Kéd predmétu: C8980

MASARYKOVA UNIVERZITA

Protein expression and purification

* |V. DNA cloning

Lubomir Janda, Jozef Hritz, Blanka Pekarova,
Radka Dopitova and Adam Norek

- o
. VERS;
* ° &\ 7
** ** S :0» jy.
* * . = f;
P 2 z
e 7, &
_ OP Vzdélavani KA S
EVROPSKAUNE i & B " iocc A telovvorovy ~ pro konkurenceschopnost ZANA D



. DNA cloning

your construct — cloning strategy
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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

ATGGCTAGCACAGATTCAGAGAGTGAGACTAGGGTCAAGTCAGTGCGTACCGGTCGAAAG
CCTATTGGGAACCCAGAGGACGAGCAAGAGACTTCCAAGCCGAGTGACGATGAATTCTTA
AGAGGAAAGAGAGTTCTTGTGGTCGATGATAACTTTATATCACGTAAAGTTGCAACAGGA
AAGCTGAAGAAGATGGGAGTCTCAGAGGTCGAACAATGCGACAGTGGGAAAGAAGCTTTG
AGATTAGTCACTGAAGGGCTTACACAAAGAGAAGAACAAGGTTCAGTAGATAAACTTCCG
TTTGACTACATATTCATGGACTGCCAAATGCCAGAAATGGATGGCTATGAAGCAACTAGA
GAGATTAGGAAAGTGGAGAAAAGTTATGGGGTGCGTACACCAATTATAGCTGTATCTGGT
CATGATCCTGGTTCAGAGGAAGCAAGAGAAACCATTCAAGCTGGAATGGACGCCTTCTTA
GATAAAAGCTTGAATCAACTTGCAAACGTCATTAGAGAAATCGAAAGCAAACGTCAC

www.expasy.ch translate

MASTDSESETRVKSVRTGRKP IGNPEDEQETSKPSDDEFLRGKRVLVVDDNE ISRKVATG
KLKKMGVSEVEQCDSGKEALRLVTEGLTOQREEQGSVDKLPEFDYIFMDCOMPEMDGYEATR
EIRKVEKSYGVRTPIIAVSGHDPGSEEARETIQAGMDAFLDKSLNQLANVIREIESKRH




4.2. The key questions before DNA cloning
4.2.1. DNA-protein analysis
4.2.1.2. Secondary structure prediction

http://www.compbio.dundee.ac.uk/jpred/ jpred4
MASTDSESETRVKSVRTGRKPIGNPEDEQETSKPSDDEFLRGKRVLVVDDNFE ISRKVATG
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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 lac 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%



IV. DNA cloning
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4.2. The key questions 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 Hisg, T7 gene 10 WWW.Nnovagen.com
*  pGEX tac/IPTG No GST www.amershambiosciences.com
pBAD araBAD Yes Hisg, 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
* PMAL tac/IPTG Yes Maltose binding domain
+ PpQE T5/IPTG Yes/TOPP His 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.
N-degrons
 Phe, Leu, Trp, Tyr and Arq, Lys,

Tobias et al, 1991, Science; Humbard et al., 2013, JBC

Amino acids stabilized in penultimate position
N-terminal methionin.

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

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

Methionione aminopeptidase remove the initiator Met in
proteins when the second residue is

Gly, Ala, Ser, Cys, Thr, Pro or Val

Bonissone et al., 2013, Molecular and Cellular Proteomics




ing

Ncol

Ndel

12



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
e Enterokinase Asp-Asp-Asp-Asp-Lys/X >H£<
pH 7.0-8.0
* TEV protease Glu-Asn-Leu-Tyr-Phe-Gln/Ser

pH5.5-8.5



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

* bla gene ampicillin resistance

Ampicillin x Carbenicilin

e kan gene kanamycin resistance



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

* Arginine AGG BL21-Codon plus-RIL
AGA |
CGA
CGG

* |soleucine AuA

* Leucine CUA

* Glycine GGA

* Proline



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

Escherichia coli K12

Uuuu

19.
15.
15.
11.

UuCuU 5.7
uccC 5.5
UCA 7.8
UCG 8.0
CCU 8.4
CCC 6.4
CCA 6.6
CCG 26.7
ACU 8.0
ACC 22.8
ACA 6.4
ACG 11.5
GCU 10.7
GCC 31.6
GCA 21.1
GCG 38.5
Leu-CUA
lle-AUA
Pro-CCC
Gly-GGA

http://www.kazusa.or.jp/codon/

Arabidopsis thaliana

UAU 16.8 UGU 5.9 UUU 21.8 UCU 25.2 UAU 14.6 UGU 10.5
UAC 14.6 Ucc 8.0 UUC 20.7 ucc 11.2 UAC 13.7 uGC 7.2
UAA stop UGA stop UUA 12.7 UCA 18.3 UAA stop UGA stop
UAG stop UGG 10.7 UUG 20.9 UucG 9.3 UAG stop UGG 12.5
CAU 15.8 CGU 21.1 CUU 24.1 CCU 18.7 CAU 13.8 CGU 9.0
CAC 13.1 CGC 26.0 CUC 16.1 CCC 5.3 CAC 8.7 CGC 3.8
CAA 12.1 oy CUA 9.9 CCA 16.1 CAA 19.4 CGA 6.3
CAG 27.7 olclel'BBl CUG 9.8 CCG 8.6 CAG 15.2 CGG 4.9
AAU 21.9 AGU 7.2 AUU 21.5 ACU 17.5 AAU 22.3 AGU 14.0
AAC 24.4 AGC 16.6 AUC 18.5 ACC 10.3 AAC 20.9 AGC 11.3
AAA 33.2 AUA 12.6 ACA 15.7 AAA 30.8 AGA 19.0
AAG 12.1 AUG 24.5 ACG 7.7 AAG 32.7 AGG 11.0
GAU 37.9 GGU 21.3 GUU 27.2 GCU 28.3 GAU 36.6 GGU 22.2
GAC 20.5 GGC 33.4 GUC 12.8 GCC 10.3 GAC 17.2 GGC 9.2
GAA 43.7 cle g GUA 9.9 GCA 17.5 GAA 34.3 GGA 24.2!
GAG 18.4 GGG 8.6 GUG 17.4 GCG 9.0 GAG 32.2 GGG 10.2

5.3/7.2/9.9 Arg-CGA 4.3/6.2/6.3

3.7/7.5/12.6 Arg-CGG 4.1/11.4/4.9

—6-919.8/5.3 Arg-AGA —> 1.4/12.2/19.0

oI TENS/24.2 Arg-AGG =——3> 1.6/12.0/11.0



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

 Low solubility in aqueous 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 stability.

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

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

» Consequently, proteins are on the verge of
denaturation.



A cloning
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4.3. Protein solubility

4.3.2. Determining hydrophobicity

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

CYTOCHROME B558 - SMALL SUBUNIT
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Heme Binding?
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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 =2, (*5) + 2, | (79~ 0.03) |

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
A A coefficients (15.43 and -29.56)

The probability of the protein being soluble is based 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’)2



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 (! ! 13
Leu L 11.7
water.
Val Y 10.9
. Cys C 8.4
Most positively charged and amide side Tro W s v
chain residues (His, Lys, Arg, Gin, Asn) were (5 A 67 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 25 24%
aliphatics (Gly, Ala, lle, Leu, Val, Phe). ;’m s ‘2): i:;
yr -Z. %
« But only 23% of Trp residues and 13% of |1 H 125 L2
he Tyr in the structur re not ible o - 7 >
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 B—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

Ser
Pro

His

Gln
Asn
Glu
Lys

Asp
Arg

POAMZOoOI<TOVTULd-Hrso<r- -z

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
1.4



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 EZRIVgl=e coil index
- Replacement of the hydrophobic E:eet EA 12; g‘;;
EGI\@GKIIDYIKLMFHHWFG lle , 13 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 07
crystallization. Thr - 5 559 1.07
Gly G 4.2 37% 1.5
* A 13 residue deletion Ser S 2.5 24% 1.82
EVLNENLL R@V A Pro P 0.8 24%  1.59
in a-casein makes the molecule more " Y 2.9 =
His H -12.5 19% 1.06
soluble. Gln Q 17.1 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 K -36.8 4% 0.98
at subunit interfaces. Asp D 382 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

Amino acid Transfer free energy Chou-Fasman
* A series of point mutations altered the Y01l % buried  coil index
stability and solubility of insulin. l:’;et g L35 oz
e g % g

Asn21 is deamidated in an acid solution, Lle ! 13 el 066
lting in a dimer formation with Gly, Ser, . O

Nl PR Y, | val v 10.9 56% 062 |
Thr, Asp, His, and Arg. Cys C 8.4 47% 1.18
- . . Trp W 7.9 23% 0.75
 Specific sequence changes in proteins Ala A 6.7 38% 0.7
from a thermophilic organism show a Thr T 5 25% 1.07
tendency to replace lysine and glutamic Gly G 4.2 37% 15
id with arginine and aspartic acid and > = & e
aletiel e g P ) . Pro P -0.8 24% 1.59
a preference for the hydrophobic amino Tyr Y -2.9 13% 1.06
acids Phe, Val and lle over Leu, Ala and His H -12.5 19% 1.06
Met Gln Q -17.1 6% 0.86
' Asn N -20.1 10% 1.35
- Most of these changes occur in o- Glu E 343 2 12
helical regi d increase the net A o o
elical regions and increase Asp . . - 15
hydrophobicity of the residue. Arg R -51.4 0% 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
B ki/mol BZR:TVIRIL! coil index
- ] Phe F 15,5 48% 0.71
* One can alter the solubility of isolated Met M 14,2 0% IR
proteins in vitro by coupling to lle | 13 65% 0.66
olyethylene glycol (Knauf et al., 1988).  tleu L 11,7 41% 0.68
pOlyethy glycol | ) Val v 10,9 0.62
. ] Cys C 8,4 47% 1.18
4.3.4.5. Designer proteins Tro W 79 e e
. . ; ] Ala A 6,7 38% 0.7
A site directed mutagenesis might Thr - 5 559% 1.07
simply replace a surface hydrophobic Gly G 4,2 37% 1.5
amino acid with acidic residues when ier .s> %-Z ;j; 1?;
. . ro -0, % .
aggregation problems arise. = v Py - o6
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 27” E ;Z; ;8; 11-325
oG . . u -o4, % 5

the ability to predict protein structure. Lys ¢ 68 1% 0.98
Asp D -38,5 15% 1.2
Www_expasy_ch Arg R -51,4 0% 1.04



attP1

attB1

attB2

loning

expression
Donor Vector (pDonr-223) PCR Product
attP2 attB1 attB2
£ e—
+ Gol
BP Clonase
select for Spc resistance

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

N Sle==he,
I+ .L}\
[ His6 t ™™
n /
G v Gene
¢' < <§’ %9 olote,

Vector
Clone
¢. Geneg ¢} ¢ \F o
il d Sens f
1 2-Hybrid % FastBac

CMY-neo

* 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

vector
CatBL3

§ L Y K A G

NNN A[ZA AGT TTR TAC AAA AAA GCA GGC TNN

NNN TGT TCA AAC ATG TTTITTT CGT CCG ANN —GENE7/
From atiR1 From atfl1

From Destination From Entry
<— \Vector —*—— Clone

| Cated :

p A Fy Y
//&GENE_ NNN MEC CCA GCT TT[ T1G _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-GOI-stop Native expression in E. coli
Tag-GOl-stopAminoterminal tag inside the entry clone



4.4. Gene cloning

4.4.2. Flexi vector cloning

Ligation-dependent cloning method facilitated by

selection for the replacement of a toxic gene
insert in an acceptor vector.

http://plasmid.hms.harvard.edu

4.4.3. The polymerase primer extension (PIPE)

\ Primer 2 '

P BAD/T?

MGSDKIHHHHHHENLYFQG

ccdB

STOP-cgcgac-Pac |

Cloning efficiency:

Human 98.9%
Mouse 98.9%
Rat 98.8%
C. elegans 98.5%
Zebra fish  97.8%

Arabidopsis 97.6%
Yeast 97%

SpeedET

—

Primer 1

Kan '




4.4. Gene cloning

4.4.4. In-fusion PCR cloning

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

The system is based on an enzyme with proof-reading exonuclease activity that
catalyses the joining of DNA duplexes via exposure of complementary single-

stranded sequences.

4.4.5. LIC vectors

TEV site LIC site
t Insert Ssp

\

| His tag
ac operator \
T7 promoter R
- \___\_x i

58
i

HindIII

Ndel(ATG) BamHI1

Bglll Kpnl

T7 terminator



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

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

T4 polymerase l dCTP

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

Annealed (N-terminal side)
= LY F g 8 N A = = = = = =

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



4.4. Gene cloning
4.4.6. High-throughput cloning and protein expression analysis

Process Workflow

Stage 1.
Vector annealing and cell 1

transformation
(Prepared with Robots)

Stage 2.
Plating for individual

clone selection 2.
(Prepared Manually)

Stage 3. 3
Overnight growth @ 37°C -
48 Deepwell plates of
Stage 4 Bacterial growth cultures / \
Transfer select colonies into Top '/ N Top Top
Bacterial growth cultures 4. | 80sepwen 48 Deepwall 28 Deapue 48 Cuaciingl
: 7] ]

Stage 5 \ / \‘ /

Remove aliquot as a
temporary freezer stock




4.4. Gene cloning

4.4.6. High-throughput cloning and protein expression analysis

Stage 6:
IPTG addition to growth cuitures
for induction of protein expression

Stage 7.
Aliquot removal for protein
expression screening

Stage 8.

Centrifugation of protein
expression samples and

48 Deepwell plates of Bacterial
growth culture

Stage 9.
Process all plates for expression
and solubility screening

Top Top Top
6 48 Deepwell 48 Deepwell 48 Deepwell 48 Deopwell
- () " 3 44

N\

9.

y oullians Sl

06 well plates of protein expression samples

Process all four 48 Deepwell plates of

Bacterial growth cultures for solubiily screening
and process all two 96 well plates for protein expression screening
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GenScript

The Biology CRO

. Innovaoom Farmer in Drug Discovery!

OptimumGene™ Codon |

°" OptimumGene™ Codon

g0 0

Optimization Analysis

Optimization Parameters

OptimumGene™ algorithm optimizes a variety of parameters that
are criical to the efMclency of gens expression, Including but not
Imited fac

=  Codon usage bias

* GC content

*  CpG dinudiectides content

= mRMNA sEcordary struciune

* Cryplic splicing skes

= Premaiue Pokghosh=s

* Imi=mal ol %35 and riboscmal bincing sites

*  Wepalte CpiG slarcs

*  RHAInstasilty molt! (ARE}

" Repes secuEncer (drectreseat cEverse resest, and Dyad repeat
*  Restricton sibes fhat may Intefers with cloring 34



NA cloning

Results E. coli

1. Codon usage bias adjustment
2. GC Content Adjustment
3. Restriction Enzymes and ClS-Acting Elements

Restriction Enzymes Optimized Original
* areen; [lered st2s; Blue: cheoted sies {nof fered); Red hepl affes

ApalliGTGCALT) o 2]
BamHIGGATCC) £ 0
Clal(ATCGAT) o Q
EcoRI{GAATTLC) 8] 1(8}
Hind II{AAGCTT) 1(1542) 1(1542)
Kpnl{GGTACC) (4] ¥
Ncol([CCATGG) 11} (1)
NdeliCATATG) (&) a
Nofl{GCGGCCGEE) 1(2408) 1{2408)
PstiCTGCAG) o 0
PuyuliCGATCG) o 8]
SacliGAGCTC) o a
SaliGTCGAC) 0 ]
Smal{CCCGEEGE) E] 0
Sphl{GCATGC) §] ¥
Stul{AGGCCT) o Q
Xho{CTCGAG) (B} a
BgllliAGATCT) E] 1737
*bal{TCTAGA) (i) 1247
Boll[TGATCA) 0 2{1814.2000)
Polymerases slippage site 1 o i
Polymerase slippage site 2 0 i
Frameshifi element 1] f11420)
Ribosome binding site o O



4.5. Gene synthesis

5. Optimized Sequence(Optimized Sequence Length:528, GC%:56.12)

6. DNA Alignment (Optimized Region)

timized G GARACCCAR O TARCGETCAT A CTEEEC CEC TEEROCCTEETEGI TECTGCTGITGEET
riginal GAGACCCARA THEECCACTOCCTEEEE0GE T IGETECTOCTECTEC = -
SARACOD original B AGACCCARRGEARTEECCRAC CTEEEE0EETEETCACT TOCTGEC TGEEC ITCTEETEATECCE TS
PPy | = = ™
GCGATTA Optimized 6E e TOATEC e CTRACEATTATT G CGCARC T T CTEAGCTACARRGRCECGETEGITEOET TARCCARCGTAGCAGC

A wide variety of factors regulate and influence gene expression levels, and our OptimumGene™ algorithm takes

into consideration as many of them as possible, producing the single gene that can reach the highest possible
level of expression.

In this case, the native gene employs tandem rare codons that can reduce the efficiency of translation or even
disengage the translational machinery. We changed the codon usage hias in E. coli by upgrading the CAl from
0.35 to 0.93 . GC content and unfavorable peaks have been optimized to prolong the hali-life of the mRMNA.
The Stem-Loop structures, which impact nbosomal binding and stability of mENA, were broken. In addition,
our optimization process has screened and successfully modified those negative cis-acting sites as listed In
the introduction.

We are honored to deliver the analysis that you requested. We hope that you are pleased with vour GenScript
OptimumGene™ results.



4.5. Gene synthesis

Comparison of costs

o 1 mutation introduced by QuikChange + recloning
working time: 9 hours + 9.5 hours

total time: 2-3 weeks + 1 week
price: 7,232 CZK + 2,898 CZK ~ 10,500 CZK

o synthesis of 1000 bp gene + recloning
working time: 1 hour + 9.5 hours
total time: 2-5 weeks + 1 week
price: 7,450 CZK — 16,000 CZK + 2,898 CZK
~ 11,000 - 19,000 CZK
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4.5. Gene synthesis

Lubomir dznda

Quotation

Vetaningny Ressarch Institie

1275USD/6000bp=0,21USD/bp

Quote Date: 2019-03-08

Valid Through: 2013-06-05

Radka Dopitova Chote Mo Currency Esomated Business Day Terms Shilp Vig
1580234 United States Dollar (§} |7-22 Met 30 OHL
Masaryk UnlverS|ty Iem Mo | Quanity Descrpsion Unit Price o Extended Price
CHgc.
Quote No. Gene Synthesis: XPDAD Lan: 2 415bp, Vector name:
pUCET, Plasmid preparation: Standard delivery: 4 g (Fres|
985410 ‘ ' |ot charge)
[shippabiz} $555.45] $55.55 3499.90
. Gene Synthesiz:AmiS Len: | 24500, Vector name: pUCST,
Ouantlty Fizamid preparation: Standard delivery: 4 pg (Free of
* ' charge]
Gene Synt {shippabis} 2236.35| 32664 257N
1 Gene Syntheaiz:CNF Lan: 1,8120p, Vector name: pUCS?
Quantity: 4 ) Plzsrmid preparation: Standard defivery: 4 pg (Free of
% I chargs)
{shippabigs} S416.76| $41.68 $375.08
Gens SynthesizrDPLL-39 Lan: 528bp, Vector nama:
F | pUCET, Pizsmid preparation: Standand delivery: 4 ug (Fres|
of charge)
{shippabia} fi2i44)] 51214 §104.30
Comments: Subtotal{ United States Dollar) . D:E 138.01 g 1,241.08
This is On|y for reference Estimated Shipping Handling{United S:ates Dollar) £33.530
" . i Printing Fee {United States Dodler) £ 0.00
include incidental ChargE Total Quaote (Excluding VAT) £ 1,275.38
determined at the time t Customized Disc
Promotion code ol
Promotion code axpirad day
Kindiy nobe: Intzrnational clients are responsitis to pey duty and tax for custom’s clearances
Incoterms | FOBFCA | purpose. f your organization has duty or tax sxemption carificate, please send it to our technicad
BCoount managers

Quote Date: 2011-08-24
Valid Through: 2011-11-24

Terms Ship Via
Net 30 FedEx
Unit Extended
Discount Price
$0.00 $159.00
$0.00 $159.00
tates Dollar) $90.40
tates Dollar) $249 40

This quotation may not
The total charge will be
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4.5. Gene synthesis
Model of intermolecular contacts.

=T

Pooc A B B B Box D
:}7 iﬁ}i |:ﬁ:>—
CKH_AFRE F 5 K’ 1m ¥ | Fufde o ‘5 &H !FG 1T cAFEDEdE L N @
ETRI_ARAT & ] 51 WV OFMERYT O LE& ! 1@ O =W L P v 2 L
CRE1_ARAT B ar ACEM a T B E\"I cey s F E E
II [t B ]
M i
AT AT
AT AT
AP AT
TS AR
AHPE ARRT 5 1 F s R G A =K e
LM YEAST “ H H ! - QE nl KR Il!HI. nou | FMEV N m 19“ ! Fn! 118 ¥ G F.SHF I K R

YPLH_VEAST 'F quBuMumlumu u Bulor ocff8ccaE 1aBlollveE
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4.5. Gene synthesis

The Y2H results in comparison to aligmnet of RD domains in
AD clones Loop 5 (Box D)

Q,@Qio‘ L5 - BOX D

QQ'

!

P Y
[V
V
F
F
F
V

L
L
L
Q
E
A
E
L

I 0 0O
< > Z

)

0p)

BD clones

o

A mmmjZ2ir <O

O mimm
AN Z o<



4.5. Gene synthesis

o Mmwr | A dill

g TG T T A GAG ARG A A GAGA R A CATTC ARG TG AL TGCAC G TTY T TAGA TR AR AGC TTGAATCAAC TTGCAARAGTCATTACGAGAAATC CALR

° i } i } i } i } i } i } i } i } i } i f 700

3 FEACCAAGTCTCCTTC G TTC TC T T TG TAAG T TCGAC C TTACC T CGEAARA A TC TAR TTTC GAAC TTAGTTCAACGTTTYCAGTAARCTCTTTAGCTTT

(s}

1 P G 5 E E & R E T | | E

2 L v @ R K O E K F 5 K

3 S W F R G S K. R N H R K.

(s}

Fap
o Hed ) Maf | Mo |
saf | Hir dlll Eag | Heg I

o Bsp HI Xmn | Xho | Hin dlll Bam HI
5 CTGGTCATGATCCTGGTTCAGAGGAAGCAAGAGAAACCATTCAAGCTGGAATGGACGCCTTQCTCGAGRAAAGCTTGAATCAACTTGCAAACYGGATCAG
T R B R e e B e et L s Rl
3 GACCAGTACTAGGACCAAGTCTCCTTCGTTCTCTTTGGTAAGTTCGACCTTACCTGCGGAAJGAGCTCI'TTTCGAACTTAGTTGAACGTTTGQCCTAGEC

]
2

3 S G H D P G S E
o kodon pro arginin AGA za CGC
o (zruSeni BamHI) ‘Sa/ [

5 CGAAATCGAAAGCAAA CACTAGGACCCgtcgac

| | | |
o e

3 GCTTTAGCTTTCGTTTGCAGTGATCCTGGGcagctg

o
v

o WN =
m
m
»
=
o
T
o
o
w
—

| deletovana

+ kodon pro isoleuci aATC

* kodon pro leucin TSza CTC

* kodon pro valin GTC na GTG

» zamena aspartatu (D) za glutamat (E), kodon GAT na kodon GAG
» zamena valinu za glycin, kodon GTG na kodon GGG

* kodon pro arginin AGA za CGC (zruSeni BamHI)

Celkovy po¢et mutovanych nukleotidd: 9

Celkovy po¢et mutovanych kodon(: 6

41
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A cloning

Xho | Hin dlll Bam H

TTCCTCGAGAAAAGCTTGAATCAACTTGCAAACGGGATCCC

| | | | | | | | |
L L L L L
AAGGAGCTCTTTTCGAACTTAGTTGAACGTTTGCCCTAGGC

L P R E K L E S T C K R D P
F L E K S L N Q L A N G | R

(E), kodon GAT na kodon GAG
TG na kodon GGG

BamHI

...GGATCC...
...CCTAGG...

GATCC...

42
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|

V |
GTCATTAGA

'

G [EIEIANNEIE c C
G |

o0
NMMN

A

CTT GCA AAC G T

GAA CGT TTG CACTAG
N

nge

ing

3
:

—l

CKIH_ARAT
AHK2_ ARAT
AHK3/2_ARAT
CRE1/2_ARAT
ETR1_ARAT

Old DNA
New DNA




>sp|Q15149-7 |PLEC_HUMAN Isoform 7 of Plectin OS=Homo sapiens GN=PLEC
MKIVPDERDRVOKKTEFTKWVNKHLIKAQRHISDLYEDLRDGHNLISLLEVLSGDSLPREKGRMRFHKLONVOQIALDYLR

HROVKLVNIRNDDIADGNPKLTLGLIWTIILHFQISDIQVSGQSEDMTAKEKLLLWSQRMVEGYQGLRCDNEFTSSWRDG
RLENATITHRHKPLLIDMNKVYRQTNLENLDQAFSVAERDLGVTRLLDPEDVDVPQPDEKSIITYVSSLYDAMPRVPDVQ

DGVRANELO

NcoI
agat cgtgcccgatgagcgggatcgtgtgcagaagaaaaccttcaccaagtgggtce
M E I v P D E R D R V Q K K T F T K W V
aacaagcacctcattaaggcccaacgtcacatcagtgacctgtatgaagacctccgcgat
N K H L I K A Q R H I s D L Y E D L R D
ggccacaacctcatctcccectgctggaggtecctctcgggggacagecctgeccccgggagaag
G H N L T S L L E Vv L. S G D S L P R E K
gggaggatgcgtttccacaagctgcagaatgtccagattgccctggactaccteccggeac
G R M R F H K L O N V 0 I A L D Y L R H
cgccaggtgaagctggtgaacatcaggaatgatgacatcgctgacggcaaccccaagctyg
R ¢ v K L v N I R N D D I A D G N P K L
EcoRV
acccttggcctcatctggacaatcattctgcacttccagatct cacaggtgagt
T L ¢ L I w T I I L H F ©© I S D I Q V S
gggcagtcggaggacatgacggccaaggagaagctgctgctgtggtcgcagcgaatggtyg
G ¢ S E b M T A K E K L L L W S Q R M V
gaggggtaccagggcctgcgatgcgacaacttcacctccagctggagagacggceccgcecte
E 6 Y 9 6 L R ¢C D N F T S S W R D G R L
ttcaatgccatcatccaccggcacaagcccctgectcatcgacatgaacaaggtgtacecgg
F N A I I H R H K P L L I D M N K V Y R
cagaccaacctggagaacctggaccaggccttctctgtggcggagecgggacctgggagtg
Q T N L E N L D Q A F S V A E R D L G V
acgcggctcctggaccctgaggacgtggatgtccctcagecccgacgagaagtccatcecatce
r R L L D P E D V D V P O P D E K S I I
acctacgtctcgtcgctgtatgacgccatgccccgecgtgecggacgtgcaggatggggtyg
T ¥y v s s L Y D A M P R V P D V Q D G V
XhoI Stul BamHT
agggccaaclCTCGAG| AGGCCTtgalGGATC(]
R A N L E REENEEANERS S




Ncol

ag atcgtgcecccgatgagecgggatecgtgtgcagaagaaaaccttcaccaagtgggte

M E I ¥v P D E R D R VvV O E E T F T E W 7 Kexpresipouil'véme
aacaagcacctcattaaggocccaacgtcacatcagtgacctgtatgaagacctocogogat

N E H L I E A @Q R H I 8 D L Y E D L R D Standartnédvavektory:

ggccacaacctcatctcecccoctgeotggaggtcecctectocgggggacagecctgocccocgggagaag

Z H W L I 8 L L E ¥ L 8 GG D & L F E E EK F)E?rzns
gggaggatgcecgtttcoccacaagcoctgocagaatgtocagattgeocctggactacctococggeac

G R M R F H E L Q N VvV g I 2 L D ¥ L R H pETMGOqu

cgcoccaggtgaagctggtgaacatcaggaatgatgacatcgcoctgacggcaaccccaagoctyg
E g ¥v KB L v Ww I BER W D D I &2 D G N P E L

EcoRV

N Vol o o e TP R R e e e R e LR RVt e Fo TNl ot e N N ﬂtr-:'-.z'-.:.l.rr.q ] '.|'..-"!].f!.= rerrbrarh \Bpu1102 1(30)
T7 promoter primer #59348-3 Dra M&127) Nde 1{238)
> §127)
ET upstream primer #59214-3
a > Bl P T7 promoter lac operator

e < Nco 1(296)
-y ] _ Xba 1335)
. - Bgl 11i401)
\ago’j-SC’vJSl < SOrA 1i442)

Xho l{158)

_Xbal rbs

Ncol His-Tag _Ndel Nhel

T7+Tag \‘. Sph 1(598)
y AT 1T T A A \\
Mot G et / N\
yaeryerHisHIsSHISHISHISHISSeroe vrghlyserdishet 10e etln slyblyLinbin ’,‘ / \(‘(\\
Eag| thrombin Pvu 14426) /Ay N\
BamH | EcoR| Sacl _Sall Hindlll __Notl  Xhol His-Tag Sqf 1(4425) -/ / ‘\ \
i lySerGluPheG | uleuArgArgh InAlolysGlyArgThrArgAl oP roP roProProP SerGlyCysEn S| (£300) A\ Miu 11123)
C T B \\ I Ba 11137
sH Cla li4117) | ¥ = B!
A A i a8 Nru l(40a3) 4 | =3 -’5515 111304
N JLGLG i sALLA 2A L als H N E <0 ' w
- oSar ThrSerLeukrgProf 1sSarSerThr Thr Thr Thr The Thre |yl | sA-gLeul euThr LysP : pET-28a(+) % || Mapa wrann
| (5369bp) = |/
Bpu11021 T7 terminator \ =J090p) 2l
: CTCAGCAATAACTAGCATAR GTCTTGAGGGE s \ ".“r,'E\ssH\IMEM:
-— Eco57 1{3772) 4 / AEcoR V(1573
T7 terminator primer #69337-3 \ /" _‘;‘\Hpa 1(1620) )
. i . — /
pET-28a-c(+) cloning/expression region AIWN 13640) =\ ,’/
—_—————— B ====g==3 =3 == =3==3====-3====3=3=3==33==3=3==33==3333 =3 \\ o,/@ 7
<) A
T ¥y WV S5 3 L ¥ I A M P E v P D VvV g D G W Bsss a3am) < ™ ") A ReAses)
p— %
¥XhoT Stul BamHI BspLU11 13228) /. < Byl 12187)
Sap 131028 o "\ “Fsp I(2205)
t1107 1(2005) / [ o — \Psp5 11223
agggccaac|CTCGAG RGGCCTtgalGGATCC] Bst1107 lases) / 95 112220
E & N L E E P w E 3

1. Ncol-Xhol do pETM60 Ubg-His.tag-TEV-ABD-His.tag-STOP
2. Ncol-Xhol do pET28 ABD-His.tag-STOP

3. Ncol-BamHI do pETM60 Ubg-His.tag-TEV-ABD-STOP
4. Ncol-BamHI do pET28 ABD-STOP
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