Recombinant DNA
Technology

Manipulation of Gene
Expression in Prokaryotes
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Expression of cloned genes in
bacteria Expression vectors
contain promoter sequences (pro)
that direct transcription of
Inserted DNA in bacteria and
sequences required for binding of
MRNA to bacterial ribosomes
(Shine-Delgarno [SD]
sequences). A eukaryotic cDNA
Inserted adjacent to these
sequences can be efficiently
expressed in E. coli, resulting in
production of eukaryotic proteins
In transformed bacteria.



Plasmid and / or gene can be altered to accomplish
high-level expression

1) transcriptional promoter & terminator
2) Shine Dalgarno Sequence (ribosome binding site)

3) efficiency of translation
4) Stability of the protein

5) Final cellular location (secreted?)
6) Number of copies of cloned gene

Plasmid vs. chromosomal
many vs. 1

7) Host organism



Gene Expression from a
Strong, Regulatable Promoter

Some plasmids (Expression Plasmids) have
promoters upstream of cloning sites for

expression of genetic info encoded by
DNA fragment

i Gene N

. J




Gene Expression from a
Strong, Regulatable Promoter

e Strong
— high affinity for RNA polymerase
— tight binding - frequently transcribed
— weak binding - RNA Pol falls off, no txn

* Regulatable
— researcher can control when gene Is expressed
— use inducers / co-repressors



Promoters of Importance In
Biotech

e lac

o trp

e tac (or trc)

e phage A pt

e phage T7 gene 10



Initiation

RNA polymerase aap po “55%
Transcription factors

Sigma factor (o0)- determines promoter
specificity

Start site of txn i1s +1



E. coli Promoter Sites

RNA start site
DNA -35 region -10 region j,
UP element TTGACA N,; TATAAT| N5
mRNA\ NN

Direction of transcription

b.

10



E. coli Promoter Sites

(a) Strong E. coli promaters

tyr tRMA TCTCAACGTAACACTTTACAGCGGCG»+ CGTCATTTGATATGATGC *GCCCCBCTTCCCGATAAGGS
rrn 01 GATCAAAAAAMATACTTGTGCAAAAAA - TTGGGATCCCTATAATGCGCCTCCETTGAGACGACAACG
rrm X1 ATGCATTTTTCCGC TTGTETTCCTGA«» «GCCGACTCCC TATAATGCGCCTCCATCGACACGGOGEAT
rrm (DXE}, CCTGAAATTCAGGGTTGACTCTGAAA » ¢ GAGGAAAGCGTAATATAC *GCCACETCGCGACAGTGAGE
rrm E1 CTGCAATTTTTCTATTGCGGCCTGC G *GAGAACTCCCTATAATGCGCCTCCATCGACACGGCGGAT
Frm AT TTTTAAAT TTCCTCT TGTECAGGLCGG s s AATAACTCCC TATAATGCGECACCACTGACACGGAATCAA
rm AZ GCAAAAATAMATGCTTGACTCTGTAG + CGGGAAGGCGTATTATGC * ACACCECGCGCCGCTGAGAA
. PR TAACACCGTGCGTGTTGACTATTTTACCTCTGGCGGTGATAATGG*+ TTGCATGTACTAAGGAGGT
AP TATCTCTGGCGGTGTTGACATAAATA«CCACTGRCGGTGATACTGA» » GCACATCAGCAGGACGCALC
17 A2 GTGAAACAAMACGGTTGACAACATGA*AGTAAACACGGTACGATGT *ACCACATGAAACGACAGTGA
T7 Al TATCAAAAAGAGTATTGAC TTAAAGT *CTAACCTATAGGATACTTA-CAGCCATCGAGAGGGACACG
T7 A2 ACGAAAAACAGGTAT TGACAACATGAAGTAACATGCAGTAAGATAC » ASMATCGCTAGGTAACACTAG
fid Wl GATACAAATCTCCGTTGTACTTTG T Te+ TCGCGCTTGGTATAATCG» CTRGGEGTCAAAGATGAGTG
—-35 — 10 =] ey
(b} Consensus sequences of o’ promoters (¢} Lac promoter sequence
30 region 17415 10 region 35 region 10 regian
TTGACATI——— | TATAAT

Lo ¥ " | U b

AT, A CC. A, | Promoter A A AA

A G, C]mutations — [

T Down Up

Deviation from consensus -10 , -35 sequence leads to
weaker gene expression



lac promoter

 lac operon

e negative regulation
— lac repressor binds to operator sequence

— Inducer binds to repressor - makes it non-
functional

— Inducer = allolactose, IPTG



Operons

 An operon is a group of "=&"%
genes that are y
transcribed at the
same time.

* They usually control an

Important biochemical - Monod &
DroCEsSS. Jacob, Mono

- Lﬁ&cf:flPrize.org
* They are only found In

prokaryotes.



The lac Operon

e The lac operon consists of three genes each
Involved In processing the sugar lactose

e One of them is the gene for the enzyme J-
galactosidase

e This enzyme hydrolyses lactose into
glucose and galactose



Adapting to the environment

» E. coli can use either glucose, which is a
monosaccharide, or lactose, which Is a
disaccharide

* However, lactose needs to be hydrolysed
(digested) first

 So the bacterium prefers to use glucose when it
can



Four situations are possible

When glucose is present and lactose is absent the E. coli
does not produce -galactosidase.

When glucose Is present and lactose Is present the E. coli
does not produce B-galactosidase.

When glucose is absent and lactose Is absent the E. coli
does not produce B-galactosidase.

When glucose Is absent and lactose Is present the E. coli
does produce p-galactosidase



EMNA polymerase
{holoenzyme)

requlatory
gene \'

DNA-Pi| i Plac m lacZ | lacY | lacA |—

Lac operon
/\
DNAZNEEI DroA ez TR (A PN
RNA
polymerase

— | |

B-Galactosidase Permease Transacetylase

|

Enzymes facilitate lactose import and breakdown

for cellular energy



The control of the lac operon



Let’s assume bacteria prefer glucose to lactose as a carbon
source.

If glucose Is available in the surroundings, does it make sense for
the lac operon to be ON?

If it’s a waste of energy then how do bacteria repress (turn OFF)
the Lac operon?



1. When lactose Is absent, glucose present

» A repressor protein is continuously synthesised. It sits on a
sequence of DNA just in front of the lac operon, the Operator
Site

e The repressor protein blocks the Promoter site where the
RNA polymerase settles before it starts transcribing

Regulatory m)ter
gene / I
Ope[ator
DNA / lacZ
& —
P # No
y /
Vs RNA
\ / made
3 / /
MRNA &:ﬁ RNA
5’ i polymerase
_ Active
Protein repressor

(a) Lactose absent, repressor active, operon off

Copyright @ 2005 Peal c. Publishing a enjamin Cummings. All rights reserved.



2. When lactose Is present

e A small amount of a sugar allolactose Is formed within the
bacterial cell. This fits onto the repressor protein at another
active site (allosteric site)

» This causes the repressor protein to change its shape (a
conformational change). It can no longer sit on the operator
site. RNA polymerase can now reach its promoter site

Promoter
AL
- ™
' >
DNA 7 \¢ Pl lacZ
: ! ~ RNA \ Operator
polymerase
can bind

and transcribe

Inactive lac
repressor

(a) Lactose present, glucose scarce (cCAMP level high): abundant lac
MmRNA synthesized

Copyright @ 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummings. All rights reserved.



3. When both glucose and lactose
are present

* This explains how the lac operon is
transcribed only when lactose Is present.

 BUT..... this does not explain why the
operon Is not transcribed when both glucose
and lactose are present.



Positive Gene Regulation

 Activator protein turns on Lac operon
— catabolite activator protein (CAP)

Glucose high cAMP low
Glucose low cAMP high

CAP-cAMP binds Lac promoter and induces transcription

When would this occur, when glucose is high or low?

Low



Promoter
/\
- ™

o™ —

Jrlril laz

DNA 7T\

P

CAP-binding site 7 RNA Operator
polymerase
<> Active  ¢an bind
cAMP \ cAap  andtranscribe
Inactive Inactive lac
CAP repressor

(a) Lactose present, glucose scarce (CAMP level high): abundant lac
MRNA synthesized

Copyright © 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummings. All rights reserved.



Promoter

= —~ N
ona I ez
CAP-binding site Operator
RNA
polymerase
can’t bind

Inactive

CAP Inactive lac

repressor

(b) Lactose present, glucose present (CAMP level low): little lac
MRNA synthesized

Copyright © 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummings. All rights reserved.



Summary

Carbohydrates | Activator | Repressor RNA lac Operon

protein protein polymerase

+ GLUCOSE | Not bound Lifted off Keeps falling No

+ LACTOSE to DNA | operatorsite | off promoter | transcription

Site

+ GLUCOSE | Not bound Bound to Blocked by No

- LACTOSE to DNA operator site | the repressor | transcription

- GLUCOSE Bound to Bound to Blocked by No

- LACTOSE DNA operator site | the repressor | transcription

- GLUCOSE Bound to Lifted off Sitson the | Transcription

+ LACTOSE DNA operator site | promoter site




The Lac promo

ter System

+1 (transcription start site)
Promoter ¥

— R :

= lacZ =

CAP site Operator

E. coli

" @

lac transcription-control genes

lac repressor

— lactose
+ glucose — K FE: lacZ E

(low cAMP)

No mRNA transcription

lactose _w.

(b) \%‘
m A

+ lactose ; }r ........... >
+ glucose = lacZ =

(low cAMP)

Low transcription

\ /2
R 5
~ A

+ |aCTOSB (LTTLTTTTITT) 3
—glucose = lacZ E

(high CAMP)

High transcription
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A simple E. coli expression vector utilizing the lac promoter.

In the presence of the lactose analog IPTG, RNA polymerase normally
transcribes the lacZ gene, producing lacZ mRNA, which is translated into
the encoded protein, G-CSF

G-CSF _a.rSF
cDMA MENA T
G-CSF

Flasmid expression vector protein

- IFTG +|FTG



Trp promoter

« from E. coli tryptophan operon

 controlled by
— trp repressor - co-repressor (tryptophan)
— repressor synthesized in non-functional form
— repressor-co-repressor complex is functional



Trp Operon

Group of genes that encode enzymes
for tryptophan synthesis (an amino acid)

.

— —-

DNA { el H trpE \ trpD \ trpC \ trpB trpA ;;” ‘f;y' /
5’ W S ]%\
MRNA | | |

proteins CEJ[D ][ B 1A |

shing as Pearson Benjamin Cummings. All rights reserved.



Trp Operon ON most of the time
TrpR gene also ON: makes inactive repressor protein

trp operon
A —
Promoter Promoter
N Genes of operon
— ea—— |
DNA/7° 4/f { mm | tpE | wpD | wpC | trpB | trpA NS5/
Operator
Regulatory 3 RNA Start codon StoE codon
ene olymerase
J poly o A 1
e o
ET [T e e AT

“ Inactive Polypeptides that make up
repressor enzymes for tryptophan synthesis

(a) Tryptophan absent, repressor inactive, operon on

Copyright © 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummings. All rights reserved.

If the cell is not synthesizing much protein (e.g. low nutrients),
will it need to continue to make trp?



ona’ E

Active
repressor

Tryptophan
(corepressor)

(b) Tryptophan present, repressor active, operon off

Copyright © 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummings. All rights reserved.



operator

':I
©
A
A\
\‘
‘L

ona?
L No RNA made
MRNA %
conformational
Protein > Active
) Change repressor
™ Tryptophan
4 (corepressor)

(b) Tryptophan present, repressor active, operon off

Copyright © 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummings. All rights reserved.



Is the trp operon repressible or inducible?

ON unless excess trp binds and activates repressor protein->

Active TrpR binds operator
Blocks transcription

Trp operon OFF



Trp promoter

Repressor only > Gene Expressed

Repressor + » No Expression
co-repressor (Trp)



tac (tvec) promoter

e Hybrid of lac and trp promoters
-35 region from trp
-10 region from lac

— separated by 16bp = tac promoter

— separated by 17bp = trc promoter

e 3x stronger than trp
e 5-10x stronger than lac



Synthetic E. coli promoters

Tagl Hpal +] ¥bal EcoRl
]
—_— Pirp GAGCTGTTGACAATTAATCATCGAACTAGTTAACTAGTACGCAAGTTCACGTAAAAAGGETATCTAGAATTCTATE., . . L HGH
+1 EcoRI

]

GAGCTGTTGACAATTAATCAT CGGCTCGTATAATGTGTGGAATTGTGAGCGGATAACAATTTCACACAEERAACAGAATTCTATE. . . . HGH

—p  Ptacl

— , Placvs

Taql +] HindIII  Xbal EcoRl

Ptacll  GAGCTGTTGACAATTAATCATCGAACTAGTT TAATGTGTGGAATTGTGAGCGGATAACAATTAAGCTTAGGATCTAGAATTCTATE. ... HeH

Hpall +]

CCAGGCTTTACACTTTATGCTTCCGECTCGTATAATETGTGGAATTGTGAGCGGATAACAAT TTCACACREGRAACAGAATTCTATE, . , . HGH

-35 -10

Hybrid Promoters:
ptac Promoter (P, -35 +16pb + P, -10; IPTG)
ptrc Promoter (Pt,, -35 +17pb + P, -10; IPTG)-> invitro most powerful -> invivo 90% of ptac

ptic Promoter (Ptrp 35 +18pb + P, -10; IPTG) -> 65 % of ptac



T7 promoter

* From T7 phage

o Use T/ polymerase — need it
IPTG Induction

HOST CELL
for Expression

-

INACTIVE

| T7 RNA polymerase |
Y’

D
|
5%

|
T7 Lysozyme
|
|
T7 Lysozyme ——N

J




PET vectors: protein expression

IPTG induction P

\ Host cell IPTG Induction
|

E.coli RNA i T7 RNA l
ROfeace polymerase

|

Target gene

A repressor

U !acf: gene [ :

T7 lysozyme

pLysS
T7 lysbzyme- or E

gene

E.coli genome




Enhancing Translation

 Strong promoter will produce lots of mMRNA

e Also need effective translation to obtain lots of
protein

e DNA —>RNA — Protein



Enhancing Translation

 In Prokaryotes
— translation signal is RBS
— ribosome binding site
— Shine-Dalgarno sequence
— 6-8 nt In length

— located short distance (~10nt) upstream of
AUG translation start codon



Enhancing Translation-Shine
Dalgarno

e sequence complementary to region on 16S rRNA of
small subunit of ribosome

MRNA

S UAAGGAGG — AUG 3

<‘AUUCCU§
3" 16S rRNA [z

small ribosomal subunit



Expression Vector pKK233-2

selectable marker
tac promoter

RBS

unigue REase sites
Txn terminators

Ampr
pKK233-2
not shown:

ori of replication
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AT
ATC
AR
ATG

- HHH

GOT W
GOC W
GOR W
GOG W

Codon Optimization

0.57
0.43
0.15
0.12

0.12
0.10
0.05
0.44

0.58
0.35
0.a7
1.00

0.25
0.18
0.17
0.40

uco
ucc
TCh
ocG

CCo
CCC
CCh
CCG

ACT
ACC
ACR
ACG

e B B | b I~ B~ I - Ltk non

B

0.11
0.11
il
0.146

0.17
hi5als]
0.14
[

0.14
0.47
0.13
0.24

0.11
0.31
0.21
0.38

AT
Tac
AL
TaG

GAT
GAC
GAR
GRG

L I

HEZ2= o00md

HEg g

53
0.47
0.84
0.00

55
0.45
0.30
0.70

0.47
. 53
0.73
0.27

0.a5
. 35
a.70
0.30

oG
oGc
UGL
UGG

GO
CGC
CGL
CGG

AGT
AGC
AGL
AGG

[Codon/a.a./fraction per codon pEr B.&.]
E. coli K12 data from the Codon Usage Database

MWwmn WEEWE = 400

[ By A I vy

0.42
0.58
0.38
1.00

0.38
0.44
0.0a7
0.0a7

0.14
0.33
0.02
0.03

0.25
0.48
0.13
0.12

..r.mmq:! GENE BUILDER: Optimise your sequence

Geng

Protein L

ATT ATT [eife
F¥4d Acc ATC Ve cTG

Build3l

TTA ACA f{s:Y cGa EVV)
L

CTG ACT .
CTG ACT TCT|GGC AAC

ACG p;'+:§ AAT GAC TAT

plee) ALT GAC TAT ARA
ACC ACC AAC| GAT TAC p.%.'.5

wiww genosphere-biotech.com

AAT ey ATT ATT P d:AF:Teiygp:tesd GTA pyie] AGC pwv:§ CAA ARC AAT AAA AAT GCT

L § L @ N N K

itbdbeed GTA [id AGe MY CAA AAC AAT AAA AAT GCT
TCT TCT GTC| CTG TCT CTG [« YW 1 aac F¥¥Y Aac Gec

GCA GAR GTG [:1e¢] TTT [ele.§ GAT p.¥v.§ GTA ARAT

GCA GAR GTG [dehd TTT [Efepd GAT N4 GTA AAT
Ta W ¥ GTA| CGT| TTC| GGT GAC ATC GTG AAC

GAT TCR ARR pyw:Afce’§ GAT AAA AAT GTT CAA AAT

GAT TCA AAA PUsiJ[€dd GAT AAA AAT GTT CAA AAT
1V TCT EY¥Y TCT | cGe| GAc FYYY aac [S] cac)




Choice of Host Organism

o [E.coli is organism of choice
— well characterized growth
— lots of experience
— NOT always the best organism



e Sometimes overexpression can reduce
amount of recovered protein

— Protein forms insoluble aggregates

— Proteins Is found in Inclusion bodies
— Degradation

— results in low level of expression

— difficulty in purifying desired protein




HOW OVERCOME THESE DRAWBACKS:

 Inducible promoters

o Decrease T e growth rate

 Little changes into aa sequences (i.e introducing Cys)

* Fusion protein with Tyreodoxin



Fusion Proteins

e Protein fusion done at level of DNA (genes)

— coding region of cellular protein fused in frame to
coding region of target protein gene

— when transcribed and translated generates a fusion
protein



Fusion Proteins

I ocne of interest

MET _... LEU ARG THR
ATG ... GTG CGA ACC ATG G
Nco |

Note: translation stop of cellular gene must be removed
Note: reading frame of fusion protein must be contiguous



Secretion of Protein of Interest

* Why secrete Protein of Interest?
— stability of the protein may be increased
— protein may be easier to purify

 Stability of the protein may be increased

— remove from cytoplasm and its proteases

— recombinant human proinsulin (rh-proinsulin)
stability 1s increased 10X if secreted




Secretion of Protein of Interest

° What is required for secretion?

— Signal peptide sequence required for passage
through cell membrane

— added at NH, end of protein (5’ end of gene)

NH, - protein of interest |- COOH

A. must be in-frame in gene!




Secretion In Gram - Bacteria

outer membrane
Inner membrane

periplasmic space

Proteins are secreted through the inner (cell)
membrane, but in general cannot pass through
the outer membrane.

Proteins remain trapped in the periplasmic space.



Increase stability

* Insolubility may be due to aggregation caused
by Incorrect folding

— Solution:

* make a fusion protein with thioredoxin

e 11.7 kdal

e can keep t
It makes u

protein
ne fusion protein soluble even when

0 40% of total protein



Thioredoxin-target fusion protein

presence of tryptophan - corepressor of 0P

‘ I pTP > cI repressor

Chromosomal DNA

-

No protein synthesis

cl = repressor of pt

Plasmid DNA

pt >  Thioredoxin gene

Target gene

|

fusion protein synthesized




Construction of Fusion Proteins
might help purification

* Fusion partner (“tag”) binds to small
molecule or Antibody (Ab)

e Small molecule or Ab can be linked to inert
matrix

 Fusion protein will bind, other proteins
won't
 Elute purified protein from column



Affinity Chromatography Punfication

@ Concentrate secreted protein mixture

/[nter[eukin—Z
[ e e S T

\ o<>

Marker
peptide 8

Other proteins

@ Prepare immunoaffinity column
Polypropylene

/ support

Anti-marker
peptide antibody

@ Add secreted protein mixture
to the column

Marker peptide
binds to antibody

i
A,

'
l

Other proteins pass
08 @ througﬁthecolﬁmn

Elute fusion protein

E

5 B Fusion protein
/ \[nterleukm -2

Marker peptide




Helper(tags for protein
production and purification

e 6/7 histidine tag: interacts very specifically with Ni2+ ions,
which can be immobilized on columns or beads

e Biotin carboxylase: covalently attaches to biotin, biotin binds
to streptavidin which can be immobilized on columns or beads

. (e.g. c-myc) for specific antibodies can be included
as tags--purify on antibody column

 Tags can be engineered to be removable




Fusion partner Size Ligand Elution condition
77 14 kDa [eG Low pH

His tail 6-10 aa Ni** Imidazole
Strep-tag 10 aa Streptavidin Iminobiotin
PinPoint 13 kDa Streptavidin Biotin

MBP 40 kDa Amylose Maltose
[-Lactamase 27 kDa Phenyl-boronate Borate

GST 25 kDa Glutathione Reducing agent
Flag 8 aa Specific MAb Low calcium

Adapted from Nygren et al., 1994, Trends Biotechnol. 12:184-188.

Abbreviations: aa, amino acids; kDa, kilodaltons; ZZ, a fragment of Staphylococcus aureus protein A;
His, histidine; Strep-tag, a peptide with affinity for streptavidin; PinPoint, a protein fragment which is
biotinylated in vivo in E. coli; MBP, maltose bmdmg protein; GST, glutathione S-transferase; Flag, a peptide

rer.ngnized by enterokinase.



Fusion Proteins

* Produce fusion protein
— prevent degradation
— Increase ease of purification

* May need to remove fusion “tag™
— may effect biological functioning
— may make it unsuitable for clinical use
 FDA might not grant approval



Fusion Proteins

* Need Proteases equivalent to REases
— Several have been developed
— cleave a short defined aa sequence

— Insert protease cleavage sequence between
fusion partner gene and G of |

protease Cleavage seguence

B ' ceneof interest




Cleavage by Factor Xa

Site of
cleavage of
factor X,

X, linker sequence l
A

A

r

... Thr-Ala-Glu-Gly-Gly-Ser-lle-Glu-Gly-Arg-Val-His-Leu .



iAffinity chromatography with streptavidin column

Streptavidin hlgh aﬂlnlty’
high specificity

tag Xa gene product

Streptavidin iff:lute by adding excess biotin

_ Express fusion protein in E. coli
Lyse cells

b’olt'” biotin
|
tag Xa gene product
[ | tag Xa gene product
ifjleave fusion protein with factor Xa
biotin
!
tag gene product

Using tags in protein purification



Fusion Protein Cleavage

Protease Source
Factor Xa blood clotting factors
Thrombin

Enterokinase
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gl10 RBS; AlG  HP- thioredoxin

pThioHIs
AB,C

ints for pThioHis A:

Icleotides
" MW= is unigque at this
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pET100/D-TOPO® (5.5 kb)

|¢ locO RBS ATG 6xHis e EK p-g-rimeess Iﬁcmil

Wide 1
Nhe 1

pET101/D-TOPO® (5.8 kb)

pET151/D-TOPO® (5.8 kb)

coo TT AAG GGT
|¢ RBS ATG 6xHis W5 TEV e SRPes mesml
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pET/D-TOPO*
vectors

Cr®®



Recombinant DNA
Technology

Manipulation of Gene
Expression in mammalian
cells



Recombinant Protein
Production in Eukaryotic Cells

e Occassionally problems will arise when
eukaryotic proteins are expressed In
prokaryotic cells
— unstable
— no biological activity
— prokaryotic contaminants



Eukaryotic Expression Systems

To eliminate prokaryotic expression

problems, eukaryotic expression systems

were developed

— Esp. important for therapeutic proteins

— Need to have identical: biochemical
biophysical
functional properties
as the natural protein



Euk. Expression Systems

e \What’s different?

— Post-translational modification of most eukaryotic
proteins

Such as:
— Correct disulfide bond formation
— Proteolytic cleavage of inactive precursor
— Glycosylation - addition of sugar residues
— Alteration of amino acids in protein

« phosphorylation

e acetylation

e sulfation

o fatty acid addition



Eukaryotic Cell Exp. Systems

» Therapeutic proteins may need to be
expressed in eukaryotic cells to be effective

— correct post-translational modifications



Protein Drugs Produced by
Eukaryotic Cell Culture

Protein Condition

Factor IX & VllIc hemophiliacs

CDA4 receptor AIDS
erythropoetin cancer

B & v interferons cancer
Interleukin-2 cancer

growth hormone dwarfism

tissue plasminogen activator heart attack/stroke
Hepatitis B surface antigen vaccine
monoclonal antibodies various



Eukaryotic Expression Vectors

e Same sorts of genetic features
— selectable marker (for eukaryotic cell)
— eukaryotic promoter
— MRNA polyadenylation signal
— ori of replication (if plasmid based)

— chromosomal DNA segment for homologous
recombination into host Chr



Eukaryotic Expression Vectors

* They have genetic features for selection and
maintenance in E.coli cells

e ori of replication
* selectable marker
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Fukaryotic Expression Vector

« Ori of replication
— generally derived from animal virus (SVV40)

* Promoters

— generally derived from animal viruses or from
highly expressed mammalian genes

— SV40, cytomegalovirus (CMV), herpes simplex
virus (HSV), etc,



Translation control elements

Transcribed Region of Gene

- 1. 314 gene of interest -

1 AUG (Kozak sequence = CCRCC G)
2 Signal sequence for secretion

3 Affinity tag for purification

4 Proteolytic cleavage site



Euk. Selectable Maykers

Agent Action Marker Gene

Xyl-A DNA damage Adenine deaminase

Blasticidin S Inhibits protein syn. BlasticidinS deaminase

G-418 Inhibits protein syn. Neomycin phosphotransferase
MSX Inhibits glutamine syn. Glutamine synthetase

MTX Inhibits DNA syn.

and others

Dihydrofolate reductase




Eukaryotic Selectable Markers

o (G418 (Geneticin)

— blocks translation

— neomycin phosphotransferase confers
resistance ( Neo")



Eukaryotic Selectable Markers

o Methotrexate (MTX)

— kills cells which lack dihydrofolate reductase
— host cell line made DHFR-
— vector carries a functional DHFR gene



Proteins can be also expressed as fusion protein as described before

Fusion partner Size Ligand Elution condition
77 14 kDa leG Low pH

His tail 6-10 aa Ni** [midazole
Strep-tag 10 aa Streptavidin Iminobiotin
PinPoint 13 kDa Streptavidin Biotin

MBP 40 kDa Amylose Maltose
p-Lactamase 27 kDa Phenyl-boronate Borate

GST 25 kDa Glutathione Reducing agent
Flag 8 aa Specific MAb Low calcium

Adapted from Nygren et al., 1994, Trends Biotechnol. 12:184-188.
Abbreviations: aa, amino acids; kDa, kilodaltons; 727, a fragment of Staphylococcus aureus protein A;
His, histidine; Strep-tag, a peptide with affinity for streptavidin; PinPoint, a protein fragment which is
biotinylated in vivo in E. coli; MBP, maltose binding protein; GST, glutathione S-transferase; Flag, a peptide

recognized by enterokinase.
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(5003) Scal

(4893) Pvul

CAP binding site)

(3251) BsStZ17I
(3199) BsmI

-

(5444) SgrDI

(5327) SspI

—t

(3054) Pfol
(2961) BstBI
(2795) RsrII

BolIl (12}

;;R promoter

BssHIIL (2676)

‘Mfel (161)

_BpulOI (180)
- NruI (208)
~_—MiuI (228)

_NdeI (484)

_SnaBI (550)

-E

CMV promoter

HindIII (339)
Acc65I (895)
|/ KpnI (399)
/. BamHI (907)

coRI (338)
EcoRV (350)

“o— NotI (3965)

" Smal (2032)

t—— KaslI (2273)
\ . Narl (2273)
Sfol (2230)
[ % PTI (2282)
Mscl (2361)
PfIFI - Tth111I (2397)

‘:\-.PaeR?[ - PspXI - XhoI (971)
“-Xbal (9583)

“PspOMI (283)
.. Apal (993)

bGH paly(A) signal
" BbsI (1231)

T Dralll (1545)

" SexAI* (1836)

. BseRI (2085)

- Stul (2088)
AvrIl (2063)
TspMI - Xmal (2030)



Camments for peldNALLNVS-His A

SS03 nucletides N vs epitope JEY tis, [

CMY promaoter: bases 209863

1T promeden'priniing site: bases 863-BE2
Multipe Cloning site: bases S2-004

VA epitope: bases 100004

Fodyhistidine tag: bases FOSE-106K

pelNAG 1BGH reverse primang site! bases 10911108
BOH polyadenylation signal: bases 10RO- 304
F1 origin of replication: bases 1557 TR0

S A0 promoter and origin: bases 18452100
MNeamycin resistance pene: bases 2206-300K)
sy pobyadenylabion signal; bases 50193257
Colk] ongin: bises 36894361

Ampicillin resistance gene: bases 435003367 pc DNA3.1/
V5-His A, B, C

" Al e X | sdbe, e = oa anioue
HlE H sile, bl no A | or Apa
siles i version C

"~ Thare iz & uniqusa Sac |l siks
batwaan the Apa | side
and tha Sfu | sita in version B only




« i+ 1007-1036 1052-1069

éé myc epitope  bXHIS

895-1006
}— -

iLE:E T
IR R R

< l Western:
Anti-mye Ab
Anti-his Ab
Purification:
metal-chelating resin
fA 1844.2153 (ProBond)
SV40 large T antigen

2228-3022
G418 (Sigma)

* Tharn aro ban Aga | sies
iy wErsaan & anly

pAE1 OfY

L]
Thare sua bao Xha | afles

Replicate n E, coli 3709-4382 i warsain B only



(4072) FspI
(4052) Mscl
(3873) PIUTI
(2971) Sfol /|
(3970) Narl /
(3969) KasI

(3?91) Stu]:."‘..,,
(3745) Sfil

(3559) SexAI*

Asel (7)

pFlareA10A
5946 bp

(3036) Dralll

(340)

Nhel (531)

BmitI (595)
|/ Afel (596)
£ BglII (609)

'EcoRI (795)
" _BamHI (304)
_ BspEI* (26)

— Eco53kI (1618)
“Sacl (1620)

Agel (1756)

~ BstEI (1949)

—_ BsrGI (2478)
. N Notl (2514)
Xbal* (2624)

‘ Mfel (2720)
HincII - Hpal (2733)

.,

AfIIL (2852)



Transfection of Euk. cells

 Introduction of DNA into prokaryotic (and
yeast) Is cells termed Transformation

 Transformation of animal cells refers to
changes in growth characteristics of cells In
culture

e Transfection is term used for uptake of
foreign DNA into eukaryotic cells resulting
In Inherited change



METODI DI TRASFEZIONE

e CARATTERISTICHE:
— Elevata efficienza
— Bassa tossicita
— Riproducibilita /n vitro e in vivo
e PROCESSO:
— Introduzione del DNA nella cellula
— Ottenimento dell’espressione del gene d’interesse

— (selezione delle cellule che si sono trasfettate stabilmente)
— Caratterizzazione del gene/ proteina prodotta

e PROBLEMATICHE:

— Come superare le barriere naturali???
e DNA: fortemente POLARE (carica negativa)
e MEMBRANA CELLULARE LIPOFILA




METODI DI TRASFEZIONE

1) METODI CHIMICI

2) METODI FISICI



Host Cell
Zall health
Call culture

Genetic Material
DA guality and quantity




Cell Health

» Calls should ba grown in appropriate medium with all necassary factors
» Cultures must ba free of contamination
« Fresh medium must ba usad if it contains chemically unstable components, such as thiamine

= Calls should be incubated at 37°C with CO, supplied at the commact percentage
(5-10%) and 100% relative hurmidity

» Calls should be maintained in log phase growth



Cell Culture

Confluency and Growth Phase
« Calls should be transfected at 40-80% confluency (cell type depandant)

— Too few calls causa cell cultures to grow poorly without call-to-cell contact
— Too many calls result in contact inhibition, making calls resistant to uptake of DNA
and other macromolecules

« Actively dividing cells take up DNA better than quiescent cells (breakdown and perforation
of the nuclear membrane during mitosis enable nuclear deliveny)

Number of Passages for Primary Cells
« The number of passages should be low [<50)
« The number of passages for cells used in a variety of expermants should be consistant

« Coll characteristice can change over time with immortalized cell lines and cells may not
raspond to the same transfection conditions

» Colls may not respond to the same transfection conditions after repeated passages



DNA Quality and Quantity

» Use high-guality plasmid DNA that is free of proteins, RNA, and chemicals for transfections;
andotoxin removal should be part of the preparation procedura

» Typically, DMA is suspanded in sterile water or TE buffer to a final concentration of 0.2 mg/mi

« The optimal amount of DNA to uss in the transfaction will vary widely depanding upon the type of DNA,
transfection reagent/method, target call line, and number of calls
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Methods
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Reagent-Based Methods
Lipids

Calcium phosphate
Cationic potymers
CEAE-daxtran

Activated dendrimers
Magnetic beads
Instrument-Based Methods
Bectroporation

Biolistic technology
Microlnjection
Virus-Based Methods



Calcium Phosphate

The protocol imsohees miking DMA with calcium chilorida,
adding this in a controlled manner to a buffered saline’
phosphate solution, and allowing the mixture to incubata
at room temiperature.

This step generatas a precipitate that is dispersad onto the
cultured cells. Tha precipitate is taken up by the calls via
andocytosis or phagocytosis.




Method Overview

Solution Az DNA in calcium solution
Solution B: 2x Hanks buffered saline solution

1 Add sohstion A to sclution B while vortexing.

2 Incubsie 20-30 min. Apply the sclution to & subconfivent cell cuture.

3 Incubsie 2-12 hr. Replace the solution with complete growth medium.

4 Aszzy for transient gene expression or begin selection for
stable transformation tme.

Siap 2

Stap 3

Siap &




Pros and Cons

Advantages of Calcium Phosphate

« Inexpensive

« High efficiancy icall type dependant)

« Zan be applied to a wids range of cell typaes

» (Can be used for transient and stable transfection

Disadvantages of Calcium Phosphate

« Reagant consistancy is critical for reproducibility

= 3mall pH changes (£0.1) can compromise transformation efficiency

= Siza and quality of the precipitate are crucial to the succass of transfaction

« Calcium phosphate precipitation does not work in RPMI, due fo the high
conceniration of phosphate within the medium



Lipid-Mediated
Gene Delivery

Lipid-mediated gene delivery is also refemed to as lipofection, or
liposome-based gena fransfection. it uses lipids to cause a cell
to absorb axogenous DAL

Transfar of ganetic material into the cell takas place via
liposomes, which ara vesicles that can merge with the call
membrana since they are both made of a phospholipid bilayer.




Method Overview

24 i Trenstactin™ ipid reagent
par 50 i sonum-fea madum

Wi sl woilrmeas of TransFactin
and DL solusbions

noubaia 20 min 80 foemn DR -SDoEsme Dompkens




Pros and Cons

Advantages of Lipids

= Deliver nucleic acids to cells in a culture dish with high efficiancy

« Easy to use, minimal steps requirad; adaptable to high-throughput systams

« Using a highly active lipid will reduca the cost of lipid and nucleic acid, and achieve effactive results
Disadvantage of Lipids

= Mot applicable to all cell typas



Cationic Polymers

Cationic polymers: differ from cationic lipids in that they do not contain a hydrophobic
moiaty and are completaly soluble in water. Given their polymaric nature, cationic polymars
can be synthesized in differant lengths, with different geometry (linsar varsus branched).
The most striking diffierence betweoen cationic lipids and cationic polymers is the ability of
the caticnic polymers to more efficiently condansae DMA.

Thera ara threa genaral types of cationic polymers usad in transfections:

» Linear (histone, sparmine, and polybysing)

= Branched

= Spharical

Cationic polymers include polyethylaneimine (PEl) and dendrimers.



DEAE-Dextran

DEAE-daxtran is a cationic polymer that tighthy associates with negatively charged nucleic
acids. The positively charged DMA:polymer complex comes into close association with the
negativaly chargad call membrane. DMNA:polymer comiplex uptaka into the call is presumed
o occur via endocytosis or macropinocytosis.

CH,~CH;
O-CH;~CH,~ N H
CH,— CH,

Diethylaminoethyl




Method Overview

Solution A: DNA [~1-5 pg/mi) diluted into 2 mi of growth
medium with sarum containing chloroguine

Solution B: DEAE-dextran solution (~50-500 pg/ml)

Solution C: -5 ml of DMS0D

Solution D:  Complete growth medium

1 Add sohstion A to sclution B, then mix genthy.

2 Aspirgte cel medium and apply the mixed A and B solutions o the
subconfiuent call culture. Incubate the C#A& mixdure for -4 hr.

3 MAspirate supematant.
4 Add solstion C to induce DNA uptake.

& Hemove DMS0 end replace with complets growth medium; ss=ay for
trensient gens exprassion.

Etap 1




Pros and Cons

Advantages of DEAE-Dextran

= Inexpansive

« Easy to parform and quick

= Can be applied to a wide range of ceall typas
Disadvantages of DEAE-Deaxtran

« High concentrations of DEAE-dexiran can be toxic to cals
« Transfection efficiencies will vary with call type

= Can be usad only for transient transfaction

= Typically producas less than 10% delivery in primary csalls



Magnet-Mediated [ranstection

Magnet-mediated transfection uses magnetic force to deliver DNA into targat cells.
Muckeic acids are first associated with magnetic nanoparticles. Than, application
of magnetic force drives the nucleic acid—particlke complexas toward and info the
target cells, whare the cargo is released.



Method Overview

1 Dilute nuclksic acid in medium.

2 Add magnetic nancparticle.

3  Incubsie 10-20 min.

4  Add medium to adhenent cells [2-4 x 105 calls).
& Add nucleic acidinanoparticle solution.

& Place cufture plate on magnet plate.

T Incubste 15 min.

£ Hemove magnet plate.




Pros and Cons

Advantages of Magnetic Beads

* Rapid

« Incraased transfection afficiency by the directad transport, especially for low amounts
of nucleic acids

» High transfection rates for adherent mammalian call lines and primary cell cultures
(suspension calls and cells from other organisms also succassiully transiected but

need to be immaobilized)
« Mild treatment of calls
« (Can also be performed in the presence of sarum

Disadvantages of Magnetic Beads
« Halatively new mathod

» Hequires adharant cells; suspension cells need to be immobilized or centrifuged




How Electroporation \Works

1 Bectroporation exposes a cal to a high-intensity electric field that termporariby
destahiizas the membrans.

2 [Dwring this time the membmne iz highly permeable to exogencus molecules
presant in the sumounding meda.

3 DA then moves into the cell through thess holes.

4 'When the fiedd i turned ofi, the pores in the memibrane resesl, endosing the
DA, imgide.
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Type of Electrical Pulse — the Waveform

The most commaon electrical fislds are exponential and sguare waveforms. The wavaform has a significant
effiect on the transifection efficiency for differant cell types. Both exponential-decay and square-wave pulsas

have boan used very offectivaly for electroporation.

Exponantial Wavaform

« Capacitors chargad to a sat voltage

« Set voltage is releasad from the selected capacitor
and decays rapidly (exponantizlly] over timea

© ez ==1 ¥

Neliage, ¥

Square Wavaform
« Datarmined by pulsa duration andfor numbear of pulsas
= Sgwaral short pulses may be more bensficial than one long pulss




Pros and Cons

Advantages of Electroporation
= Monchamical method that dossn’t seem to alter the
biclogical structure or function of the target cells

» Easy to parform
= High efficiency
» Can be applied to a wide range of call typas

Disadvantage of Electroporation

« Call mortality (if using suboptimal conditions)



Biolistic Particle Delivery

Biolistic transformation is the delvery of nucleic acids into cells via high welocity nudeic acid—coated microparticlas.

Helios® Gene Gun

= Forin situ, in vivo, and in vitro transformations

« Applications for animals, plantz, call culture, nematodes,
yeast, and bacteria

= Praszure range 100-600 psi enables fine-luning of penetration

= Highly portable — can be w=sad in tha field

« Small target area for accurate targeting

PDS-1000/He™ Biolistic Particle Delivery System

= [For in vitro, ex vivo, and in vivo (for some plants and microbss)
transformations

» Applications for animal call and organ cultures, plant cell cufures
and explants, pollen, insects, algae, fungi, and bacteria

= Prassure range 450-2 200 psi gives flexbility and penetration —
idaal for plant applications

= Large target area — more cells can be transformed




Helios® (Gene Gun — Process Overview

1 Precipitate DMA onto gold particles.

2 Load DMAQold nto tubing.

3 HAotsie twbing to coat DMA gold over inside surface
4 Cut tubing inte: cartridgea.

& Load carridges into gene gun.

6 Dhelver DNA into target cells.
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PDS-1000/He™ System — Process Overview

1 DMA-coated gold parficles (microcamier] are spread over the central area of a thin plestic disk (mecrocamier).
2 Di=k loaded with the DMA-gold particles is placed into a holder inside the POE-1000/He system.

3 Thee system uses high-pressure helium, relessed by & rupture disk, and partial vacuum to propel the mecrocamier
loeded with microcamier foward the target calls.

4  Mecrocamier is stopped after & short distance by a stopping screen.
& DMNA-coated gold particles confinue traveling foward the target to penetrate the cals.

& Semple chamber iz subjected to pertial vecuum, from 15 to 20 inches of marcury, depending on the target cals.




Pros and Cons

Advantages of Biolistic Technology

» Simple, rapid, versatile technique

« Targated intracallular gene delivery

« Call type indepandant

= Uzes small amounts of DMNA

» Dalivers single or multipls ganes

« Mo carrier DNA needad

« Can deliver large DNA fragments

» No extraneous genes or proteins daliverad
= Raquires little manipulation of calls

= High reproducibility

Disadvantages of Biolistic Technology

» Ganerally lower efficiency compared to electroporation or viral- or lipid-mediated transfection
= Limited bacterial transfaction data

» Proparation of microparticles

« Instrument cost

« Raquires purchasa agreament



Microinjection

= Direct injection of naked DMA

= Laborious jone oall at a time)

« Tachnically demanding and costhy
» Can be usad for many animals

Forilrod agg, 100 pm




[ aserfection/Optoinjection

» This procedure usas lasar light to transientty permeabilize a large number of calls in a very short time

= Various substances can be efficiently optoinjacted, including ions, small molecules, daxirans, short intarfering
RMAz [=RMNAS), plasmids, proteins, and semiconductor nanocrystals, into numerous call types

« Advantages: vary efficiont; works with many call types; fewer cell manipulations needad

= Disadvantages: requires the calls to be attached; expansive lasaer-based equipment neadad




Viral Vectors

Retroviruses

« Murine leukemia virus (MulV)

« Human immunodaficiancy virus (HIV)

» Human T-call ymphotropic virus (HTLY)
DMNA Viruses

« Adonovirus

« Adeno-associatad virus (AAV)

» Herpes simplex virus (HSV)

Ratroviruses — a class of virusas that can create double-stranded DNA copies of their RNA ganomas;
thesse copies can be integrated into the chromosomes of host cells. HIV iz a netrovirus.

Adenovirusas — a class of viruses with double-stranded DMA genomes that cause respiratory, intestinal,
and eye infections in humans. The virus that causes the common cold is an adenovirus.

Adeno-associated viruses — a class of small, single-strandad DMNA viruses that can insert their genatic
matarial at a specific site on chromosome 19.

Herpes simplax viruses — a class of double-stranded DNA virusas that infect a particular call type,
neurons. Herpas simplex virus type 1 is a commaon human pathogen that causes cold sores.



Viral Attributes

Viral Vector

DMA Insert Size

B kb

B kb

8 kb

& kb

25 kb

Maximum Titer  Call Type

b [

i x q0f

1x 104

1x 10"

fx= 100

x 02

Dhsicibs el

Expression

Transiant

Stable, site-specific

Transiant

Transient

Pitfalls

Requires halper virus to grow;
difficult fo ramowve helper vinus

Mo gene expression
during letent infection

Dotantial cytopathic effacts
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Pros and Cons

Advantages of Virus-Based Methods

=« Vary high gane delivery efficiency, 85-100%

« Simpilicity of infection

Disadvantages of Virus-Based Methods

» Labor intensive

» Bast for introducing a single cloned gene that is to ba highly exprassad

» P2 containment requirad for most viruses

— Institutional reguiation and review boards required

— Viral transfer of regulatorny ganes or oncoganas is inharantly dangerous
and should be carefully monitorad

— Host range specificity may not be adequate

Many virusas ara Iytic

MNeed for packaging cell lines



Transfection Methods

Eukaryotic Yirus
Ihfection

Direct Injection into
Mucleus

)
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DMA-Calcium Phosphate
Coprecipitate

Biolistic Method
DMA coated
microprojectiles




STABLE TRANSFECTION
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