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TECHNIQUES OF MOLECULAR BIOLOGY:

GENE EXPRESSION

Instructor: Dr. M. A. Srour

Course: Molecular Biology (BIOL 333)

Textbook:
Watson J, et al. (2014). Molecular Biology of the Gene, 7th ed.

Gene expression
A

0 Why would we want to express a gene?

1 o0 To study gene structure & expression

2 0 To make a large quantity of the gene’s product, either for

E?ves'rigcﬁve purposes or for profit
e D

’ s\,)f“\ \"—"I\s

O If the goal is to use bacteria to produce an eukaryotic gene>

ob

WSS sy WD
20 use of cDNA works better— _\:%JNS

o If an eukaryotic cell is used > cDNA usually is preferred

0 Applications of gene expression: recombinant protein
production (Biotechnology)
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The pBluescript vector

O MCS is situated between two phage RNA polymerase
promoters ( T7 and T3)

0 MCS is embedded in an E. coli lacZ "gene (blue), so the uncut
plasmid will produce the B-galactosidase N-terminal fragment
when an inducer such as isopropylthiogalactoside (IPTG) is
added to counteract the repressor made by the lacl gene
(yellow). Thus, clones bearing the uncut vector will turn blue
when the indicator X-gal is added.

O By contrast, clones bearing recombinant plasmids with inserts in
the MCS will have an interrupted lacZ "gene, so no functional B-
galactosidase is made. Thus, these clones remain white.
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é/ﬁal‘lls tag (epitope Tag) at C- or N-terminus for
- Pcw . éurlflcahon} bind to matrix with chelated nickel and

%o release with low pH
ol

Expression systems
|

0O Produce recombinant proteins, e.g, therapeutic proteins

like GH, ‘? C‘le;lpsulm
w BOJ 2
] Euquyofes vs. prokaryotes—s sl 3Bl JL
Oyyd 3l

O Prokaryotes: lac promoter- induce with IPTG (lactose
analog) > inducible promoter

Prokaryotic expression
vectors that produce

fusion ﬁroteins
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Imldazole m

' i_j 1 nterokinase
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the proteolytic

EK: a recognition site for
Enzyme enterokinase g
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Using an oligohistidine (6xHis) expression vector

1. The gene of interest (yellow) is inserted into the vector in frame
with the 6xHis (red), > Transform host cells > Cells produce the
fusion protein (red and yellow), plus other proteins (green).

2. Lyse the cells, releasing the mixture of proteins.

3. Pour the cell lysate through a nickel affinity chromatography
column, which binds the fusion protein but not the other proteins.

4. Release the fusion protein from the column with histidine or with
imidazole, a histidine analogue, which competes with 6xHis for
binding to the nickel

5. Cleave the fusion protein with Enterokinase (EK)

6. Pass the cleaved protein through the nickel column once more to
separate 6xHis from the desired protein
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Basic elements of

an Eukaryotic Expression vector
A ——

o Euk/Viral promoter: eukaryotic or viral promoter, inserted
upstream of MCS, e.g HCMV promoter

o1 MCS: multiple cloning site, used to insert the gene or
cDNA of interest

o PolyA signal: termination signal for transcription

o1 Ori euk/Viral: eukaryotic or viral ori, allows the plasmid
to replicate inside eukaryotic cells ((Optional))

01 NeoR: neomycine resistance gene, allows selection of
plasmid inside eukaryotic cells

o Ori E. coli & AmpR: allows replication of plasmid inside E
coli cells and selection, respectively

Production of eukaryotic proteins
A

0 Advantages of eukaryotic systems over prokaryotic
systems:

O Eukaryotic proteins made in eukaryotic cells tend to
be properly folded & not aggregated into insoluble
inclusion bodies

0 Eukaryotic proteins made in eukaryotic cells are
modified in a eukaryotic manner

STUDENTS-HUB.com Uploaded By: \(_;(‘\C) @f‘%


https://students-hub.com

3/8/2025

.. Q
O a5 ﬁ
heoted Y/
\,ww’km — phaileg B VUL ) N
su:eo- d".:)*g pNA- .
ST t PCV2 vaccine development RN
gu.k.ssl o~ ek sistiweti ?’““'ﬂee‘” 2 os
‘_‘\!()—.ﬁ-\’-“-‘n F¥ 2Cwne ; § b MS"L
: B N L e Clontag in ponmd
. - ) o A N e .b
Cb\’\ci a 1 expre ssioa
Vocsn->nueka “ “” l | in prorcowohic
o . 3P Sa s QS
9G I/\) - o -2
Ja  ONA ) puri Cgodhion
e k e (o) ° »
Zokniq J s 1208 ) B N s
Jors - e il B (RS Y vacsin
JQ ol -. \ Beul : r Bacukngnss &l
s T e O e o 2030055
B Komsioherm el I
gew—)l~wp(oqju¢¢ whk t o infickor PHA35\ 5 D!‘M Yechvol
otu. ‘s %'g’g 9::?’ —debom v,\‘-‘&;“ "ﬁ":" - "gx\mm *Qeompew" o
’s P_colrev\ ) g}:&: OQL4OV‘“ @%phsn.d ?‘o EQ“"“N'L' 33"
- ~3 tle cad cewguHm
aumoim R “Gelio anit oy
ols etz t
Nano purchL
Y] —t
< V) > Qavlys
”“"Z:;l"*. Recombi Ml' PNA
o 355 VAN o
“Ysios :J@ hemopualyo Fype A
oy
e{d«.eopvo{-el'h
v
Astiq s

STUDENTS-HUB.com
Uploaded By: “:gf‘d @(“‘}7


https://students-hub.com

3/8/2025

0 Obtain cDNA

cells

Production of recombinant proteins
|

0 Insert cDNA info plasmid/ expression vector

0 Transfect /transform plasmid into appropriate host

0 Downstream processing

Production of
Eukaryotic
proteins in E. coli
from plasmid
vectors containing
lac promoter.

lac

—lacz
@ mRNA” @

B-galactosidase

promoter
lacZ

- IPTG + IPTG
(b)
G-CSF
4_/ <DNA
Plasmid
expression
vector ’\ lacz
gene

Transform
E. coli

promoter
G-CSF
cDNA

- IPTG

Figure 5-31
Molecular Cell Biology, Sixth Edition
© 2008 W. H. Freeman and Company
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Figure 5-31b
Molecular Cell Biology, Sixth Edition
©2008 W.H. Freeman and Company
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Transfection of animal cells
.
< 0 Method: Calcium phosphate; liposomes; electroporation; obtmial e
Plsmid + Calcium or by direct physical methods like microinjectiofi using fine . o dt
J/ phosphdte ; . . . . 2}5‘9 N\OTOPPL“SS
glass pippettes or firing metallic microparticles coated AT
Comple % with DNA using * ” take P.b\g""\{ *8‘)\\‘00 29 Q_\'\Q'l =D ﬁj i
J g “gene gun”".— pasHonls —s U
. R . - .6’
W U“\J"”—“”f 0 Transient transfection: short-term expression from strong "% hS'
B chs ey promoter, plasmid lost during cell division Wﬁ,,, X
S — < sl
cah g3 0O Stable transfection: vector integrates into host M"’ O\tcm ol
endoayioes chromosome; cells selected using selectable markers like
neo’ (neomycin phosphotransferase; select with Geneticin
or G-418)
~ - . ° ° __? 62-)\5?03\ Qo
\Qj};m SR ¢«—Transient transfection o bk
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i o 13L
, expres>
2 Viral origin of sH Y 30\5‘31
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\©- 34

Transfect cultured
cells by lipid treatment
or electroporation

Protein is expressed from cDNA in plasmid DNA

Figure 5-32a
Molecular Cell Biology, Sixth Edition

© 2008 W.H. Freeman and Company
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Genomic & cDNA libraries
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MRNA 39S e
J Preparation of cDNA
Synihesis ’om“_i iii:‘ |
Y e L
‘}{RJJA" 4 0 Preparation of TaRNA (or total RNA) from target tissue
2.0 Synthesis of DN’K—?{NA hybrid (first strand) using
- Reverse transcriptase (RNA dependent DNA Polymerase)
- Oligo-dT primer or random priming (hexamers) or gene-specific
primers
- RNAse inhibitor
o Synthesis of second DNA strand & amplification by conventional PCR _
using a pair of gene-specific primers i O;§o(_>sb_
Anbs 100 - 250 )
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Synthesis of cDNA

“mRNA 5' po—3 .
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Applications of cDNA

A
0 <cDNA can be used for:

o Cloning

o DNA sequenciﬁg

o Generation of cDNA library

o Analysis of gene expression
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Construction of a
cDNA library

Construction of a
cDNA library
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Screening of a cDNA library by Hybridization to
a labeled oligonucleotide probe

- - Individual colonies Bound single-stranded
= DNA
-) Master plate of i Filter
> = E. coli colonies ,
; pfoloe
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= s iy Uy —
!, 650 Wwsy
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1
/
Il
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\ e I e not hybridize to DNA bound to filter

solution to Iyse cells and K
id DNA

Hybrldlze with labeled probe / /f/ﬂ
- / /
// N

1 Perform autoradiography

Signal appears over
plasmid DNA that is
complementary

to probe

Figure 5-16
Molecular Cell Biology, Sixth Edition
© 2008 W.H. Freeman and Company

Perform autoradiography

From protein to DNA; or from

DNA to gro’rein?
|
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