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Biotechnology deals with techniques of using NS

organisms or enzymes from organisms to produce products
and processes@rseful to huma@ln this sense, making
curd, bread or wine, which are all microbe-mediated
processes, could also be thought as a form of
biotechnology. However, it is used in a restricted sense
today, to refer to such of those processes which use

génetically modified organisms to achieve the same on a
e ger scale. Further, many other processes/techniques are
also included under biotechnology. For example, in vitro
fertilisation leading to a“fest-tube’ baby, synthesising a
gene and using it, developing a DNA vaccine or cofrecting

a defective gene, are all part of biotechnology.
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The European Federation of Biotechnology EFE})

given a definition o . @

traditional view and nﬂ%mtechnology.
The definition given by EFB is as follows:

"I‘he@f natural science and organisms,
cells, parts thereof, and molecular analogues for products
and sey&es’.

9.1 (PRINCIPLES OF BIOTECHNOLOG

Among many, th core techniques that enabled birth
of modern biotechnology are : g

Genetic engineering yTechniques to the

chemist senetic materi and RN
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to introduce these into host organisms and thus change the

notvpe of the host organism.
Bwprocess engineering: Maintenance m’%‘ (microbial
AT i ' jcal cn;,mccmu., Processes

eukaryotic cell in

siotechnological products
like amibinti(‘s. vacceines, enzymes, cte.

Let us now understand the conceptual development of the principles

ol genelic engineering..

You probably appreciale theadvantages ol sexual reproduction-over

asexual reproduction. Th provides opporlunities l'

and formulation of unique combinations of genetic setup, some ol whieh,
may be beneficial to the organism as well as the populatio

reproduction preserves the genelic inlormation, while(sexual repro don
permils variation( Tradilional hybridisation procedures used in plant and
animal breeding, very often lead to inclusion and multiplication of
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W ong with the desired genes. THe techniques of genetic
engineering ich include-creation o ombinant DNA, use of
gene clon@d g;néu er, overcome this limitation and allows us
to isolate and introduce only one or a set of desirable genes without
introducing undesirable genes into the target organism.

WWMWC]] is somehow

transferred into éb‘n"% ien organism? Most likely, this piece of DNA would

not be able to iply itself in the progeny cells of the organism.
when it gets integrated into the genome of the recipient, it may multiply
and be inherited along with the host DNA. This is because the alien piece
of DNA has become part of a chromosome, whi as the ability to
re ate a chromosome there is a specific DNA sequence called the
origin of replication, which is responsible for initiating replication.

Therefore, for the multiplication of any alien piece of DNA in an organism
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it needs to be a part of a chromosome(s) which has a specific sequence

known as ‘origin of replication’. Thus, an alien DNA is linked with the
origin of replication, so that, this alien piece of DNA can replicate and

multiply itself in the host organism. This can also be called as gﬂg or
making multipledentical copies of any template DNA.

Let us now focus on the first instance of the construction of an artificial

recombinant DNA molecule. The construction of tl‘

DNA emerged from possibility of linking a ggse encoding antibiotic
e ——
resistance with affative plasmid (autonomously replicating circular
————-———_—-——-‘ . ' by
extra-chromosomal DNA) of Salmonella typhimurium. Stanley Cohen and
e — —

Herbert Bover accomplished this in by isolating the antibiotic
resistance gene by cutting out a piece o A from a plasmid which was
responsible for conferring antibiotic resistance. The cutting of DNA at
specific locations became possible with tl iscovery of the so-c:
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‘molecular scissors’- restriction enzymes. The cut piece of DNA was
then linked with the plasmid DNA. These plasmid DNA act as

transfer the piece of DNA attached to it. You probably know that mosquito
acts as an insect vector to transier the malarial parasite into ; 1V.

-

In the same way, a plasmid can be used as vector to deliver an ¥t piece
of DNA into the bg&t organism. The linking of antibiotic resistance gene

with the plasmid vector became possible with the enzyme DNA ligase,
which acts on cut DNA molecules and joins their ends. This makes a new
combination of circular autonomously replicating DNA created in vitro
and is known as‘()ml)inzmt DNA. When this DNA is transferred into
(W” bacterium closely related to Salmonella, it coulc

replicate using the new host’'s DNApoOlymerase enzyme and make multiple
copies. The ability to multipl¥4€opies of antibiotic resistance gene in

<. coliwas called cloning of anGbiolcC resistance gene in E. coll.
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You can hence infer that there ar °Il genetically
modifying an organism —

identification of DNA with desirable genes;

—

(ii) introduction of the idW into the host;

-——"——_——‘
T ——————————————

(iii) maintenance of introduced DNA in the host and transfer of the DNA

S NN NN e
(o its progeny.

0.2 F ReEcoMBINANT DNA TECHNOLOGY

Now we know from the foregoing discussion that genetic engineering or
recombinant DNA technology can be accomplished only if we ha' the

key tools, i.e., restriction enzymes, polymerase enzymes, ligases
\ a : - a . -
and lhcganism. Let us try to understand some of these in detail.
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9.2.1 Restriction Enzymes

In the year 1963, the two enzymes responsible for restricting the growth
of bacteriophage in Escherichia coli were isolated. One ol these added
methyl groups to DNA, while the other cut DNA. The later was called
restriction endonuclease.

The first restriction endonuclease-Hind II., whose [unctioning
depended on a specific DNA nucleotide sequence was isolated and
characterised live years later. It was found that Hind II always cut DNA
molecules at a particular point by recognising a specific sequence of
six base pairs. This specilic base sequence is known as the
recognition sequence for Hind II. Besides Hind II, today we know more
than 900 restriction enzymes that have been isolated from over 230 strains
of bacteria each of which recognise diflerent recognition sequences.

The convention for naming these enzymes is the first letter of the name
comes from the genus and the second two letters come from the species of
the prokaryotic cell from which they were isolated, e.g., EcoRI comes from
Escherichia coli RY 13. In EcoRI, the letter ‘'R’ is derived from the name of
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strain. Roman numbers following the names indicate the order in which
the enzymes were isolated from that strain of bacteria.

Restriction enzymes belong to a larger class of enzymes called
nucleases. These are of two kinds: exonucleases and endonucleases.
Exonucleases remove nucleotides from the ends of the DNA whereas,
endonucleases make cuts at specific positions within the DNA.

Each restriction endonuclease functions by ‘inspecting’ the length of
a DNA sequence. Once it finds its specific recognition sequence, it
will bind to the DNA and cut each of the two strands of the double
helix at specific points in their sugar-phosphate backbones
(Figure 9.1). Each restriction endonuclease recognises a specific
palindromic nucleotide sequences in the DNA.

—— FOR NOTES & DPP CHECK DESCRIPTION
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DNA fragments join at sticky ends

Figure 9.1 / Steps In formation of recombinant DNA by action of restriction endonuclease
enzyme - EcoRl

FOR NOTES & DPP CHECK DESCRIPTION



Do you know what palindromes are? These are groups of letters
that form the same words when read both forward and backward,
e.g., "MALAYALAM". As against a word-palindrome where the same
word is read in both directions, the palindrome in DNA is a sequence
of base pairs that reads same on the two strands when orientation of

reading is kept the same. For example, the following sequences reads
the same on the two strands in 5 2 3 direction. This is also true if
read in the 3 = 5 direction.

5 —— GAATITC — 3

3 —— CTTAAG —5
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Restriction enzymes cut the strand of DNA a little away from the centre
of the palindrome sites, but between the same two bases on the opposite
strands. This leaves single stranded portions at the ends. There are
overhanging stretches called sticky ends on each strand (Figure 9.1). These
are named so because they form hydrogen bonds with their
complementary cut counterparts. This stickiness of the ends facilitates
the action of the enzyme DNA ligase.

Restriction endonucleases are used in genetic engineering to form
‘recombinant’ molecules of DNA, which are composed of DNA from
different sources/genomes.

When cut by the same restriction enzyme, the resultant DNA fragments
have the same kind of ‘sticky-ends’ and, these can be joined together
(end-to-end) using DNAzMgases (Figure 9.2).
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Figure 9.2 Diagrammatic representation ol recomdinant DNA technology
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You may have realised that normally, unless one cuts the vector and
the source DNA with the same restriction enzyme, the recombinant vector

molecule cannot be created.

Separation and isolation of DNA fragments : The cutting of DNA by
restriction endonucleases results in the fragments of DNA. These fragments
can be separated by a technique known as gel electrophoresis. Since

DNA fragments are negatively charged molecules they can be separated
by forcing them to move towards the anode under an electric field through
a medium/matrix. Nowadays the most commonly used matrix is agarose
which is a natural polymer extracted from sea weeds. The DNA fragments
separate (resolve) according to their size through sieving effect provided
by the agarose gel. Hence, the smaller the fragment size, the farther it
moves. Look at the Figure 9.3 and guess at which end of the gel the

sample was loaded.
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Figure 9.3

bands

A typical agarose gel
Jeg hhoresis showing

and digested sel ol
agments (lane 2 to 4)

The separated DNA tragments can be
visualised only after staining the DNA
with a compound known as cthidium
bromide followed by exposure to UV
radiation (you cannot sce purc DNA
[ragments in the visible light and
wilhoul slaining). You can see bright
orange coloured bands of DNA in a
¢thidium bromide stained gel
exposed lo UV light (Figure 9.3). The
separaled bands ol DNA are cul oul
from the agarose gel and extracted
from the gel piece. This step is known
as elution. The DNA Iragments
purified in this way are used in
constructing recombinant DNA by
joining them wilh cloning veclors.

FOR NOTES & DPP CHECK DESCRIPTION




>}\L \/EC ORS L —\—mu/q
“CLONH\\Q V8= 1 T0R e

@ oY1 >Mw.

D\ YY\)SEAC’ menm\\/y\ \k);_;L_A \/e_c_\mwss—
—/-L—'Q oe»v(;kK [?e:o’ CelY\

A lonwids- e 8
= os e YW )
Q BO&A‘E‘&D’\)\\O\%Q —9\\9&\ QS%H = o&“ \

® :@_Vr CB‘&”VQ Svf ?zsexmm \!\\IQ\\M\& N\ &QR\\Q)\\M\

rehhicle




3{‘0\ \-Pfe_ém{ \(\0\25 CXM\\(\%, g\&u %c( mmse, KQJ'\X(\\S
%m%E“QA) ox K&& Nowe Yovre SHFRIN
%







4




@ Prdsbtolse — vesist e

CU m\ove*&%o M e ?‘6@0&.&2
)

Q‘A-m?ial)hn

| etgon

i C,\!\\o e \{\'\LV\\@Q

L

K&Y\&Y“au n

e

<!




®

:) g Ke
b) Q\. 69& ec- moq&evs
: O\W\f ekt
R » ] ?\N’XL 9 D\R

V‘ “66‘? | % ‘60‘3

WEBRB QL (m Mvv%gb\ ﬂe%g\j\?\%m\%

™ -
o\mx 3 )

_? %m\& Rod ‘no&u




€. eads HQS‘\’!C\YY\D X T Brppiaiin
Q (r M\\O} /Rax\i‘gbrﬂ\&g "?‘O\\?V\el

Rﬁ_mm\o\‘\@&(’

b ( m@aj/ﬁ“ ‘R%\Qumw ﬁ‘o&«\&
BT o e

\_/f\)







o
w3 1791{3 R cut Lot Salﬂ '
@/ ggmb\w tagh o 2se Armpie (Qm S

Ne\ 9 Nasn — HO\Y\L{DM He%‘t*‘? \e:k MN—

&W/@ W pBR3AL w& Wil /

) ﬁ%ﬁ‘fﬁé“_‘ Host ——= Bnp 3 3. 7
P ~

i >




715 N
@ %O\c—z. 3 o von W\asz< @
Blue — whide &@ng%gh
‘& C (. — & — ﬂer\@

i, L
\%g.v“‘ %O\&ﬁkc_._\'e'&?%&
/N\ZW“\Q
(\m\«eaiea S n
. ? cyeslde Gy dere
V)\ & X Host C\\\;:}’\i‘\r C\\;Qms%g‘\\c W
. TQM%D\M\A &Qm‘m\o o\\\\;e " Su\ra-\f
) clon\SD e 9
\9 /EO\Y\& = “M\— Q(D q\\\\R )3 e ‘XH&MQ_\K %Y\ \{&!%{\,o% %i;if“t‘“

-

Ml XYSW%EW& —> Died N

/



> \J

0 \

o _u_\_—___i&la\\ Ao aXiwer

Plece X‘% desiged DAY




C
L2
,!So]\

O

ng

E

oy

uwm
»
‘e




9.2.2 Cloning Vectors

You know that plasmids and bacteriophages have the ability to replicate
within bacterial cells independent of the control of chromosomal DNA.
Bacteriophages because of their high number per cell, have very high
copy numbers of their genome within the bacterial cells. Some plasmids
may have only one or two copies per cell whereas others may have
15-100 copies per cell. Their numbers can go even higher. If we are able
to link an alien piece of DNA with bacteriophage or plasmid DNA, we can
multiply its numbers equal to the copy number of the plasmid or
bacteriophage. Vectors used at present, are engineered in such a way
that they help easy linking of foreign DNA and selection of recombinants
from non-recombinants.
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The following are the features that are required to facilitate cloning
Into a vector.

() Origin of replication (ori) : This is a sequence from where
replication starts and any piece of DNA when linked to this sequence
can be made to replicate within the host cells. This sequence is also
responsible for controlling the copy number of the linked DNA. So,
if one wants to recover many copies of the target DNA it should be
cloned in a vector whose origin support high copy number.

: In addition to ‘ori’, the vector requires a
selectable marker, which helps in identifying and eliminating non

e ————————— - 8 - - - —
\Oru.nslm'munls and selectivelv per o »  OrOw of the
s((\

l
transformants. Transformation is a procedure through which a

_9?/()0

piece of DNA is introduced in a host bacterium (you will study the
process in subsequent section). Normally; the genes encoding
resistance to antibiotics such as ampicillin, chloramphenicol,
tetracycline or kanamycin, etc., are considered useful selectable
markers for E. coli. The normal E. colicells do not carry resistance

against any of these antibiotics.
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(iiij Cloning sites: In order to link the
alien DNA, the vector needs to have
very flew, prelerably single,
recognition sites {or the commonly
used restriction enzymes. Presence of

more than one recognition sites within
the vector will generate several
fragments, which will complicate the
gene cloning (Figure 9.4). The ligat

of alien DNA is carried out at a
antibiotic resistance genes. For
example, vou can ligate a foreign DNA

: . Figure 9.4 E. coli (‘lnnln ! vector pBR322
at the site of tetracycline & = o ‘

showing restriction sites

socdlion B s o Susensmicinutil
resistanceé gere in the vector pBR322. (Hind 111. EcoR 1. BamH 1. Sal 1.
The recombinant plasmids will lose Pou ll, Pst 1, Cla 1), ori and

tetracycline resistance due to insertion antiblotic resistance genes
\-—_—_—_——_—___— 4 { - v ) 134 » 282

x o (amp" and tet"). rop codes for
the proteins involved in the

replication of the plasmid.
plating the transformants on R —

of foreign DNA but can still be selected
rom non-recombinant ones by
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. vill % in ampicillin
containing , aining tetracycline. But,

vill growon the medium containing/ oth the

fon- recombinantswill gigwon th -
antibiotics. In this ('asc.‘ resistance gene helps in

selecting the transformantg, whereas the(other antibioticresistance

FOR NOTES & DPP CHECK DESCRIPTION




gene gets ‘inactivated due to insertion’ of alien DNA, and helps in
’ binants.

Selection of recombinants due to inactivation of antibiotics is a

ecause it requires simultaneous plating

on(two platés having different antibiotics. Therefore, alternative

selectable markers have been developed which differentiate

recombinants from non-recombinants on the basis of their ability

to produce colour in the presence of a chromogenic substrate. In

this, a recombinant DNA is inserted within the coding sequence of

exﬁWThls results into inactivation of the
gene for synthesis of this enzyme, which is referred to as insert

inactivation. The presence of a chromogenic substrate gives blue §

\\_——-’_’/

coloured colonies if the plasmid in the bacteria does not have an
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Qy

insert. Presence of insert results into insertional inactivation of the
» »
B-galactosidase gené and the colonies do not produce any colour,

Vectors for cloning genes in plants and animals : You may be
surprised to know that we have learnt the lesson of transferring genes
into plants and animals from bacteria and viruses which have known
this for ages — how to deliver genes to transform eukaryotic cells and
force them to do what the bacteria or viruses want. For example,
Agrobacterium tumifaciens, a pathogen ol several dicot plants is able
to deliver a piece of DNA known as ‘T-DNA’ to transform normal
plant cells into a tumor and direct these tumor cells to produce the
chemicals required by the pathogen. Similarly, retroviruses in animals
have the ability to transform normal cells mt() cancerous cells. A

better understanding of the art of dcll\'cn/xm” genes by pathogens in
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their eukaryotic hosts has generated knowledge to transform these
tools of pathogens into useful vectors for delivering genes of interest
to humans. The tumor inducing (Ti) plasmid of Agrobacterium
tumifaciens has now been modified into a cloning vector which is no
more pathogenic to the plants but is still able to use the mechanisms
to deliver genes of our interest into a variety of plants. Similarly,
retroviruses have also been disarmed and are now used to deliver
desirable genes into animal cells. So, once a gene or a DNA fragment
has been ligated into a suitable vector it is transferred into a bacterial,
plant or animal host (where it multiplies).

Competent Host (For Transformation with
Recombinant DNA)

@ %ince)DNA is a hydrophilic molecule, it cannot pass through cell
mcmbrmmrw bacteria to take up the plasmid, the
\ bacterial cells must first be made ‘competent’ to take up DNA. This is
bdom by treating them with a specific concentration of &divalent cation,
tUsuch as calcium, which increases the efficiency with which DNA enters

0 AV
URC’@O C
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the bacterium througli pores in its cell wall. Recombinant DNA can then

be forced into such cells by incubating the cells with recombinant DNA

on ice, followed by placing them briefly at 42°C (heat shock), and then
. : aL s

putting them back on ice. This enables the bacteria (o take up the

recombinant DNA.

This is not Ihz‘f 2 lv wav to introduce alien DNA into host cells. In a

method known as
into the nucleus of ang S,
cells are bombarded witl{] ‘@icro-partic luoL_‘ Id or tungsten
coated with DNA in a method known as biolistics or geﬁ? gun. And the
last method uses(‘disarmed pathogen’ vectors)ywhich when allowed to
infect the cell, transfer the recombinant DNA into the host.

Now that we have learnt about the tools for constructing recombinant
DNA, let us discuss the processes lacilitating recombinant DNA technology.
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9.3 PROCESSES OF RECOMBINANT DNA TECHNOL

Recombinant DNA technology involves several steps in specific

sequence such as isolation of DNA, fragmentation of DNA by
restriction endonucleases, isolation of a desired DNA fragment,.
ligation of the DNA fragment into a vector, transferring the
recombinant DNA into the host, culturing the host cells in a
medium at large scale and extraction ol the desired product.

Let us examine each ol these steps in some details.

—— FOR NOTES & DPP CHECK DESCRIPTION -



9.3.1 Isolation of the Genetic Material (DNA)

Recall that nucleic acid is the genetic material of all organisms
without exception. In majority of organisms this is
deoxyribonucleic acid or DNA. In order to cut the DNA with
restriction enzymes, it needs to be in pure form, free from other
macro-molecules. Since the DNA is enclosed within the
membranes, we have to break the cell open to release DNA along
with other macromolecules such as RNA, proteins,
polysaccharides and also lipids. This can be achieved by treating
the bacterial cells/plant or animal tissue with enzymes such as
lysozyme (bacteria), cellulase (plant cells), chitinase (lungus).
You know that genes are located on long molecules of DNA

Figure 9.5 DNA that
separates oul can be
removed by spooling

—— FOR NOTES & DPP CHECK DESCRIPTION




interwined with proteins such as histones. The RNA can be removed by
ireatment with ribonuclease whereas proteins can be removed by

treatment with protease. Other molecules can be removed by appropriate

treatments and purified DNA ultimately precipitates out after the addition

of chilled ethanol. This can be seen as collection of fine threads in the

suspension (Figure 9.5).

Y
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9.3.2 Cutting of DNA at Specific Locations

Restriction enzyme digestions are performed by incubating purified DNA
molecules with the restriction enzyme, at the optimal conditions for that
specific enzyme. Agarose gel electrophoresis is employed to check the
progression of a restriction enzyme digestion. DNA is a negatively charged
molecule, hence it moves towards the positive electrode (anode)
(Figure 9.3). The process is repeated with the vector DNA also.

The joining of DNA involves several processes. After having cut the
source DNA as well as the vector DNA with a specific restriction enzyme,
the cut out ‘gene of interest’ from the source DNA and the cut vector with
space are mixed and ligase is added. This results in the preparation of
recombinant DNA.

9.3.3 Amplification of Gene of Interest using PCR

PCR stands for Polymerase Chain Reaction. In this reaction, multiple
copies of the gene (or DNA) of interest is synthesised in vitro using two

FOR NOTES & DPP CHECK DESCRIPTION
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Figure 8.6 Polymerase chain reaction (PCR) : Each (W\!rps (1) Denaturation;

(1) Primer annealing. and (1) Extension of primers
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sets o@rime/rfsﬁ(small chemically synthesised oligonucleotides that are
Complmm to the regions of DNA) and the enzyme DNA polymerase.
The enzyme extends the primers using the nucleotides provided in the
reaction and the genomic DNA as template. If the process of replication

of DNA is repeated many times, the segment of DNA can be amplified
to approximately billion times, i.e., 1 billion copies are made. Such
repeated amplification is achieved by the use of a thermostable DNA
polymerase (isolated from a bacterium, Thermus aquaticus), which
remain active during the high temperature iiduced denaturation of
double stranded DNA. The amplified fragment if desired can now be
used to ligate with a vector for further cloning (Figure 9.6).

7
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9.3.4 Insertion of Recombinant DNA into the Host
Cell/Organism

There are several methods of introducing the ligated DNA into recipient
cells. Recipient cells after making them ‘competent’ to receive, take up

DNA present in its surrounding. So, if a recombinant DNA bearing gene
for resistance to an antibiotic (e.g., ampicillin) is transferred into E. coli
cells, the host cells become transformed into ampicillin-resistant cells. If
we spread the transformed cells on agar plates containing ampicillin, only
transformants will grow, untransformed recipient cells will die. Since, due
to ampicillin resistance gene, one is able to select a transformed cell in the
presence of ampicillin. The ampicillin resistance gene in this case is called
a selectable marker.

FOR NOTES & DPP CHECK DESCRIPTION







9.3.5 Obtaining the Foreign Gene Product

When you insert a piece of alien DNA into a cloning vector and transfer it
into a bacterial, plant or animal cell, the alier A gets multiplied. In

almost all recombinant technologies, th aw to produce a
desjrable protein. Hence, there is a need for thefécombinant DNA to be
// The foreign gene gets expressed under appropriate conditions.
" The expression of foreign genes in host cells involve understanding many
technical details.

After_having cloned the gene of interest and having optimised the
conditions to induce the expression of the target protein, one has to

FOR NOTES & DPP CHECK DESCRIPTION



@

consider producing it on a large scale.) Can you think of any reason
why there is a need for large-scale production? If any protein eneoding
gene is expressed@ heterologous host))it is called & fecombinant

protein. The cells l;aﬁr_ﬂtzoﬁriné cloned genes of interest may be grown
an a small scal @e labora@ The cultures may be used for

extracting the desired protein and then purifying it by using different

separation techniques. B e
. » . » / \ .

The cells can also be multiplied in a@nu@/o/us culture symfhereln

the used medium is drained out from one side while fresh medium is
added from the other to maintain the cells in their physiologically most

— FORNOTES & DPP CHECK DESCRIPTION ——




To produce i1
large volumes )l'(‘nl(urv(-zmI)vpx cessed, was required.
Thus, bioreactors can be thought of as vessels in which raw materials are
biologically converted into specificproducts, individaal enzymes, etc.,
1iuman cells. A bioreactor provides the
conditions for achieving the desired product by providing

yptimum growth conditions | cmpcr(% e, pH, subslmlc salts, \Wins.

The most commonly used bioreactors are o 2, Which are

oxygel

shown in Figure 9.7.
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A stirred-tank reactofr igusuyally cylindrical)or with a curved baseévo
facilitate the mixing of the redctor contents. The stirrer 'u
mixing and oxygen availability throughout the bioreactor!

airzan be bubbled through the reactor. If vou look at the figure closely

you will see that the bioreactor has a m @

ystem @

so that small volumes of the cultu

Alter completion of the biosynthetic stage, the product has to be subjected
through a series of processes before it is ready for marketing as a finished

FOR NOTES & DPP CHECK DESCRIPTION



product. The processes include separation and/pur’rﬁcalion. which are

W as downstream processing. The product has to be

formulated wit 1suilabl)/’/pﬁ'scn’ativcs. Such formulation has to undergo

thorough ClinWﬁals as in Cas%f/drugs. Stric%lity control testing
for each product is also required. The downstream processing and quality

control tc\st/iu« ary from product to product.
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QUESTION - of(gls Res i )

\—/
The cutting of DNA at specific locations became possible with the discovery of:

Probes

Selectable markers

Ligases

CNORORC

Restriction enzymes

—— FOR NOTES & DPP CHECK DESCRIPTION ——



QUESTION - oi (2022) : ) )

R o S

In the following palindromic base sequences of DNA, which one can be cut easily by
particular restriction enzyme?

@ S5¢CGTATTC3¢;3¢CATAAGS¢

S5¢CGATACT3¢;3¢CTATGAS¢

@%Amrcsc 3¢ CTTAAG 5¢

@ 5¢ CTCAGT3¢ ;3¢ GAGTCAb¢

—— FOR NOTES & DPP CHECK DESCRIPTION ——



QUESTION - 036(2022) <) )

Which of the fol desirobﬁfﬁ:ture of
g,
%nceof two or more recognition sites

Presence of origin of replication \/

Presence of a marker gene \//

cloning vector?

ONOXORO,

Presence of single restriction enzyme site

—— FOR NOTES & DPP CHECK DESCRIPTION ——



e

QUESTION - 04 @
oo ) >

Given below are two statements: / / /

Statement I: Restriction endonuclegses recognise specific sequence to cut DNA known
as palindromic nucleotide sequence. o

Statement II: Restriction en nucleose\s/cut the DNmnd a little away from the centre
of the palindromic site.

In the light of the above statements, choose the most appropriate answer from the
options given below.

Statement | is incorr but Statement Il is correct

‘ }f&nent | and Statement Il are correct

Both statement | and statement |l are incorpect

@ Statement | is correct but Statement Il is incyrrect

—— FOR NOTES & DPP CK DESCRIPTION ——



QUESTION -0

DNA strands on a gel stained with ethidium bromide when viewed under UV radiation,

appear as:
Mnge bands

Dark red bands

@ Bright blue bands
@ Yellow bands

—— FOR NOTES & DPP CHECK DESCRIPTION ——



Gy
NS
striction enzyme sit@n gen@hot confers ampicillin

QUESTION - 06 (2021)

Plasml
resistance, Is enzyme is used for inserting a gene for - galactoside production ond
the recombinant plasmid is inserted in an E.coli strain. (Go1) Lo

=
@ The transformed cells will have the ability to Mcillin as well as@ce B-galoc@
Keoom\o \‘
Rl
It will lead to I%f host cell.

@ It will be able to produce a novel protein with dual ability.

@ %)t be able to confer ampicillin resistance to host cell.

— FOR NOTES & DPP CHECK DESCRIPTION ——



QUESTION - 07(2021)

A specific recognition sequence identified by endonucleases to make cuts at specific
positions within the DNA is:

@ Okazaki sequences >(
//Pal/@omic Nucleotide sequences

@ Poly (A) tail sequences >(

@ Degenerate primer sequenc

—— FOR NOTES & DPP CHECK DESCRIPTION ——



S N
QUESTION - 08 (2020-Covid) @

First discovered restriction endonuclease that always cuts DNA molecule at a particular
point by recognising a specific sequence of six base pairs is:

- P

@ Adensosine deaminase

Thermostable DNA polymerase

o
o

—— FOR NOTES & DPP CHECK DESCRIPTION ——
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QUESTION - Es (2020) 53 ) @

Match the orMs use in biotechnology.

Select the correct option from the following:

@ Iv), B=(1n), c-(1), b-(i) (A) | Bacillus (1) |Cloning vector
thunng:en is A
B) | Thermus agquatic | Construction of first
A-(in), B-% c-(v), p-(1) 2 )K /("'{ . rDNA molecule

(C) | Agrobacteriym (1) _| DNA polymerase

@ A-(m), B-%),C-(I), D- (1) > tumefaciens =

Salmonelia —(-L\%,Cry proteins
typhimuriu
@ A-(11), B-(Av), c-(m), p-(1)

—— FOR NOTES & DPP CHECK DESCRIPTION ——



QUESTION - 1¢/(202

The sequence that controls the @f the linked DNA in the vector, is termed:
® s

‘ Palindromic sequence
@ Recognition site
@ Selectable marker

—— FOR NOTES & DPP CHECK DESCRIPTION ——



The specific palindromic sequence which is recognized by EcoRl is:

@ 5 - GGAACC - 3'; 3' - CCTIGG - '

5’ - CTTAAG - 3’; 3’ - GAATTC - o’

' - GGATCC - 3'; 3" -CCTAGG - %

—— FOR NOTES & DPP CHECK DESCRIPTION ——



QUESTION - 12(2020)

Identify the

VY
ent with regard tq restriction enm
fo2 e

@ They cut the strand of DNA at palindromic sitef/

They are useful in genetic engineering/

P
@ ngyends can be joined by using Dl&&ggs.

Each restriction enzyme functions by inspecting the length of a DNA sequence.

—— FOR NOTES & DPP CHECK DESCRIPTION ——



Qussnou-l%(zozo) ) )
. -
Choose thom the following: / (Lf/

@ Polymerases - Break the DNA ixito fragments
Nucleases - Separate the t strandsm
@ Exonucleases - Make cuts at specific positions witlin DNA

@ /ﬁ/g/osé - Join the two DNA molecules

—— FOR NOTES & DPP CHECK DESCRIPTION ——



P S e @
QUESTION -1 @ W

Following statements describe 8 characteristics of the  enzyme restriction
endonuclease. Identify th¢ incorrect statement. & SSE
The enzyme cuts DNA molecule at identified position within the DNA. At

®
2= i

enzyme binds DNA at specific sites and cuts only olje of the two strands.

W=

@ The enzyme cuts the sugar-phosphate backbone at specific sites on each strand.

@ The enzyme recognizes a specific palindromic nu\:&de sequence in the DNA.

—— FOR NOTES & DPP CHECK DESCRIPTION ——



QUESTION - 1% (2017-Delhi) S)

A gene whose expression helps to identify transformed cell is known as

@ %able marker

Vector

@ Plasmid
@ Structural gene

—— FOR NOTES & DPP CHECK DESCRIPTION ——



—
QUESTION -1 @

Restriction endonucleases are:

@ Used in genetic engineering for liggting two DNA molecules

Used for in vito DNA synthesis [/ ( 2
@ %ed by bacteria as part of their defense mechanism

@ Present in mammaliary cell for degradation of DNA when the cell dies

—— FOR NOTES & DPP CHECK DESCRIPTION ——



QUESTION - 17 (OS Zzols-u) § ) ) ol
Which of the following restriction enzymes@uces blunt @

~\C & %

@ iy O%qé Ch q
o Eos
HindIll  ~ W

Sall - & k\)hj(
@ (A& Cell6) B f/v&)b

};\1# |
ORV CCC
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QUESTION - l%:Ols-u) ) )

A foreign DNA and plasmid cut by the same restriction endonuclease can be jomed to
form a recombinant plasmid using:

@ Polymerase-ll

@ EcoRl
@ Taq polymerase /

—— FOR NOTES & DPP CHECK DESCRIPTION ——



Quesnou-E((zols-l) § )

\
Which of the following is a restriction endonuclease?

@%‘
Protease LNQO\& o5
@ DNase |l

@ RNase LNXU‘U

FOR NOTES & DPP CHECK DESCRIPTION

—




QUESTION - 2 @

Which of the following w feature of th
WA&

@ Independent replicatiorj/

Circular structure

@ Transfgrable /

@ nyle-= stranded

FOR NOTES & DPP CHECK DESCRIPTION



QUESTION - ;Q (2015 Re) )< )

The DNA molecule to which the gene of interest is integrated for cloning is called:

—

tor

Template

@ Carrier
@ Transformer

—— FOR NOTES & DPP CHECK DESCRIPTION ——



B

(2015 Re)

QUESTION -

i

-DNA'Into plants involves:

The introduction o

@ Altering the pH of the soil, then he ocking the plants
Exposing the plants to cold% brief period

Allowing the plant roots to>éd In water
@ % the plant by Agrobacterium tumifaciens

—— FOR NOTES & DPP CHECK DESCRIPTION ——



QUESTION - 2% (2014) ) )
Whic@n clone only a small fragment of DNA?

@ Cosmid X

Bacterial artificial chromosom \% \,JVV'J5
,\‘(\ V

@ Yeast artificial chromosome

®) s

FOR NOTES & DPP CHECK DESCRIPTION




AR
. QUESTION - 2% (2013) E ) ) @
S s

DNA fragments generated by the restriction endonuclease in a chemical reaction can

be separated t@ <

Restriction mapping

Centrifugation

@ Polymerase chain reaction

@ ctrophoresis

—— FOR NOTES & DPP CHECK DESCRIPTION ——



710 N
: QY
Y\Qf \ N
contrast @ 0 @
‘C&\ a& L am
@ Inactivation of glygosidase enzyme in recombinant bocterlo
Non-recombinant bacteria containin etogalactomdose

Yuon = 6 oW

Insertional inactivation of o%a galactosidase in non-recombinant bacteria

@ %ﬂ inactivation of beta-galactosidase in recomblnont bacteria /

—— FOR NOTES & DPP CHECK DESCRIPTION ——
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QUESTION - 26 (20

Which one of the following statement |sregard|ng gel electrophoresis
technique? /

@ Bright orange coloured bands of DNA can be observed in the gel when exposed to UV light.
The process of extraction of separated DNA strands from gel is called elution.

/

@ The separated DNA fragments are stained by using ethidium bromide.

@ l%sence of chromogenic substrate gives bl oloured DNA bands on the gel

—— FOR NOTES & DPP CHECK DESCRIPTION ——



QUESTION - 27

Given below are Two statements: one is labelled as Assertion (A) and the other is
labelled as Reason (R). D¢ (\

Assertion (A): Polymerase chain reaction is used in DNA ompllflcatlon

Reason (R): Theyplculm resistant gene is used as a selectable marker to check
transformation \Jeo¥

In the light of the above statements, choose the correct answer from the options given
below.

@ (A) is noh>érect but (R) is correct
Both (A) and (R) are correct and (R) is the c%ct explanation of (A)

@ %and (R) are correct but (R) i not the correct explanation of (A)

@ (A) is correct but (R) is not \Jorrect
— FOR NOTE DPP CHECK DESCRIPTION —



QUESTION - 28 (2021)

During the purification process for recombinant DNA technology, addition of chilled
ethanol precipitates out:

* .
Histones

@ Polysaccharides

@ RNA

—— FOR NOTES & DPP CHECK DESCRIPTION ——



> N
QUESTION - 2%2021) § ) @
| S

During the process of gene amplification using PCR, if very high temperature is not

maintained in the beginning, then which of the following steps of PCR will be affected
first? T

@ Extension @ i3 Y\}DQV,,/ﬂ §° C

%rotion

@ Ligation
@ Annealing

—— FOR NOTES & DPP CHECK DESCRIPTION ——




auesrion -3¢ aoz0) Gy

In gel electrophoresis, separated DNA fragments can be visualized with the help of:

/__—_ —
P \

@ dium bromide in UV radiation

AcetorarnXine in UV radiation

@ Ethidium bromide in infrogked radiation

@ Acetocarryiine in bright blue light

—— FOR NOTES & DPP CHECK DESCRIPTION ——



QUESTION - 31((2020-Covid) =

DNA fragmentsXire separated by
@ Restriction digestion )(

}v/ee¢4\p/horesis
@ Polymerase chc}éction

@ Bioprocess enginegring

In a mixture,

—— FOR NOTES & DPP CHECK DESCRIPTION ——



QUESTION - 3@ (2020-@)

In recombinant DNA technology/Antibiotics are used:

@ To detect align DNA
To impart disease->e§istance to the host plant

@%Iectoble markers

@' To keep mediumYyacteria-free

—— FOR NOTES & DPP CHECK DESCRIPTION ——



QUESTION - 33(2020-Covid)

Match the followin

Select the corrett option from following:
@ J\/l,:'(l), c-(iv), o-(m) (A)

A})é, B- (1),

A-(11),B8-(1),C

©

c-(n), o-(1)

->é, D-(I1V)

@ A=), B-(11), c-(1v), p-(1)

710 N

Qy

NS

=S or instruments with their usage:

Bioreactor
o,

(1)

Separation of DNA

a1 fragments

(B)

Electrophym}a&

()

Production of large

~—__ . quantities of
/>products
(C) |PCR %Detection of pathogen,
based on antigen-
antibody reaction
(D) |EUsA 7~ \‘(~L\L)\ Amplification of nucleic

acids

—— FOR NOTES & DPP CHECK DESCRIPTION ——




QUESTION - 34/(2020-Covid)

Spooling is: K \,\0“
A

@ Cutting of separated DNA bands from the agarose gel

Qs

Transfer of separated DNA fragments t synthetlc membranes

@ % of isolated DNA

Amplification of DNA P C K.

——— FOR NOTES & DPP CHECK DESCRIPTION ——



om the following:

\oy23€_
@ The polymeros%nzy joins the gene of interest and the vector DNA
riction enzyme digestions are performed by incubating purified DNA molecules with the
striction enzymes of optimum conditions

\(\ .

(e C\X . .
P><R Is used for isolation and separation of gene of interest
0L~

@ Gel electropr%sis is used for amplification of a DNA segment

—— FOR NOTES & DPP CHECK DESCRIPTION ——



QUESTION - 36 (2019)

Which one of the following equipments is essentially required for growing microbes on a
large scale, for industrial production of enzymes?

a—

BOD incubator

Sludge digester

@ Industrial oven
@ Bibreactor

—— FOR NOTES & DPP CHECK DESCRIPTION ——



Qussnou-¥(2019)=/ \ ) )

DNA precipitoMixture of biomolecules can be achieved by treatment with

—

Isopropanol

‘m

Methanol at room temperature

@ Chilled chloroform

—— FOR NOTES & DPP CHECK DESCRIPTION ——



QUESTION - 3

)
.
L

The correct order of steps in Polymerase Chain Reaction (PCR) is:

ONOXOXO,

—— FOR NOTES & DPP CHECK DESCRIPTION ——

Extension, Denaturation, Annealing
Annealing, Extension, Denaturation

Denaturation, Extension, Annealing

Djr/urotion, Annealing, Extension




QUESTION - 39(2017-Delhi)

Gy
NS
A fragments movement on agarose gel during gel
electrophoresis9 -

What is the criterion for

The larger the fragment size, the farther it moves

‘ %he fragment size, the farther it moves

@ Positively chigfged fragments move to farther end

@ Negatively chqrged fragments do not move

—— FOR NOTES & DPP CHECK DESCRIPTION ——



QUESTION - 40 (2017-Delhi)

The process of separation and purification of expressed protein before marketing is
called —

Upstream processing

‘ Mprocessmg
@ Bioprocessing

@ Post-production processing

—— FOR NOTES & DPP CHECK DESCRIPTION ——



QUESTION - 4i (2017-Delhi) S )

The DNA fragments separated on arf agarose gel cgn be visualised after staining with:

Bromophenol blue
Acetocarmine

Aniline blue

9&/ m bromide

ONOXOXO,

—— FOR NOTES & DPP CHECK DESCRIPTION ——



@ Preservation /

@ Separation /

@ Purification /

FOR NOTES & DPP CHECK DESCRIPTION




Qussnou-z(zms-u) : )

Stirred-tank bM been designed for:

-~

@ wity of oxygen throughout the process
Ensuring ona%: conditions in the culture vessel

@ £ MMW 2
Purificiftion of proddct .
ool ?”M

@ Addition of preserv><ives to the product

—— FOR NOTES & DPP CHECK DESCRIPTION ——



QUESTION - 44 (2016-1) )

The Taq polymerase enzyme is obtained from:

@ ,/bmlat:cus

‘ Thiobacillus ferroxidans

@ Bacillus subtilis

@ Pseudomonas putida

—— FOR NOTES & DPP CHECK DESCRIPTION ——



QUESTION - % (2014) S )
Ionol propagation in plants is characterised by:

@ Micr%
%po

Nonhe% tting
Electr%sis and HPLC

FOR NOTES & DPP CHECK DESCRIPTION

OXOXO




QUESTION - 46 (2013)

Which of the following i
degrading enzyme?

&
@ Fungi - Chitinase / //

Bacteria - Lysozyme /
Plant cells - Cellulase /

@//){

—— FOR NOTES & DPP CHECK DESCRIPTION ——




QUESTION - 4?(2023) § )

felely exposurMon, DNA stained with ethidium bromide will show

B—

@ Brighit'orange colour
Bright red colour

@ Bright blue colour
@ Bright yellow colour

—_—

—— FOR NOTES & DPP CHECK DESCRIPTION ——



QUESTION - 4%(2023) g ) QY

In gene gun nm to introduce alien DNA into host cells, microparticles of
_____ metal are used.

@ Silver

® =
®

%or gold

—— FOR NOTES & DPP CHECK DESCRIPTION ——




QUESTION - 4

‘-\

During the purification process for recombinant DNA technology, addition of chilled
ethanol precipitates out = e

@ Polysaccharides

oy 4

—— FOR NOTES & DPP CHECK DESCRIPTION ——



aursTioN - @ozs) )

Main steps in the formation of Recombinant DNA are given below. Arrange these steps
In a correct sequence s

A Insertion of recombinant DNA into the host cell @ .
a

B. Cutting of DNA at specific location by restriction erizyme @

C. Isolation of desired DNA fragment. é |

D. Amplification of gene of interest using PCR( j )
Choose the correct answer from the option given below:

op s

C,ABD

®©
®) caon

FOR NOTES & DPP CHECK DESCRIPTION —
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QUESTION - 5

Which of the following ' cloning vector?

&

(B) Bac ?
ORZ
rIAS

FOR NOTES & DPP CHECK DESCRIPTION




QUESTION - sﬁnen-zou@)

Iwoys cuts DNA molecules at a particular point called recognition sequence and
it consists of:

® o
® o

OF s

—— FOR NOTES & DPP CHECK DESCRIPTION ——




Ry

What is the fate of a piece of DNA carrying gene of interest which is transferred into and

QUESTION - 53 (NEET-2024)

cells of the organism.
It may get integrated into the genome of the recipient. __—
It may multiply and be in%ted along with the host DNA. =

organism? 0 3
A. The piece of DNA would be able to multiply itself inde><ndently in the progeny

00w

The alien piece of DNA is &t an integral part of chromosome.
E. It shows abilitytg replicate.

Choose the eorre swer from the options given below:
@ %: only ind E only
@ and B only @ D and E only

— FOR NOTES & DPP CHECK DESCRIPTION ——



QUESTION - 54 (NEET-2024)

The following diagram showing restriction sites in E. coli cloning vector pBR322. Find the
role of ‘X’ and ‘Y’ genes:

@ The gene ‘X' is for protein invelved in replication of Plasmid and ‘Y’ for
resistance to antibiotics.

0 Gene ‘X’ is responsible for recognitian sites and ‘Y’ is responsible for
antibiotic resistance.

The gene ‘X’ responsible for resistance to ontibiotics and ‘Y’ for
protein inveived in the replication of Plasmid.

@ 1hie gene ‘X' is responsible for controlling the copy number of the
linked DNA and ‘Y’ for protein involved in the replicoticn of plasmid.

—— FOR NOTES & DPP CHECK DESCRIPTION -
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