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ABSTRACT 
 

Background: Recently, botulinum neurotoxin (BoNT)-derived recombinant proteins have been suggested as 
potential botulism vaccines. Here, with concentrating on BoNT type E (BoNT/E), we studied two of these binding 
domain-based recombinant proteins: a multivalent chimer protein, which is composed of BoNT serotypes A, B and 
E binding subdomains, and a monovalent recombinant protein, which contains 93 amino acid residues from 
recombinant C-terminal heavy chain of BoNT/E (rBoNT/E-HCC). Both proteins have an identical region (48 aa) 
that contains one of the most important BoNT/E epitopes (YLTHMRD sequence). Methods: The recombinant 
protein efficiency in antibody production, their structural differences, and their BoNT/E-epitope location were 
compared by using ELISA, circular dichroism, computational modeling, and hydrophobicity predictions. Results: 
Immunological studies indicated that the antibody yield against rBoNT/E-HCC was higher than chimer protein. 
Cross ELISA confirmed that the antibodies against the chimer protein recognized rBoNT/E-HCC more efficiently. 
However, both antibody groups (anti-chimer and anti-rBoNT/E-HCC antibodies) were able to recognize other 
proteins. Structural studies with circular dichroism showed that chimer proteins have slightly more secondary 
structures than rBoNT/E-HCC. Conclusion: The immunological results suggested that the above-mentioned 
identical region in rBoNT/E-HCC is more exposed. Circular dichroism, computational protein modeling and 
hydrophobicity predictions indicated a more exposed location for the identical region in rBoNT/E-HCC than the 
chimer protein, which is strongly in agreement with immunological results. Iran. Biomed. J. 16 (4): 185-192, 2012 
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INTRODUCTION 
 

otulism is a dangerous neuroparalytic 
syndrome caused by blocking acetylcholine 
release at the neuromuscular junctions [1, 2]. 

Botulinum neurotoxins (BoNT), which cause botulism, 
are produced in seven different serotypes (A, B, C, D, 
E, F and G) by Clostridium botulinum strain [3]. 
Botulism syndrome is classified into three forms: the 
food-born, wound, and infant (intestinal) botulism [1, 
3]. BoNT are initially produced as a stable complex of 
approximately 900 kDa and then divided into a 150-
kDa neurotoxin and non-toxic components [1]. The 
150-kDa neurotoxin consists of two polypeptide 

chains: a light chain (50 kDa) and a heavy chain (100 
kDa), which are linked through a disulfide bond [4]. 
The light chain is organized as an N-terminal catalytic 
domain, while the heavy chain comprises an internal 
translocation domain and a C-terminal receptor binding 
domain.  

The heavy chain, via receptor-mediated endocytosis, 
mediates translocation of light chain across the 
endosomal membrane into the cytosol. BoNT 
recognize nerve membranes by binding to two 
components: a group of membrane glycophospho-
lipids called gangliosides and specific protein receptors 
such as synaptotagmin (for BoNT/D and G) or synaptic 
vesicle membrane protein, SV2 (for BoNT/A and E) 
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MATERIALS AND METHODS 
 

Bacteria, chemicals and media. All molecular 
biology grade chemicals and bacterial culture media 
were from Merck (Germany). Chemical agents for 
nickel nitrilotriacetic acid agarose (Ni-NTA) resin were 
from Qiagen (USA). LB powder was obtained from 
Difco (Sparkes, MD, USA). The pET-contained E. coli 
strains (pET32a encoding the sequence for rBoNT/E-
HCC protein and pET28a, encoding the sequence for 
chimer protein were used to express recombinant 
proteins [13, 14]. 

 
Amino acid sequence alignments. Comparison of 

amino acid sequences of rBoNT/E-HCC and chimer 
protein (Fig. 1) was carried out using the ClustalW 
program (http://www.ebi.ac.uk/Tools/clustalw2/index. 
html) [17]. 
 
 Recombinant protein expression and purification. 
The expression process was conducted as reported 
elsewhere [13, 14, 18]. After final step of protein 
expression process, the chimer protein was sufficiently 
pure, while the rBoNT/E-HCC solution was followed 
by further purification as mentioned below. The all 
separated protein fractions were run on 12% SDS-
PAGE and stained with Coomassie blue. A 50% Ni-
NTA bead suspension was used for purification of 
rBoNT/E-HCC protein [18]. Buffer E (100 mM 
NaH2PO4, 10 mM Tris-HCl and 8 M urea, pH 4.5) was 
applied to elute the expressed protein from Ni-NTA 
column. The purity of the sample was determined by 
SDS-PAGE analysis and a single protein band (31 
kDa) was obtained.  

 
Antigenicity testing. In order to compare the 

recombinant protein antigenicity, purified recombinant 
proteins were mixed with an equal volume of complete 
Freund's adjuvant for initial injection and incomplete 
Freund's adjuvant for subsequent injections into 3 
rabbits intradermally. Each rabbit received 100 µg of 
antigen at weeks 0, 2 and 4. Two rabbits were used as 
controls receiving only adjuvant. A week after second 
and third injections, the animals were bled and sera 
were restored for ELISA experiments. ELISA plates 
were coated with an optimal concentration of purified 
proteins (3.5 µg ml-1 per well) in a coating buffer (15 
mM Na2CO3 and 36 mM NaHCO3, pH 9.8) and 
allowed to adhere at 4°C overnight. Also, one row was 
incubated with coating buffer alone (no-antigen) as 
control. Plates were washed four times with 400 µl 
PBST and blocked with 100 µl per well of skim milk 
(50 mg ml-1) at 37°C for 45 min. After washing, a 
serial two-fold dilutions in PBST, starting at 1:200, of 
rabbit serum samples were then added (100 ml per 
well) and plates were incubated at 37°C for 30 min. 

Following a washing step, plates were incubated at 
37°C for 30 min with anti-rabbit immunoglobulin G-
horseradish peroxidase conjugate (1:2,000; 100 µl per 
well) in PBST. Plates were washed four times with 400 
µl PBST and then incubated with 100 µl per well of 
ortho-phenylenediamine (Sigma, USA) and H2O2 as 
substrate. The reaction was terminated by addition of 
2.5 M H2SO4 (100 µl/well) and the absorbance was 
read at 490 nm using an ELISA plate reader 
(Anthos2020, Eugendorf, Austria). 
 

Antibody purification. Protein-G-Sepharose columns 
(Sigma, USA) were used to purify IgG from sera. After 
washing the columns with 100 mM and then 10 mM 
Tris (pH 7.8), the sera were mixed 1:10 with Tris (1 M) 
and applied to the columns. The columns were washed 
again as indicated above and purified IgG was eluted 
using 100 mM glycine, pH 3.0.  
 

Circular dichroism spectropolarimetry. In order to 
obtain information about the secondary structure of the 
recombinant proteins, circular dichroic spectra were 
gathered in far-UV regions (195-260 nm) using a 
JASCO model J-810 spectropolarimeter at 25°C. The 
cell volume was approximately 0.5 ml with a path 
length of 0.1 mm. The recombinant proteins were at a 
concentration of 0.25 mg ml-1 in 100 mM NaH2PO4, 10 
mM Tris-HCl, pH 8.0. The secondary structures of 
proteins were determined using CDNN program, 
version 2.1.0.223 (obtained from Institute of 
Biophysics and Biochemistry of Tehran University, Dr. 
Moosavi-Movahedi Laboratory). 
 

Computational molecular modeling of the 
rBoNT/E-HCC and chimer protein. The tertiary 
structures of rBoNT/E-HCC and chimer protein are 
unknown. Here, we obtained de novo protein structure 
predictions at the Robetta [19, 20] and Lomets [21] 
servers. The evaluation of the quality of the models 
was performed with Qmean server [22]. The molecular 
dynamic simulations were carried out using 
HyperChem Professional version 8.0 Molecular 
Modeling System [23]. Charmm27 force field [24] was 
used for the simulations according to the procedure 
described by Fendri et al. [25]. The energy 
minimization of these proteins was carried out under 
implicit solvent conditions using the conformational 
analysis programs. The lowest energy conformations 
were then solvated with TIP3P water explicitly, and 
finally the overall system was energy minimized using 
the Polak-Ribiere conjugate gradient method until the 
convergence of the gradient (0.01 kJ mol-1) [23]. 
PyMol version 0.99 beta 06 (http://www.pymol.org), 
UCSF Chimera and MSMS were used to produce 
molecular graphics images and other representations 
[26, 27]. 
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Fig. 4. Comparison of ELISA results of anti-rBoNT/E-HCC 
(recombinant C-terminal heavy chain of BoNT/E) and anti-
chimer protein IgG reactions with their antigens (rBoNT/E-HCC 
and chimer protein, respectively). Approximately 8 ng of anti-
rBoNT/E-HCC and anti-chimer protein IgG could signify and 
bind to their antigens. In comparison with anti-chimer protein, 
IgG and chimer protein reaction, anti-rBoNT/E-HCC IgG 
reacted with its target protein (rBoNT/E-HCC) with higher 
affinity. The error bars present high reproducibility of double 
repeats of the experiment.  

 
features, which lead to different identical region (i.e. 
BoNT/E-epitope containing region) locations. 
 

Circular dichroism. ELISA results showed that the 
different structural features of the recombinant proteins 
may lead to more exposure of the identical region in 
rBoNT/E-HCC. To verify this hypothesis and also gain 
insight into structural properties of the recombinant 
proteins, circular dichroism was applied. Circular 
dichroism spectra of both rBoNT/E-HCC and chimer 
protein were taken at 25°C to determine their 
secondary structures. The amount of secondary 
structures was higher in chimer protein in comparison 
with rBoNT/E-HCC (Fig. 6). Circular dichroism 
spectra analysis using CDNN program, version 
2.1.0.223, confirmed these results (Table 1). These 
results support our hypothesis and indicate in 
rBoNT/E-HCC, where the amount of secondary 
structures is less, the protein tends to be less ordered 
and may affect BoNT-epitope location to be more 
exposed. 
 

Theoretical studies. After achieving some insights 
into the proteins compactness by circular dichroism, 
computational studies were used to characterize and 
evaluate the mentioned hypothesis. The sequences  
of rBoNT/E-HCC and chimer protein were subjected to 
de novo tertiary structure predictions for 

conformational epitope determinations. An ensemble 
of tertiary structures for each protein was obtained 
using the modeling programs Robetta [19, 20] and 
Lomets [21]. These programs were used to generate de 
novo protein structure prediction models. A set of 15 
three-dimensional models was generated for each 
protein  (10  from  Lomets  and  5  from  Robetta).   To  
s  

 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 

Fig. 5. ELISA results of cross reaction between rBoNT/E-
HCC and anti-chimer protein serum/IgG, and chimer protein and 
anti-rBoNT/E-HCC (recombinant C-terminal heavy chain of 
BoNT/E) serum/IgG. Assuming OD 0.5 as a reliable answer: 
(A) both anti-rBoNT/E-HCC and anti-chimer protein sera could 
bind to the other proteins up to appropriately 1:1,600 dilution. 
However, anti-rBoNT/E-HCC interacts more strongly. (B) 
Approximately 125 ng of both anti-rBoNT/E-HCC and anti-
chimer protein IgG could interact with the other recombinant 
antigens. However, anti-chimer IgG react with rBoNT/E-HCC 
more efficiently that may be due to the more exposed location of 
epitopes in rBoNT/E-HCC. The dash line depicts the interaction 
of rBoNT/E-HCC with chimer serum (panel A) or IgG (panel 
B); the solid lines depict the interaction of chimer protein with 
rBoNT/E-HCC serum (panel A) or IgG (panel B). The error bars 
represent high reproducibility of double repeats of the 
experiments. 

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

020406080100120140

-♦- rBoNT/E-HCC 
-□- chimera protein 

O
D

 49
0

nm
 

IgG (ng) 

 (B) 

 )A( 
2.5 
 
 
 

2.0 
 
 
1.5 
 
 
1.0 
 
 
0.5 
 
 
 

   0 

1.8 
 
1.6 
 
1.4 
 
1.2 
 
1.0 
 
0.8 
 
0.6 
 
0.4 
 
0.2 
 
 

   0 

O
D

 49
0

nm
 

   1:200         1:400         1:800       1:1600      1:3200    1:6400 
 

                                    Sera dilutions 

O
D

 49
0

nm
 

    1000           500            250           125            62.5        31.25 
 

                                         IgG (ng) 

 [
 D

O
I:

 1
0.

60
91

/ib
j.1

07
6.

20
12

 ]
 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
88

52
.2

01
2.

16
.4

.7
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ib

j.p
as

te
ur

.a
c.

ir
 o

n 
20

25
-0

7-
04

 ]
 

                               5 / 8

http://dx.doi.org/10.6091/ibj.1076.2012
https://dor.isc.ac/dor/20.1001.1.1028852.2012.16.4.7.4
http://ibj.pasteur.ac.ir/article-1-773-en.html


190

 

F
Chi
chim

sel
ser
Ba
hig
0 t
pro
ser
rBo
mo
con
we
res
sho
pro
of 
of 
loc
reg
pro
reg
exp
of 

P
rec
(m
[10
aga
pre
pro
of 

0                       

  
Fig. 6. Circular 
imer protein ha
mer protein, res

 
lect the best  
rver [22] wa
ased on the 
ghest predicte
to 1 (1 as th
oteins, one o
rver yielded t
oNT/E-HCC 
odels were
nformational 
ere used to p
sulting model
ows a mole
otein, and pan
the correspon
panel A. Fig

cation in chim
gion which l
otein. Altoge
gion location
posed. These
immunologic

Previous wor
combinant va

monovalent) o
0]. Here, we 
ainst BoNT w
eviously repo
otein (187 am

types A, B

                        

dichroism spec
as more second
spectively. Erro

three-dimens
as used for 
global score 
ed model reli

he highest qu
f the models
the highest va
and chimer p

e used th
epitopes. P

produce mole
ls have been s
ecular surfac
nel B shows 
nding molecu

gure 7 indicat
mer protein 
leads to bur
ether, Figure

n in rBoNT/E
 results are in
cal and circul
rks by others 
accines again
or against a g

focused on 
whose abilitie
orted [13, 1
mino acid res
B and E bin

-20

-15

-10

-5

0

5

10

210

[θ
].d

eg
 c

m
2  d

m
ol

-1
 ×

 1
03  

                       

ctrum of recom
dary structures.
or bars of spectr

sional  mode
model quali
of the who

iability was m
uality estimat
s generated b
alue of 0.781
protein, respe
hereafter f

PyMol and U
ecular graphic
shown in Fig
ce representa
the hydropho

ules in the sa
tes that the id
is in a more

rying the ep
e 7 shows 
E-HCC seem
n full agreem
lar dichroism 
have focused

nst a single B
group of them

two recomb
es to neutraliz
14]: a multi
sidues) which
nding subdo

220

                  Ros

http://I

mbinant proteins
. The dash and
ra for duplicate

l,  the  Qmea
ity estimation
ole model, th
measured from
tion). For bot
by the Robet
 and 0.666 fo

ectively. Thes
for mappin
UCSF Chime
c images. Th

gure 7. Panel 
ation of eac
obicity surfac

ame orientatio
dentical regio
e hydrophob
itope into th
that identic

ms to be mor
ment with thos

studies. 
d on design o

BoNT serotyp
m (multivalen
inant vaccine
ze BoNT wer
valent chime
h is compose

omains, and 

230
Wav

stamian  et al.  

IBJ.pasteur.ac.i

s. The CD spect
d solid lines sho
e repeating expe

an 
n. 
he 
m 
th 
tta 
or 
se 
ng 
er 
he 
A 
ch 
ce 
on 
on 
ic 
he 
al 
re 
se 

of 
pe 
nt) 
es 
re 
er 
ed 

a 

monov
which 
HCC. 
BoNT
recomb
(that c
epitop
some 
interac
HCC w
protein
determ
immun

Imm
were a
animal
rBoNT
confirm
recogn
antibo
recomb
epitop
 
 Tabl
program
 

 2nd st
Helix
strand
Rndm
Total 

0 2
velength (nm)

                       

ir 

trum was record
ow the circular
eriments and hig

valent recom
contains 93
The monov

/E more e
binant prote
contains one
es [YLTHMR
experiments

ction with th
with anti-chi
n with anti- r

mined their 
nological feat

munological s
able to evoke 
l model); ho
T/E-HCC wer
med that a
nize rBoNT/E
dies were 
binant antige
e  sequence  

le 1. Circular 
m version 2.1.0
tructure r

d and turn 
m. coil 

sum 

240

                 Iran

ded as describe
r dichroism pat
gh reproducibil

mbinant prote
amino acid

valent vaccin
efficiently [
ins have a 
e of the mo
RD sequence
s to charac
he opposite 
mer protein 

rBoNT/E-HC
structural 

ture differenc
studies show
high antibod

owever, the 
re higher. Cr

antibodies ag
E-HCC more 

able to 
en. These re
against   the 

dichroism sp
.223. 
rBoNT/E-HCC

38.51 
29.35 
32.14 

100.00 

250

n. Biomed. J., O

ed in materials a
ttern of rBoNT
lity are shown i

ein (259 am
d residues of 
e is able to 
13, 14]. S
48 aa-identi

ost importan
e, Fig. 1]), w
cterize their
protein (i.e. 
serum/IgG, a

CC serum/IgG
as well 

ces. 
wed that bot
dy titers in rab
antibody tite
oss ELISA ex
gainst chim
efficiently, th
recognize 

esults sugges
  identical   r

pectra analysis 

C (%) Chi

1

260

October 2012 

 

and methods. 
T/E/HCC and 
in the inset. 

mino acid) 
f rBoNT/E-

neutralize 
ince both 
ical region 
nt BoNT/E 

we designed 
r antibody 

rBoNT/E-
and chimer 

G). We also 
as other 

th proteins 
bbits (as an 
ers against 
xperiments 
er protein 
hough both 
the other 
st that the 
region  (i.e.  

by CDNN 

imer (%) 
39.80 
29.56 
30.64 
00.00 

 [
 D

O
I:

 1
0.

60
91

/ib
j.1

07
6.

20
12

 ]
 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
88

52
.2

01
2.

16
.4

.7
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ib

j.p
as

te
ur

.a
c.

ir
 o

n 
20

25
-0

7-
04

 ]
 

                               6 / 8

http://dx.doi.org/10.6091/ibj.1076.2012
https://dor.isc.ac/dor/20.1001.1.1028852.2012.16.4.7.4
http://ibj.pasteur.ac.ir/article-1-773-en.html


Iran

  

  
 

F
rBo
BoN
rep
(rig
Red
B d
sam
the 
blu
the 
Chi
pac
text
 
 

 

 
Bo
mo
and

T
thi
dic
mo
Dif
two
stru
(Bo
the
ten
reg
Pro
sho
reg
chi
the
Fu
pro
and
rBo
ide
pro

n. Biomed. J., O

Fig. 7. Three-d
oNT/E-HCC (
NT/E) and ch

presentation of
ght), the structu
d parts show th
depicts the hy

me orientation o
amino acid hy

ue for the most 
most hydroph

imer [27] and 
ckage [26]. For 
t, the reader is r

oNT/E-epitop
ore exposed i
d it may refer
Therefore, str
s hypothesi

chroism show
ore seconda
fferences of c
o recombin
uctural differ
oNT/E-epitop
e amount of s
nds to be less 
gion (BoNT-
otein modelin
owed a mor
gion (BoNT/
imer protein. 
e immunolog
rthermore, t
otein (lower 
d lower affin
oNT/E-HCC 
entical region
oteins. Altoge

October 2012   

  

dimensional mo
(recombinant 
himer protein. 
f rBoNT/E-HC
ure visualization
he BoNT/E-epi
drophobicity su
of panel A. The
ydrophobicity w

hydrophilic to
hobic. The im
the surface w
interpretation o

referred to the w

pe, YLTHMR
in compariso
r to the differ
ructural stud
is. Structura
wed that chi
ary structure
circular dichr
ant proteins
rences, may 
pe) location. 
secondary str
ordered and 

epitope) loca
ng and calcu
re exposed 
E-epitope) in
These result

gical and ci
the lower a
efficiency of
nity between

antibodies 
n (BoNT/E-ep
ether, the res

       Compariso

olecular models
C-terminal h
Panel A sho

CC (left) and 
n by PyMol ver
tope location in
urfaces of eac
e hydrophobici

with colors rang
o white at 0.0 t
mages were m
was calculated w

of the reference
web version of 

RD) in rBoN
on with the c
rences in their
dies were us
al studies 
imer protein 
es than rB
roism pattern 
s, which re
affect the id
In rBoNT/E

ructures is le
may affect o

ation to be m
ulations of h
location for 
n rBoNT/E-H
s are in full a
ircular dichr

antibody tite
f the multiva

n chimer pro
were influe

pitope) positi
ults suggest t

on of Two Reco

http:

s of recombina
heavy chain 
ows the surfac

chimer prote
sion 0.99 beta0
n proteins. Pan

ch protein in th
ty surface show

ging from dodg
to orange red f
ade with UCS
with the MSM
es to color in th
the article. 

NT/E-HCC 
chimer protei
r structure. 
ed to confirm
with circula
have slightl

BoNT/E-HCC
between thes

efer to the
dentical regio
E-HCC, wher
ess, the protei
on the identic
more expose
hydrophobicit

the identic
HCC than th
agreement wit
roism studie
ers of chime
alent vaccine
otein and ant
enced by th
ions in the tw
that due to th

ombinant Vaccin

 
://IBJ.pasteur.a

ant 
of 
ce 

ein 
06. 
nel 
he 
ws 
ger 
for 
SF 

MS 
his 

is 
in 

m 
ar 
ly 
C. 
se 
eir 
on 
re 
in 
al 
d. 
ty 
al 
he 
th 

es. 
er 

e), 
ti-
he 

wo 
he 

epitop
candid
chimer
perform

The 
Univer
acknow
Mousa
contain
Abbas
excelle
 
 

1. Sim
Ac

2. Ha
Re

3. Sim
ac
Sep

4. Sc
ne
Fe

5. Do
Jo
me
Ce

6. M
Jo
SV
ne

7. Sc
J, 
E 
bo

8. Sc
La
cle
pe

9. M
tox

10. By
pre
10

11. Ro
An

12. Ku
T, 
of 
by
19

13. Eb
Pr
ch

ne Candidates f

ac.ir 

e location, rB
date for use 
r protein, t
med in this ar

ACK

supports of R
rsity and 
wledged. Th
avi (Shahed U
ned E. coli b

s Hajizadeh a
ent technical 

mpson LL. Bo
cademic Press,
atheway CL. 
ev.1990 Jan;3(
mpson LL. Th
tivity of bo

ep;33(3):155-8
chiavo G, M
eurotoxins: iso
eb;248:643-65
ong M, Richa
hnson EA, C
ediate entry o
ell Biol.2003 S
in Dong, Hui
hnson, Roger

V2B mediate th
eurons. Mol Bio
chiavo G, Sant
Benfenati F. B
cleave SNAP

onds. FEBS Let
chiavo G, Ma
aureto P, Mil
eaves VAMP
eptide bond. J B
iddlebrook JL
xin. Adv Exp M
yrne MP, Sm
evention of b

0):955-66. 
obinson RF, N
nn Pharmacoth
ubota T, Watan
Moriishi K et

f Clostridium b
y monoclonal 
997 Apr;63(4):
brahimi F, Ras
roduction and
himera antige

for Botulism     

BoNT/E-HCC
as vaccine 

though mor
rea.   

 
 

KNOWLEDG
 

Research Cou
University

he authors th
University, Ir
acteria. We a

and Mr. Shah
assistance. 

REFEREN
 

otulinum neur
, San Diego CA

Toxigenic cl
(1):66-98. 
he origin, struc
tulinum toxin

88. 
Montecucco C.
olation and as
2. 

ards DA, Goo
hapman ER. 

of botulinum n
Sep;162(7):129
isheng Liu, W
r Janz et al. 
he entry of bo
ol Cell.2008 D
tucci A, Dasgu
Botulinum neu

P-25 at distinct
tt.1993 Nov;33
alizio C, Trim
an G et al. 

P/synaptobrevin
Biol Chem.199
. Protection str

Med Biol.1995 
mith LA. Deve

otulism. Bioch

Nahata MC. M
her 2003 Jan;3
nabe T, Yokos
t al. Epitope r
botulinum type

antibodies. A
1214-8. 
saee MJ, Mou

d characteriza
en consisting

                        

C seems to b
against BoN

re studies s

GMENTS 

uncils of Ima
y of Teh
hank Dr. Se
ran) for prov
are also indeb
hram Nazaria

NCES 

rotoxin and te
A; 1989.  
lostridia. Clin

cture, and phar
n. Pharmaco

. Tetanus an
ssay. Meth En

odnough MC, 
Synaptotagmin

neurotoxin B i
93-303. 

William H. Te
Glycosylated 

otulinum neuro
Dec;19(12):522
upta BR, Meht
urotoxins serot
t COOH-term
35(1):99-103. 
mble WS, Po
Botulinum G 
n at a sing
94 Aug;269(32)
rategies agains
Sep;383:93-8

elopment of v
himie.2000 Sep

Management o
37(1):127-31. 
sawa N, Tsuzu
regions in the h
e E neurotoxin
Appl Environ 

usavi SL, Bab
ation of a r
g botulinum 

             191  

be a better 
NT/E than 
should be 

am Hussein 
hran are 
eyed Latif 
iding pET-
bted to Mr. 
an for their 

tanus toxin. 

n Microbiol 

macological 
l Rev.1981 

nd botulism 
nzymol.1995 

Tepp WH, 
ns I and II 
into cells. J 

pp, Eric A. 
SV2A and 

otoxin E into 
26-37. 
a PP, Jontes 
types A and 

minal peptide 

olverino de 
neurotoxin 

gle Ala-Ala 
2):20213-6. 
st botulinum 
. 
vaccines for 
ep-Oct;82(9-

of botulism. 

uki K, Indoh 
heavy chain 

n recognized 
Microbiol. 

baeipour V. 
recombinant 

neurotoxin 

 [
 D

O
I:

 1
0.

60
91

/ib
j.1

07
6.

20
12

 ]
 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
88

52
.2

01
2.

16
.4

.7
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ib

j.p
as

te
ur

.a
c.

ir
 o

n 
20

25
-0

7-
04

 ]
 

                               7 / 8

http://dx.doi.org/10.6091/ibj.1076.2012
https://dor.isc.ac/dor/20.1001.1.1028852.2012.16.4.7.4
http://ibj.pasteur.ac.ir/article-1-773-en.html


192                                                                                            Rostamian et al.                                          Iran. Biomed. J., October 2012 

 
http://IBJ.pasteur.ac.ir 

serotypes A, B and E binding subdomains. J Toxicol 
Sci.2010 Feb;35(1):9-19. 

14. AgheliMansour AA, Mousavi SL, Rasooli I, Nazarian S, 
Amani J, Farhadi N. Cloning, high level expression and 
immunogenicity of 1163-1256 residues of C-terminal 
heavy chain of C. botulinum neurotoxin type E. 
Biologicals.2010 Mar;38(2):260-4. 

15. Shone C, Agostini H, Clancy J, Gu M, Yang HH, Chu Y 
et al.  Bivalent recombinant vaccine for botulinum 
neurotoxin types A and B based on a polypeptide 
comprising their effector and translocation domains that 
is protective against the predominant A and B subtypes. 
Infect Immun. 2009 Jul;77(7):2795-801. 

16. LaVallie ER, DiBlasio EA, Kovacic S, Grant KL, 
Schendel PF, McCoy JM. A thioredoxin gene fusion 
expression system that circumvents inclusion body 
formation in the E. coli cytoplasm. Biotechnology 
(NY).1993 Feb; 1(2):187-93. 

17. Thompson JD, Higgins DG, Gibson TJ. CLUSTAL W: 
improving the sensitivity of progressive multiple 
sequence alignment through sequence weighting, 
position-specific gap penalties and weight matrix 
choice. Nucleic Acids Res.1994 Nov;22(22):4673-80. 

18. Wingfield PT, Palmer I, Liang SM. Folding and 
purification of insoluble (inclusion-body) proteins from 
Escherichia coli. Curr Protoc Protein Sci.2001 May;6: 
Unit 6.5. 

19. Chivian D, Kim DE, Malmström L, Bradley P, 
Robertson T, Murphy P. Automated Prediction of 
CASP-5 Structures Using the Robetta Server. Proteins. 
2003 Oct;53:524-33. 

20. Kim DE, Chivian D, Baker D. Protein structure 
prediction and analysis using the Robetta server. Nucleic 
Acids Res.2004 Jul;32 (Web Server issue): W526-531. 

21. Wu S, Zhang Y. LOMETS: a local meta-threading-
server for protein structure prediction. Nucleic Acids 
Res.2007 May;35(10):3375-82. 

22. Benkert P, Künzli M, Schwede T. QMEAN Server for 
Protein Model Quality Estimation. Nucleic Acids Res. 
2009 Jul;37(Web Server issue):W510-4. 

23. Froimowitz M. HyperChem: a software package for 
computational chemistry and molecular modeling. 
Biotechniques.1993 Jun;14(6):1010-3. 

24. Brooks BR, Bruccoleri RE, Olafson BD, States DJ, 
Swaminathan S, Karplus M. CHARMM: A Program for 
macromolecular energy, minimization, and dynamics 
calculations. J Comput Chem.1983 Sep;4(2): 187-217. 

25. Fendri A, Frikha F, Miled N, Ben Bacha A, Gargouri Y. 
Modulating the activity of avian pancreatic lipases by an 
alkyl chain reacting with an accessible sulfhydryl group. 
Biochem Biophys Res Commun.2007 Sep;360(4):765-
77. 

26. Sanner MF, Olson AJ, Spehner JC. Reduced surface: an 
efficient way to compute molecular surfaces. 
Biopolymers.1996 Mar;38(3):305-20. 

27. Pettersen EF, Goddard TD, Huang CC, Couch GS, 
Greenblatt DM, Meng EC, Ferrin TE. UCSF chimera-a 
visualization system for exploratory research and 
analysis. J Comput Chem.2004 Oct;25(13):1605-12. 

 

 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

 [
 D

O
I:

 1
0.

60
91

/ib
j.1

07
6.

20
12

 ]
 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
88

52
.2

01
2.

16
.4

.7
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ib

j.p
as

te
ur

.a
c.

ir
 o

n 
20

25
-0

7-
04

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

http://dx.doi.org/10.6091/ibj.1076.2012
https://dor.isc.ac/dor/20.1001.1.1028852.2012.16.4.7.4
http://ibj.pasteur.ac.ir/article-1-773-en.html
http://www.tcpdf.org

