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Protein expression and purification

e |V. DNA cloning

Lubomir Janda, Blanka Pekarova and Radka Dopitova
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4.1. Introduction: correctness of your construct — cloning strategy

ATGGGECGEECAT e c ACAGGEGET GAACAGAT GTACCCGAGGGT GTATCGT CTGCAT GAGCGECCT GGTAGCCAT CCGCACT GAGTACAACCTCC
GCCTGAAGCCAGGAGT GGGT GCCCCTGT GACCCAGGT GACCCT GCAGAGT ACACAGAGGECGCCCAGAGCTAGAGGACT CCACACT GCeCT
ACCTGCAAGACCT GCTGGECCT GCGT AGAGGAGAACCAGCGT CGAATAGACAGT GCT GAGT GEGECGT GGACT TGCCCAGT GTGGAGGECCC
AGCT GGECAGCCACCGAGCCAT GCATCAGI CTATAGAGGAAT TTCGGEGCCAAGAT CGAGCGEGECT CGGAAT GATGAGAGCCAGCTCTCCC
CTGCCACCCGEEEGET GCCTACCGEGACT GCCTAGGT CGCCTAGACCT GCAGT AT GCAAAGCT GCTGAACT CCTCCAAGECCCECCT CCGGT

CCCTGGAGA A TTRCACCA T T TT RO ACCT ACCAACRCRACCT AT (ST RRCTRAATRACAAACAACACCACCAACTCOGCTTTGATT

GGAGTGACC
AGATCCAG,
GGAGCTGEH
CGGAGGAAC
TGCAGGATC
TGAAGCCAC
AGGGTGACC
TGTGCTTTC
ACCAGCTTC
TCCGCACAC
GIGECTTTC
AGGEGTGAXC
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\AAATCAAGG
SAGACACAGT
STTCGGGAGG
SAGYATCTGC
\TTGTGCAGT
\c TGTGCACA
STGCCTTCTG
\CACTGTGGC
STAGTCACGT
SAGGATGCCG

* \GCCTGGAGC

DGVRANEL QL RWOEYREL VL LLLQW RHHTAAFEERKFPSSFEEI El LWCQFLKFKETEL PAKEADKNRSKVI YQSLEGAVQAGQLK
| PPGYHPL DVEKEWGKL HVAI LEREKQLRSEFERL ECLOQRI VSKL QVEAGL CEEQL NQADAL L QSDI RLLASGKVAQRAGEVERDLD
KADGM RLLFENDVOTLKDGRHPQGEQWRRVYRLHERLVAI RTEYNLRLKAGVGAPVTQVTLQSTQRRPELEDSTLRYLQDLLAWE
ENQRRI DSAEVWGVDL PSVEAQL GSHRGVHQSI EEFRAKI ERARNDESQL SPATRGAYRDCL GRL DL QYAKLLNSSKARLRSLESLHG
LQLCCCl EAHLKENTAYFQFFSDVREAEEQL QKL QETL RRKYSCDRTI TVTRLEDL L QDAQDEKEQLNEYKGHL SGLAKRAKAI VQL
VEECOKFAKQY! NAI KDYEL QLI TYKAQL EPVASPAKKPKVQSGSESVI QEYVDLRTRYSELTTLTSQYI KFI SETLRRMEEEE
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Key concepts: e Knowing the objectives before DNA cloning
e Appreciating the complexity of plasmid systems in terms of the
numbers of distinct plasmid options

4.2. The key questions before DNA cloning
4.2.1. DNA-protein analysis
4.2.1.1. Plasmid map

DNA sequence

ATGCGCCTAGCACAGAT TCAGAGAGT GAGACT AGGGT CAAGT CAGT GCGT ACCGGTCGAAAG
CCTATTGEGAACCCAGAGGACGAGCAAGAGACT TCCAAGCCGAGT GACGATGAATTCTTA
AGAGGAAAGAGAGT TCT TGT GGTCGATGATAACT TTATATCACGT AAAGT TGCAACAGGA
AACCT GAAGAAGATGGEGAGT CTCAGAGGT CGAACAAT GCGACAGT GEGAAAGAACCTTTG
AGATTAGT CACT GAAGGCCT TACACAAAGAGAAGAACAAGGT TCAGTAGATAAACTTCCG
TTTGACTACATATTCATGCGACT GCCAAAT GCCAGAAATGGATGGECTATGAAGCAACTAGA
GAGATTAGGAAAGT GGAGAAAAGT TATGGEGGT GCGTACACCAATTATAGCTGTATCTGGT
CATGATCCTGGI TCAGAGGAAGCAAGAGAAACCAT TCAAGCTGGAATGGACGCCTTCTTA
GATAAAAGCT TGAATCAACT TGCAAACGT CATTAGAGAAATCGAAAGCAAACGT CAC

www.expasy.ch translate

MASTDSESETRVKSVRT GRKPI GNPEDEQETSKPSDDEFL RGKRVL VWDDNFI SRKVATG
KL KKMGVSEVEQCDSGKEAL RLVTEGL TOREEQGSVDKL PFDYl FMDCQVPENDGYEATR
El RKVEKSYGVRTPI | AVSGHDPGSEEARETI QAGVDAFLDKSLNQLANVI RElI ESKRH




4.2. The key questions before DNA cloning
4.2.1. DNA-protein analysis
4.2.1.2. Secondary structure prediction
www.expasy.ch jpred3
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KRVL VVDDNFI SRKVATCKL KKMGVSEVEQCDSGKEAL RLVTEGL TQREEQGSVDKL P
FDYI FNDCQVPEMQG-YEATREI RKVEKSYGVRTPI | AVSGHDPGSEEARETI QAGVDA
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Confidently predicted domains, repeats, motifs and features: :
Name Begin End  E-value ,@
REC 43 171 1.19e 26 —~
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4.2. The key questions before DNA cloning

4.2.2. Plasmid option
4.2.2.1. Plasmid map

Strong promoter ptac, ptrp, ApL, pT,
Promoter regulation ptrp-tryptophan/IAA
ptac-IPTG
ApL — temperature
pT, - IPTG
Transcription terminator T, term, rrnT1,T2
Ribosome binding site AAGG (upstream of the AUG initiation)
SD-AUG spacing and Spacing is crucial to high level expression.
base composition (optimal distance 6—10 bp, AT rich base composition)

A. Expression clone structure:

—» atiBl - . _ atiB2
(promoter) | @ RBS ATG Open Reading Frame Stop %

B. Expression clone sequence:
Shine-Dalgarno Kozak Open reading frame (amino end)
5'- ACA AGT TTG TAC AAA AAA GCA GGC TTC'GAA GGA GAT AGA ACC ATG NNN NNN NNN ---
3- ITGT TCAAACATGTTT TTT CGTCCG ﬂAG GTTCCT CTATCT TGG TAC NNN NNN NNN ---

atB1 Translation start™

Open reading frame (carboxy end)
- NNN NNN NNN TAG GAC CCAGCT TTC TTG TAC AAAGTG GT -3
--- NNN NNN NNN ATC CTG GGT CGA AAG AAC ATG TTT CAC CAl-5'

Translation stop atfB2



4.2. The key questions before DNA cloning
4.2.2. Plasmid option
4.2.2.2. Promoters

lacUV5, tac and trc promoters are repressed by the /ac repressor
(lacl or lacl?) and induced with IPTG.

Trp promoter is repressed by the trp repressor and induced with
tryptophan (or indole-3-acetic acrylic acid).

T7 promoter requires expression of phage RNA polymerase (host
strain usually contains this polymerase expressed from lac UV5
promoter induced by addition of IPTG).

P. lambda phage promoter exhibits maximum expression when
induced and has low basal expression when the c/ repressor is
present.



4.2. The key questions before DNA cloning

4.2.2. Plasmid option

4.2.2.2. Promoters
4.2.2.2.1. T7lac promoter

Relative basal uninduced expression levels of cloned
B-galactosidase with various vector/host combinations

e  Promoter T7 T7 T7 T7lac T7lac T7lac
e Host (DE3) (DE3) (DE3) (DE3) (DE3) (DE3)
pLysS pLysE pLysS pLysE

* Activity 100% 30% 10% 10% 3% 1%
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4.2. The key guestions before DNA cloning

4.2.2. Plasmid option
4.2.2.3. Examples of E. coli expression systems

Vector Promoter/ Special host protein Source Web site
system induction method tag strains required:
Pinpoint tac/IPTG or T7 IPTG Yes Biotin binding domain  www.promega.com
* pET T7 IPTG Yes Hise, T7 gene 10 WWW.Novagen.com
* pGEX tac/IPTG No GST www.amershambiosciences.com
pBAD araBAD Yes Hise, GFP www.invitrogen.com
pLEX P./trp Yes
pPROTet Pitet/anhydrotetracyclin No Hisg www.clontech.com
pTYB T7 IPTG Yes Chitin binding domain  www.neb.com
+ PpMAL tac/IPTG Yes Maltose binding domain
pQE T5/IPTG Yes/TOPP Hisg WWW.giagen.com
pCAL T7/IPTG Yes Calmodulin binding www.stratagene.com
peptide
pFLAG tac/IPTG Yes www.sigmaaldrich.com




4.2. The key questions before DNA cloning
4.2.3. N-terminal amino acids

N-terminal amino acids that reduce stability of proteins.

* Arg, Lys, Phe, Leu, Trpand Tyr .

Tobias et al, 1991, Science

Amino acids stabilized in penultimate position
N-terminal methionin.

His, GIn,Glu, Phe, Met, Lys, Tvyr, Trp, Arg

Hirel et. al., 1989, PNAS a Lathrop et al. 1992
Liao et.al., 2004, Protein Science




4.2. The key questions before DNA cloning
4.2.4. Protease recognition sites

Check the sequence of the fusion partner for the presence of additional protease
recognition sites.

e Thrombin Pro-Arg/Gly
pH 8.0 Pro-Lys/Leu
Ala-Arg/Gly
Gly-Lys/Ala
lle-Arg/Ser
Leu-Arg/Ala
lle-Arg/lle
* PreScission Leu-Glu-Val-Leu-Phe-GIn/Gly-Pro
pH 8.9
* Factor Xa lle-Glu-Gly-Arg/X
pH 6.5-7.5
 Enterokinase Asp-Asp-Asp-Asp-Lys/X )FFF’\Z/\

pH 7.0-8.0



4.2. The key questions before DNA cloning
4.2.5. Antibiotic selection

e bla gene ampicillin resistance

Ampicillin x Carbenicilin

* kan gene kanamycin resistance



4.2. The key questions before DNA cloning
4.2.6. Codons with translation problems

e Arginine AGG BL21-Codon plus-RIL
AGA
CGA
CGG

e |[soleucine AuUA

* Leucine CUA

e Glycine GGA

* Proline



4.2. The key questions before DNA cloning

4.2.6. Codons with translation problems

Escherichia coli K12

Uuu 19.7
uuC 15.0
UUA 15.2
uuG 11.9

CuU 11.9
CUC 10.5
CUA 5.3
CUG 46. 9

AUU 30. 5
AUC 18. 2
AUA 3.7
AUG 24. 8

GUU 16. 8
GUC 11.7
GQUA 11.5
QUG 26. 4

ucu

UCA
uCG

ACG

GCU
GCC
GCA
GCG

6.
11.

10.
31.
21.
38.

Leu-CUA

lle-AUA

Pro-CCC

O~ 0O

(20 >R

http://www.kazusa.or.|p/codon/

UAU
UAC
UAA
UAG

CAU
CAC
CAA
CAG

AAU
AAC
AAA
AAG

GAU
GAC
GAA
GAG

5.3/7.2/9.9

16. 8
14. 6
st op
st op

15.
13.
12.
27.
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24,
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3.7

6.4 5.3

Gly-GGA =3 9.2/16.5/24.2

uuuJ
uuC
UUA
uuG

Cuu
CcucC
CUA
CUG

AUU
AUC
AUA
AUG

GUU
GUC
GUA
QUG

Arg-CGA
Arg-CGG
Arg-AGA =——> 1.4/12.2

21.
20.
12.
20.

24.
16.
9.
9.

21.
18.
12.
24.

27.
12.

9.
17.

g1o 0101 0O O N~
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ucu
uccC
UCA
UCG

CCu
CCC
CCA
CCG

ACU
ACC
ACA
ACG

GCU
GCC
GCA
GCG

Arabidopsis thaliana

25.2 UAU 14.6
11.2 UAC 13.7
18. 3 UAA st op
9.3 UAG st op
18. 7 CAU 13. 8
5.3 CAC 8.7
16.1 CAA 19.4
8.6 CAG 15. 2
17.5 AAU 22.3
10. 3 AAC 20.9
15.7 AAA 30.8
7.7 AAG 32.7
28.3 GAU 36. 6
10. 3 GAC 17.2
17.5 GAA 34.3
9.0 GAG 32.2
4.3/6.2/6.3
4.1.9
/19.0

Arg-AGG m——> 1.6/12.0/11.0

UGU 10.5
usC 7.2
UGA st op
UGG 12.5

S ©
©wmo

AQU 14.
AGC 11.
AGA 19.
AGG 11.

OO wOo



Key concepts: Being aware of solubility as a function
of protein structure
4.3. Protein solubility http://www.biotech.ou.edu/

 Low solubility in agueous solvents is often regarded
as an indication that a protein is “hydrophobic”.

» As native, properly folded structures aggregate less
than unfolded, denatured ones, there is a close
relationship between solubility and stabillity.

* The free energy of protein stabilization in an aqueous
solution is very low (12 kcal/mol at 30C).

* Free energy of unfolding is observed to be only 5-20
kcal/mol.

» Consequently, proteins are on the verge of
denaturation.
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4.3. Protein solubility

4.3.2. Determining hydrophobicity

http://www.roselab.jhu.edu/~raj/MISC/hphobh.html
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4.3. Protein solubility

4.3.3. Solubility model http://www.biotech.ou.edu/

The revised Wilkinson-Harrison solubility model

CV =)\ N+G+P+S) + )\ ‘ ((R+K) -(D+E) O 03) ‘

n number of amino acids in the protein
N,G,P S number of Asn, Gly, Pro, or Ser residues
R, K, D, E number of Arg, Lys, Asp, or Glu residues
AL A, coefficients (15.43 and -29.56)

The probability of the protein being soluble is bas ed on the parameter CV — CV,
where CV* is the discriminant, equal to 1.71.

If CV — CV' is positive , the protein is predicted to be insoluble , while if
CV — CV'is negative , the protein is predicted to be soluble .
The probability of solubility or insolubility can be predicted from the following equation:

Probability of solubility or insolubility =

0.4934 + 0.276 |(CV-CV’)| — 0.0392 (CV-CV’)?



4.3. Protein solubility

4.3.4. Protein engineering to increase solubility

. . . ~ . Amino acid Transfer free energy
4.3.4.1. Amino acid solubility and water affinity ki/mol % buried

Phe F 15.5 48%

Met M 14.2

» Hydrophobic amino acids cluster to avoid |'e ' 13

water Leu L 11.7

: Val Y 10.9

- . c C C 8.4
» Most positively charged and amide side Try; W S v
chain residues (His, Lys, Arg, Gln, Asn) were (Ala A 57 3%)
on the surfaces of the proteins studied. Thr T 5 25%
(Gly G 4.2 37%)
 The interiors were primarily composed of  ser S 2.5 24%
aliphatics (Gly, Ala, lle, Leu, Val, Phe). Pro P L 2
Tyr Y -2.9 13%
 But only 23% of Trp residues and 13% of [’ H 125 L2
he Tyr in the structur re not ible o - L i
the Tyr in the s uctures were not accessible = —— =
to the solvent, similar to that of the negative G E 343 20%
polar residues Glu (20%) and Asp (14.5%). [bs K -36.8 4%)
Asp D -38.5 15%
|Arg R -51.4 0%|




4.3. Protein solubility

4.3.4. Protein engineering to increase solubility

Amino acid Transfer free energy
kJ/mol

4.3.4.2. Peptide solubility

 For peptides of more than 8 amino
acids, sequences favouring a-helix or
random coil structures are more
soluble in polar solvents than those
forming 3—sheet structures.

* For other peptides, insertion of arg-
NO, residues, or replacement of
hydrophobic residues, improved
solubility and lowered aggregation
tendencies.

Phe
Met
lle
Leu
Val

POAMZOIT<DOuppHdrso<S< -2

15.5
14.2
13
11.7
10.9
8.4
7.9
6.7
5
4.2
2.5
-0.8
-2.9
-12.5
-17.1
-20.1
-34.3
-36.8
-38.5
-51.4

% buried

48%

50%

65%
41%
56%
47%
23%
38%
25%
37%
24%
24%
13%
19%

6%
10%
20%

4%
15%

0%

Chou-Fasman
coil index
0.71
0.58
0.66
0.68
0.62
1.18
0.75
0.7
1.07
1.5
1.82
1.59
1.06
1.06
0.86
1.35
1.2
0.98
1.2
1.04



4.3. Protein solubility

4.3.4. Protein engineering to increase solubility

4.3.4.3 Primary structure alterations Amino acid Transfer free energy Chou-Fasman
ki/mol EZAIaE coil index
. Phe F 15.5 48% 0.71
* Replacement of the hydrophobic Vet v 149 E00% 0.58
EGI\@GKIIDYIKLMFHHWFQ N lle , 13 65% 0.66
C-terminal amino acids of penicillin- Leu L 11.7 41% 0.68
binding protein 5 with a shorter Val v 10.9 0.62
hydrophilic sequence — IRRPAAKLE — ?VS \C/v 3-‘9‘ ‘2‘;; ;-;i
. rp . % .
made the proteln soluble and allowed N A 67 289 0.7
crystallization. Thr T c 559 1.07
Gly G 4.2 37% 1.5
* A 13 residue deletion Ser S 2.5 24% 1.82
EVLNENLL R@VA Pro P -0.8 24% 1.59
: : Tyr % -2.9 13% 1.06
in a-casein makes the molecule more : .

ubl His H -12.5 19% 1.06
Solupble. GIn Q 171 6% 0.86
Asn N -20.1 10% 1.35
Phenylalanine residues are likely to  Glu E -34.3 20% 1.2
self-interact and are frequently found s X -36.8 i 098
at subunit interfaces. Asp D 38.5 3 1.2
Arg R -51.4 0% 1.04



4.3. protein solubility

4.3.4. Protein engineering to increase solubility

4.3.4.3. Primary structure alterations

* A series of point mutations altered the
stability and solubility of insulin.

Asn21 is deamidated in an acid solution,
resulting in a dimer formation with Gly, Ser,
Thr, Asp, His, and Arg.

» Specific sequence changes in proteins
from a thermophilic organism show a
tendency to replace lysine and glutamic
acid with arginine and aspartic acid and a
preference for the hydrophobic amino
acids Phe, Val and lle over Leu, Ala and
Met.

* Most of these changes occur in a-
helical regions and increase the net
hydrophobicity of the residue.

Amino acid Transfer free energy

|Phe
Met
|I|e
Leu
lVaI
Cys
Trp
Ala
Thr
Gly
Ser
Pro
Tyr
His
Gln
Asn
Glu
Lys
Asp
Arg

TOAMZOI<TOUOUOAARPsOL< T -

kJ/mol
15.5
14.2
13
11.7
10.9
8.4
7.9
6.7
5
4.2
2.5
-0.8
-2.9
-12.5
-17.1
-20.1
-34.3
-36.8
-38.5
-51.4

% buried
48%
50%
65%
41%
56%
47%
23%
38%
25%
37%
24%
24%
13%
19%

6%
10%
20%

4%
15%

0%

Chou-Fasman
coil index
0.71
0.58
0.66
0.68
0.62
1.18
0.75
0.7
1.07
1.5
1.82
1.59
1.06
1.06
0.86
1.35
1.2
0.98
1.2
1.04



4.3. Protein solubility

4.3.4. Protein engineering to increase solubility

4.3.4.4. Post-isolation alterations Amino acid Transfer free energy Chou-Fasman
I [4Visle]I % Buried coil index
- . Phe F 15,5 48% 0.71
* One can aIFer the solub_lllty of isolated Met M 14,2 50% T
proteins in vitro by coupling to polyethylene e ! 13 65% 0.66
lycol (Knauf et al., 1988). el L 11,7 41% 0.68
glyeol ( ) Val v 10,9 0.62
. . Cys C 8,4 47% 1.18
4.3.4.5. Designer proteins Trp W 79 R e
. . ] ] Ala A 6,7 38% 0.7
A site directed mutagenesis might Thr T 5 559% 1.07
simply replace a surface hydrophobic Gly G 4,2 37% 1.5
amino acid with acidic residues when Sl : 2,3 24‘? L2
. . Pro P -0,8 24% 1.59
aggregation problems arise. . v e iy L 06
His H -12,5 19% 1.06
Obviously, the problem of designing Gln Q -17,1 6% 0.86
soluble proteins is greatly dependent on gls” E ;Z; ;8; 11-325
oMo 5 - u -o4, % 0

the ability to predict protein structure. Lys < 36.8 1% 0.98
Asp D -38,5 15% 1.2
Www.expasy.ch Arg R -51,4 0% 1.04



|. The molecular principié
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Please solve the problem.

Question 2: | am an amino acid.

| am a positively charged amino acid with absence of C - &.

Expression of my tRNA is reinforced in E. coli strai
BL21-Codon plus-RIL.

In terms of structure, | am not a burried

In one letter coding, | am designat

Arginin



attP1

Donor Vector (pDonr-223)

Entry Clone

attB1

attB2

PCR Product

attP2 attB1 attB2

1 e—
+ GOl

Clonase
- select for Spc resistance
AmpR

Destination Vector

LR Clonase
select for Amp resistance

GOI = gene of interest

SpcR = spectinomycin resistance gene
AmpR = ampicillin resistance gene
prom = transcriptional promoter

ccdB = toxic negative selection marker
CAT = chloramphenicol resistance gene




4.4. Gene cloning

4.4.1. Gateway cloning for protein expression

* PCR reaction of the gene
containing the terminal att sites
* BP reaction of the 1st cloning
 Entry clone — entry vector

* LR reaction of the 2nd cloning
 Destination vector — terminal

‘? Geneg 3 ¢ \? > T 5§ L Y K KA G
gy ﬁ‘ NNN [ACA AGT TTG TAC AAA AAA GCA GGC TINN
?2 Hybrid o= by, FastBac /= NN [T6T TCA AACATGTTT| TTT CET CCG AN —GENE 7
From afiR1 From atil.1
CMV-neo From Destination From Entry
<— \Vector — — Clone

A F

I €ats>d :
p T—y
/ﬁGENE_ NNN NAC CCA GCT TT[ T1TG TAC AAA ETG GT‘N NNN7/

NNN MIG GAT CGA AAG AAC ATG|TTT CAC CAN NMN
From atiL2 From attR2
From Entry From Destination

Clone Vector



4.4. Gene cloning

4.4.1. Gateway cloning for protein expression

GOl-stop Aminoterminal fusions
GOl-nonstop Aminoterminal and/or carboxyterminal
fusions

Kozak-GOl-stop  Aminoterminal fusions or native
eukaryotic expression

TEV-GOI-stop Cleavable aminoterminal fusions

TEV-GOI-TagCleavable aminoterminal fusions with
carboxyterminal epitope/purification tag

SD-GOl-stop Native expression in E. coli

Tag-GOl-stopAminoterminal tag inside the entry clone



4.4. Gene cloning

4.4.2. Flexi vector cloning

http://plasmid.hms.harvard.edu

Ligation-dependent cloning method facilitated by selection for the
replacement of a toxic gene insert in an acceptor vector.

Cloning efficiency:

Human 98.9%
Mouse 98.9%
Rat 98.8%
C. elegans 98.5%
Zebrafish 97.8%

Arabidopsis 97.6%
Yeast 97%

A

Ncol (114)

—
[ Ta00 [400
[

1600 800
His8-MBP-TEV-

Pacl(1254)

’ Sgfl (1320)

1000 1200

M > [(Bamase > | CAT

1400 [ 1600 | 1800 [2000 2200 2400

MBP Forward sequencing primer

Pme| (2452)
Hin dill (2665)

i :

[2600 |2800 [3000 |3200 3400 3600

3800 4000 4200 [a400 4800 4800

- Gacia ]
i iT.?' Terminator Reverse sequencing primer _
3’ sequence homology region Avrll (6164) IBSIWI (7133)
* A i L LA PAMARSRAEN

Kan Resistance ]

[sooo  |s200  |s400  |seoo  lseoo  |sooo  |s200  [6400  |esoo  [6800 7000 7200
<,

[ PBR322 Origin

B Sgfl

|

GAAAACCTGTACTTCCAGgcgatcgeGGCC
M 1 Ll 1 ol

C Pmel

GGGGCGTAATgtttaaacGAATTCGAGCTC
b 1 M |

| MRTER e TR TR (LB TER IRy et o ol

PR DR 10, " PR PR TS —a
I‘Yllllllllll"lllllll'l’!l'll

CTTTTGGACATGAAGGTCcgctagcgCCGG

| E B L ¥ F 0O A ]l A A

e S S e i e e
CCCCGCATTAcaaatttgCTTAAGCTCGAG
G A stob



. DNA cloning

Sgfl addition | gene-specific primer >
A I A § v D P A C P
GGTTgcgatcgcCAGTGTGGATCCAGCTTGTCCC. . . .. ..
...I.:r:;:.:.[.4::t::::}::hi::::i:::::;:
............. TCACACCTAGGTCGAACAGGGGTTTCGA
N-terminus of target >

M $§$ ¥V D P A € P Q@ 8

C-terminus of target >
M N M Q P E D V stop
ATGAACATGCAACCTGAAGACGTGTGA. vt tvv v veenens

PR .l " 1 F W T T —
I L B l I l l | l 'I' l l I l l L] l I l l l l I' l I I l L] I LI | LELELL I LI
ACGTTGGACTTCTGCACACTATCcaaatttgTGTG

<_geno specific primer | Pmel addition
g P BB NS eop




4.4. Gene cloning

4.4.2. Flexi vector cloning

A

Pacl (1254)
Neol(114) Sgfl (1302)
200 400 600 800 1000 1200 1400 1600 1800 2000
(1p] [ His8-MBP- E:> [ Barnase _> | CAT
Pmel (2434) MBP Forward primer
’ Hindill (2647)
2200 2400 2600 2800 3000 3200 3400 3600 3800 4000 4200
s sy = e Lacl coding region ]
T7 Terminator Reverse primer
3’ sequence homology region Avril (5264) BsiWI (6233)
4400 4600 4800 5000 5200 5400 5600 5800 G000 6200
pBR322 Origin | Kan Cassette |
B Sgfi C Pmel
ggtt gcgat:cqc CGARRACCTGTACTTCCAGTCCGTGGATOCAGT ATGCARCCTGARGACGTGTGA
WWWWW WWWHMWWH-H—HM%
CTTTTGGACATGAAGGTCAGGCACCTAGRTCG TACGTTGGACTTCTGCACACTatcaaatttgettaagaetcgagtgty
[Tt PER: gene-specific + 3 TEV primer. > & 18U PCRC gona Spocific + Pmel site ]
[ nd PCR. § Sgh + 5 TEV primer > < 3nd PCR. Reverse primar )

[ TEV protease site____ | N«mim_u;ab [ C-terminal of target >




A cloning

http://bioinfo.clontech.com/infusion/

oof-reading exonuclease activity that
xposure of complementary single-

L‘f'zr 8‘03

20 CMV enhancer
- e

*= Chicken actin

promoter
\T'.' promoter/lac operator
p10 promoter + 5' UTR
T7 terminator 5' Infusion site ( Kpnl) N-His-3C tag
lacZ promoter/gene insert

beta globin polyA

signal 3’ Infusion site (Hindlll)



cloning

Kpnly Hindlll { Linearized vector (pOPINF)
5 CTGGAAGTTCTGTTTCAGGGTAC AGCTTTCTAGAGCAT @
3’ GACCTTCAAGACAAAGTCC AGATCTGGTA 5

LEVLF QG
Partial 3C protease site

TAAAGCTTTCTAGACCAT 1 Fusi ;
ﬁgﬂg}gm%ﬁ%%g%%% Gensidemain ditarest. | ATFrEGAAKGATETOGTS T usomrendy RUR produg
Stop

In-Fusion enzyme 42°C 30 minutes

K},{ Hindlll

5 CTGGAAGTTCTGTTTCAGGCCCG | Gene/domain of interest | TARAAGCTTTCTAGACCAT  Expression/transformation

3 TTCAAGACAAAGTCCGGGCCGGC ATTTCGAAAGATCTGGTA ready construct
LE VL F QvwG P Stop

Full 3C protease site




IV. DNA cloning

Parent vector/antibiotic Restriction sites for lin- in size of PCR product
Fusion tag resistance earization of the vector Forward primer extension Reverse primer extension with T7 primer (bp)



. DNA cloning

r extension (PIPE)

\ Primer 2 .

ccdB STOP-cgcgac-Pac |

MGSDKIHHHHHHENLYFQG

—

Primer 1

SpeedET

L Y F Q G-
C CTG TAC TTC CAG GGC -

RBS
=% M G S D K 1! HHHHHHE
§' vector sequence:  AAG GAGATATACA TACCC ATG GGA TCT GAT AAA ATT CAT CATCATCATCATCAC

Primer 12 3'- GTA GTAGTAGTAGTAG TTG GAC ATG AAG GTC CCG-5'
8

Primer 2 GGTCTCCAG CTTGGCTGTT TTGGC-3'

3' vector sequence: .. TAC CCG GGT AAA CGGTCTCCAG CTTGGCTGTT TTGGCGGATG AGAGAAGATT TT -

B. [-PIPE
] L
5 ¥ g
e 6
Primer 3 > GCA TGC GAT GAA TTC GGG CAC ATA AAG -3'
Protein of interest DNA sequence: «A C D EF G H I KL M NP Q R S T V W Y.

3'- TTG GGA GTC GCT AGT TGT CAT ACC ATG 47 * €lp,

bad
%Hs‘

Primer 4 =



NA cloning

xtension (PIPE)

MGSDKIHHHHHHENLYFQG

POI (“A =2Y") STOP-cgcgac-Pac |

Substitutions (LMN >GGG):

Primer 5 >
Protein of interest sequence:
Primer 6 >

Deletions ( ALMN):

Primer 7 =
Protein of interest sequence:
Primer 8 >

Insertions (M - INS € N):

Primer 9>

Primer 102>

Protein of interest sequence:

Kan '

Figl G 4
G
%%
CAG CGA TCA ACA GTA TGG TAG 3’

.A C D E F G H | KL M NP Q@ R S T V W Y.

3'-ACG CTA CTT AAG CCC GTG TAT 7
M’
G »p

AL
% CCG CAG GA TCA ACA GTA TGG TAG'
A C D E F G H 1 KL M NP Q R S T V W Y-

3'-ACG CTA CTT AAG CCC GTG TAT TTC GQ;-%

G-
N

M
5 ]
%
'AAC CCT CAG CGA TCA ACA GTA TGG TAG'
-ACDEFGH!KLMNPORSTVWY---

3-ACG CTA CTT AAG CCC GTG TAT TTC CCT M%{
1
N "
$ W



TEV site
* Insert

lac operator
T . RB:\ \..J. . T tem'}"'w

Ndel (ATG)




Vector
--CTGTACTTCCAATCCAAT ATTGGAAGTGGATAACGG- -
- -GACATGAAGGTTAGGTTA TAACCTTCACCTATTGCC- -
T4 polymerase ldGTP
--CTG ATTGGAAGTGGATAACGG- -
- -GACATGAAGGTTAGGTTA GCC--
PCR produét

TACTTCCAATCCAATGCX- - - - TAACATTGGAAGTGGATAA
ATGAAGGTTAGGTTACGY - - - -ATTGTAACCTTCACCTATT

T4 polymerase l dCTP

TACTTCCAATCCAATGCX----TAAC
CGY----ATTGTAACCTTCACCTATT

Annealed (N-terminal side)
= LY F Qg S N A » = = = =« =

- - -CTGTACTTCCAATCCAATGCX---=-==========-=-
- - ~GACATGAAGGTTAGGTTACGY - - === == === == == ===




loning

Parental
Vector vector Antibiotic Leader sequence MW (leader)® kb




IV. DNA cloning

oning and protein expressi on analysis

Process Workflow

96 well plate of Transformed cells
Stage 1. -
Vector annealing and cell 1. &1
transformation e \
(Prepared with Robots) /

48 well agar Cione selection plates
Stage 2. - -
Plating for individual -
clone selection 2. ; o, t
(Prepared Manually)
Stage 3:
Overnight growth @ 37°C 3. l e l

48 Deepwell plates of
Bacterial growth cultures
S A N
Transfer select colonies into Top Top Top
Bacterial growth cultures 4 “Ml 48 Decpwl
. " o

Stage 5. N /
Remove aliquot as a
temporary freezer stock 5




4.4. Gene cloning

4.4.6. High-throughput cloning and protein expressi on analysis

Stage 6: :
IPTG addition to growth cuitures . Tep op
for induction of protein expression| g | 48Deeowsll 48 Deepwell ﬂonwj 48 Deopwell

[} " 83 4

Stage 7: \. / —“\ /

Aliquot removal for protein 06 wel! plates of protein expression samples
expression screening

Stage 8.

Centrifugation of protein
expression samples and
48 Deepwell plates of Bacterial 8.
growth culture

Stage 9.

: Process all four 48 Deepwell plates of
Process a“.plates forlexpressmn 8. Bacterial growth cultures for solubility screenmng
and solubility screening and process all two 96 well plates for protein expression screening




Please solve the problem.

Question 3: To which cloning strategy does this issue belong?

The ccdB gene enc 5 points
This protein does 3 points
It is @ motor protei 2 points
This protein interacts with microtubules. 1 point

Third protein group (macromolecule-binding proteins)



Please solve the problem.

Question 4: What is the name of this
posttranslational modification?

| modify arginine, lysine and five other amino acids.

| am detectable by MALDI and western blot
(but not for all kinds of modified amino acids).

Very often | need ATP for the modification.

Serine and threonine are the most use
this modification.

Phosphorylation



