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Codon usage bias adjustment

Codon Adaptation Index (CAI)

After OptimumGene™ Optimization Before Optimization
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GC Content Adjustment

After OptimumGene™ Optimization Before Optimization
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Optimized 137 GAMGAAAT TTATGAAGAATT TGOGGEACATGT TORATEACCTORCOGAN DG TATOGTCCAG

original 127 GAAGAAATTTATG ARG A TT T OGEACAT T T TGACCAT CTOGCTOAAAGGATCSTTCALR
Optimized 187 CT GG TCATCACC O C TGO TGACCCTEAG TEARGCAAT TARAC TGACGOGOSTCAMAGAA
original 187 TTAGGGECATCACCCCTTAGSTCACTTTATCOGAAGSCGATCARACTCACTOGTGTTARAGAR

optimized 247 GAARM T AARRCGAGC T T TCACTCTAARAGATATCT TCARRGAAA T CTGGARGACTACARA
original 247 GAARCTAAMACGAGCT TCCACT CTAAACGACATCT ITAAAGAAATTCTASAGSACTACAAR

opcimized 07 TACCTOGRAAAMG AR T TCARR AR CTOAG TAACACCOCAGAARARGAAGGCGATARACTS
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optimized 367 ARCCOTTACOTACCCTAGADIACCAACTOGCAAAAC TS CARMAARTCAATCTGGATGCTGCAA
Original 67 A O T AR T TA TG G GATGAT AR TTAGC CAAGTTCCAARAARTCCATTTGGATGL TG CAA

oprimized 427 GOGCACCTOGOGTAR
original 427 GCCCATTTGGCTTAR
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Optimized 121 TVTYADDOQLAKLOKS IWMLOAHT.A *
Original 121 TVTYADDQLAKLOKS IWMLOAHT.A*
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Restriction Enzymes Optimized Original
HindII(AAGCTT) 1(442) 1(442)
BamHI(GGATCC) 1(1) 1(1)
Polymerase slippage site 1 0 0
Polymerase slippage site 2 0 0
Ribosome binding site 0 0

CIS-Acting Elements Optimized Original
E.coli_RBS(AGGAGG) 0 0
PolyT(TTTTTT) 0 1
PolyA(AAAAAAA) 0 0
Chi_sites(GCTGGTGG) 0 0
T7Cis(ATCTGTT) 0 0

sl G} c.;_;i HP—NAP = ‘_,..a'..x::_—'l ‘_g'.ﬁ :.J..“IJ_': ,-_',I"" 3_,-""1'.5 Wt B ) LS&.:

=

¥ Y ¥ 2
-

cn o= & qusmahp

J,Qm)? Ll HP‘NAP w’j «bf.&gb‘:l/b[.(:

PET28a-Nap L, fol- uy 5] poiia 4zt A S

T28a+)
PE DNA s L -1
HPNAP ks, > 0,0 PET28A(+) ceodl 1
) ’ ol mis PET288-NaAP ot ¥
Mix-DNA st - ‘
s PET28a(+)-NAP i lsis Lol I5-0, /-1
= LPET28a(+) ceadl Cilsis (clag) oIS —0—F=F

HP-NAP cxks - 5 ~
HPNAP «oks &

o o NaP o) G Jpm e sPCR 2loj/-#
PET28a(+)-NAP .5,
Ee s =Y

_»BamHI L;uﬁ);/’dbj'm L;-og}'/’/r—é—é Al o
HindllI

QY 13 5 sl A0 suslad VY (gong5 el (glass sibbigy oladst 5 (S8, ke ot oty LA Gl


www.SID.ir

Wty OIS b g OF (digr 5 Slay il g 208 o

KDa ) ¥ ¥ t © 1 v PR v A R y
. CAN
- 1160 + |
662 ==
55 450 am
- —
40 350 o —
3% 250
25
20477Da

15 184

v WI20477Da
144 - - & .
A1Y SDS-PAGE J; ,HP-NAP iy oS- Curidy g Oly o ke il =4 ol S

s Sl oy gl <V o [ el 5 s U sl o Sl adols s Jolee =Y SMOABL s s sloial, —)
Ll ool (Sl s = F s ilbns] Sga oo YO0 (sl 05l ok (St b jllanlizal UNGEIVE 20, b ST i) i s sloes
-# PET28a(+)-HP-NAP i os~BL21-DE3 Jisti il gL old) celad 5l oy HP-NAP [0 0 Ol -0 ol
S iy o Sl sl e YV ol Vs St 5L o el e (e LS el 5 s i) b Sl oK Aol )
g jldeas] So oo YO 5 Y0 Ciin o5 st~ (BUfer C) caies 5b s/ ostiz/ L DENAtUre sls 55, L HP-NAP
Okt b ol 45 (63l T O O s (ol OSG Cosly i S U S ol 3 Laisad (505015 (550 20 =9 g SIS
HP-NAP .55 o iy 4 ol oo
Sl 3 e ol Cnd sba S s P o pled pl oo il -V 5 -0 SMO671(Prestain ladder) oo s cslossl -

S Olssen 6 ,So g L aadlas ool 5o (OY) culons Sy
LG s e ee Sl o 5l il g slasl 3 e 00 sk SLsSle U o st Sl

HP-NAP o5 o1 ol 2l K il 5, 3Ll b s cFla ((msls eslie 0 SRl s (g 5
o=l 3 0lS 5 IS @y e @ASs o gl Sl &S o=l ake el s S silae Olsmean | ST
Elasl o 03 (1) Gl 0313 3 s (S35 iy sk
HP-NAP. o, sl 5T 5Khs 5l ol anld oo 2

e.,\_.iwdg_ddaj_ép}mduvf}jdbb

0352 VU 5 o sline ol 33 8 w0 (sl (s
RS Vs e Sl s n ol e 5 ol e
AL 3 (5 S Jre S5 S5 sallse 53 O Ol
o ot ey ISl (Y 5V 0) Wl o mbtlen rslonels

as s e 5 50 Ced | 0 Ol a5 (gadaie sla, sSU

e STy el gl p e Ol 1 OF i
Al 0 s slaglas 3l pan o 5 Cosie oyl

b 5 pll e s gl Sl 5 (sl SS i slaind s 05,5 ae HP-NAP 5y, (v 50)

S 0l AT ol s YL U

o sl w5 (Ferritin-Like Proteins) ol oz 5

i 03 e s ) Fos s e Ol anllae ol )5 i,
Cbliz Ol G 53 01 JI5 5 oS Slens ilisis slany yo

QY 13 5 sl A0 suslad VY (gong0 el (lass sibbigy olatst (S8, ke ot oty LA Gl


www.SID.ir

N WHlKen g i o dases

oLl (Maltose Binding ProteinMBP s,
53 e S ol oa g 2 s e S e Ao g el
23 e S e Ave) anllan s s opl Ol slide b e lis
EE g 3L OA) Cdl Sl e Sl (2
L ol ol Lol ud s oS 55 sy SN
Al A5 s Coe B3l e 5 i

3}*:’@

S5 A
HP-NAP &5 03 5 w53 Sl sl o 5l 5l 5,058
B e s bog G pdan ol el WS S
53 ket sy Laglnl ol 5 S e e S 4 axdllas
Slaolpm 3 Oly g sl Lie b ola03 055 g

Al s Sl

(1948 9 S
g S Al e 63 S n 5 ped e
S e 3l sl Il Sl ool Cup s oKl
3P 5550 Dliid 55 e Sy ol Sliies
b e oK 5 e et (S o sle oSS
S en Dlidms ol sl 534S Soulod e 5 K53

53,5 nglj-iﬂl.ru Llacsls

References

1- Agarwa K, Agarwa S. Helicobacter pylori
vaccine: from past to future. Mayo Clin Proc.
2008; 83: 169-75.

2- lankov 1D, Haralambieva IH, Galanis E.
Immunogenicity of attenuated measles virus
engineered to express Helicobacter pylori

neutrophil-activating protein. Vaccine. 2010;

MRNA e Jsb (2l 58 o o8 35 08 G5 550
e ol glaslit Lo e S ol e dle 55 e
o MRNA O 3 las cuiles 5 Stem-loop
ol Gl 5 aS e sl o s Jlasl oL
5 1, ol Ll Negative Cis-Acting Sites
55 Sloy il 3 58 50 3 Sladlas s ol e
T3 et g S L 055 sel Ol (S5l
Oly bl cg O157 Hi7 51z il s S o
s Sl o adllastopl 55 (YF) o 03 850 LS 5o
A 8 SLT0L g3 el gy 05 0pl Ols 5 051555
Sl coma HP-NAP (s 55 sy, 5 s
03,5 AU 1) Ssle sl s bl e 5 a5 o Ll
Fon M b LB LI s ) s ol ol
5 ed Byl s Sldlas s of ol S p3lie &S
S B Sldlas b oaglie 53 (Y 0 5IA) das e OLES |
R s ol Ol SIS Bl 2 J RS s e L
Ol Sl e 05 gl 3 (3lmaings ((14) 313
J=B elie Ll bl sy Sesle 53 1) i
s n 2 AL A e Slesls GRS e
53 lcs ol S (sl YE lie 53 Cslw 0) 55

)"\_;"U’l b m\C»-w\L” . A‘ﬁb.)‘?‘)s dLﬁd...“thu,l.hls

29: 1710-20.

3- Del Giudice G, Malfertheiner P, Rappuoli R.
Development of vaccines against Helicobacter
pylori. Expert Rev Vaccines. 2009; 8: 1037-49.

4- Selgrad M, Mafertheiner P. New strategies
for Helicobacter pylori eradication. Curr
Opin Pharmacol. 2008; 8: 593-7.
5 Amieva MR, El-Omar EM. Host-bacterial

AY L5 5 ols ot A0 (ol ¥ (So05 Oy Sloys (milhg Sl 5 S5 r)lﬁ Kl RS (e Gl


www.SID.ir

Agr OIS (b g O ipr 5 Sl 5l g 3,18 oY

interactions in Helicobacter pylori infection.
Gastroenterology. 2008; 134: 306-23.

6- De Bernard M, D'Elios MM. The immune
modulating activity of the Helicobacter pylori HP-
NAP: Friend or foe? Toxicon. 2009 15; 56: 1186-
92.

7- Satin B, Del Giudice G, DellaBianca V, et al.
The neutrophil-activating protein (HP-NAP) of
Helicobacter pylori is a protective antigen and a
major virulence factor. J Exp Med. 2000; 191:
1467-76.

8- D'Elios MM, Amedei A, Cappon A, Del Prete
G, de Bernard M. The neutrophil-activating
protein of Helicobacter pylori (HP-NAP) as an
immune modulating agent. FEMS Immunol Med
Microbiol. 2007; 50: 157-64.

9- Kottakis F, Papadopoulos G, Pappa EV,
Cordopetis P, Pentas S, Choli-Papadopoulou T.
Helicobacter pylori neutrophil-activating. protein
activates neutrophils by its C-terminal region even
without dodecamer formation; which is a
prerequisite  for DNA ' protection--novel
approaches  against
inflammation. FEBS J. 2008; 275: 302-17.

10- Tonello F, Dundon WG, Satin B, et a. The
Helicobacter pylori neutrophil-activating protein

Helicobacter  pylori

is an iron-binding protein with dodecameric
structure. Mol Microbiol. 1999; 34: 238-46.

11- Dundon WG, Polenghi A, Del Guidice G,
Rappuoli R, Montecucco C. Neutrophil-activating
protein  (HP-NAP) versus ferritin  (Pfr):
comparison of synthesis in Helicobacter pylori.
FEMSMicrobiol Lett. 2001; 199: 143-9.

12-  Choli-Papadopoulou T, Kottakis F,
Papadopoulos G, Pendas S. Helicobacter pylori
neutrophil activating protein as target for new
drugs against H. pylori inflammation. World J
Gastroenterol. 2011; 7; 17: 2585-91.

13- Amedei A, Cappon A, Codolo G, et a. The
neutrophil-activating protein of Helicobacter
pylori promotes Thl immune responses. J Clin
Invest. 2006; 116: 1092-101.

14- lankov ID, Penheiter AR, Carlson SK, Galanis
E. Development of monoclona antibody-based
immunoassays - for detection of Helicobacter
pylori neutrophil-activating protein. J Immunol
Methods. 2012; 384: 1-9.

15- Malfertheiner P, Schultze V, Rosenkranz B,
et _a. Safety and immunogenicity of an
intramuscular Helicobacter pylori vaccine in
noninfected volunteers. a phase | study.
Gastroenterology. 2008; 135: 787.

16- Amani J, Salmanian AH, Rafati S, Mousavi
SL. Immunogenic properties of chimeric protein
from espA, eae and tir genes of Escherichia coli
0157: H7. Vaccine. 2010; 28: 6923-9.

17- Amani J, Mousavi SL, Rafati S, Salmanian
AH. Immunogenicity of a plant-derived edible
chimeric EspA, Intimin and Tir of Escherichia
coli O157: H7 in mice. Plant <ci. 2010; 180:
620-7.

18- Kang QZ, Duan GC, Fan QT, Xi YL. Fusion
expresson of Helicobacter pylori neutrophil-
activating protein  in  E.coli. World J
Gastroenterol. 2005; 11; 454-6.
19- Niccolai A, Fontani S, Kapat A, Olivieri R.

AY L5 5 ols ot A0 (ol ¥ (So05 Oy Sloys (milhg Sl 5 S5 r)lﬁ Kl RS (e Gl


www.SID.ir

oy WHlKen g i o dases

Maximization of recombinant Helicobacter pylori
neutrophil activating protein production in
Escherichia coli: improvement of a chemically
defined medium using response surface
methodology. FEMS. 2003; 221: 257-62.

20- Amani J, Mousavi SL, Rafati S, Samanian
AH. In silico analysis of chimeric espA, eae and
tir fragments of Escherichia coli O157:H7 for oral
immunogenic applications. Theor Biol Med
Model. 2009; 6: 28.

21- Sato K, Hamada M, Asai K, Mituyama T.
CentroidFold: a web server for RNA secondary
structure prediction. Nucleic Acids Res. 2009; 37:
W277-W80.

22- Aghbaba H, Mohabati Mobarez A,
Behmanesh M, Khoramabadi N, Mobarhan M.
Production and purification of mycolyl transferase
B of Mycobacterium tuberculosis. Tanaffos. 2011,
10: 23-30.

23- Dakterzada F MMA, Habib Roudkenar M,
Forouzandeh M. Cloning and expression of N-
termina domain of pseudomonas aeruginosa
flagellin and evaluation of antibodies raised
against it on motility inhibition of pseudomonas
aeroginosa. JZanjan Uni Med <ci. 2012; 20: 1-11.

AY L5 5 ols ot A0 (ol ¥ (So05 Oy Sloys (milhg Sl 5 S5 r)lﬁ Kl RS (e Gl


www.SID.ir

Aot OIS (b e O (etipe 5 oy sl g 3008 of

Application of Bioinfor matics and Genetic Engineering for Designing Optimized
Cloning and Overexpression of Neutrophil Activating Protein of Helicobacter pylori in

Escherichia coli
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Background and Objective: Asthe main virulence factor of Helicobacter pylori, HP-NAP has an important
role in immunoprotection against this pathogen.. This antigen is a strong candidate as a part of muilti-
component vaccine in the clinical trial against this bacterium. Due to NAP importance, it was used in this
study as a template for optimization of heterologous genes with alow A-T content and low expression in E.
coli.

Materials and Methods: A synthetic single gene that could reach the highest level of expression in the host
was designed by using bioinformaticstools.

Results: A number of factors that influence gene expression level were changed for HP-NAP gene
optimizing: the codon usage bias in E. coli was changed; the G+C content was upgraded from 38% to 45%;
and the stem-loop structure was broken. These could result to prolong of the half-life of the mRNA and
overexpression of recombinant of HP-NAP protein up to 800 mg per liter.

Conclusion: Applying of bioinformatics tools was appropriated to optimize of HP-NAP overexpression in E.
coli. From our results, it appears that combination of In Slico and experimental approach is a logical

approach for expression of heterologous genes in another host.

Keywords. Helicobacter pylori, Bioinformatics, Optimization, Recombinant HP-NAP, Cloning,

Expression.
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