er

b8 (@) Chhatrapati Shahu Ji Maharaj University, Kanpur

Lecture-
14-09-2020

COURSE BSc (BIOTECHNOLOGY) I YEAR
PAPER CODE: BBT-301
PAPER TITLE: RECOMBINANT/DNA TECHNOLOGY

By:
DR. ANNIKA SINGH
DEPARTMENT OF BIOTECHNOLOGY
INSTITUTE OF BIOSCIENCE AND BIOTECHNOLOGY




RECOMBINANT DNA TECHNOLOGY

Chhatrapati Shahu Ji Maharaj University, Kanpur BESersiasie:

DEPARTMENT OF BIOTECHNOLOGY

DNA Libraries

\
3

ISOLATION OF
gDNA/MRNA

SIZE FRACTIONATION

RESTRICTION DIGETION AND
LIGATION WITH VECTOR

INTRODUCTION INTO THE
HOST CELL

PREPARATION OF LIBRARY

SELECTION AND
SCREENING

There are two major approaches, for isolating *
seguences from complex sgurces such as /
genomic DNA or cDNA

A collection ofCipres, representative of the
entire stafiting population, is known as a library.
Genomic DNA libraries are generated by
fragmenting the genome and cloning
overlapping fragments in vectors
Complementary DNA (cDNA) libraries are
generated by the reverse transcription of
MRNA

cDNA is representative of the mRNA
population, and therefore reflects mMRNA level v
and the diversity of splice isoforms in particuldr

tissues
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Genomic DNA Library

High mol. wt eukaryotic 4 Charon 4A DNA
DNA (>100 kb) (replacement vector)
L J S —
Cleave with a mixture P
lof Haelll and Alul mt’:%
| size fractionate sndsof &

e -20kb

EcoRl methylase to
lblock EcoRl sites -
Me" Me

R X
Me Me lEcoRl
EcoRl linker molecules i
Me Me d 2 79
Internal fragments
e Size fractionate
EcoRl to remove
internal
Me Me fragments
— —
Me I —
Anneal EcoRi coesive ends. Ligate
Me Me Me Me
Me Me Me Me
l Packaging in vitro

Q Phage particle

* Maniatis’ strategy for producing a representative gene library.

i
A Genomic Library is a very large number of *
!

recombinants, which togetlief€ontain a completq

collection of all of the{®NA sequences in the
entire genope:

Clarke &Carbon (1976) derived a formula
that@efates the probability (P) of including
ahy DNA sequence in a random library of

N independent recombinants:
_In(1-P)

*n be the size of the genome relative to a single cloned fragment.

to achieve a 95% probability (P = 0.95) of

N

including any particular sequence in a randot
human genomic DNA library of 20 kb fragme

size: In (1-0.95)

T £ A
1.4x10°

N=

=4.2x105

human genome (2.8 x 106 kb) and an average cloned fragment size of 20 kb, n = 1.4 x 10°



DNA Libraries

Polylinker Polylinker
BamHl BamHl
Sail EcoRl EcoRI | Safl
AB red" gam’
Sail Saill

and EceRl

Digest with BamHI 1

AB BamHIl red* gam* BamH
L
I

1
]
1 \
EcoRl '\ pight arm

| 1
1 |
Left arm/ EcoRl

LEMBL3A

Target high molecular
wecghthgigrhlomicDNA

(1) Partial Sau3Al digest |
(2) Phosphatase

Sau3Al Sou3Al Sau3Al Sou3Al
HO e OH  HO | OH

OH

Polylinker Polylinker
oligonucleotide oligonuclectide
| ' St Sau3Al Sgu3Al  Sou3Al Sau3Al
sopropanol precipitation
Polylinker oligonucleotide HO ] O HO [
not precipitated
AB BamH1 Bamil o S
—_— { st =
Left arm EcoRl Right arm Size fractionation not necessary
l Ligate, mix 1
AB (BamHiI) (BamHI) )
| | g Recombinant phage
| |
Left arm l I Right arm PINA COnCRNEX
Sai Sail
1 Packaqging in vitro
Plate on
P2 lysogen
Recombinant )
(Spi) phage | «<mmmm—
plaques

Creation of a genomic DNA library using the phage-A vector
EMBL3A. High-molecular-weight genomic DNA is J
partially digested with Sau3Al. The fragments are treated /

with phosphatase to remove their 5' phosphate groups.

The vector is ‘digested with BamHI and EcoRl, which cut
within the\polylinker sites.
The tiny BamHI/EcoRlI polylinker fragments are discarded in
the isopropanol precipitation, or alternatively the vector arms
may be purified by preparative agarose gel electrophoresis.
The vector arms are then ligated with the partially digested
genomic DNA. The phosphatase treatment prevents the
genomic DNA fragments from ligating together.
Non-recombinant vector cannot reform because the sm
polylinker fragments have been discarded.

The only packageable molecules are recombinant ph
These are obtained as plaques on a P2 lysogen of suf

coli.

vector carries amber mutationsin genes A and B. A :
These mutations increase biological containment, and can
be applied to selection procedures, such as recombinational

selection, or tagging DNA with a sup+ gene.
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CONTRUCTION OF cDNA LIBRARY

| 5 mMRNA AAA 3 -
Isolation of mMRNA | > l Oligo (dT) |
" . anan ||

AAA; 3 T

TTT, — i
* cDNA library represents mRNA population present at a ' \f
il . . . itiole cl . (1) Reverse \
particular stage in a organism into multiple clones containing transcriptase
small DNA fragments. (2) Alkali
First strand synthesis \
cDNA ( LRRPR
3'
Second strand synthesis
DNA polymerase
+ 4 dNTPs
5'
CLLLLTTTTTTTITTEL 5,
lSl-nudease ;
T,
3!
: : : Terminal
Cloning in suitable vector system transferase
+ dCTP

CC,C
}



CONTRUCTION OF cDNA LIBRARY

s A LT *’

Oligo (dT)
. AAA, 37
pstl £ R\ Tc* . T,
pBR322 (1) Reverse
ApR ' transcriptase
N . 4 (2) Alkali
ONA (T T, 5
Pstl '
DNA polymerase
+ 4 dNTPs
- (O 5,
G————CIGCA ¥ 3
3 ACGTC—————— G lSl-nu P
Terminal 2%
transferase LT 5
+dGTP Terminal
y transferase )
S .1 .
WHIHIIL o Crocggg LTI ggec“"c
—CIG G
' !

Transformation host repairs

R
N Tc, Ap® gaps, reconstructs Pstl sites

«  c¢DNA cloning strategy, involving hairpinprimed second-strand _Wﬁ%ﬁ

DNA synthesis and homopolymer tailing to insert the cDNA
into the vector.




Isolation of mMRNA

Cloning in suitable vector system

Reverse transcriptase
+4 dNTPs

Hrst strand synthesls

Terminal transferase
4+ dCTP

cDNA

Alkaline sucrose gradient:
(1) hydrolyzes RNA
(2) recovers full length cDNA

3CCCC TTTTS
cDNA

Oligo-dG, reverse transcriptase

+ 4 dNTPs
Second strand synthesls
5" GGG 3f
duplex cDNA
3*CCCC TTTT S
N
V

Insert into vector by
either further homopolymer
taifing or linkers

A, ——
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CONTRUCTION OF cDNA LIBRARY

m '
——————— AAAAAA Annealing
cDNA Oligo- Hindlll
synthesis dC tails digestion
First strand
synthesls
Annealing of oligo-dG Pstl
Lailed adaptor; .
cyclization with Hindl qu
E. coli DNA ligase
Replacement of
RNA strand by
DNA with E coli
RNase H, DNA
polymerase | and
DNA ligase

The strategy of Okayama & Berg (1982), where the mRNA is linked unidirectionally to the
plasmid cloning vector prior to cDNA synthesis, by virtue of a cDNA tail.
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CONTRUCTION OF cDNA LIBRARY

cap

Full
length
cDNA v
< i
RNAse A
treatment
¥
cap 244
Isolation on
elF-4E affinity
column

AAA
First strand
cDNA synthesis
Partial
length
' cDNA
AAA
S TTT
RNAse A
treatment
Y
A A A

— T T

¥
Elute full length cDNA

The CAPture method of full-length cDNA
cloning, using the eukaryotic initiation
factor elF-4E to select /mRNAs with caps
protected from RNase digestion by a
complementary DNA strand.
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The PCR can be used as an alternative to cDNA cloning

Reverse transcription followed by the polymerase chain reaction (RT-PCR) leads to the
amplification of RNA sequences in cDNA form.

Using gene-specific primers, RT-PCR is a sensitive means for gegpecting, quantifying, and
cloning specific cDNA molecules.

Reverse transcription is carried out using a specific 3jprimer that generates the first cDNA
strand, and then PCR ampilification is initiated, fgffowing the addition of a 5’ primer to the
reaction mix.

The sensitivity is such that total RNAcan be used as the starting material, rather than th
poly(A)+ RNA which is usedtar'conventional cDNA cloning.

Due to the speed with\which RT-PCR can be carried out, it is an attractive approach for
obtaining a spegifi§\cDNA sequence for cloning.

Instead of‘gene-specific primers, universal primers can be used to amplify all mMRNAs,
which can then be subcloned into suitable vectors.

A disadvantage of PCR-based cDNA library construction is that the DNA polymerases Ysed |

for PCR are more error-prone than those used conventionally for second-strand synthegsis,
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Reverse transcription polymerase chain reaction (RT-PCR)

1 a RNA
RNA consist of Start
codon AUG and ends
with poly A tail

b. Oligo dT Primer
Oligo dT Primer is
binding to RNA poly A
tail

€. Reverse Transcriptase
and
ANTPs

d.  Reverse Transcriptase is
an enzymes binds to oligo
dT primer and synthesises
the cDNA by adding dNTPs
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Reverse transcription polymerase chain reaction (RT-PCR)

¢.  RNA hybrid formation : s’
First - strand ¢cDNA synthesis

3!

f. complimentary DNA

E. Amplification of cDNA @.Hﬂ U
with Specific Primers :
and Taq Polymerase

ARTEGRERTRCEBOUR BGET RO
TR ABCRCEABUBCGRTIRER NG
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Rapid amplification of cDNA ends (RACE) \

 Rapid amplification of cDNA ends (RACE) is a technique used in molecular biology to %

obtain the full length sequence of an RNA transcript

 RACE results in the production of a cDNA copy of the RNA segnj@rice of interest, produced
RT-PCR. The amplified cDNA copies are then sequenced

 RACE is commonly followed up by cloning before sequencing of what was originally
individual RNA molecules.

« A more high-throughput alternative whigh(is 'useful for identification of novel transcript
structures, is to sequence the RAGE-products by next generation sequencing technologi

 RACE can provide the sequence of an RNA transcript from a small known sequence wi
the transcript to the 5%'end (5 RACE-PCR) or 3' end (3' RACE-PCR) of the RNA.

« This technique isznsOMmetimes called one-sided PCR or anchored PCR.

« The first gtép\in RACE is to use reverse transcription to produce a cDNA copy of a regil
the RNA transcript, an unknown end portion of a transcript is copied using a known v
sequence from the center of the transcript.

» The copied region is bounded by the known sequence, at either the 5' or 3' end.
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DIFFERENT STRATEGIES FOR LIBRARY SCREENING

[ LIBRARY SCREENING ] /

| : ea

Screening Bg/ Nucleic Identification Methods Based
Acid Based Hybridization

Omn'Detection Of The Translation
WProduct Of The Cloned Gene

Colony Immunological
hybridization screening
Plaque lift
hybridization Southwestern
PCR based Endth t
screening orthwestern
screening
Functional "
complementation
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Colony hybridization
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(a) Transfer colonies to nitrocellulose or nylon

Nitrocellulose/nylon
membrane

/"—\A

- fa— Bacteria attached
to the membrane

(b) Degrade cells, purify DNA
3 DNA
Bacteria Alkali +

prOtease e -A\~

>

or ultraviolet irradiation

80°C for 2 hours
Unpaired bases

DNA bound
M to the membrane

DNA is bound by the
sugar—-phosphate backbone

(c) Probe with labelled DNA

Apply X-ray film
-2 T P * . xh X—ray I
Wash Dy fim
—_— M AL N e

Non-specific Specific
binding binding

(d) The resulting autoradiograph

Positive
hybridization
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Immunological screening
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lacZ Insert cDNA at EcoRl site of Agt11 or
—— g5y Sam Agtis > . i iinker region of AZAP
————
t
EcoRl ‘
lacZ  d,, Sam
Polylinker
Plate out library on E. cofi Y1090
Incubate for 4-6 h at 37°C to obtain
small plaques
e Nitrocellulose sheet
Overlay plaques with nitrocellulose
sheet previously soaked in IPTG;
this induces expression from lac

mgfu 4 hours

Carefully remove nitrocellulose sheet,
which will have adsorbed fusion
proteins expressed in recombinant

phage plaques, i.e. plaque-ift

Retain plate ~ ) =%
Pick pogtaive plaque from retained j ( /\k j<
plaque —EN_mm_mm mm
Screen nitrocellulose
with specific antibody to detect
fusion protein
Identify positive plaque

_ Immunochemical
screening of Agt11 or AZAP
recombinant plaques.




