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V. Molecular and Cellular Biology in the lab

1. Model organisms
2. Cell cultures

3. Studying proteins

» Protein sequence

» Protein purification

» Protein visualization

» Protein structure
> Mass spectrometry

» Additional methods



Mass spectrometry to identify unknown proteins

e How to identify a protein obtained from one of the purification methods or all the proteins in a sample’”/

e Genomes of most experimentally used organisms are known - catalogue of possible proteins is known

e | se of mass spectrometry combined with searches of databases

e Charged particles have very precise dynamics when subjected to electric and magnetic fields in a vacuum
* Mass spectrometry separates ions according to their mass-to-charge ratio (m/z)

e —xtremely sensitive method



Mass spectrometry to identify unknown proteins

® |on source transforms tiny amounts of
oeptide into a gas containing individual
charged peptides

e Mass analyzer where ions are accelerated
oy electric or magnetic fields in which ions
are separated according to their mass-to-
charge ratio

e Detector on which the ions collide which
generate a mass spectrum

e Different types of mass spectrometer,
with different ion sources and mass
analyzers (e.g. MALDI-TOF)
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Mass spectrometry to identify unknown proteins

¢ Use of LC-MS/MS for complex protein mixtures

e | C (Liguid Chromatography):
e Separates components of a mixture based on
their chemical properties (like polarity).

¢ Helps reduce interference betore detection.

e MS/MS (Tandem Mass Spectrometry):
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* [he first mass spectrometer isolates a specific :
molecule (the precursorion) e

e [he molecule is then broken into fragments.

¢ [he second mass spectrometer measures
these fragments, providing high-specificity
dentification and guantification

https://blog.perkinelmer.com/posts/mass-spectrometry-explained-how-lc-ms-ms-works/
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Immunoprecipitation (IP)

* Immunoprecipitation (IP) as a rapid affinity purification

® ® ® O ®

Cell lysates Antigen-antibody Antigen-antibody-bead Antigen-antibody-bead Downstream
(total protein) complex complex complex applications
(with other proteins) (no other proteins) (Western blot)
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https://www.rockland.com/resources/immunoprecipitation-technique/ 7



Finding proteins’ partners: Co-immunoprecipitation (co-IP)

Cell nucleus containing the two Nuclear extraction Add antibody directed against Add antibody
interacting proteins of interest one of the proteins of interest binding beads

% 9% L s ) ; J

1
[— Lane 1. Mol. Weight Marker qa Q«%
p— e Lane 2. Extract D b . | b
— Lane 3. -ve IP (no ab) ﬁ 1 ’% | ﬁ | Y%
— Lane 4. Co-IP N B \/
— &
Western blot analysis of immunoprecipitated proteins using Wash & collect the Immunoprecipitate the
an antibody directed against the second protein of interest immunoprecipitated proteins proteins of interest

https://www.activemotif.com/catalog/25/nuclear-complex-co-ip-kit 8



Real-life example: ChoX

Find the partners: Co-IP +5SDS-PAGE

A
kDa wit AcnoX
225 —
115 — o
80 — @ e CO-IP using a-CnoX antibodies
65 — W < GroEL

e SDS-PAGE: we only detect one other band

e Mass spectrometry: this band is GroEL

Why don't we do a western blot here”?



CnoX

Real-life example

e CryoEM

CnoX

GroEL
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Finding proteins’ partners: Tandem affinity purification (TAP-Tag)

o [he TAP-TAG method refers to the Tandem Affinity Purification (TAP) tag system — a biochemical technigue used to isolate protein
complexes with very high purity so researchers can study protein—protein interactions.

¢ |t |s atwo-step purification strategy in which a protein of interest is genetically fused to a dual affinity tag. This allows the protein and its
iNnteracting partners to be pulled out of a cell extract with minimal contaminants.

e |he traditional TAP tag contains:
e Protein A domains (bind to IgG resin)
e A [EV protease cleavage site
e Calmodulin-binding peptide (CBP) (binds to calmodulin resin in the presence of calcium)

11



Finding proteins’ partners: Tandem

1. Create a tagged protein
® [he gene for your protein is fused with the TAP tag.
e [he fusion protein is expressed in the cell.
2. First purification
e Cell lysate is passed over IgG resin.
e Protein A portion binds strongly,
e Non-specific proteins are washed away.
3. TEV cleavage
e [EV protease releases the protein + its binding partners from the first resin.
e Protein A is left behind.
4. Second purification
e [he eluate binds to calmodulin resin (via CBP).
e Additional washing removes contaminants.
5. Final elution
e Removing calcium releases the highly purified protein complex.

12

affinity purification (TAP-Tag)
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*Protein A is a bacterial protein (from Staphylococcus aureus) that binds strongly
and specifically to the Fc region of antibodies, particularly:



Finding proteins’ partners: two-hybrid

e Yeast/Bacterial two-hybrid

STEP ONE: SYNTHESIZE CONSTRUCTS FROM A PROTEOME LIBRARY

-

Enzyme ;{;!"’d" Ligand #1 fi’
()= ()mwwad ()=-a»

Prey Construct 1 Prey Construct 2
Plasmid Plasmid

BAIT PREY #1 PREY #2

Plasmid Bait Construct

STEP TWO: SCREEN PROTEOME LIBRARY FOR POTENTIAL INTERACTIONS

Gal4 AD

Promoter Reporter Gene Promoter Reporter Gene

BAIT -PREY INTERACTION (Transcription Occurs) - NO INTERACTION (NO Transcription Occurs)

https://old-ib.bioninja.com.au/options/untitled/b4-medicine/yeast-2-hybrid-system.htmt3



Finding proteins’ partners: FRET

e FRET = fluorescence resonance energy transfer

d Spectral overlap

No FRET FREIL
Donor  Acceptor Donor  Acceptor
emission excitation emission excitation

Overlap

b Distance <10 nm

No FRET FRET
405 nm 405 2”‘
%“- —) E- ’l ) ( Z
- 3 (o | E) |
e z TG
L, - P -
| J
| l
>10 nm <10 nm

https://www.photometrics.com/learn/physics-and-biophysics/fret 14



Fluorescence, phosphorescence, luminescence

e Fuorescence and phosphorescence are both photoluminescence (i.€. glow Is triggered by light) whereas in
chemiluminescence, glow is triggered by a chemical reaction

® Huorescence and phosphorescence both absorb light and emit light of a longer wavelength (and lower
energy)

e Hyorescence Is immediate

® |[n phosphorescence, absorbed light can be stored and emitted later on

15



V. Molecular and Cellular Biology in the lab

1. Model organisms
2. Cell cultures

3. Studying proteins
4. Studying DNA

> DNA sequencing

» DNA extraction

» DNA amplification

» DNA cloning
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Building a DNA toolbox

e Sased on DNA sequencing

e DNA seguencing has allowed advances in technology

e Use of recombinant DNA, i.e DNA from different sources that is combined

e [his is usetul for genetic engineering, i.e. manipulating genes for practical purposes

e DNA technologies have an impact on research, medicine, forensics, agriculture, ...

17



DNA sequencing

® cxploits complementary base pairing
® developed in the 1970s by Sanger (Nobel Prize in 1930)

e in 2000s, development of next-generation sequencing, which is faster and cheaper: the DNA fragments are
amplified, then one strand 1s immobilized and the complementary strand is synthetized, one nucleotide at a time —
> real-time identification of the added nucleotide

o recently, development of third-generation sequencing. In some methods, long stretches of DNA are
seqguenced without cutting or amplifying (€.g. nanopore)

18



DNA sequencing

e Sanger or dideoxy sequencing relies on dideoxy nucleotides that terminate elongation

base base
5' 5’
PP/P—O—CH, O PP P—O—CH, O
3" OH allows 3" H prevents
strand strand 37
extensionat 3’ OH extension at
3" end 3" end

normal deoxyribonucleoside  chain-terminating dideoxyribonucleoside
triphosphate (dNTP) triphosphate (ddNTP)

19



DNA sequencing

e Sanger seguencing is a DNA seguencing method that
determines the order of nucleotides (A, T, C, G) in a DNA
fragment.

e [t relies on dideoxy nucleotides that terminate elongation

e | ow cost, small scale (short DNA fragments)

Method:

1. A DNA template is copied using normal nucleotides plus special
dideoxynucleotides (ddNTPs).

2. When a ddNTP is added, the chain stops because it lacks the 3'-OH group
needed for extension.

3. This creates DNA fragments of different lengths, each ending with a labeled
ddNTP.

4. The fragments are separated by size (usually by capillary electrophoresis).

5. A detector reads the colored labels on the ddNTPs, revealing the DNA seqguence.

TECHNIQUE
DNA Primer Deoxyribonucleotides Dideoxyribonucleotides
(template strand) é: 3 (fluorescently tagged)
d & I3 aATP daaTP
G Y ddCTP
A
¢ DNA ddTTP
¥ polymerase dGTP ddGTP
C \
G
A
\l/ 3/-A OH H
58 c Ettl:;\ g)emplate Labeled strands 4dG -8 3’
T ddA A
G ddC - C C
A ddT— T T T
C ddG G G G G
T A A A A A
T Al A A A A A A
C ddG :I G G G G G G G
G ddC - C C C C C C C C
A T- 1T- I- 1- T1T- T1- T- T- T-
c T G4 G4 6 ¢4 4 G4 e G ¢-
A T- 1- TI- 1T- T- T- T- T- T-
3 -A T T4 T4 T4 T4 T4 T4 T4 T
Shortest Longest
Direction
of movement, - Longest labeled strand
of strands vy
- Detector
Laser -
Shortest labeled strand
RESULTS

Last nucleotide —
of longest
labeled strand

Last nucleotide
of shortest
labeled strand —

OA>rPO-HOP>O

-

.
|

S = P T
| { |

SR,

(-

© 2011 Pearson Education, Inc.
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DNA sequencing

* Next-generation sequencing
e since 2005
* allow large-scale sequencing
e Mmost common is lllumina Sequencing
® short DNA seguences (few hundreds nt)

¢ bioinformatic analysis

Figure 19.4a

21

Technique

0 Genomic DNA is fragmented.

@ Each fragment is isolated with

a bead.

€) Using PCR, 106 copies of each
fragment are made, each attached

to the bead by 5" end.

O The bead is placed into a well with
DNA polymerases and primers.

Template strand

of DNA
\
5'

3’

o
v S

Primer

—— .

OO DO cdODcODoO D
COCOCOCOCdCDICODCOoOCOCODOCcOoOCOoO O
COCOCOCOCICOCOCOCOCOCOCOCCOD
COCOCOCOCOCOCOCOCOCOCOCTCOCCOD

(=N = = N =Y = = W W W e W o W W

[ X o e W e [ e Y o W e W W o W o o W
(=~ N = o - - = N~ R -~ — R~

COCOCOCOCOCOCOCOCOCOCOCO D

COCOCOCOCOCOCOCOCOCOCOCO D

(A AWAWAWAWAWAWAW AW AW AW AW

6 A solution of each of the four nucleotides
iIs added to all wells and then washed off.
The entire process is then repeated.



DNA sequencing

* Next-generation sequencing

ATGlC AlTlGlc
e since 2005 [ e
* allow large-scale sequencing \/Template
) ¢~ strand
. . . € ofDNA
e most common is lllumina Sequencing N
-
G
e short DNA seqguences (few hundreds nt) & -
DNA / GC |
1 e
- . . . polymerase
e bioinformatic analysis AC—Primer
® If a nucleotide is joined to @ If a nucleotide is not
a growing strand, PP; is complementary to the
released, causing a flash next template base,
of light that is recorded. no PP, is released, and

no flash of light is recorded.
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DNA sequencing

* Next-generation sequencing
e since 2005
e allow large-scale sequencing
e Mmost common is lllumina Sequencing
® short DNA seguences (few hundreds nt)

¢ bioinformatic analysis

Figure 19.4c

Technique

e The process is repeated until every
fragment has a complete complementary
strand. The pattern of flashes reveals the
sequence.

Results
4- B A
MeR =T
i Ne
3-me 0c
2-me '
1-me '

JITTRAT

AL
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DNA sequencing

* Third-generation sequencing refers to DNA seguencing technologies that read single DNA molecules
in real time, without needing amplification (PCR). This makes them faster and able to produce ultra-long
reads.

¢ Single-molecule sequencing (no PCR amplification).
e Real-time detection of nucleotide addition.
e \/ery long read lengths (tens to hundreds of kilobases).

e Jseful for analyzing structural variants, repetitive regions, and whole genomes with fewer gaps.

24



DNA sequencing

¢ Third-generation sequencing refers to DNA seguencing technologies that read single DNA molecules in real
time, without needing amplification (PCR). This makes them faster and able to produce ultra-long reads.

\Vain technologies
A. PacBio SMRT sequencing —> Detects fluorescently labeled nucleotides as a polymerase incorporates them.
B . Oxford Nanopore sequencing —> DNA passes through a nanopore and changes in ionic current identify each nucleotide.
e Ultra-long reads (can exceed 1 Mb).
e Portable devices (e.g., MinION).
Advantages
¢ \/ery long reads.
e Faster seguencing.
e Better for genome assembly, structural variants, epigenetics (e.g., methylation detection).
Limitations

e Higher raw error rates (though improving).
¢ \ore expensive per read than some short-read methods.

25



Gene annotations

e Mark the genes

e Assign possible roles

(A)

reading
frames

DNA

reading
frames

(B)

reading
frames

5!
DNA 3

reading
frames

reading direction for sequence of top DNA strand —=

3 N- ile leu phe arg val ile arg pro [ thr arg asn phe thr [ arg -C
2 N- tyr phe ile ser ser asn ser thr leu asn ala lys leu his leu thr -C
1

N- leu phe tyr phe glu [ phe asp leu lys arg glu thr ser leu asn -C

5’ TTATTTTATTTCGAGTAATTCGACCTTAAACGCGAAACTTCACTTAAC 3
3 AATAAAATAAAGCTCATTAAGCTGGAATTTGCGCTTTGAAGTGAATTG 5'

-1 G lys ile glu leu leu glu val lys phe ala phe ser [0 lys val -N

-2 C- ile lys asn arg thr ile arg gly [ val arg phe lys val [ arg -N
-3 C- asn [ lys ser thr asn ser arg leu arg ser val glu ser leu ser -N

-<— reading direction for sequence of bottom DNA strand

reading direction for sequence of top DNA strand —=

3 B 1] |l | | | N
2 | | I N || INEIE L
BEENE
3
e
= | | B 1 . |
2 I | BN TR A B |
-3 Pl B I I D IS I s

-— reading direction for sequence of bottom DNA strand |

500 base pairs
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V. Molecular and Cellular Biology in the lab

1. Model organisms
2. Cell cultures

3. Studying proteins
4. Studying DNA

» DNA seguencing

> DNA extraction

» DNA amplification

» DNA cloning



How is DNA extracted?

e Goal: isolate the DNA without its associated proteins

S ) S ) Co 7 & X
——i et — i
4%_ DNA 4@% DNA
Cells Cell lysate Jf—Protein §
A Lipids
Add SDS and Incubate Add phenol-chloroform Transfer and retain
Proteinase K Vortex and centrifuge aqueous phase DNA

e Phenol-chloroform is less polar than water and induces protein aggregation

o DNA Is further precipitated with ethanol

28



But how Is DNA extracted?

e Goal: isolate the DNA without its associated proteins

DNA Extraction

29




V. Molecular and Cellular Biology in the lab

1. Model organisms
2. Cell cultures

3. Studying proteins
4. Studying DNA

» DNA seguencing

» DNA extraction

> DNA amplification

» DNA cloning
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Amplifying specific regions of DNA

e [0 work directly on specific regions/genes, we amplify these regions to obtain multiple identical copies

e Polymerase Chain Reaction (PCR) for specific DNA region amplification

e design the DNA primers necded by the DNA polymerase

e nced nucleotides

e get billions of copies of the original sequences after 20-30 cycles

3’

I- 5'
region of
double-stranded

DNA to be
amplified

STEP 1
HEAT TO
SEPARATE
STRANDS

;
\-

STEP 2
COOL TO -
ANNEAL
PRIMERS

r‘vb

1 -

= m pair of

primers
FIRST CYCLE OF AMPLIFICATION

31

STEP 3
DNA SYNTHESIS

+ DNA polymerase
+ dATP
+ dGTP
+ dCTP
+ dTTP

| t _

products of
first cycle




Amplifying specific regions of DNA

e Polymerase Chain Reaction (PCR) for specific DNA region amplification

HEAT TO
SEPARATE
STRANDS
HEAT TO AND
SEPARATE COOLTO DNA
STRANDS DNA ANNEAL SYNTHESIS
AND SYNTHESIS PRIMERS > _<
COOLTO f - -
ANNEAL I |
PRIMERS - - \ m . B _<
| . / - -
I bl \ - . = 4
= > K / - -
- - \
[N . [N _<
products of - -
first cycle N > W _<
s _ e f - -
- - \ . _ = _<
| l / - -
N
| \ N . N _<
m m / - -
| |
— N m . m E,
|
END OF SECOND CYCLE THIRD CYCLE
(produces four double-stranded (produces eight double-stranded
FIRST CYCLE
DNA molecules) DNA molecules)
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Amplifying specific regions of DNA
e Polymerase Chain Reaction (PCR) for specific DNA region amplification - diagnostic or forensics

control, using
sample from
noninfected

nasal sample rare SARS-CoV-2 RNA person
from infected virus in sample from = T |
: REVERSE
fected
person Infected person . TR ANSCRIPTION GEL
RNA AND PCR ELECTROPHORESIS
AMPLIFICATION ; ;
e OF SARS-CoV-2 f i
cDNA
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Amplifying specific regions of DNA

e Polymerase Chain Reaction (PCR) for specific DNA region amplification - diagnostic or forensics

individual A individual B individual C forensic sample F
R W  e——
STR = short tandem repeats STR 1 ‘ \ \

\ \ \ \
= R R e ‘
\\ \\ - \\ \\
\ \ \
b [T \ \
[TTTT \ \ \
\ \ \

AL~

L1
3 pairs of homologous
chromosomes

|
|
|
|

|
|
W
|

wn
—
X~
w

-
N
)

\—

PCR PCR PCR
A\ | | /4

GEL
ELECTROPHORESIS

' ' Y '

A B C F
35—
)
30 - eoaams cE— L)
R
8_25——— ca—
()
— —
o 20— ey GEED oo
@
0
:5515——
C ) )
10— oo oaaee L)
) )
5_————
0
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Visualizing DNA

® Gel electrophoresis separates DNA fragment by size
e As for proteins, but each nucleotide already carries a negative charge on the phosphate group

¢ Agarose ge| DNA  double-stranded

markers

e Use of an intercalating agent that binds DNA and fluoresces under UV o / \VSHL

EcoRl Hindlll

LOAD DNA ONTO GEL
AND APPLY VOLTAGE

negatve OB ¥ e v VR

23 -l =
~ 9 \—
S —
% 6.5 |\
v -—
-g direction
2 43 e _of
B migration
9
: —
2.3 \— —
2 \e—/
\e—
Restriction fragments
(size standards) N —
positive \J
electrode bottom
(A) slab of agarose gel
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Amplifying specific regions of DNA

Polymerase Chain Reaction

This material copyright © W. W. Norton and Company, Inc.,
unless otherwise stated. All rights reserved.
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DNA cloning

e Plasmids are small circular DNA molecules that are present in bacteria and replicate separately from the acterial
chromosome

¢ \/\le can insert DNA into plasmids to produce recombinant DNA

e [Nhis is then inserted Iinto bacteria to make copies of the plasmid, to express a protein, etc.

Bacterium

o Gene inserted into
plasmid

Cell containing
gene of interest

Bacterial Plasmid
chromosome Gene of
Eﬁﬁ)m?mar}; Interest DNA of
(plasmid) l@ Plasmid put into chrorr]osome
bacterial cell (“foreign” DNA)

Recombinant [
bacterium

© 2011 Pearson Education, Inc.
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DNA cloning

€) Host cell grown in
culture to form a clone
of cells containing the
A “cloned” gene of interest

~Protein expressed from

Gene of
interest _ gene of interest
Copies of gene Q,"/ * > o , Protein harvested
G Basic researc

Basic and various Basic
research applications research
on gene on protein

Gene for pest Gene used to alter Protein dissolves = Human growth
resistance inserted bacteria for cleaning blood clots in heart hormone treats

into plants up toxic waste attack therapy stunted growth

© 2011 Pearson Education, Inc.
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Preparing plasmids

e Cloning genes using bacteria and plasmids (self-replicating circular dsDNA)

Promoter to drive

target Jene Target gene
expression

. /

Plasmid

\

Bacterial Plasmids Antibiotic resistance gene
chromosome
(circular)

© The University of Waikato Te Whare Wananga o Waikato | www.sciencelearn.org.nz
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Preparing plasmids

e Cloning genes using bacteria and plasmids

circular,

double-stranded Dtlgpl;zril%rssg t
plasmid DNA
(cloning vector) '\\? recombinant DNA

 E———————
CLEAVAGE WITH COVALENT
RESTRICTION LINKAGE

: NUCLEASE BY DNA LIGASE

41



1. Cloning with restriction enzymes

e Restriction nucleases are enzymes that cut DNA at specific seqguences

® Purified from bacteria where they serve as foreign DNA defense systems

5!

3!

5!

3!

cleavage site

G G|IC C

CClGG

GIAATTC

CTTAA|G

AIAGCTT

TTCGAIA

Haelll
_—

EcoRl

Hindlll
—_—

5!

3!

42
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CTTAA
A
TTCGA

CC 3
GG 5’
AATTC
G
AGCTT
A

3!

Blunt ends

Sticky ends

Sticky ends



1. Cloning with restriction enzymes

e DNA ligation

5!

3!

G AATTC 3’
+
CTTAA G 5'
+ ligase ATP
5' GAATTC 3’
3’ CTTAAG 5'

(A) JOINING TWO FRAGMENTS CUT
BY THE SAME RESTRICTION NUCLEASE

5' G
3’ CTTAA
STAGGERED END FILLED IN
BY DNA POLYMERASE + dNTPs
5' GAATT CC 3
+
3’ CTTAA GG 5'
+ ligase ATP
5' GAATTCC 3’
3 CTTAAGG 5'

(B) JOINING TWO FRAGMENTS CUT

BY DIFFERENT RESTRICTION NUCLEASES



1. Cloning with restriction enzymes

Bacterial £/
plasmid |

Restriction site

@ Restriction enzyme cuts

the sugar-phosphate
backbones at each arrow.

: 5'
. 3 3
—. S j\/3~
3 Sticky end 5
5'
T 3
¢) Base pairing of sticky
ends produces various l?%{
combinations. Y
Fragment from different DNA molecule

cut by the same restriction enzyme

5° 35 3’5" 3

[ G|AATT C G|[AATT C

[ CTTAAG C TTAA[GETTTTT]
5 3’ 5"

3' 5 3
_ One possible combination
€) DNA ligase
seals the strands. 1
5' 3
N | [ [J—
V= [ [
3 Recombinant DNA molecule S

Recombinant
plasmid




2. Cloning using Gibson Assembly

circular plasmid

cDNA el
o———
- . »
PCR with extended restriction
primers carrying nuclease
Y plasmid sequence wm3 5
S' — 3' . 3
Do g’
PCR product
j 5" exonuclease 1 5" exonuclease
3’ 5'
5' 3

L b

HYBRIDIZE

i

l DNA polymerase
DNA ligase

assembled plasmid
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Transforming plasmids into bacteria

® Using electroporation

Electroporation

O Plasmid
OO DNA

\
eulen

Electrocompetent
cells onice

Electric shock

15kV/cm
5 pysec pulses

B
Transfer
to cuvette
Electroporation Electroporator
cuvette on ice
3

S EESEEESEER

membrane

46

Recovery

ol

Transformed cells




Transforming plasmids into bacteria

® Using heat shock




Growing the transformed bacteria

* Growing the bacterial culture containing the plasmid of interest

DOUBLE-STRANDED
RECOMBINANT

PLASMID DNA
INTRODUCED INTO
BACTERIAL CELL
\ r
\\
-
\ }
(OO 50
e W
\
bacterial \\ //
cell cell culture produces many copies of purified
hundreds of millions of plasmid isolated from

new bacteria lysed bacteria

48

e Purity the plasmid
® EXPress a protein of interest

e Overexpress a protein for
ourification



Protein overexpression

time at
expression vector 42°C

promoter sequence '

CUT DNA WITH
RESTRICTION NUCLEASE

(Ep—

INSERT PROTEIN-
CODING DNA SEQUENCE

—>

INTRODUCE l

DNA
helicase

RECOMBINANT DNA
INTO CELLS

—,
e

overexpressed  gverexpressed
mRNA protein

-€«——direction of electrophoresis =

Courtesy of Kevin Hacke
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DNA libraries

Foreigh genome
o .

Cut with restriction enzymes into either

small large Bacterial artificial
fragments fragments chromosome (BAC)
e A genomic library is a collection of bacteria Large
each carrying a plasmid with one DNA fragment w,‘c{ﬁﬂ
coming from an entire genome
Recombinant

many
genes
® [ e library aims at covering the whole b) BAC clone
genome plasmids
e A bacterial artificial chromosome (BAC) is a \ HH g
large plasmid that can carry large DNA inserts . Plasmid
clone

(a) Plasmld library (c) Storing genome libraries

© 2011 Pearson Educal
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DNA libraries |

\,/ (_{,\,’\\’;Q% cytoplasm

Reverse
_ | | transcriptase Poly-A tail
e A cDNA library is made by cloning DNA -, MRNA e anh %
made in vitro by reverse transcription of all the 3’ TTTTT &
MRNA produced in the cell DNA Primer
i strand
o
[t represents only one part of the genome, 5 N BN B B AAA ARA D
the part being transcribed 3’ I TTTTT 5
5/ E—— 3
3’ IS 5
DNA—
polymerase¢

S5' I 3
J' I 5
cDNA

© 2011 Pearson Education, Inc.
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DNA libraries

e | [braries can be screened to identity clones
carrying a gene of interest using nucleic acid
probes

® [Nis based on nucleic acid hybridization
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Sequence in the gene of interest
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DNA libraries
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Expressing eukaryotic genes

e After cloning a gene, its protein product can be produced in large amounts

® [hey can be expressed in bacteria or eukaryotic cells

¢ \Vnat are the difficulties when expressing a eukaryotic protein in bacterial cells”
e Differences in promoters -> use of expression vectors with strong promaoters
¢ Presence of introns -> use of cDNA

* Protein glycosylation
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Eukaryotic cloning systems

e Fukaryotic genes may not be expressed properly in bacteria (introns, post-translational modifications, .. .)
e Researchers have then to use eukaryotic cells, like yeasts
® |n some cases, yeasts do not have proteins required to modity a mammalian protein properly, in which case insect

cells or cultured mammalian cells are used

e Recombinant DNA is typically introduced by electroporation or by injection (with microscopically thin needles)

e Once inside the cell, DNA is incorporated by natural recombination
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Have a nice day!



