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Background: Tetanus is a kind of neurological disease character-
ized by rigidity and spasm of muscles. The causative agent of this
fatal disease is known as Tetanus Toxin, Clostridium tetani. The Tet-
anospasmin consists of three chains: Hy, Hc and L. The H¢ chain is
binds domain and immunogenic part of toxin, so it is proposed as a
vaccine candidate. In this study, the recombinant H¢ protein obtained
from synthetic Hc gene was investigated for its immunogenicity. Ad-
ditionally, antiserum and polyclonal antibody was prepared against
this agent.

Materials and Methods: Recombinant His-tagged Hc protein was
expressed in Escherichia coli BI121 DE3 and purified with Ni-NTA
column. Then, rHc protein was used for animal immunization. Along
with survey of antibody titer, serum polyclonal antibody was purified
by G column.

Results: After gene optimization, expression and purification, rH¢
protein was confirmed by western blot technique. Immunization of
mice showed high titer of antibody against recombinant protein. An-
tibody purification from immunized animal serum was carried out as
well.

Conclusion: The recombinant H¢ protein production and its immu-
nogenicity investigation showed high titer of antibody against Tet-
anospasmin.

Keywords: tetanus, Hc chain, recombinant protein, polyclonal anti-
body

“Corresponding Author:
Mohhamad Ali Arefpour
Tel: (+98)2171104934

e-mail: kparef@ihu.ac.ir

AR



http://dx.doi.org/10.30505/3.2.101
http://jpmed.ir/article-1-89-en.html

[ Downloaded from jpmed.ir on 2025-07-28 ]

[ DOI: 10.30505/3.2.101 ]

VoS ) Slio —Y o)los — ¥ 090 = WYAY liuls

ot Cb dloxe

S PP auds JEgS N 59T ki g o g3

AARANETES SRV PR TR WAY o5 VY i Mol & ,U

EMde ln (S5S §codo Ll b 48 ol olacl olSiwd ylon Log 1S oo
ol Gronslewl gl Abl oo (SIS pgry yudS” (S 5 0l (gl (pl Jale 098 o0 aSuta
Oy 4 g canl )] Sd5g3900] g oy Jlasl Lisw He oo b o He g Hy L o puoj aw
5 cpontlnlgilis He o005 ol 5 5 oobial allao ] 5 o 15b o ke STy L11S
ol ale JoolS b bl g oy ag Talas 5 o Jols oS98 Sign (i (o
VI

S y355 o3 Jebs pET28a ,55 glyls E. coli BI21 DE3 b 5l i gy 9 g0
clicstel 4 oalital dalllas 250 S g g LRSS 5 Ol e oS P He o055
ade JUglS L ool ol aodlb sl 515 oy ped 285 Oyp0 B2 s )3
355 adSS oy I (S il

25 Sy b ool Sl oS 59 s comelsS g ol ilodinge 5| ey tABL
oA 55 .l (S g e ade ool sl YL i jl Gl Ghge Jae 0 aljisell i3S

23,5 ool G g ey 4 cyeal Sllges pyus 51 JUslS' L (o5l 5]

IVl i eama i o] aliianl o 5 He Gisu oS98 s 259 36 15 ol
A3l (S P e (ls oy ) JUgS Sy 3]

S 595 puSly He 03005 (promliuslgilis 135 1019 allS

S Ol ol pend
Ta¥gl Lo pedlé
Tz Syl esosma
Tolosuw x>
%19 8L dlg> sesea
® stliso bl ooxa
by Gl

oLl (ol Cannyj ligins 39 0 6ybalisl’
-l Ol E) e plel ol

Sl 550« JoSlge 5595850 s 553
iy (S pole ol (03,) (5l giSSon
Al e ) 1

(I35 Tye 5 Jsbo (3ol cy] ki)
plol ol oSl gl ) g 5 5
I ol {€) e

Slip o jSye o oulid i o555
s (S psle oA (pliond sl
ol ) @

e (S5l SSgmsl s> iy’
plol zols ol il ( owlish oy Cldios
Al e () oms

(I35 Tye 5 Jsbo (Sislom eyl ki)
oLt e2)8 (5d5iSTgn i S 5

Ol ol das) W ady (S pole

2 g By 93

)% d)‘& ‘_;lc.\‘ou
(FRANIVIY - FAVY el
1S9 Sl Cannsy
kparef@ihu.ac.ir

LS55l 53 Cawlas 3b33) 28Ty sbl o Sluogas
o oS PPl b IS eS8l s g OMae (Sl
i 9 [V] 93,5 00 5 (S oty dS (6781, sy

doddo

i g ol gly oS Hlwy (Seas (grlew S5 31T 6 laws
5 950 2l 15 enS$ alisgy (Slons ol sl Wil

V¥



http://dx.doi.org/10.30505/3.2.101
http://jpmed.ir/article-1-89-en.html

[ Downloaded from jpmed.ir on 2025-07-28 ]

[ DOI: 10.30505/3.2.101 ]

Journal of Police Medicine

o)Kan 5 5Vl

Summer 2014; Vol. 3, No. 2: 101-106

o,lae He L.AS)J?J 59y c\.ng L)L" 5l g - oliwl DE3
cS,3) SDS-PAGE Jj 5 = 5l glodsls o5
S P 0an Ol oo <2855 )8 oy 3)90 (Biomeer
IPTG o958l ¥eug /ml clale Ol dipe bty o
Olej 935 Blo > YV sl OD = +/5 » Y\mM clale |
b sl ) (1) ko Yo o) alitilof] (oY (polido 5 (cl #
L Jobs Sl e 59 (nSgn 1085 Ojgo (dite J S diges
OSgym ol odd e 09y @le - 03)5 Sl S () iy
S PP g n padsS b edlitul adss Caa <ol S
Cla e ) odlial b g oS 55 s 8l Ssilog,S S &y
S g oS eS8, calw NI-NTA o j5 Jgilise
5l 0as (gyglaen Y guame LMD Bixe S W Cped | o0i4l)]
23 3330 523 Y SDSPAGE Jj b (31,5 5les S (5550
Loy 2558500 gy 58 ol (sbaByn clale ()5 )3
] 13,5 5505101 (CECIL 8 yb) (6 yiogibg yiSum! 1 oolatwl
Iy
oA 55 S 595 S jl ekl b fige Jae )3 2l (sl
At Uy g JolS lsadl olyem 4 5 PBS il s ¢ Lol o3
0 Sl 10,5 ealatel V Jgdo elwl (o2 (02> Camil)
S 9pSn Vo ge po g QLI Cand 095 (lgins (090
g ohidyse 5l Il p)T 5,50 Ve sl ol e bglee
Cly o0 Sl xS ol g Foly 2l Cua A By 5 il )
PBS Lias \ Joa> sollas anlis 05,5 loic 4 (g0 O 4 OO
A5 305
5 093l 09)5) ol e 9 el Sl Sl Dl stenl (s s
A abye 30,5 pbsl iy silulix g 605 05> (el
51 oLl L) 1) 59y 4 paws 3 39390 sddidoi cla ool il

BE %)P@jyuﬁjfﬁ:uﬁjoﬁgcub)\ d‘g.\-‘?

e ose gl peal Sl

O N ylade

Syl g T 9G¥
ug/mouse

s - SN

0= ye Y. pgd
Uil Ve vy P
olgal g 1B YA el

V¥

! Retrograde, * Glycine, ** GABA

Mok il eSS 09,5 a3 )8 Ban 3y90 |y (e
o0 95 4 cutS py BB o jobay (S5 (l 06w 0225
Jaio ae sl »» (GT1b 3 GD1b) 4555
OIS )3 g b o0 ol Joboo (9 4 dlawly (s 5 398
) s Sbpmlioe g bras gbp <S5 cue
e 9 855 4 (pguST ) 1S JS s dloasg
olae lodshs 6Ll 1> panSg (ol an s oo 300 Bl
LolS 5 oD aliS 5 inliyy slocigys Jold oS
(@Mae clalois! pdais Jole wilo 95) " apuslSG pigginel
S Sesl Sy o pl 3k oo Uil g e
o> sba JoSjy plesl gl 45) (ugpginliw (eon
2 dpbien (Cesl Y i iy L b ras ladasly
sbe (929 9 038 iBgie GABA g (pean 5 (jlula et
eld 5 polsl (Sl ypen ol Jols o g p0i Yoo (>
4 Gl Wad g3 & bygulowl pl 2 V] aEb o SHae
5 Laome o lotd  Siwsd juld s> Slodo cago Llg5 o
VO el S 5 S 0l 05 T 9 ¥l 0 (S
Oig b pite dln (b S Cpgo & g 258 00 (B350 (S3L kS
9 b ol din (b 00,5 oo s (llaglS V0 JoSle
5 Hn asdad 93 Jol) (s 03255 9 (L) S 0285 (i
oedlbe LS 0+ 25 55 L He Lisw o8 [¥-V] wil . (He
995 o 4 GeS 9 (pl 0digd Juate 5 Sfgigen] Cuond
aS o el gkt ade STy 5l ooliel VA0 ans el
3 o ool gls a5 pws (ST [A] 3 aeldl 15 9SG
St San (] WS e il ST, agzlse plSn
el g ol e pyus 5T 5l eolital Sl g S5 ol b (agiias
ol g5 el ST A8 o iz gd 13 W )95 oS 0 ]
256 alicdipas orizan o (JUb b oal 387 L) pye (]
oas oslitl 5 aguSs (b (siadl) SIS oole 2l 5
51 eolanw] wlatwilys oy | (6 5baw (Siba aSIl pd .l
3y5 4 parie S Sy bl) S 9 (nl S Sy sbaslyn;
WAodes 3 adlbe opl ol Gisa [V o] sl op3Sols o
Criold ySlie b S $9ls He cuond (adss 9 (gjlolis
9 I35 ke S 5g STy i xS plyie 4 SSgied]
JUs LS ool sl Al can oS 59 outig ol ) ool

il e o ade

L g 9 o190
Job> PET282 ;555 5l cadlllas 3)90 S 558 (90 ol sl
E.coli BI21- Ljwe » puuS5els He o) o o3


http://dx.doi.org/10.30505/3.2.101
http://jpmed.ir/article-1-89-en.html

[ Downloaded from jpmed.ir on 2025-07-28 ]

[ DOI: 10.30505/3.2.101 ]

oS ks JUol b ookl

ot Cb dloxe

———» Yoo kDa
> V0 kDa

—»\oo kDa

——— do kDa

St kDa

SDS-PAGE J) 89y 6 yaudss d5l’g"] )2 Y ‘ '&w
(7 g - aBign S )le (¥ gt 00 (adss (ool 3l () gt
YME 56 cov oais aulss ool 2]

ol o5 T ol ade @bl g 51y (VU 5 el
DD (o

Oli=e 35 )b 2 5l e 0dd pasude V IS5 )3 oS b len
P &S sloSa cwl asl iliél s ybge b 5 g3b 3l Wlg
MNeoe 5l ioml Soed) 13 S s orege 3l ol Gl
035y Y0 de 3l 5YL oKiwd bawgs saicdl )8 (OD) s e
claise p iyl oad (adss 18G ook 3l ooy @l ol
ol (¥ JS3) SDS-PAGE Jj 59 » G (g b o (501
ool 2l JUglS” Ly (o2 5T hadss g il K59, 220
dslxe ) /UL sl (a5 ool g5l clale 5)583ly g,
A8

oiclefl () mg/ml) o clle e g o2k ] palss )
A ol 58 wguSe adde (ool ol ) eslizl L 13l
aily ol (oob 5l 295 o oanlin ¥ S 45 45 4565 o
A5 lols o |y SIS WauSs cul

VeF=Ve) Obrio =Y ojlais = Yoy0 — VWAV Ll

plosl 25 ot9y b G gtes jl edlital b (o2 3l a5 e
s mMy. -Tris slaJslxo 5 i Lo O b g Tl s
(] oo 0 Cug ) oy aw ppH =ALmM V- Tris
o Y g A jaee et 1,80 B ad soly o3l g dtud
oo g 03958l pyw 4 pH=ALTris IM Jolxo
Db 69l ger g (29 9 205 Jile (g 4 (SS9
VemM 5 Tris Ve MM (glaJobo j) il Lo B b st
g diwd (yd e 0 oy yn) Cog aw ppH = AL Tris
e O L pgts dm dl> p0 3 035 (Spslaen (igte (295
0 Cogym) oy dw PH=Y L Voo MM (o ME Jole
S (e VO laoss 3 (gt (295 9wt (5 e
s ) 03B yglaen sladiges Coltg)d Ab (5yglaer
5 obol a5 §) L w05 U SDS-PAGE | wdale
e5y Uy ¥ mg/ml cdsle b ool ol 5l o] cble s
u_,l_wL.w U.’Uy u.,l.)))‘ d]).s 5 ool ‘)Jl d‘).: (.J] )I 9 A
)‘I)’_f J.J9~59.s 5l eoss ol dl.mdal.guﬁi bwg )'l)’f wa
0,5 oalatwl (65ly (gjlwp yw Ao 5l oddbdns S8gd puST)
5 eolital 3,50 5l Gig) 5 (13 sl plieds AdguS 55 diges
O

sy

P 2 S50 @3l pliee homi Ca I3l GESTy b
o1 A oS g g 5l pyS9,Se ) Sl ealil L) Lo sbge
JSS ol sl o ooy Gl Y JSS 0 (Sals a0
odsl 3 Jeols prs gladiges )3 ookl oo gl
Oae9d Jl ol prw g (pod 32055 5l o i SO) 35 005>
Omoge Sl Jol pp g (pow 0P 5 o i ) 35 09>

09,5 pyw e g (p)lhe )5 5 o atie Q) S 9>
ol LS g VXY e BV eee 5y Sl bl

‘ W Aol S5 B e S5 3 B O JrS

0D r44nm

Ve VY- 10 Vid-ee VAP VTYae

P BT 235 JU e

OS5 b el o ge 53 0adades (ool 5l s oy 1) SIS
S g

V¥



http://dx.doi.org/10.30505/3.2.101
http://jpmed.ir/article-1-89-en.html

[ Downloaded from jpmed.ir on 2025-07-28 ]

[ DOI: 10.30505/3.2.101 ]

Journal of Police Medicine

o)Kan 5 5Vl

Summer 2014; Vol. 3, No. 2: 101-106

L Ofign padlss (il &5 il oo Bun (3890 4 (Sditd
2 djle oo malp (BB Gloj Gdo 3 ] iS5 Jee B,
Ad Mg a8 B ool 5 YU jlude b S S5 (B9 cules
(8,558 bl 2590 Ll b9y 4 oS g g (Sl
i e oobsl j sl od S pasie b 3 oS jghailen
xS e g dad o Ui yel Cpl aS 03e YL s > 0l
i bgrye sl gl 15l e caslio 5gg0n] S o3lital 390
g slacool (1 & cal s ] 1 S S5 A35uS'5
Fo 1 b JolS S5 il oo Jlail a0y 05 adde 0
aobie @l (85 i b gd Juate ol 4 g 038 (olulid
0] poidgs: porct il o (Jlail sl o 5 oslatsl & Ly e
Alpin astlae 3)90 oS g (g & 292 el (g oo
s oy sl gl bl 2 led 28 |y U5 S g 2,Skes
o Sl bl 28 (S5 o (Jlail a5y g5 ey oo

LS o e S 59 puSly plgie 4 ol ) eslazal bl

el gl oS (g p bl (858 iz (2Ll L

Sladlas )5 a8 a3l S5 0eSgn b OgmliansTy 5l (30

A dalgs s gday
&b

1. Hassel B. Tetanus: pathophysiology, treatment, and
the possibility of using botulinum toxin against teta-
nus-induced rigidity and spasms. Toxins 2013; 5: 73
-83.

2. Toivonen JM, Olivan S, Osta R. Tetanus toxin C-
fragment: the courier and the cure? Toxins 2010; 2:
2622-44.

3. Farrar JJ, Yen LM, Cook T, Fairweather N, Binh N,
Parry J, et al. Tetanus. J Neurol Neurosurg Psychia-
try 2000; 69: 292-301.

4. Matsuda M. Tetanus toxin functional fragment anti-
gen and tetanus vaccine. Google Patents 2002.

5. Calvo AC, Olivan S, Manzano R, Zaragoza P,
Aguilera J, Osta R. Fragment C of tetanus toxin:
new insights into its neuronal signaling pathway. Int
J Mol Sci 2012; 13: 6883-901.

6. Yu YZ, Gong ZW, Ma Y, Zhang SM, Zhu HQ,
Wang WB, et al. Co-expression of tetanus toxin
fragment C in Escherichia coli with thioredoxin and
its evaluation as an effective subunit vaccine candi-
date. Vaccine 2011; 29: 5978-85.

7. Demain AL, Fang A. Method for production of teta-
nus toxin using media substantially free of animal
products. Google Patents 2003.

8. Danilova E, Shiryayev A, Kristoffersen EK, Sjursen

OD¥faanm

Ved

e BURS

Te 4

| “lLL

pSpliTom o Sylitoss o Slider o Sl Tho o Sl TR o 55 £

03 A by Ju

15 A59uS 55 L o adbs (ool il STy gy Y JSWO

(5 35 ol g Sy
I sely 2j b (pise Cbl adlbe ool gla Shy cn e |
b8 Oldllas uls 1 oolaol Lo YU dioansd u:ﬂ b opanS's oyl
0,80 )3 oo i ST e Jhasl anly 5 a8 e e ol
0L Ules o Jud Cped 4y 5 080 o LS 365 I pS'sS
a c[\Y 9 \Y,] JqulJ umf‘ﬁ U‘?”;d" UT )‘ ool le).) LS'J?
e 43ly i onl (Sgp QB adlae ol 3 S e
S0 IS eSS ade chge ol 8l a5 g plae 4 G
Ol (Sslaygiilon (sloow)p ls .85 )18 odlitul § 42y
S oSy 4nl > 2og gl (s (eSen cnl & 0D
ol Jlasl o s | i ol ol sl 28 !
DF] asyh a8 id cBan gla Jolu (o (slaok S
b e ol g g me Jlail aoly 5 i
Ellls ool ol 52 VY 5 VF] )b S5 by oVl (cpulsinel
SoS Coly pudgin oo JLail 2y 205 (59, 2 02dplx]
b il G5 e iz gla iy 3)Slas 0 5 o3Lj
=) )] u-’L“’u**-”'-’ )l odliiwl uoy.a:- 2 u.l.ﬁ Oladlleo C.sl.u )is.)
S sS Gy Clalad & ol LS a5 e Jlail 2l
odse b bl IS ojlilay ¢ sl sy o5 5l end sl
5 oolitl (sls 4 pols adllas ;5 130 [10] 555 1, oo 3,Skae
Gl e & G e il sl 5 S s
9 My Sy Oyge 4 Jlail oy 5 IS (2liel i
s S 595 oy Mg Sl 08,5 )15 edlatal 50
YL e 155 g gl 4 gyt 86l &S PET )55 Sl
odlawl V7] 25l oo @al3 (JgSlua il (bjae 3 1) 90
LS b (g 02958 ot wree SRy Sl 8


http://dx.doi.org/10.30505/3.2.101
http://jpmed.ir/article-1-89-en.html

[ Downloaded from jpmed.ir on 2025-07-28 ]

[ DOI: 10.30505/3.2.101 ]

oS ks JUol b ookl

H. Attenuated immune response to tetanus toxoid in
young healthy men protected against tetanus. Vac-
cine 2005; 23: 4980-3.

9. Control CfD, Prevention. Epidemiology and preven-
tion of vaccine-preventable diseases. Atkinson W,
Wolfe S, Hamborsky J, Mclntyre L, eds 2007; 11.

10.Streatfield SJ, Jilka JM, Hood EE, Turner DD, Bai-
ley MR, Mayor JM, et al. Plant-based vaccines:
unique advantages. Vaccine 2001; 19: 2742-8.

11.Bollag DM, Rozycki MD, Stuart J. Protein methods.
2" ed. Jhon Wiley and Sons Publications 1996.

12.Turton K, Chaddock JA, Acharya KR. Botulinum
and tetanus neurotoxins: structure, function and
therapeutic utility. Trends Biochem Sci 2002; 27:
552-8.

13.Aref Pour MA, Nazarin Sh, Olad GhR, Rezaie E,
Salimian J. Expression and purification of recombi-

ot Cb dloxe

VeF=Ve) Obrio =Y ojlais = Yoy0 — VWAV Ll

nant heavy chain (Hc) of Tetanus toxin in prokary-
otic expression system. J Shahrekord Univ Med Sci
2014; 16: 106-13. (Persian)

14.Montecucco C, Schiavo G. Structure and function
of tetanus and botulinum neurotoxins. Q Rev Bio-
phys 1995; 28: 423-72.

15.Mousavi Gargari SL, Rasooli I, Valipour E, Basiri
M, Nazarian Sh, Amani j, et al. Immunogenic and
protective potentials of recombinant receptor bind-
ing domain and a C-terminal fragment of Clostridi-
um botulinum neurotoxin type E. Ir J Biotechnol
(1JB) 2011; 9: 181-7.

16.Khalesi R, Nazarian Sh, Amani J, Ehsaei Z,
Mansouri M, Moazeni SM. Cloning and expression
of enterotoxigenic Escherichia coli heat Labile Tox-
in B subunit (LTB) as a vaccine candidate. Kowsar
Med J 2009; 14: 95-100. (Persian)



http://dx.doi.org/10.30505/3.2.101
http://jpmed.ir/article-1-89-en.html
http://www.tcpdf.org

