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Multiple Cloning Site:

Useful Plasmid
Features

* Relaxed Replication

e Selectable Markers

e Streamlined

* Polylinker or MCS

e [dentification of

Recombinants

emost derived from
PUC or pBR322

| Sacl| |Scll] | Xbal | | Spel || BanH| | Smal | | Pstl || EcRI || EcRV||H I1]]|C al| | Sal | || Xhol | | Kpnl |

GAGCT CCACCGCGGET GECGEECCECT CTAGAACT AGT GGAT CCCCCGEGECT GCAGGAAT TCGATAT CAAGCT TATCGAT ACCGT CGACCT CGAGGGEEEEECCCGGTACC
CTCGAGGT GGCGCCACCGCCGEECGAGAT CTTGAT CACCT AGGGGEGECCCGACGT CCTTAAGCTATAGI TCGAATAGCT AT GGCAGCT GGAGCT CCCCCCCGEECCAT GG
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DDNA sequences in a typical E. coli expression vector.

Bacterial promoter (P)
and operator (O}
sequences

Polylinker with

Gene encoding unique sites for

repressor that several restrictior
binds O and 71 endonucleases
regulates P o (i.e., eloning sites,

Transcription
termination
sequence

binding
site

orl

Selectable genetic
marker ie.g., antibiotic
resistance)
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Overexpression of proteins
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Heterologous gene expression in prokaryotes
Promoters for gene expression

pL promoter pKC30, N4830 (cl); AmpR  Temp 30 to
controlled by pRK16F, temp sensitive 42 °C
clrepressor pWW12 or
SA1512 (cl) Nalidixic
acid
(cleaves A
repressor)
Phage T7 PT7-1,2 HMS273 (pGP1-  AmpF Temp
promoter 2) sensitive
controlled by (cl based)
T7 RNA PET1-7 BL21 (DE3) AmpR IPTG-lac

polymerase repressor
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E. coli lac pUC18, 19 JM101 AmpR IPTG
promoter

controlled by pDL19

lac repressor

Synthetic tac ptacl JM101 AmpR IPTG
promoter ptacll

controlled by

lac repressor

Run-away PMOB45 DB1443 (hsdR)  CmR/TetR Temp
replicon PMOB48 JM101 CmR sensitive;
over 100
fold
expression

Increased gene dosa%e—multiple copies of a gene
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Measuring overexpression

o SDS-PAGE
* Western blotting
* Biochemical Analysis



Important considerations

* Gene toxicity

— Overproduction of any gene can be toxic to the cell
 Transcription is repressed until the expression is desired

e Premature termination

— Antiterminators (such as of A phage are used) to
counter the intragenic terminators

 MRNA instability

— MRNA stability may be enhanced by

* Trimming or addition of linker sequences in the junction
between the promoter and the coding region

« ompA-like leader sequence elements
e Mutations agaisnt RNaselll
* Presence of strong terminators



e Translation initiation

— AUG Initiating codon; sometimes GUG, UUG and
AUU

— Shine-Dalgarno sequence positioned about 7-9
nucletides upstream of the initiator codon

— No secondary structure within Shine-Dalgarno
sequence nor any overlap with other sequences

— Preferably AUG codon followed by GCAU or AAAA;
UUAA In the fourth or fifth codon will be helpful

— Euk cDNA does not have the sequence; therefore
vectors with this sequence should be used

» Biased codon usage
— Rare codons hinder the gene expression



e Enhancing protein stability
— Protease deficient hosts may be used

» Secretion of cloned gene product

— Proteins are more stable if move to periplasmic
space or outside cell

— Easy to purify if move out of cell

— Secretion signals are used e.g., ompA, Hly
(hemolysin) secretory pathway

e Fusion vectors

—e.g. lacZ fusion
o Easy to purify by affinity column
* The fusion protein is released by a specific protease



Overexpression in eukaryotes

« Why Iin Eukaryotic system and not in a simple
prokaryotic system?
— No acceptable environment for start codon
— Gene toxicity
— Synthesized peptide is biologically inactive
— Posttranslational modifications do not exist
accordingly

— Formation of insoluble material in inclusion bodies

* Inappropriately folded protein may not be rescuable by
denaturation-renaturation



Eukaryotic systems for protein expression

e Yeast
— Saccharomyces cerevisiae
— Pichia pastoris

« Mammalian

— Constitutive using strong promoters such as SV40
early promoter and enhancer

— Transient using viral expression systems such as SV40,
adenoviruses, papillomaviruses, herpesviruses etc

e Insect
— Baculovirus-insect cell expression system



PET expression system
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Table 1. pET System Host Strains

Available as
Competant

Strain Derivation Key Foature(s) Antibiotic Resistance  Cells
AD404 K-12 trg mutant; facilitates Cytoplasmic Kan yes
ADA94DES) disulfide bend formation Kan yas
ADB4DES)pLysS Kan + Cam yes
BLZ1 BE34 Lacks i and omaT nong yes
BLZ1(DE3) proteases nona yes
BLZ1{DEZ)pLysS Cam yes
BLZ1{DEZ)plysE Cam na
BL21 rxB(DET) BL21 B traB munan; facilitates Kan yas
BLZ1 BDEI)plysS cytoplasmic disulfide bond formation  an -+ Cam yes
BLE BL# ELZ1 recd mutant; stabifires Bndem Tet yes
BLR[DES) repagts Tet yas
BLRDEZ)pLysS Tet + Cam yes
BA34 B strain met aumatraph; *5-met and e na
BE34(DET) salenomethicnine labeling none yes
BA34{DEpLysS Cam yes
HM51T4 K-12 recA matant Rif yas
HMSTT4DES) Rif resstance Rif yas
HMSTT4DESpLysS Rif + Cam yes
HMSTT4{DEJpLysk Rif + Cam ng
MovalBhue K-12 recd, ondd, iach Tet yes
MovaEiue[DES) cloning, plasmid props Tet yas
Origami™ K-12 trnBigor mutart, facilitates Kan + Tet yes
Ongami[DES) cytoplasmic disulfide band formation Kan « Tet yes
Ovigami BOES)pLysS Kan + Tot + Cam yas
Origami B Tuner BLZ1 izcl defetion, toudgor mutant, Kan + Tet yas
OrigamilDES) qreatly faciitates cytoplasmic disulfide  Kan = Tot yes
Origami BIOES)pLysS bond formation; allows precise control— Kan + Tet + Cam yos

with IPTG Kan = Tet + Cam yas
Rosotta™ Tuner Enhances expression of Cam yes
Rosetta(DES) proteins having codons rarelyusedin - Cam yes
Roseta[DEI)pLyss E. coli, l3c delafion mutant Cam yes
Rosatta-gami™ Origami Enhances expression of Kan + Tet + Cam yas
Rosatta-gamilDES) proteins having codons raetyusedin Ban + Tet + Cam yos
Rosatia-gamilDE3)pLyss E. cofi, tre gor mutant Kan + Tet + Cam yas
RosettaBlue™ MovaBluz Enhances expression of Tet + Cam yas
RosattaBlue{DE3) proteins having codons raetyusedin Tet + Cam yos
RosetiaBlue{DEI)plysS E. cofi, recd, andd, facf Tet + Cam yes
Tuner™ BEA BLZ1 iacY delation mutant fona yes
Tuner{DE3) allows precise control with IFTG nong yes
Tuner{DE Jjplyss Cam yes
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Recombinant antbody Human 53
Promaer Tiiac 11  Tllac Tiac Thac 11 11 Tiac Tléc
Host BL2TIDES) = plysE - plyss  plysE - plyss - ply=>

Figure 2. Effect of vector/host combination on expression levels of two proteins

The indicated coll cuitures were grown & 37°C o 00, of epprovimately 0.8 and mpression induced with 1 mM PTG for 2.5 b Toal
cell prctein samgies weee run along with Novagen's Perict Protain™ Markers on & 4-20% 06 pobyacrylamide gradient ool followed by
aining wilh Coomeassi blue. Veclors used were pET-20b¢+) and pET-22{s) for the recombinant anthody and pET-23b(+) and

PET-21h{+ ) for ps3.
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Table 2. Fusion tags available for pET constructs

Ba<is for Daetoeciiomn

Tag or intermnal Sizme (aa) amndior Purification Applications
T7=-Tag™ K1 17T or 250 monocional ambbody Wastern blot,
IMmuUnoErecipiEtEon.
purifnication
S-Tag™ M1 15 S-protaan (104 aa) affinity Western blot.
uUEnitative assaYy.
purific atice
His=Tag"™ M. C. 1 G, B or 10 metsd cholation Hi== RBind™ resin
CherormabogragiTy purification
{native o denaturing)
HSW=Tag™ L 17 monocional anmbboddy Western blot.
immunofluornsscence
pelBEfompT M 2 EE potental poeriasmic protein axportSfolding
localization
K51 K 125 highly exprossed small profesn'pepticka
nsolubla proboin
Tr=Tag™" M 108 thicradaxin sofuble proten. cylo-
plasrmac disulfcde bond
formation in e hosis
PFEA site N 5 probtein kinase A i1 w0 phos phonylation
e Cdg rEton sibe
CBD .~ Tag | 158& pobyclonal antibody. Western blot.,
Ccelkose binding purification, nonoovalent
domain mmobiiration
CED___.~Tag M 114 pobycional arntibody, protein axpart, Weshermn
cefiulose binding doamain bidot, purification, mon-
periplasrmfimedia cowdleni Emmobiization
CED .=~ Tag 1 107 pohyclomnal antibody, protein axport, Western
celulose WEnding domain, bdot. pamification, mon-
periplasmdimedia cowalent mmobiEation
D=b=Tag™" K 208 (D=hd] potental periplasmic soduble protein, peri-
236 (D=bC} ocalization plasmac disulfide bomd
formation, Sormarization
GS5T=Tag™" M 20 utachsone purifnicatica,
monocional amdbody Western ot,
anIymatic aCctity gQuantitative assay
MNus=Tag™" ] solhile protean,
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Transformation
(pFLAG Yeast/Bacteria)

Transfection
{(pFLAG Mammalian)

QY
Detection Purify
1 2 3 = ¥

I
|
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FLAG Peptide:

Asp-Tyr-Lys-Asp-Asp-Asp-Asp-Lys

|-

Enterokinase
Cleavage Site

istection of FLAG fusion proteln
with ANTHFLAG® M2 Anti

Lane 1. FLAG-BAP™* control proteln
Lane 2. (057 Cell extract controd

Lane 3. pFLAG™-Ch-2-BAP"
fransfected (057 call extract

‘g0 Bacteral alkaline phospatase

Protein

SDS-PAGE of celllysatas form £ cod

transfected with pFLAG-ATS-BAP
purifled with ANTHFLAG M2 aftinfty gel

Lane 1. Call extract priorto purficztion

Lane 2. Affinity purifled FLAG-BAR*
fushon proten



E 5769 pPFLAG-ATS™ 5.4kb tac N v y
E 5644 PFLAG-MAC ™ 5.1 tac N V
E 5269 pFLAG-CTS™ 5.4 tac C X

E 5394 pFLAG-CTC™M 5.3 tac C

E 8023 pPFLAG-Shift12™ £ tac N V V
E 7898 pFLAG-Shift12c™ 5.1 tac N V
P1118 pT7-FLAG-1™ TIacO N V
P 1243 pT7-FLAG-2™ TIacO C

N — h-terminal tag C — C-tenminal tag

ompdA — periplasmic localization
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pFLAG-CTC (5,3 kb)

FLAG-MAC (5,1 kb i'—:——E—___
PFLAG-MAC (5,1 ki) 1331751553 PFLAG=CTS (5.4 kb)

(was Tara TRAGT  mcs ¥ stor | ass | TG lompal  mcs  Treagd stor

PELAGRATS (5.4 kh)

RBS ; ATG , Omp#A ; FLAG MCS STOP
| |

C-Terminal
el pFLAG-CTC
amp’ pFLAG-CTS
Ja] M-Terminal
PFLAG=MAC
PFLAG=ATS
11 arigin
Multiple Cloning Site
pBR3I22 origin {pFLAG=CTC® and pFLAG-CTS )
f1 erigin Elu:rlll Jo-|:| Euim wmat Thepre apnt
. . . ATE MG ETT CFT GAE |AAT TC 7] T KA
Multlple clﬂl"llng Site TiC TTE |:.l.|l- [TY] .:11:_' TTH J\.k.a efeo AT SFT
(PFLAG=MAL and pFLAG=ATS*)
Eqll Sl fagp Tye Lye Asp hop hap Lap Lys
’_FZIEM_ car cre|re Rt TAC ARG GAC GAT GAC GAC RAG
Batt| Asp Tyr Lys Rip Lep Rep hep LEs Hisd I b | EfA dae ME  OTE ATE TTC CTO TR £TQ CTE TRC
ATE GBAT TAT ARG GAC GAC EAT GaC Ha BTC ApE CTT r|'_r: BhE — —_— ) o A
- - - - - _— peptide coding sequence is out o 2z with b
TAC 016 :: TTC CI8 CT@ CTA CTO T;.mluu TTC @A) OAE CT il oz i e Mk
Ecfl  xmal | sap s wpal gl xbal sacl {Open reading frame must be phased with ATG and FLAG.
nAT THe cpe leTh cleT soh |SaT [2TA Sat hea Tea aev eer . )
TTE ARG GBET||CAT BR CET CTA SRT O7a TOT AL Cex SCA %rFMEESﬁEHHQnPAEMIngmLEHEFmEHthem

Sex product insert for pFLAG-CTS MC5
*Far peFLAG=STS the Metelmps coding sequence precedes the FLAG coding sequerde,
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PFLAG-CMVT™ 1

Mammalian
expression

PFLAG-CMVT™-2

[}

pPFLAG-ChVTM-3

nesmydn

(anl
a
{%a]

PFLAG-CMVTM-4

necarycin

(nal
Li)
=]
el

pFLAG-CMV ™53 b c

lzal
|
¥

PFLAG-CMVTMS 1

pFLAG-CMV™-6a,b C

P3XFLAG-CMVTM-T 1

m

p3XFLAG-ChWVTM-E

m

A=Y

p3xFLAG-CMYTAG

nEcyin

m

fet

=]

p3XFLAG-CMVTM-10

N0 ycin

rm
R

p3XFLAG-ChVTM-1 3

necryan

p3XFLAG-ChVTM-14

T yCin

PFLAG-myc-CMVT™-19

PFLAG-mmyc-CMVT™-20

PFLAG-myc-CMVT™-21

necmycn

PFLAG-myc-CMVT™-_22

necmycin

p3xFLAG-myc-ChWT-23

p3xFLAG-mmyc-ChilTe-24

p3xFLAG-myc-CMYTH-25

neomydn

P3XFLAG-myc-CMVT™-26

M

M

M

M

E

3

M
M
M
M
M
C
C

M

M

M

M
N
M
M
M

necmydn

N — N-terminal tag C — C-terminal tag

PPT — preprotrypsin leadet for direct secretion

C-INyc — C-myc epitope



‘mer BRAGE  wmics | PAICER.CMV

CMV promaoter hGH pollyA

‘ Transfection into cell line

SVAD origin

N-Terminal

amp' pER322 arigin

Multiple Cloning Site
{PFLAG-CMV-1* and pFLAG-CMV-2)

Wbt | oy TFr Lye Aep Rap Rap Rap Lys

Hat ] Eculi |

RTGE GAT TRT BAM QAT GAT GAC GAD .\LB CTT Q0@ BCOT Q0@ |RAT TCA

TAC CTO ATE TTT €7@ CTA OTQ CTO TITC @ cEc [':Elll'G': TTA 4:?
Hied 1l

€l Bl EcsR W Kpm 1 sal | bl Bam | | Smal
Ee ATA| EAT €TE AT TCE ETA -:||:u nl'rc gAE +f KEL 4:1 TeE cpe &T ) Tran.datiul_'luf
aet |rar ora s THr acc [fav sev cas cfe mea toe cor o ksp efpe|ca m two proteins
*For pFLAG-CWVCY, the Metarepretrypsn |leader sequence (PPT LS) precedes the FLAG
coding sequence,

Stable Cells Retain High Levels of Expression
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Procedure summary for GST Tag and His Tag Pull-Down Kits. "Pull-down" is a
small-scale affinity purification technique similar to immunoprecipitation (IP),
except that the antibody function of is replaced by some other affinity system. In
this case, the affinity system is either a GST-tagged protein that can be captured
by glutathione agarose beads or a His-tagged protein that can be captured by
metal chelate (cobalt) agarose beads. The fusion-tagged protein acts as the "bait"
to capture a putative binding partner (i.e., the "prey"). In a typical pull-down
assay, the immobilized bait protein is incubated with a cell lysate. After the
prescribed washing steps, the 'interactors” are selectively eluted for analysis in-
gel or by Western blot.



Step 1, Immobilize the fusion-tagged
“bait” from the lysate,

KX

Coecnane| . e

" '._i-

Balt Protein-Containing
Lysate

Step 2. Wash away unbound protein,

Step 3. Bind “prey” protein to
imnEmbiIiIad I:IFI.EH.?:Ilr pEutain.

[ ] i. ’
[ j‘ o "
-.@,‘.

ﬁwh‘::d.nfmhl
Lysate ""

3"
I'.l‘

s W ®
I.*"

Step 4. Wash away unbound protein.

d

L

.

T

Snin

Step 5. Elute protein:protein interaction
complex.

ep 6. Analyze protein:protein
Elltepmctinn n:hn.l:zmpplcx on gﬂ%-PﬁGE.

Bt
Prey

Marker  Purifed Agancses  Pusified
it Gl Proben:Proten
Condral  Interaclion

3= Fusion Tag (GST or polyHis)
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Gateway cloning

M13 M13
Forward Reverse
e e o e

pDONR™221
pDONR"/Zeo
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A group of single-celled microorganisms. A
single individual or species from this domain is
called an archaeon (sometimes spelled
"archeon"). Archaea, like bacteria, are
prokaryotes and have no cell nucleus or any
other organelles within their cells.




Distinct Domains Of Life

Lhiosizi
:|"'|-Ilnl1- | ARt enlates

-i"ﬂﬂ'l.:ll-lr_,..- Ir '-'Jh;-h:lr by las
!:rrp;l —

EUKA IT'I:"DTJ"L

C ryscobarirmia

helcectiophic "

bacicaia

' ARCHAEA

L Lslephiles theiermphiles

By Prof Amer Jamil



Habitat of Archaea

* Archaea exist in a broad range of habitat
« A major part of global ecosystems

e May contribute up to 20% of the total biomass on Earth

By Prof Amer Jamil



Habitat ..........

Hot springs of Yellow
Stone National Park,
USA
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o Extremophiles:

 high temperatures >100 as found in geysers and black smokers.
 very cold habitats or in highly saline, acidic, or alkaline water.

e Mesophiles:
* marshland, sewage, and soil.

* Methanogenic archaea:

* in the digestive tracts of animals such as ruminants, termites, and
humans.

(Archaea are usually harmless to other organisms and
none Is known to cause disease.)



Salt-Lovers........

» Halophilic Archean sp. Near San » South end of San Fransisco Bay
Quentin, Baja California Norte,
Maxico
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Similarities with Bacteria

e Bacteria and archaea have several common
characteristics..........

1- Both lack internal membrane structures
2- Both use plasmids to pass information

3- Both have abllity to live in very extreme and hostile
environments.......

4- Ribosome of Archaea structurally similar to Bacteria



Similarities with Eukaryotes

DNA with Histones

DNA Replication

Transcription

Glycosylation

Transcription factors to “turn on” their genes..........
tRNA contain introns

Sensitivity of Ribosomes to Chemical Inhibitors.........
RNA Polymerase..........

Bacteriorhodopsin



Regulatory

Bacterial
Sequence

Promoter

SN

CATACATATTGACATAGCACGATCAGTATATTGACACACACTTTAGAG

35 -10 +]
Archaeal or
Regulatory Eukaryotic
Sequence

Promoter
/ \

GATACACACAGTTTAGATACAGATGTCGCTATAGCTCGCATCGGATAG
+1
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