Marks)

22 .(a) Compatheechni guFelsStwi tMi cr oarr aly

I nt er nosf principle and applica
OR

(b) Differentiate between Expression and Functional
Proteomics.

23 . Writbeherapastand hani madl | menpl| oy €




24,

25.

26.

27.

28.

29.

I robtaining
any three of the following protein pharmaceuticals
3

(A)  Erythropoietin

)
(B) Herceptin

l nterl 2ukin
Tissue plasminogen activator

Expl ahet epsvoliviek@R mpl i f i methodi o n
3

Ar es e arpcehrefrorpmeod eii mger ponnti ng
hemogl 6bolmot h narnmdailc krl elodll oo d
celCeompl ehfel eevihaot hpr ocbéegfsi | | i n
A B ,an c. 3

Di scuasisg hr wayshactameempl| oy ed
me a s umiecr o b e growth.

What are zymogens ? How is chymotrypsinogen different from
chymotrypsin? 3

Give the names of any three ge
selecmabkers in r ®&NAMbDd mmoaNlog @
ment itdter ai t / ptrhoespgecifyn

SECTION D (4 Marks)

Caref ul

|l y read the behawtmamdi
answer th

e qguestions that f ol l

Flow-chart scheme for isolation of Protein A is as given below

@ Wriwket PeroteiamfiAtraexocal | ul
origin. 1

b) Whi csht apt hgi veuwr i fi sahe e
met ab oslpietc8 f i ¢

(c) Gi viehpuri fi sesabhempirsol actfiwomu | i
f r oHncoli. 2
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30.

OR

(c) Why is it advisable to use lesser number of steps for
downstream processing?
2

Consitdleleo |l | otwa brdgea n s weuest:i ons

Given is a list of ingredients used for preparation of
plant nutrient medium.
Plant Growth Media

Ingredients Amount
NH4NO3 1650 mg/L
CaClo 440 mg/L
MnSO 4 22 mg/L
FeSOgy 27 mg/L
Glycine 2 mg/L
KNO3 1900 mg/L
Sucrose 3 g/mL
Inositol 100 mg/L
EDTA 33 mglL

@ Whi cchomponiembhegi vieinisdéa ct iarstgh e
car boour?c g

(b) Whi cchnhgr e chiaebreteuns etdd ul v ii 4 & mi
requi r @mehnt

0 Nameg wohyt ohor wbhmneasr gener al
addetdpr eppdantut r inedat
2

OR

Explain how the sterilization of the growth media is achieved
in the laboratory.

n

y




SECTION E
3. @O Expl ahepeasfoairher apeséiwhey
proteins. 2

) Namany wo di stehaaste sh a gter e at e d
whey. 2

i)Curids advibseedmi ni swietmaled i b i

Wh 1
OR

(b) (i) Discuss the development of a novel protein.

(ii) Name any two properties that can be manipulated using

_ Protein Engineering. . _ _

32. a) 1) I n Sangerds chain termina
ddNTP cause the growing DNA chains to terminate prematurely.
Explain how.

i) Briefly write the steps of
OR
() () During DNA sequencing, why
read from bottom to top to

sequence? 2

(i) Why is single tube DNA seq
and safer ?

2

(iii) To perform DNA sequencing
clone the sequesateanded 60D
vector will you prefer for
1

33. (a)(i )Name three database retrie

NCBI . What all do they all/l
3

(i)  What kind of information is available in UniProtkKB
and PDB databases ?
2

OR

(b) () How is BLAST used to analyses sequence
similarity  ? Explain.
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(i)

3

Name the computer programmes that can perform
gene prediction for bacterial and eukaryotic genomes.
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1 (C) Bacillus amyloliquefaciens

2 (BAdenosine deaminase

3 (B) -codilNnpgdA) Coding (As per

t h
book, pg63,both options(A)and(B

4 (A)Torpedo

5 (C)Bl ood serum

6 (D)M13

7 (D)Anti biotics

8 (B)Gene pollution

9 (A)2001

10 (B)Pl uripotent

11 (B)Penicillium chrysogenum

12 (C)Cal |l us

Mar ks

1

13 (A)yBoth Assertion (A) and ReasolIl

(R) i s the correct explanatio
F1

14 (D) Assertion (A) is Ralisse,t rbwd.
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16( CAssertion

ertion
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(A) i

and

(A)

Ndkt)he scorrect

s true, but
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SECTI

OBl

Reasonl

Real

Fragment A l
Cut with EcoR!

Mix fragments with sticky endv

Recombinant DNA molecule
Fig. 2. Construction of rDNA using fragments from different sources.

Digestion with EcoRi —
g I IR i

EY
= s° o

FFFFF 2n DrNa
nnnnnnnnnnnnnnn
Cut DA fragment and plasmid vector
Antibiotic resistance sene
wWith restriction enzyime (EcoiRi)
e SEicky ends

Ligate together with DNA ligase

s

Treat with alkaline phospahte

Insert

© } QAT

Fig. 6. Making recombinant plasmid
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22 The principle involved in FISH tec

met aphase chromosomes affixed to a
fluorescent DNA probe.

1
The principle of Microarray is t

wi || bind to each other by
FIl uorescently | abelled single stral

single stranded DNA molecul epbpbet

Applications of FI SH are
Di agnosis of genetic diseases
Locating specific DNA sequences




|l denti fication of presence or absert
To study translocation of genes on \J

Applications of Microarray are

To monitor the whole genome on a si
thousands of genes simultaneousl y.

To compare the amounts of many di ff
populations in tissue specific gen |
defects, cellular response to envi
(Any 1 point)
OR
(b)
Expression erunctionaI Prot
1 |l denti fication
of protein netw
Study of qualinvolved in a I 1J
and quantitalpnuclear pore co| g
expression O|study of protei
in different|and interaction
environment (molecul ar mecha
and biological
2 Used to identiTo analyse the
specific proitmol ecul ar net wo
in a | iving cel
3 l denti fication
To provide proteins which
understandingi mportant for
basis of tumgqtransl ocating i
devel opment. molecules from
cytoplasm of a
nucl eus and vic
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26 Vi able plate count met hod []Jéol on
counting the number of I|ive @éell
Absorbance at a particular wavel IJ x
concentration =3
Coulter &Diumeéetr counting of <cell

t hepyass through electrical field
Dry wedtgohtmeasure constant wei ght
culture after drying.

Wet weitgphtmeasure weight of fixeo
ATP measufteanemdasur e ATP in the |
the emndeofcul ture.

[ Any Th
ways with explanati on]
27 Il nacti ve, har ml ess precursors ofl
zymogens.

S . Chymotrypsin¢(Chymotrypsin

No.

1 't 1 s inactiylt 1is fully &2 1+1
of chymotrypsenzyme. 2
enzyme.

2 The substrat¢The substrat e
binding pock¢binding pockgé
bl ocked/ not |[not bl ocked ¢
exposed. exposed.

3 Serlne 195 'iserine 195 i g
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4 Charge relday Charge rel ay
oper at e
Any two points
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Lac Z -gemeduzeasl actosidase enzym=3
GFP gémProduces Green Fluorescent
Tetracycline respsbandesgéerpéer ac)
resi stance

Leu 2 -gemckes for an enzyme neede
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29 (aBrotein A iIis extracellul ar 1
(bSol vent extraction [/ Chromato;
(c) Fig 10, Pg. 100
OR
(c) Lesser number of steps f
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(eHi gh yield
30 (aSucrose 1
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OR
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square inch pressure for 20
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forced through a membrane of

31 (a)(i) El evation of glutathione (1+1F¢F
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Protects cellular components 1+32
and free radical s.

iJigundice / I nfected skin | esions
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i
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(b)(1) Recombinant vaccine based
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and i ntroduced into host cells wl+1f¢
The epitope protein i 2
recommitnar subunit vaccine.
iiher mal stability / pH stability
/| Catalytic potencyl/
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32a) i) d ddNAHWdr dxaywlk group so the |2
bond beB8BdWegamoxyl group of the pr
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cannot be further extended and 3
(i1) The sequencing technique I
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smal | rmtmoawf four dideoxy nucl eot
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Prematurely terminated strands i
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UNSOLVED SAMPLE PAPER |
BIOTECHNOLOGY (045) Class XII

Max.Marks:70 Time allowed: 3 hours

General Instructions:
1) All questions are compulsory.

i) The question paper has five sections. All questions are compulsory.

lii) Section A contains 12 Multiple choice questions and 4 Assertion -
Reasoning based questions of 1  mark each; Section dB has 5 short
answer questions of 2 marks each; Section = dC has 7 short answer
questions of 3 marks each; Section -D has two case -based question of 4
marks; Section -E has three long answer questions of 5 marks each.

Iv) There is no overal | choice. However, internal choices have been
provided in some questions. A student has to attempt only one of the
alternatives in such questions.

SECTI ON A

1 Which of the following sequences w
endonucl ease?
a.CCGCAATCGATC c ATGCGCTAAACC
b ATTCGGCCTGCT d GCTTCGATGGGC
2 Which of the following RE wil/ pro
a .Echl c . Hi nd I
b.BamHI d.Allu
3 Which of the following order i1Is co

of the vectors?
a.Pl asmi-wikag€osmid < BAC <YAC
b. Pl as mi-pikage > Cosmid> YAC> BAC
c.Pl asmi-wikage < BAC < YAC < Cosmid
d.Plasmid > Cpemgd > BAC> YAC
4 Which of the following is the corr
mapping?
a.Trypsin t AePautrmefntcati oA pafpepr ot e
el ectrophpaperschromatography
b Purificati oAtofypprontdAmpatpmee nt
chromat o Arpgpmhegr el ectrophoresi s




c. Purificati oAtofypprnont diAfpatpme nt
el ectrophpapserschromatography
d . PurificatioApapeprelkecnhrAotprhyoprseisni|s
treat demdper chromatography
Which of the following statements jar
organophosphates?
a.They react with acidic serine resi
b.They have been used as mosquito |re
c Nerve gas whi cahl kiysl aat isnegr iangegent Kkjno
activity of acetyl choline ester|fac
d. These compounds i ncrease the ratje
serine residue
Which of the following i s th®ERorrgpgec
value of proteins?
aWhey, milk, casein, soya, rice, |wl
b Mil k, whey, casein, soya, rice, |[wl
c Wheat, milk, casein, soya, rice,|  \
d Wheat, rice, soya, <casein, mi | k,|
Whi ch of trhge muwtldtoiwdans causes cysti|c
humans?
a.Del etion of 3bps resulting in | gs:
b.lncreased number of CAG repeats |m
c.Del etion of 3bps resulting in | gs:
d. Single baseApb@eame i n
Which of the faelbivewienguingdemotpr ot eojmi
a.Characterization of entire protei:H
b.Sequencing the whol e genome
c.Study of -pprodteeinn i nteracti ons
d Protein function and | ocalizatiagn
Which of the following i s not corrgpc
products?
a.Aspergil lo€Cstmigenmcid
b . Aspergill d¥i bapnmzaeB12
c . Alcaligenes-FRRHIBrophus
d. Escher i c-hlinas uclolni
10. Which of the following is the cqr:i
Ti ssue Cul ture?
a.Exphn®steril Azatainedf er tAi medbami pn
Aor ganog®nheasridseni ng




b ExplAntransfer tAsmedi UMz aatciudbrat i
Aor ganog&nheasridse ni ng
c ExplAsteril AZzatainef er tA medi um
organogeniensciusbaX hamdeni ng
d Exphn®steril Azatainef er tAiI medbaimi
A hardemMiomgganogenesi s
11. CQincubator is used in ani mal c ¢
foll owing statements iIs not true?
a.lt iIs designed t o2cnoanicnetnatirna thiiognh
constant temperature
b.lt diesi gned to mai2ttoanicre nhirgaht | @
relative humidity
c.dt is designed t o2cnoanicnetnatirna thiiognh
sterile condition
dlt is designed to maintain high
concentration
12. You have found a bacterium to gr
50C. What will you do to grow it i
a.Provide microbial growth medi um
b.Provide ani mal grawitmcmeati@ matanb
c . Provide microbi al growth medi um
d Provide any growth medium and i n
temperature
Question No. 13 to 16 consist of two statements 0 Assertion
(A) and Reason (R). Answer these questions selecting the
appropriate option given below:
a. Both Assertion and Reason are true and the reason is the
correct explanation of the assertion
b. Both Assertion and Reason are true but the reason is not
the correct explanation of the assertion
c. Assertion is true but Reason is false
d. Both Assertion and Reason are

13. AssertliMHh protects the tissue cu
operator .

Reasonk protects the operator from
14. AssertCalnci um alginate i s wused i
Reasolnhe somatic embryos are encaps
coating.

15. AssertMloh phlageed vector in DNA

O N

O nNn

wa (

Wi

wa (

C (




Reasowl3 phlhgeedtwe can exi st as a |Si
replicative form.

16. AssertRromteolytic enzymes | i ke tiry
chymotrypsin are stored in their zym
Reas-oBioth trypsin and chymotrypsin jar

SECTI ON B
17. Most media that ar e urs ed ofboers ow |]tht
| aboratories are not wused for | arge
[ 2]
18. Why whey protein can be used to |t
[ 2]
OR
Why a sports person is given BCAA pe
19. Mention the use of theafotéebiviaglt
[ 2]
a.Aeration c . Anti f oams
b.Agar d Corsiteep | i quor
20. What -Dsg2l electrophoresis? Why i|s
di rectgednaell ectrophoresis?
[ 2]
21. Il dentify the database based on the
[ 2]
a.Threé mensi onal structure of protaegi
b.Cluster of all/l ESTs of a single dger
c. Curated database of mMRNA and protei
d Nucl eoti de sequence
SECTI ON C
22. What Sisgle nucleotide polymorphism’
any two examples explain the relevanpec
[ 3]
23. Why subtilisin is used in detergent
I mprove this enzyme? How is subtiligpi
detergents? [ 3]




24. Whaits primary cell culture? Outl.i

cell culture. Mention the disadvant
[ 3]

25. How is primary metabolite differeg

metabolite? Also mention the exampl

[ 3]
2 6. How I s ddiNTfPer ent from dAdNTP? Writ
for t he DNA3GATqUCEGITECTS A

[ 2+ 1]

27. Why there is a need of two pri mer
need for thermostable DNA Pol ymer as
mol ecul es, after 25o0o¢tecluéeshowl| mambme

[ 1+1+1]
28. What is BLAST? What is the princi
[ 3]
OR

How is FI SH used to study-cameeef de w
CML patients? Draw diagram to show

SECTI ON D-b[a@dsguestion of 4 mar ks
29. Mass Spectrometry
Mass spectrometry has emerged as an
bi otechnol ogy. 't is extremely wusef
information such as peptide mass or
al so usefulfyiimgi dehret type and | ocat.i

modi fication within proteins.

lonization Acceleration

\l ‘/ Electromagnet
— t1-
r H

Vaporised
Sample

To Vacuum Pump

Deflection
Detection

—

I Ampilifier I

I Chart recorder I

a.A sample with molecular weight M gf

give rise to multiple charged i1 ons

n €
2 g

Nt

e

Qo — —

o n




formula for calculating the mass o0f
no. ©of H
b What iIis the advantage of mass specft|r
c How is ion formation of i1ions and spam
i n mass spectrometry?
OR
A polypeptide which has molecul ar mna
charged +1, +2, +3 and +4. &lall cud ar e
I ons.
30. The following schematic diagram ghc«
met agenemics
WA,
MCWC‘O‘A
ROV
HETAGENOMT DNA FRAGeENT
isolation of DNA from monipulation of DNA LT ASEOmae ONA
environmental somple ligotion of frogments
with vectors
Expression of /
proteins and analysis
construct ibrary
aWhy I s metagenome?
b What is the advantage of studying
of one organism?
c.You have found a novel antibiotig ¢
soi | B uctt etrhiea bcaannot be cul tured] i
can you produce this antibiotic agn
OR
Af ter DNA extraction how will you ¢
Draw a flow chart to show the stegp:
SECTI ON E
31. What is Embryonic Steme (tElSes e eddlI?l S
derived from? How are they maintaingd
properties of EY 5cel |l s.
OR




How i s secondary cell culture of an| m
chart to show the steps of secondary
|l i nes esttablished
32. (1) Why was crop of rice modified
gol den rice made rich in Vitamin A.
(1 1) You want to improve seed protegi
you ensure that the amino acids are| e
(1rii) Name twel benesrgduce to prepafre
modi fy crop and give an example of GM
resi stance
a.Hel i cover par easrinsitgaenta
b.Virus infection
[ 2+1+ 2]
OR
What i s micropropagation? How is mig¢gr
veget atpagatpirmn? Mention the sequenge
mi cropropagation. Cite any two advant
[ 5]
33. a. Why do we need to use selectio¢n
recombinant host cell s?
b . Whi ch selection methods will you
pUC 19 is used? Why?
C . What is the principle behind thle
Briefly explain it.
[ 1+2+ 2]
OR
aWhat is the i mportance of ori site I
b Why tise presence of MCS beneficial| o
endonucl ease in a vector? Name a vec
Al so name the selectable marker gene
MCS.
c What is a shuttle vector? How is it
puUC? +H21] + 2
kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk




UNSOLVED SAMPLE PAPER |
BIOTECHNOLOGY (045) Class XII

Max.Marks:70 Time allowed: 3 hours

General Instructions:
I) All questions are compulsory.

i) The question paper has five sections. All questions are compulsory.

lii) Section dA contains 12 Multiple choice questions and 4 Assertion -
Reasoning based questions of 1 mark each; Section  dB has 5 short
answer questions of 2 marks each; Section  dC has 7 short answer
qguestions of 3 marks each; Section -D has two case -based question of 4
marks; Section -E has three long answer questions of 5 marks each.

Iv) There is no overall choice. However, internal choices have been
provided in some questions. A student has to attempt only one of the
alternatives in such questions.

Section A

1.0 n smal/l i ntestine, the protein dig
1

a) f@gsiyn and HCI

b) Chymotrypsin and HCI

c) Trypsin and Chymotrypsin
d) Papain

2 Male sterility is widely wused in crp
hybrid producti on. Mal e sterile plah
gene encbding
(a) Barowasenpr
(b) TAZ29
(c) Barstar protein
(d) Coat protein

301 n Foreign DNA is directly introductg
fine miyacnoge to transform it. The pjr
provides cduld be:
a) No specialized equi pment requiredg
b) Nmadae to cell s
c) Low transduction rate

(D




d) Precision of delivery
4 The given diagram is showing

L Ophnirtis Lank,

a)) solation of DNA mol ecul es

b)Y Cutting of DNA into fragments
c)separation of DNA fragments accor
d)Construction of recombwnaht cDNAI D

51 dentify the type of vector 1
BamHI .~ 7~
\\‘ L/ .“\ ‘\\
L J
_/‘: )
EcoRl 4
A. Expression vector B. Ti Pl as mi
pBR322
6. Being a researcher, you want to i mp
amino acids in cereals and | egumes.
the following which will be the bes
1
a.Pl ant tissue culture
b. Adding fertilizers to soil
c.Protein engineering
d Vegetative Propagati on
7 Which of the following is cultured

1
(a) Embryo




Nucl eus

(b)

0o P o

(cApi cal bud

(d) Ant her

8. A 23 Kb DNA fragment has to be cl on

vector should be used for this expey
1

a) Pl asmid

b) Cosmid

c) BAC

d) Bacteriophage | ambda

9 Chymotrypsin hydrolyses péeptide bon

1

A. buwlrkoymnati ¢ amino acids

B. Hydrophobic amino acids

C. Basic amino aci ds

D. Pol ar amino aci ds

10. Native enzyme Subtilisin is inactji

detergents because of oxi dadn oh2 d.f

Choose a strategy that will hel p ove

1

a) Use epsin instead of Subtilisin

b) Elim| nate use of Dbl each

c) Substltute another amino acid at

d) Substitute another amino acid at

11. The specifese ségaenaoao acids i n tHh

stimulate i mmune respfofifse are known
1

A. Epitopes

B. Sub wunit wvaccine

C. Muscl e proteins

D. Recombinant vaccine

12. A piece of young hypocotyl was <cu

plant tisswad.cdlht sr e-sl a type of
1

(a) Organ cul ture

(b) Callus culture




(c) Explant culture
(d) Mass cell culture

Question No. 13 to 16 codssssdr toifon WoA|)S |
Reason (R).

Answer these questions selecting t hle
bel ow:

ABoth Assertion and Reason are true| a
correct explanation of the assertijon
BBoth Assertion and Reason are true| b
correct explanattpbanof the asse

CAssertion I s true but Reason i s f all s

il on and Reason are fal sje
f you know where the gejne

it is still difficult to count them
Reas-®r esence-lafppowegr genes and splig¢e

theprecise counting difficult.
14 Asser:tPiacmisa preferEred oohrvearhe expresgi
eukaryotic proteins.
ReasoRe.combi nant proteins cannotE.be |ea
cotwl tures grown iIin fermenters.
15 Asserti-lPngel el ectrophdreasirs spilwdsds e
results of protein analysis.

Reasonlt invol ves alvwod taencd® iS®EU e s
16 Asser tRFPINP stands for restricted fifl
pol ymor phi sm

DBoth Assert
13 . Asser-tEivem |

at)

Reasd@hhis indicates variation i n sizeg (
enzyme genérageents among individual $
di fferent.species

Section B

17. |I'f you are growing animal <cell s i|n
growing bacterial cells, do you expegc
not , why ? 1+1=2

18. a. BCAAmpiosrt ant for muscle growth| a

b . Expand BV and PER.
1+1=2




19. Explain two databases for gene |
i nformation available on them.
2
20. Briefly explain the strategies i
trnassgenic plants. 2
(i) Herbicide tolerant plants
(1r1) Golden rice
21. Why is pH an i mportant parameter
ani mal cells in culture? Which buff
pH i n ani mal cell 2ultures?
Section C
22. Give a schematicabeptegentatt onon
What i s the principle behind the ge
2+1=3
23. Enlist three essential features
3
24 . | Whi ch tool of NCBI hel ps i n t

dat abase?

Di agrammat i c alrleyn cseh oow tPhha | daidfefl p

compared to nor mal i n CML patient a
1+2=3
25. Normally the hydroxyl group of a
but Ser 195 of chymotrypsin becomes
Name any other serine protease.
2+1=3
2 6. A person suffering from chroni
i njected with
r-Hu EPO. Explain the mode of action
pati@nkody.
i Fill i n the blanks: 1+2=3
SI |[Proteins Ani mal ceTher apel
N o used Us e
1 Follicle CHO
Stimul at
Hor mone
2 CHO Cancer
Therapy

€

n

0o

h

C

ne




27. a) How are haploid plants is produc

b) Name a chemical that iIs wused to pn
desiccation.

c) Name the plants used t osocnraetatce f | r
hybridl+1+1=3

28. Define SNP. Write any two diseases
base differences and al so mention thne

1+2=3
Or

Explain how comparative hybridizatipn
mi croarray with suitable exampl e

Section D

29. Strain isolation procedure descrijib
strain, which has the capability orl |
mol ecul e. It does not ensure that it
guantities t o be economically ai apl
genetics and genetic engineering arle
characteristics of the strain. Mut aft i
ol dest met hods of strain I mpr ovemer
Techni ques: Unt i | the recent bexa&t h
genetic engineering, a bacterium cou
coded for in its genome.
i . Name one mutagen.
i List two methods of strain isolati
i i iName any two methods two I mprove |st

1+2+1=4

30. Peptide mass fi(@PMEr p(rklnsbovngast ei
fingerpnintimn anal yti palottedehni Queat
i n which the unknown protein of I nt
smal pepti des, whose absolute mass ¢s
measured magsgdh s@pectsruocne Ma& DT OFo rE S

TOF. Then t he proteins ar e cut I nit o
proteolytic enzymgoe s ispupodt r 64 HN. A

typical samplreatiigord9®@easeThe proteol|y:
carried out overnight and thxet raes$ ¢ld
wi tahcet onandi dei ed under vacuum. The
di ssol ved I n a smal | amount of di

concentrated and purified and are | e
anal ysi s.
a)Give names of two protein chemists

1




bWhat i s
1

c)The order of steps occurring in p

1

dWhy SPBGE iIis considered a good t
characterization.

a) What
l i ng t

o — T

I ng t

abraw t he
product pr

b) Enl i st
3+2=5

32.

apraw a | abelled diagram to show t

mouse.
b)n one ex

the function of a gene. |l denti fy t
cMenti on any one property of ES cel

3+1+1=5

33. a) A group of students are trying
i nsulin. After processing the fer me

yield. What omosltdpobssibée reason fo

b)AN recently
met abol i te

I mproving

c)Pi chi a past mmainsy advant agesexXEr eas iUk

host . Just

a bacterial 2ccuelltlusr ep ecroanmhda i’ Jn @

the mutation i n sickle c¢e¢

Section E

i's doubling ti nfedr Wraltceul
I me .

m | after 5 hour s. Cal cul &
i2me.= 5
Or

fl owchart of downstream p
oduced during microbial f

the various steps invol ve

t ah

_1
(@)

(D
—_

h e

peri ment, a chimeritcomoause¢y

di scovered microbi al str
i n nanomol ar concentrat.

the production of the des

i fy giving two reasons. 1

* * % * % * % * k% * k% *x k% %k * *x * *x * % * *x * * *

h e
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UNSOLVED SAMPLE PAPER Il
BIOTECHNOLOGY (045) Class XII

Max.Marks:70 Time allowed: 3 hours

General Instructions:
I) All questions are compulsory.

i) The question paper has five sections. All questions are compulsory.

lii) Section dA contains 12 Multiple choice questions and 4 Assertion -
Reasoning based questions of 1 mark each; Section  dB has 5 short
answer questions of 2 marks each; Section  dC has 7 short answer
qguestions of 3 marks each; Section -D has two case -based question of 4
marks; Section -E has three long answer questions of 5 marks each.

Iv) There is no overall choice. However, internal choices have been
provided in some questions. A student  has to attempt only one of the
alternatives in such questions.

SECTI ON A

1. The osmolality of all commerci al med| a
_______ and can be checked with |
a.300 Omm, c.400 mOs m, p H mtet
osmomet er d.300 mOs m, p H et
b.250mOsm, osmometer
2 Which of the following molecules wil
eu&kryotic pE.ot®alni in
a.Compl ementary DNA c¢c .mRNA
b.Genomi c DNA d Doubl e stranded
3Which of the following dicemstated po
protein?
i . SCI Dii. Sickle ceilili andadi aow idv sefs
Mal ar i a
a .l and i1 c . and iv
b.iii and i1 dii and iv
4 Which of the following iIis not true Bab
of whey proteins?
a.Browning is caused by Millard react
groups of proteins react with ketjor




b Water Dbinding is done by hydrogen
and bsead
c.Emul si fication is done by stabil:i
salad dressings, soups, etc
dViscosity is achieved by thickeni
soups and gravies, etc
5.The t@emoméweaass coined by
a.H Winkler c Margret Dayhof
b.Craig Venter d. Thomas Roder
6.0 n silico gene prediction is not an
number ofasgenes
| Due to the existence of overlappin
| IThere are multiple splice variants
| IMh.ere i s no direct correlation bet
organism and the number of gene.
| W Human genome has 250 00OD®MO gtenes.
a.d, 11 & 111 c.d, 11 & IV
bat1, Il & 1V d.lr, 111 & IV
7. Calcul ate the number of generations
whi ch the bacterial*cieht sé ambceeslolfsl/Oml
during four of exponential growth.
a.8 generations c.13 generations
b.10 generations d.15 generations
8 Which of the foldioali ntgoxisn at lbatcties
crops resistant to boll wor ms?
a.Btt oxin c.Thi oesterase
b.Coat protein d Acetol actat e
9 Which of thesfolbtowiongect regarding
generated from virus infected pl ant
aVirus free plants are used to incgc
b. Apical and Axillary meristemseare
pl ant s
cVirus free plants are resistant t
d Vegetative propagules that are 1in
mi cropropagation of meristematic
10. You want to grow human bl ood cell
kind of culture can bée& done with DbI
a.Adherent cell cultd€enti nuous <cel
b.Suspension culture culture
c.Colony formation

assay

W e

n —~+ —h Qo
—_—

D O




11. We use inverted microswaudpgeaes ei A eami

a.The culture vessels are deep so t
b.Ani mal <cell are adherent so they
culture vessel s

c Observation of cell gives an | mme

of the cul ture

dlnverted microscopsysha&wme aaptihea |
' T ght on top
12. Which of the following iIis not a n
centre?
a.ATCC c MTCC
b.DSM d NCBI
Question N 0. 13 to 16 consist of two statements d Assertion (A)

and Reason (R). Answer these questions selecting the appropriate
option given below:
a. Both Assertion and Reason are true and the reason is the
correct explanation of the assertion
b. Both Assertion and Reason are true but the reason is not the
correct explanation of the assertion
c. Assertion is true but Reason is false

d. Both Assertion and Reason are f
13. AssertGromoprotectants are used 1in
indefinite ti me.

Reas-obwWmSOgl ycerol, proline and manni
cryoprotectants in PTC.
14. AssertGeme knock outs are gener at

genetic modifications.

Reaso®Gene knockout mouse model s are
human di seases.

15. AssertbDMA probes darwei tthagfgleuor escer
hybridization experiments

Reas-oFn uorescent | abel s on DNA can b
16. AssertRemombinant vaccines are sa
vaccines

Reas-olmraditional vaccines may cause

I ncompilreact i vati on of pathogens

A |




SECTI ON B

vect o
col i

17. l n an
i nserted

experiment with
and i ntroduces i

puUC19
n E.

then cultured in selection medi um.
were made regakbkdnngs t[h2e] c
Col o|Col our
I Bl ue
|| Whit e
aWhy do the host cells show bl ue a
b Which colony will you select to t
i nsert gene
18. Why whey protein considered superji

proteiR?

OR
applications-batsetdher-dpdul
c.Chymosin
d. Gl ucose i

Mention t he
a.Hexoki nase
b Hor seradi sh
peroxi dase
Draawn out |l i
on t he
[ 2]
a.Cancer cel l and
technology. Cancer
cel | c DNA was | abel
chip the foll owi-ng

Some

of
of

19.
ment i

ne
us

mass spectromet e
e MALDI i n MS.

cel | wer e
c DNA was
Onreenar Oay
observed

nor mal
cel |
| ed
was

A
Gr ee

B
Red

C
Yel |l

D
No

E
Red

F
Yel |

G
No

N

Col o Col

0

genes
genes
genes
genes
O.Menti on

ar e
ar e

ch expressed

ch expressed

ch

ch not
anal yses

ar e

any 2

only
onl vy

arien ebxoptrhe scseeld s ?
expressed

t hat

bi oinformatics [t2001 s.

i

i

n
C

n
n

A N




SECTI ON C
21. Briefly explain any three met hods
host <cel |l s[ 3]
22. Why are protdi?nLidesiaganexampl e t

protein engineering with an exampl €.

[ 3]

23. Mention any three applications of

[ 3]

24. What is the principle of DNA fing
finger printing done? (Dr aw eapsf)l owc
[ 3]
OR
a.How is single tube sequencing dif

DNA sequencing?
b.Read the autoradiogram of Sanger
and arrive at the sequence of the

ddATP  ddCTP ddGTP  ddTTP

|
|
I
I
I
|
|
|
|
|
25. Distinguish between finCdare we i nfji
generate continuous cell l T nes fron
cell 1line. [ 3]

26. What are edible vaccines? Which ¢
produce edible vaccines for
a.human and
b.for ani mal s
[ 2+ 1]
27. Mention the use obdubesfofl awi mgl
cul t-ufrz+1]

a.R-HuEPO dt PA
b.Factor VI II e OKTS3
c.Factor 1 X f Herceptin

SECTI ON D-b[aGa®gle question of 4 mark

5 O
) —

me
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28. Pot eome

of a given cell I's dynanr
s biochemical machinery ¢
ead to several ~chan-ges ir
I modi ficatilorsa, izhdan gpas
sis or degradation. Thus,
a snapshot of the proteinr

Signal transduction

Disease mechanisms

Glycosylation

The proteome
external cue
This coul d |
transl|l ati ona
their synthe
Il it ke taking
Drug
targets
Prpt_eo me |
mining

Expression Proteomics Post-translational

Functional

\
e

modifications
/ Phosphorylation

Protein-protein
interactions

|

teomics

Proteomics

Structural Proteomics

Protein functions

Mouse knockouts

Protein complexes

Why d
Wh at
How i

prote

0] we

[ pr
S str
omi c s

(@x

S

Why d
Virus

0Oes t

?

29. GM crops
Unf ortunat el
pl ant gene

mi sinformat.
the continui
the compl ete
animals as w
becoming com
potenti al of
crops (e.g.

entered the

food I n seve

Organelle composition

Subproteome composition

Protein networks

study the proteome of a
oteome? What is proteomi
uctur al proteomics diffefy
?

OR
he proteome of <cell chan
Y, the public debate ovVe

technol ogy asubfiedsngfran
on mi sunderstanding and
ng accumul ation of evide
absence of any evidence€
el | as trhee a&md/i momeneabdbns
fortable because of the
the ©plant genetic engi
cotton, t omat o, corn an
mar k ectarplya cae |(awheilc,h i . e.
ral countries were subje

(7))




for environment al safety rel ated to
perfor mance of transgenic and toxic
regul ator ypyepg wlriecitdhey were approved f

GLOBAL AREA OF BIOTECH CROPS
Million Hectares (1996 to 2009)

200 —e “Trait Hectares™
180 - —o— Total Hectares - 25 Biotech Crop Countries

160 - —{— Industrial e g

-
—r— Developing
140 =
- - e
120 - .
100 = > b

= -

80
60 -
40 -
20—
0O +—&F ~ T T T T T ' T 1
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

A record T4 million farmers, in 25 countries, planted 134 million hectares (330 million acres) in
2009, a sustained increase of 7% or 9 million hectares (22 million acres) over 2008.

Source: Clive James, 2009.

d Why more and more countries are (
e What are the advantages of growin
f What are the safety concerns rega
OR

Name the common genetics traifns t
GM cr-ops

(i )Cotton

(i iHomat o

(11Gogrn

(i vSoybean

SECTI ON E

30. a. What is the significance of RN
b Why do we use type |1 RE in RDT ex
c.Mention the rules of nomenclEa®lur e

restriction endonucl ease.
[ 2+1+2=5]
OR

aName the two enzymes that are comm
experiment along with their functi
bHow do the fragmenAldu gerndrat dd obny t
frmgnt s geneEaRled Whyi ch enzyme will
RDT experi ment [amd3 =why ?

31. a. Name any four enzymes that fun
system. [ 2+3=5]

b . How does the ¢

harge relay system
enzymes? Explain brief

D r




OR

Why is sickle cell anaemia consid
Di scuss the process of peptide ma
[ 5]

32. Compare different ¢ty
characrtegirapih showing |
culture -types i s

Y
S], [ QS] a

acontinuously fed with fresh meqi

bused for production of microbi g
met abolited 3+2]

OR
alabel A, B, C and D in the diag
b.l dentitfypé hef bioreactor in the
c How are the industrial bi oreact
d Why the pH of the medium is con
e What iIs the function of the fol
bi oreactor?
1 Sparger
21 mpel |l er
[ 1+1+1+1+1]
33. hauv i's EmbryoBbr &éekm? Where ¢
cells derived from? How are they

Mention any 2 properties of ES cel
OR

How i s secondary cell culture o
Draw a fl ow whahe tossbhps of secon

cul ture. How are cell | i nes establ

es of mi C [
]

er
pp

d a




Chapter-wiséeé of scientists and the
Chapter 1: Recombinant DNA Technol og
SI |Scientists Contribution
N o
1 Paul Ber g, Boye|/Fi rrseacombi nant DN

Cohen (1973) mol ecul e
2 W Arber, H Smit/Di scovery of Rest

Nat hans enzymes
3 Mandel and Higa/CompetE.ndiohicol d

calcium chloride
4 E M Sout hern Sout hern Hybridiz
5 Fred Sanger andDideoxy tehanimat i

Coul son met hod of DNA seq¢

6 Maxam and Gil befChemi cal degr adat
gene sequencing

Chapter 2: Protein Structure and Engi

SI |Scientists Contribution

N o

1 Fred Sanger Devel oped proteinn
reagent FDNB and
sequencing

2 Pehr Edman (195Protein sequenci.|

3 Li nus Pauling, 3-D structure of- j

Ramachandran, Jjray crystall ografg

Kendr ew, Max Pe
4 V. M I ngram (195 Protein Finger pI
Chapter 3: GenomicsBi ®roft@eomatisc & nd
SI |Scientists Contribution
N o
1 Thomas Roder (1/Coined Genomi cs
2 H Winkler (1920/Coined Genome
3 J Craig Venter ESTs to find geneé
4 Zuker kandl and [Mol ecul ar evol uti




. A20SOKy2ft 238 H T HMP

(1962)

5 Margret Dayhoff PAM and protein ¢
Atl as of protein

6 Rigby and Paul Ni ck transl ati on
Chapter 5: Plant Tissue Culture and
SI |Scientists Contribution

N o

1 Gottlieb Haberl|Father of PTC

2 Peter Beyer andGolden rice
Potrykus

Chapter 6:CeAndi maill ture and Applicati (

SI |Scientists Contribution

N o

1 George Gay Establi shed Hela
2 Rous and Jones |[Trypsin for subc.

adherent cell s
3 Mi |l stein and Ko/Hybri doma Technol
4 Ernest McCull oclEstabl ssbkbedcell f
James Ti || at University of
5 James Thomson (|l solate and grow
e

cul tur




Chapter wise Abbreviations that you must know by now -

Chapter "1:- RECOMBI'NANT DNA TECHNC

RDFfRecombi nant:mDNA Technol ogy
I'DN-A=ecccombi nant DNA
RM:=Sys-tRemtricticoeon Modification Sygpt
RFL-Restricai-on FEragment:=-Length Po
.GFPGreen - Flcuoerescence Protein
MCSMutltt=sicpbez=C41 oning Site

RF - cFoe Remp:tivcative Form

COS-  SChhesive site

YAE€Yeast -cArticfd=ci-al Chr omosome

0. BACBact-eriat "ArtokftreEci al Chromosor
TMVYTobacco Mosaic Virus
pU€ptltasmid=University of Califqrr
PCRPol 'ymerase==Chain Reacti on
c DN-Aompl-ement-ary DNA

SV4-Bimi an=NMNirus 40
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Chapter 2! "PROTEILIN STRUCTURE AND | EI

16 . RBERed -Bloeod Cell s

17. SCl-Bevere Combimned-=trmmunodefici e

18. ADAAdenosi-ne-Deami nase

19 . LMBLaboratory «of Mol ecul ar Bi ol o

20. ACEAcetlyeholi=ne esterase

21. SDS PAS&dium-cdodecyl  sulkphate Rol
elcectrroephoresi s

2°2 . | E-H:scoelcecteri ¢ focusing

23 . ptle:scoelceetric pH

2:4 . GRASGener al:-frdedega safe

25 . PEGPolLyet-hhylcene gl ycol

26 . MS Ma:s scccsspect rometry

277 . MALDMatr-kx>cassicssted | aser desonp!

28 . I'N-H nterf er on

29 . t-P-Atdssssue Plrasminogen activator

30. BCAABranched Chain Amino acid




. A20SOKy2ft 238 H T HMP
31. PERProt eicn-cEfsfi ci ency Rati o
32. BMWBiLol:ogd cal Val ue

Chapt3er GENOMI CS, PROTBOMIIONGE ORNWMATI C

33. ESTExpr-essed -Sequence Tags

34 . NCB-INatizonal ~Centrec:f or-~Bitot ech

35. SNPSimngle-Nuecleotizde Pol ymor phi

36. CFTRystic Fibrosis Transmembr a
Regul ator

37. HTTHunt-ingtsi n gene

! FI SHIl uorescence in situ Hybridi
: CMLChronic Myelogenous Leukaemi|a

EMBLEur opean Mol ecul ar Bi ol ogy

EB{Europ®aoni nformatics I nstitut
PI-PProtein I nformation Resource
NBR+FNati onal Bi omedi cal Researc

PDBProtBatmabase

PALPhyl ogeny and Al ignment

BLASBasic Local Alignment Sear g

Chapter 4: MICROBI AL CELL CULT
APPLI CATI ONS
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47 . SCPSingle Cell Protein

4 8. NBNutrient Broth

49 . LBLauria Broth

50. TSBTryptic Soy Broth

51. NANutrient Agar

52. LALauri a Agar

53. TSATryptic Soy Agar

54. ATCCAmerican Type Culture Coll e
55. MTCEMi crobial Type Culture Coll
56 . NBAI-Mati onal Bureau of Agricult
Mi croorganism

57. PHBPol yhydroxy butyrate

58. GMO Genetically Modified Organi $

ChapterL ANT CELL CULTURE AND APP
59. MS-Mur ashige and Skoog medi um
6 0. Ti Pl aBummadur i nducing plasmid
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