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Abstract

W*?50(,+5R%Despite using the Bacille Calmette Guerin (BCG) vaccine, tuberculosis (TB) 
 !"!# $$"%"&'($)& )*") !*%!*"#+%#", $$!"-./"0 $$ '1"2*'2$*"*%3+"4*%(5"6*7*$'2 18"%"1*&"%1)"
more effective vaccine is one way to possibly reduce the morbidity and mortality of TB. 
9+*":#;<-="7%33 1*"  !"'1*"'>" #+*"  02'(#%1#"!?;?1 #"7%33 1*!"%22$ *)"  1"+?0%1"3$ 1 3%$"
#( %$!5"@1"#+ !"!#?)4A"&*"+%7*"3'1!#(?3#*)"%1"*B2(*!! '1"7*3#'("#+%#"3'1#% 1!"#+*":#;<-="
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protein expression.
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Introduction

 !!"#$%&'( )"( )*+( ,"#-$( .+/-)*( 0#'/&%1/)%"&(
2,.034(/5"6)(7(8%--%"&(9+"9-+(/#+(/::+!)+$(5;(9#"-
'#+<<%=+()65+#!6-"<%<(2>?3(+/!*(;+/#@( <(Mycobacte-
rium tuberculosis (M. tuberculosis) can induce active 
disease in 10% of infected individuals, it is estimated 
)*/)("&+A)*%#$(":()*+(B"#-$C<(9"96-/)%"&(%<(%&:+!)+$(2D3@(
>*+( <9#+/$%&'( ":( 86-)%A$#6'( #+<%<)/&!+( 2EFG3(M. 
tuberculosis(/-<"(8/H+<(%)(/(<+#%"6<()*#+/)(:"#(B"#-$(
*+/-)*(2I3@(F+=+-"98+&)(":(/&(+::+!)%=+(=/!!%&+(/'/%&<)(

>?(%<()*+("&-;(*"9+:6-(B/;()"(!"&)#"-()*%<()*#+/)+&%&'(
$%<+/<+@(>*+(?/!%--+(J/-8+))+(K6+#%&(2?JK3((=/!!%&+(
*/<(5++&(B%$+-;(6<+$()"(9#+=+&)(>?(<%&!+()*+(D7LMN<@(
O"B/$/;<4(<)6$%+<(*/=+(<*"B&()*/)()*+(?JK(=/!!%&+(
is useful for the prevention of meningitis in in neo-
&/)+<4(!*%-$#+&(/&$(8%-%)/#;(>?4(56)(%)(%<(&")(+::+!-
)%=+(:"#(96-8"&/#;(>?(%&(/$6-)<@(P&(/$$%)%"&4()*+(?JK(
vaccine is not protective against established latent 
%&:+!)%"&<(2Q3@(R+=+#/-(<)6$%+<(*/=+(<*"B&()*/)()*+(
?JK(=/!!%&+(%<(&")(9#"9+#(:"#(6<+(%&(*68/&(%8-
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H'1!#(?3# '1"'>"%"U*3#'("H'1#% 1 18":#;/-H"

86&"$+S!%+&!;( =%#6<( 2.PT3A%&:+!)+$( %&$%=%$6/-<(
or for administration as a booster vaccine in adults. 
The vaccine is also not effective in tropical regions 
2U4(L3@(>*+#+:"#+(/&(%&=+<)%'/)%"&("&(&+B(=/!!%&+<(
has continued in order to develop an effective and 
safe vaccine, especially for immunocompromised 
individuals. New vaccines should generate cell-
mediated immunity responses, including Th1, T 
JFVW4( /&$(JFD( #+<)#%!)+$(XY(>A!+--<@( PZO[(9#"-
duction by T-cells is another important aspect in 
$+<%'&%&'(/(&+B(=/!!%&+(2\3@(R+=+#/-(<)6$%+<(*/=+(
tried to locate new immunogenic antigens of M. 
tuberculosis which can be used for the construc-
tion of new effective vaccines that would be safe 
in vaccinated subjects. About 200 vaccines have 
5++&($+=+-"9+$(/'/%&<)(>?](*"B+=+#("&-;( +%'*)4(
%&!-6$%&'(E>?^IZ4(B+#+( +::+!)%=+( %&( )*+( /&%8/-(
8"$+-(2\4(^3@(E>?^IZ4(/(:6<%"&(9#")+%&(=/!!%&+4(
B/<(!"&<)#6!)+$(5;( -%&H%&'( )*+(E)5QI( 2GTMDIL3(
/&$( E)5Q7( 2GTD77\3( '+&+<( ":(M. tuberculosis 
2.Q^G=(<)#/%&3(2V3@(E)5QI4(/(<+#%&+(9#")+/<+(9#"-
)+%&4(B/<($%<!"=+#+$(5;()*+(!6-)6#+(S-)#/)+(9#")+%&(
)+!*&%_6+@(P&(=%)#"4()*%<(9#")+%&(*/<(5++&(<*"B&()"(
%&$6!+(>A!+--(9#"-%:+#/)%"&(/&$(PZO[(9#"$6!)%"&(%&(
9+#%9*+#/-( 5-""$(8"&"&6!-+/#( !+--<( %&( /( 96#%S+$(
9#")+%&($+#%=/)%=+(2``F3(<H%&()+<)A9"<%)%=+(*+/-)*;(
%&$%=%$6/-( 273@(E)5Q7 ( %<( /(8+85+#( ":( )*+( ``a(
family in M. tuberculosis, which causes T-cell 
9#"-%:+#/)%"&( /&$( PZO[( 9#"$6!)%"&( %&( =/!!%&/)+$(
subjects. The induction of maximum responses in 
very low concentrations of protein (10 ng/ml) is an 
%89"#)/&)(/<9+!)(":()*+(E)5Q7 (9#")+%&@

`#+=%"6<(<)6$%+<(*/=+(<*"B&()*/)(E)5^IZ(%<(/5-+(
)"(%&$6!+(8"#+(+:S!%+&)(%886&+(#+<9"&<+<(%&(=/!-
!%&/)+$(/&%8/-<()*/&(+%)*+#(E)5QI("#(E)5Q7(/-"&+(
(10). The vaccine is presently under phase II of hu-
man clinical trials (11). Other studies have shown 
)*/)(/$8%&%<)#/)%"&(":(E)5^IZ(/<(/(5""<)+#(=/!!%&+(
/:)+#()*+(?JK(=/!!%&+(9#")+!)<($%::+#+&)(/&%8/-<4(
<6!*( /<( '6%&+/( 9%'<( /&$( !;&"8"-'6<( 8"&H+;<4(
against M. tuberculosis. The vaccine has also been 
$+)+#8%&+$( )"(5+( </:+( %&( )*+(8"&H+;(8"$+-( 2DI4(
DQ3@(R%8%-/#()"(?JK4()*+(E)5^IZ(=/!!%&+(!/&(9#"-
)+!)(=/!!%&/)+$(#/55%)<(/'/%&<)(>?(8+&%&'%)%<(2DU3@(
>*+(/%8(":()*%<(<)6$;(%<()*+(!"&<)#6!)%"&(":()*+(E)-
5^IZ(+b9#+<<%"&(=+!)"#(5;( :6<%&'( )*+(E)5Q7(5+-
)B++&()*+(JA(/&$(OA()+#8%&/-(":()*+(E)5QI('+&+(":(
M. tuberculosis. The desired vector could be used 
:"#(9#+9/#/)%"&(":()*+(E)5^IZ(9#")+%&(/<(/(9")+&)(
protein vaccine.

Materials and Methods

Cloning of Mtb32N into pET21b/Mtb32C 

>*+(9a>ID5cE)5QIJ(=+!)"#(B/<(!"&<)#6!)+$(/<(
9#+=%"6<-;( $+<!#%5+$( 2DL3@( P&( )*%<( <)6$;4( )*+( E)-
5QIO(:#/'8+&)(/&$()*+(E)5Q7('+&+(B+#+(%&<+#)+$(
%&)"()*+(9#+=%"6<(!"&<)#6!)@(K%=+&()*+(<+_6+&!+(":(
)*+( E)5QIO( :#/'8+&)( 2.Q^G=( <)#/%&4( K+&?/&Hd(
?eVUIL^I@D3(/&$(E)5Q7('+&+(2.Q^G=(<)#/%&4(K+&-
?/&Hd(?eVUIL^L@D3(":(M. tuberculosis, the two pairs 
":(̀ JG(9#%8+#<(B+#+($+<%'&+$()"(/89-%:;()*+($+<%#+$(
)/#'+)(#+'%"&<@(Z"#(+=/-6/)%&'()*+(<9+!%S!%);(":()*+(
designed primers, we tested the primers on different 
#+'%<)+#+$(<+_6+&!+<( %&(K+&?/&H(6<%&'( )*+(OJ?P(
?-/<)(G+<"6#!+@(R%&!+()*+(:6--(-+&')*<(":()*+('+&+<(
were needed, designing the primers from various 
-"!/)%"&<(B/<(&")(9"<<%5-+(/&$()*+(`JG(<+)(69(B/<(
"&-;(9+#:"#8+$(5;(!*/&'%&'()*+(`JG(9#"'#/8(/&$(
mixture to obtain the desired fragments. In addition, 
)*+(/89-%S+$(:#/'8+&)<(B+#+(!-"&+$(/&$(<+_6+&!+$(
:"#( !"&S#8/)%"&( ":( )*+( %&<+#)%"&( ":( $+<%#+$( :#/'-
ments in correct locations and suitable orientations. 
Z%#<)4()*+(E)5QIO(:#/'8+&)(B/<(/89-%S+$(5;(`JG(
:#"8()*+('+&"8%!(FO (":( (M. tuberculosis using 
)*+(<9+!%S!(9#%8+#<d(LfAJ>  >JGAATTCGCCC-
JKJJKKJJ>>K>JKJ KK JAQf( /<( /( :"#B/#$(
9#%8+#( /&$( LfA>  >JAAGCTTCTATCAgtgatg-
')'/)'')'/)'KK JKJKKJJK>K>AQf(/<(/(#+=+#<+(
9#%8+#( 2.Q^G=( <)#/%&4( K+&?/&Hd( ?eVUIL^I@D3@(
The underlined letters represent the EcoRI restric-
)%"&(+&1;8+(<%)+("&()*+(:"#B/#$(9#%8+#(/&$()*+(Hin-
dPPP( #+<)#%!)%"&(+&1;8+(<%)+("&( )*+( #+=+#<+(9#%8+#@(
Italic and bold letters represent two stop codons on 
)*+(#+=+#<+(9#%8+#4(B*%!*(/#+(:"--"B+$(5;(DV(<8/--(
-+))+#<()*/)(+&!"$+(:"#(\(*%<)%$%&+(/8%&"(/!%$<@(>*+(
`JG(8%b)6#+(!"&<%<)+$(":(M@Q(g-(":(DM(98"-(9#%8+#<4(
M@Q(g-($O> (̀2J%&&/K+&4(P#/&34(I@L(6&%) Pfu(+&1;8+(
2Z+#8+&)/<4(h"#+/34(D@L(g-(Pfu(56::+#(B%)*(E'R0

U
, 

/&$(D(g-(FO (2DLM(&'cg-3( :"#( /( )")/-(="-68+(":(
DL(g-@

>*+(E)5QIO( '+&+( B/<( /89-%S+$( 5;( )"6!*$"B&(
`CR using the following program: initial denaturation 
/)(7LiJ(:"#(DM(8%&6)+<4(IL(!;!-+<()*/)(2)*+()+89+#/)6#+(
B/<($+!#+/<+$(M@LiJ(%&(+/!*(!;!-+34(/&$(I(8%&6)+<(/)(
^IiJ](:"--"B+$(5;(DI(!;!-+<(B%)*(D(8%&6)+(/)(7LiJ4(
LM(<+!"&$<(/)(L7@LiJ4(/&$(I(8%&6)+<(/)(̂ IiJ@(>*+(S&/-(
+b)+&<%"&(B/<(9+#:"#8+$(/)(^IiJ(:"#(DM(8%&6)+<@

>*+(`JG(9#"$6!)(":()*+(/89-%S+$(E)5QIO(:#/'-
8+&)( 2/5"6)( DLM(g-3(B/<( 6<+$( %&( /&( /'/#"<+( '+-(
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Nabavinia et al.

+-+!)#"9*"#+<%<(:"#(:6)6#+(96#%S!/)%"&@(>*+(<9+!%S!(
band was extracted from the agarose gel using a 
!"88+#!%/-( H%)( 2?%"&++#4( h"#+/3( /!!"#$%&'( )*+(
8/&6:/!)6#+#C<(#+!"88+&$/)%"&<4(/&$()*+&($%'+<)-
ed by EcoRI and HindPPP(#+<)#%!)%"&(+&1;8+<(2D\3@(
>*+(=+!)"#4(9a>ID5jE)5QIJ4(B/<(96#%S+$(6<%&'(/(
8%&%(9#+9(H%)(5/<+$("&()*+(8/&6:/!)6#+#C<(%&<)#6!-
tions (Fermentas Company), digested by EcoRI 
and HindPPP(#+<)#%!)%"&(+&1;8+<4(/&$(96#%S+$(:#"8(
/&(/'/#"<+('+-(/<($+<!#%5+$(/5"=+@(>*+(FO (T4 
ligase(+&1;8+(B/<(6<+$()"(%&<+#)()*+($%'+<)+$(/&$(
96#%S+$(E)5QIO(:#/'8+&)( %&)"( )*+($%'+<)+$(=+!-
)"#@(>*+(-%'/)%"&(8%b)6#+(!"&<%<)+$(":(D(g-(E)5QIO(
:#/'8+&)( 2\M( &'cg-34( Q( g-( 9a>ID5cE)5QIO( 2\M(
ng/µl), 2 unit T4 DNA ligase(+&1;8+(2Z+#8+&)/<(
Company), 2 µl T4 DNA ligase( 56::+#4( /&$( \(g-(
":(FO/<+A:#++(B/)+#(:"#(/( )")/-(="-68+(":(IM(g-@(
The prepared mixture was incubated overnight at 
IIiJ@(J"89+)+&)(E. coli(F.LX(B/<(9#+9/#+$(6<-
%&'(LM(8E(!"-$(J/J-

2
 (17) and transformation of 

the competent bacteria was done using the heat 
<*"!H( 8+)*"$( 27M( <+!"&$<( /)( UIiJ3( 2D\3@( >*+(
)#/&<:"#8+$( 5/!)+#%/( B+#+( !6-)6#+$( "&( k?( /'/#(
that contained 100 µg/ml ampicillin and incubated 
/)(Q^iJ(:"#(/5"6)(D\(*"6#<(2DV3@(>*+(9#+<+&!+(":(
)*+(E)5QIO(B/<(!"&S#8+$(5;(!"-"&;A`JG(6<%&'(
<9+!%S!(9#%8+#<(/&$(#+<)#%!)%"&(+&1;8+(/&/-;<%<@

Cloning of Mtb39 into pET21b/Mtb32C/Mtb32N 
for the construction of Mtb72F

`JG( B/<( 9+#:"#8+$( :"#( )*+( /89-%S!/)%"&(
":( E)5Q7( :#"8( '+&"8%!( FO ( ":( )*+( 5/!)+#%/(
2.Q^G=( <)#/%&4( K+&?/&Hd( ?eVUIL^L@D3@( >B"(
<9+!%S!( 9#%8+#<4( LfAJ>  >JGGATTCATG-
K>KK >>>JKKKKJK>> AQf( /<( /( :"#B/#$(
9#%8+#( /&$( LfAJ>  >JGAATTCGCCGGCT-
KJJKK K  >KJKKAQf( /<( /( #+=+#<+( 9#%8+#(
B+#+(6<+$(:"#(`JG(/89-%S!/)%"&(26&$+#-%&+$(-+)-
ters in the forward primer show the Bam.P( +&-
1;8+( #+<)#%!)%"&( <%)+( /&$( %&( )*+( #+=+#<+( 9#%8+#(
show the EcoGP(+&1;8+(#+<)#%!)%"&(<%)+3@(>*+(`JG(
mixture was prepared as described above and the 
`JG(9#"'#/8(!"&<%<)+$(":()*#++(<)+9<d()*+(S#<)(<)+9(
!"&<%<)+$(":($+&/)6#/)%"&(/)(7LiJ(:"#(DM(8%&6)+<](
)*+(<+!"&$(<)+9(!"&<%<)+$(":(QL(!;!-+<(/)(7LlJ(:"#(
D(8%&6)+4(LUlJ(:"#(D(8%&6)+(/&$(^IlJ(:"#(I@L(8%&-
6)+<](/&$()*+()*%#$(<)+9(B/<()*+(S&/-(+b)+&<%"&(/)(
^IlJ(:"#(DM(8%&6)+<@( 89-%S+$(:#/'8+&)<(/&$()*+(
vector were digested using Bam.P(/&$(EcoRI re-
<)#%!)%"&(+&1;8+<(/&$(96#%S+$(/<($+<!#%5+$(/5"=+@(

The ligation step and transformation of the competent 
5/!)+#%/(B+#+(<%8%-/#()"(E)5QIO4(/<($+<!#%5+$(/5"=+@(
>*+(S&/-(#+!"85%&/&)(=+!)"#4(E)5^IZ4(B/<(!"&S#8+$(
5;(!"-"&;A`JG4(#+<)#%!)%"&(+&1;8+(/&/-;<%<4(/&$(<+-
_6+&!%&'(2E%--%'+&+(J"89/&;4(Z#/&!+3(2D\3@

Sodium dodecyl sulfate-polyacryl amide gel elec-
trophoresis (SDS-PAGE) and Western blot

For protein expression, E. coli( ?kID5(B/<( !6--
tured in 2*YT medium and the competent cells were 
prepared using cold CaCl

2
 as described in previous 

<+!)%"&<@( >*+(E)5^IZ( =+!)"#( B/<( 9#"9/'/)+$( /&$(
96#%S+$( :#"8(E. coli( F.LX( /&$( )*+&( )#/&<:"#8+$(
into competent E. coli(?kID5(6<%&'()*+(*+/)(<*"!H(
method. The transformed bacteria were cultured in 
Imn>(8+$%68()*/)(!"&)/%&+$(LM(g'c8-(/89%!%--%&@(
Z"#( 9#")+%&( +b9#+<<%"&4( I( gE( %<"9#"9;-AYAFA)*%"A
'/-/!)"<%$+(2P`>K3(B/<(6<+$(:"#(5/!)+#%/(%&$6!)%"&(
20Fd(M@L(/)(\MM(&83@(Z"6#(*"6#<(/:)+#(%&$6!)%"&4()*+(
bacteria were mixed with electrophoresis sample 
56::+#<(/&$(6)%-%1+$(%&(RFRA` Ka(/&$(,+<)+#&(5-")(
using a monoclonal antibody (mouse anti-histidine 
>/']( 5F(R+#")+!4(oh3(2D\3@

Results

 <($+<!#%5+$(%&()*+(9#+=%"6<(<+!)%"&4(E)5QIJ4(
E)5Q74(/&$(E)5QIO(B+#+(/89-%S+$(5;(`JG(6<-
%&'( <9+!%S!( 9#%8+#<@( >*+( `JG( /89-%S+$( :#/'-
8+&)<( <*"B+$( )*+( +b9+!)+$( <%1+( ":( \QI( 59( :"#(
)*+(E)5QIO(:#/'8+&)(/&$(DD7^(59(:"#()*+(E)5Q7(
fragment (Fig 1).

 !"#$%#&'(#)*+,-./0# +1# /23# 45)6!73,# 1*4"538/09#:/;<=>#
fragment 632bp (A), Mtb39 fragment 1197bp (B), and 100 
bp DNA size marker (M).

A B
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 !"#$%&'$(!")!*)+),-'$!%) !"$+("(".)/$012 )

 !"!#$%& '()*+(,-./!.0-1(2!(3!#4.0(25-(3!.-
rectness of the cloning process and the existence 
!/(25-(1-+6.-1(/.*70-#2+(6#(!8.(3!#+2.8329(&!+626:-(
3!"!#6-+()-.-( +-"-32-1;(,.!,*7*2-1;(,8.64-1;(*#1(
8+-1( /!.( .-+2.6326!#( -#<$0-( *#*"$+6+9( =-:-.*"( .--
+2.6326!#(-#<$0-+()-.-(8+-1(/!.(167-+26!#9('-+2.63-
26!#(-#<$0-(*#*"$+6+(!/(25-(4#*"(3!#+2.832(+5!)-1(
*( >?@@( A,( /.*70-#2( 25*2( 8+-1( NdeI and EcoRI 
-#<$0-+()5635(3!..-+,!#1-1(2!(25-(B2ACD (*#1(
B2ACE( /8+-1( /.*70-#2+;( *( >D@@( A,( /.*70-#2( !/(
B2ACE(25*2(8+-1(BamFG(*#1(Eco'G(-#<$0-+;(*#1(
*(DD@@(A,(/.*70-#2(25*2(3!#+6+2-1(!/(25-(4#*"(/8-
+6!#( 3!#+2.832( )5635( 6#3"81-1( B2ACD ;( B2ACE;(
*#1(B2ACDH(/.*70-#2+(25*2(8+-1 NdeI and HindIII 
-#<$0-+(IJ67(DK9

 !"#$%#&'()*!+)!,-#'-./0'#1-12/(!(#,3#)4'#5-12#+,-()*6+)#6(-
ing different enzymes: Lane A (arrow): double digestion us-
ing NdeI and EcoRI enzymes (1600 bp fragment consisted 
of Mtb32C and Mtb39); Lane B (arrow): double digestion 
using BamHI and EcoRI enzymes (1200 bp fragment of 
Mtb39); Lane C (arrow): double digestion using NdeI and 
HindIII enzymes (2200 bp fragment consisted of Mtb32C, 
Mtb39, and Mtb32N).

The final construct was confirmed by se-
L8-#36#7;( *#1( 62+( .-+8"2+( 3!0,*.-1( 2!( !25-.(
7-#-+(*".-*1$(6#(M-#N*#O(I8+6#7(H NG(H83"--
!261-(NPQ=RK9(R5-(+-L8-#36#7(.-+8"2+(+5!)-1(
that mutations or deletions did not occur during 
gene amplification or cloning. In addition, the 
+-L8-#36#7(!/(3"!#-1(/.*70-#2+(+5!)-1(SEET(
identity and a 0% gap compared to the regis-
2-.-1(B2ACD( *#1(B2ACE(7-#-( +-L8-#3-( !/( 25-(
M. tuberculosis FCU':(+2.*6#9

Q33!.16#7(2!(V-+2-.#(A"!2;(25-.-()-.-(2)!(,.!-
2-6#(A*#1+(I*A!82(CW(*#1(UD(XY*K(6#()5635(25-(CW(
XY*(/.*70-#2(+5!)-1(1-7.*1*26!#(!/(25-(.-3!0-
A6#*#2(,.!2-6#(*/2-.(62+(6#18326!#(IJ67(CK9

 

 !"# 7%#8'()'*-# 92,)# *'(62)(# ),# +,-5*0# :*,)'!-# ';:*'((!,-<#
Lanes 1 and 2:  E. coli BL21 containing an empty pET21 
vector. Lanes 3 and 4: E. coli BL21 consisting of the Mt-
b72F protein.

Discussion

N M( 6+( *( "6:-( *22-#8*2-1( 0$3!A*32-.6*"( +2.*6#(
that has been used as a preventive vaccine since 
>ED>(I>>K9(Q"25!875(25-(N M(:*336#-( 6+( 6#()61-(
use worldwide, its protection is not complete and 
"!#7("*+26#7Z(258+(RN(.-0*6#+(*(,8A"63(5-*"25(,.!A-
"-0()625( *A!82( D[C(06""6!#( 1-*25+( ,-.( $-*.( I>C;(
19). Therefore, the development of a new effective 
:*336#-( *7*6#+2(RN( 6+( *#( 60,!.2*#2( *60( /!.( 3!#-
trolling this contagious infection. In this regard, 
several strategies and/or new vaccines, such as re-
,-*2(6008#6<*26!#+()625(N M;(.-3!0A6#*#2(N M(
:*336#-;(YHQ(:*336#-+;(+8A8#62(:*336#-+;(*#1(/8-
sion protein-based vaccines have been developed. 
These vaccines have been designed to replace the 
N M(:*336#-(!.(2!(60,.!:-(25-(6008#-(.-+,!#+-(
i#( 6#16:618*"+( ,.-:6!8+"$( :*336#*2-1( )625( N M9(
F!)-:-.;(!#"$(*(/-)(5*:-(+5!)#(+!0-(+833-++(6#(
25-(4.+2(,5*+-(!/(3"6#63*"(2-+26#7(IU;(>C;(D@;(D>K9

R5-( B2AUDJ( +8A8#62( :*336#-( 6+( 25-( !#"$( RN(
vaccine candidate that has been effective in four 
*#60*"(0!1-"+( I>C;(DD;(DCK9( G#(*11626!#;( 62( 6+( 25-(
4.+2(RN(.-3!0A6#*#2(:*336#-(38..-#2"$(6#(*(,5*+-(
G(580*#(3"6#63*"(2.6*"(I\K9(R5-.-/!.-(*11626!#*"(6#-
vestigation is necessary to determine its safety and 
-/43*3$(*0!#7(16//-.-#2(,!,8"*26!#+9

RN(6+(*(0*]!.(5-*"25(,.!A"-0(6#(25-()!."1;(-+,--
cially in developing countries. The reported inci-
dence rate in Iran has varied in different provinces, 
)625( 25-( 5675-+2( .*2-( 6#(=6+2*#( *#1(N*"!!35-+2*#(
I^C9\C_>@@@@@K( ID^K9(V625( 25-( 6#3.-*+6#7( ,.-:*-
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"-#3-(!/(RN(6#(G.*#;(25-.-(6+(*(#--1(2!(1-:-"!,(#-)(
vaccines in order to enhance immune responses 
6#(N M(:*336#*2-1(6#16:618*"+(*#1(2!(,.-:-#2(25-(
6#3.-*+6#7(6#361-#3-(*#1(,.-:*"-#3-(.*2-+(!/(RN9

V625( 256+(7!*";( 25-(3!#+2.8326!#(!/( 25-(B2AUDJ(
:-32!.(5*+(A--#(,-./!.0-1(*+(1-+3.6A-1(A$(=O-6O$(
-2( *"9( I\K;( )625( +!0-( 0!1643*26!#+9( G#( !8.( 3!#-
+2.832;( 25-(B2ACDH( /.*70-#2( )*+( 6#+-.2-1( 8+6#7(
2)!(.-+2.6326!#(-#<$0-+(IEcoRI and HindIII), thus 
0*O6#7( 62( ,!++6A"-( 2!( 6#+-.2( *#!25-.( /.*70-#2( 6#(
the C-terminal of the fragment for future studies. 
R56+(0!1643*26!#(.-183-1(+-:-.*"(+2-,+(18.6#7(25-(
study, such as determining the orientation of the 
cloned fragment. In addition, a histidine tag was 
"6#O-1(2!(25-(3*.A!`$"(2-.06#*"(!/(25-(#-)(.-3!0-
A6#*#2( ,.!2-6#Z( 62+( -`,.-++6!#( 3!#4.0-1( 25-( *3-
curacy of the full-length protein translation. For 
+60,"643*26!#(!/(25-(-`,.-++6!#;(25-(4#*"(3!#+2.832(
was transformed into E. coli NPD>(IYaCK()625!82(
the pLasE plasmid, which also eliminates sev-
-.*"( ,.*3263*"( +2-,+9(Q"25!875( 6#2*32(B2ACD( /.*7-
ments show protease activity, separation of the C-
terminal from the gene and cloning the fragment 
8,+2.-*0(!/(25-(!25-.(7-#-;(IB2ACE(6#(!8.(+281$K(
6#*326:*2-+( 25-( B2ACD( ,.!2-*+-( *326:62$9( Q( ,P*+(
,"*+061( 6+(#!2( .-L86.-1(A-3*8+-(,"*+=(*#1(&"*+a(
plasmids are used to express toxic proteins.

&.-:6!8+(+2816-+(5*:-(+5!)#(25*2(25-("6#O*7-(!/(
the NusA protein in the N-terminal of recombinant 
proteins has led to an increase in their stability in 
,aR(+$+2-0+(IDWK9(G#(*11626!#;(!25-.(+2816-+(5*:-(
shown that extra N-terminal methionine residues 
*//-32-1(,.!2-6#(+2*A6"62$( ID?K9(Q#!25-.( 60,!.2*#2(
aspect of the present study was degradation of the 
recombinant protein. In our study, the position of 
the histidine tag and the expressing host were dif-
/-.-#2(/.!0(25-(=O-6O$(-2(*"9(+281$(I\K9(R5-.-/!.-;(
insertion of the histidine tag in the C-terminal of a 
protein and application of the different expressing 
hosts may lead to an alteration of protein stability. 
B!.-(+2816-+(*.-(#--1-1(2!(-:*"8*2-(256+9

M. tuberculosis has been divided into three 
groups based on the polymorphisms of catalase 
peroxidase and the A subunit of the Gyrase gene 
(27). In a study, Sreevatsan et al. detected some 
,!"$0!.,56+0+(6#(':>>E?(*#1(':@>DWZ(25-$(5*:-(
+2*2-1(25*2(25-(BRNUDJ(:*336#-(06752(#!2(A-(-/-
/-326:-( 6#(+!0-(,!,8"*26!#+(ID\K9(R5-.-/!.-;( 62( 6+(
#-3-++*.$( 2!(1-2-.06#-( 25-( +-L8-#3-(!/(7-#-+( 6#(

-*35(,!,8"*26!#(2!(1-:-"!,(#-)(RN(:*336#-+(*#1(
to evaluate their distribution in each country so 
we can use the predominant genotype to design 
RN(:*336#-+9( !#+2.8326!#(!/(*(#-)(:*336#-(3!#-
2*6#6#7(25-(B2AUDJ(/.!0(*#!25-.(M. tuberculosis 
genotype will be simple according to the methods 
that have been used in our study.

BRNUDJ(3!8"1(+-.:-(*+(*(A*+6+(/!.(/8.25-.(+281-
6-+(!#(25-(1-:-"!,0-#2(!/(*(#-)(+8A8#62(*#1(YHQ(
:*336#-+( *7*6#+2( RN9( ( G#( *11626!#;( 25-( BRNUDJ(
construct can be used in association with other M. 
tuberculosis(*#267-#+(2!(60,.!:-(25-(-/43*3$(!/(25-(
:*336#-(/!.(RN(,.-:-#26!#(!.(2.-*20-#29(

Conclusion

R5-(0!164-1(B2AUDJ( 3!#+2.832( 6+( +862*A"-( /!.(
inserting another fragment in order to develop new 
vaccines. In addition, the production of two sepa-
.*2-( ,.!2-6#( A*#1+( 6#(V-+2-.#( A"!2( 0*$( 6#163*2-(
that the place of the histidine tag in the C- or N-
2-.06#*"(,*.2(!/( 25-(,.!2-6#(3*#( 6#b8-#3-(,.!2-6#(
expression and/or stability.
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