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                                                      ABSTRACT   
                                     
L-asparaginases (L-asparagine amidohydrolase, EC 3.5.1.1) are enzymes, which primarily 

catalyze the deamidation of L-Asn to produce L-Asp and ammonia, but simultaneously, have the 

ability  to hydrolyze to a lesser extent, L-Gln to L-Glu and ammonia. The functional form of L-

ASNase exists as a tetramer of identical subunits, with molecular mass in the range of 140-160 

kDa. Two types of bacterial L-ASNases have been identified and characterized, type I and type 

II. Type I  L-ASNases are expressed constitutively in the cytoplasm and hydrolyze L-Asn and L-

Gln with the same rate. Type II L-ASNases are expressed under anaerobic conditions and are 

periplasmic enzymes, which exhibit high specific activity against L-Asn. For the past 30 years, 

L-ASNases II have been used as therapeutic enzymes in the treatment of acute lymphoblastic 

leukemia. The anti-neoplastic activity results from cellular protein synthesis inhibition due to the 

depletion of the circulating pools of L-Asn by  L-ASNase. In contrast to normal cells, malignant 

cells can only synthesize L-Asn slowly and hence, their survival depends on an exogenous 

supply. Particularly, therapeutic forms from bacterial sources have been studied such as Erwinia 

caratovora, Erwinia chrysanthemi and Escherichia coli. The present study focused on L-ASNase 

II from Erwinia chrysanthemi 3937 (Ec-ASNase) with three main aims: i) study and 

optimization of the extracellular expression of Ec-ASNase in E. coli using its native peptide 

leader, ii) development and optimization of an efficient purification protocol for the extracellular 

enzyme and iii) immobilization of the L-ASNase using glutaraldehyde as a cross-linking agent. 

Successful immobilization could offer the possibility  of designing and developing a bioreactor, 

which could be used in leukemia therapy. 

Seven different E.coli strains were studied for their ability to secrete the recombinant enzyme in 

the culture medium. The strain, which exhibited the highest expression levels, BL21(DE3) 

Rosetta, was chosen for further analysis. Additionally, extracellular expression levels were 

evaluated at 18 ºC and 37 ºC using 3 different culture media (LB, TB, YT). The results showed, 

that after 36 hours of expression, approximately  18.000 IU and 5 mg of L-ASNase were secreted 

in 1 L TB culture medium. Regarding purification, we found that ion exchange chromatography 

is inappropriate for the purification of the extracellular enzyme. Hence, we focused on the 
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development of three affinity absorbents, for the chromatographic purification of the enzyme. We 

used L-Asn, L-Glu and L-Asp as ligands, which were immobilized on Sepharose CL-6B using 

bis-oxirane chemistry. L-Asp  ligand showed the highest purifying ability and hence, the 

optimized purification protocol was developed using L-Asp  as affinity ligand. Eventually, we 

found that optimum purification can be achieved using 0.1 M NaCl and 20 mM  Pi, pH 7.5, as far 

as the supernatant conditions are concerned. Furthermore, in order to evaluate the effectiveness 

of the optimized purification protocol for other L-ASNases II, such as the recombinant enzymes 

from Erwinia chrysanthemi and Escherichia coli, we isolated, cloned and expressed the 

respective genes in E.coli BL21(DE3) Rosetta cells. These enzymes were not bound the column 

indicating the high specificity of immobilized L-Asp and Erwinia chrysanthemi L-ASNase under 

the experimental conditions (e.g. 0.1 M NaCl, 20 mM Pi, pH 7.5). As a last stage of this project, 

L-ASNase was immobilized using glutaraldehyde as a cross-linking agent and BSA. Four UI of 

the enzyme were immobilized under 9 different conditions and the condition which demonstrated 

the highest  efficiency, was chosen in order to determine the enzyme’s operational stability using 

as control the free enzyme. The results showed, that after 65 days, the immobilized enzyme 

retains about 48 % of its initial activity, whereas the free only 15 %.
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!" L-#$%#&#'"()$*+ (#µ",--.,&-/)$*+ 01+ L-#$%#&#'2(1+, L-ASNase, E.C. 3.5.1.1) #%-0*/-3( 

4(5.µ#, 0# -%-2# 6#0#/3-.(  01 .,&7/.$1 01+ L-#$%#&#'2(1+ $* L-#$%#&0"67 -83 6#" #µµ9(2#. 

:%"%/4-(, -" L-ASNases ,"#;40-.( 01( "6#(7010# (# .,&-/3-.( 6#" 01( L-'/-.0#µ2(1. 

:","670*&#, µ* <)$1 01 $.''4(*") 0-.+ 9+ %&-+ 0# ,3- .%-$0&=µ#0#, 01( L-#$%#&#'2(1 6#" 01( 

L-'/-.0#µ2(1, -" <#601&"#64+ L-#µ",--.,&-/)$*+ 6#0#0)$$-(0#" $* ,3- 6/)$*"+: $01 %&=01 

6/)$1 #(>6-.( *6*2(# 0# 4(5.µ#, 0# -%-2# %&90#&?"6=+ .,&-/3-.( 01( L-#$%#&#'2(1 6#" 

6#0’*%460#$1  %#&-.$")5-.( µ*'#/30*&1 $.''4(*"# 9+ %&-+ 01( L-#$%#&#'2(1 *( $.'6&2$1 µ* 

01( L-'/-.0#µ2(1 6#" $01 ,*30*&1 6/)$1 #(>6-.( *(5.µ"6) µ7&"#, 0# -%-2# 6#0#/3-.( 01( 

.,&7/.$1 01+ L-#$%#&#'2(1+ 6#" 01+ L-'/-.0#µ2(1+ µ* %#&)//1/1 #%-0*/*$µ#0"67010#. !" L-

ASNases *2(#" *(*&'4+ µ7(- 9+ 0*0&#µ*&>, 0# -%-2# %#&-.$")5-.( µ"# $.µµ*0&2# 03%-. 222, 

6#" ?#&#601&25-(0#" #%- 4(# *3&-+ µ-&"#6>+ µ)5#+ 140-150 kDa. @);* µ-(-µ*&4+ #%-0*/*20#" 

#%- %*&2%-. 330 #µ"(-8"6) 6#0)/-"%#, - $.(,.#$µ7+ 09(  -%-29(, $?1µ#025*" 14 <-%0.?904+ 

*%"A)(*"*+ 6#" 8 #-4/"6*+. B ,-µ> *(7+ µ-(-µ*&-3+ ?#&#601&25*0#" #%- 2 ,"#6&"04+ %*&"-?4+: 

µ"# µ"6&70*&1 C-0*/"6> %*&"-?> 6#" µ"# µ*'#/30*&1 N-0*/"6> %*&"-?>, -" -%-2*+ $.(,4-(0#" µ* 

µ"# #//1/-.?2# 20 #µ"(-8"6=( 6#0#/-2%9(. !" L-ASNases 6#0#0)$$-(0#" $* 2 03%-.+: $0-( 

03%- C 6#" $0-(  03%- CC. O 03%-+ C %*&"/#µ<)(*" 0"+ L-ASNases, -" -%-2*+ *6A&)5-(0#" $0- 

6.00#&7%/#$µ# 6#" ?#&#601&25-(0#" #%- %#&7µ-"# $.''4(*"# 9+ %&-+ 01( L-#$%#&#'2(1 6#" 

01( L-'/-.0#µ2(1. D(02$0-"?#, - 03%-+ CC 09(  L-ASNases, *µA#(25*" µ"# .E1/> $.''4(*"# '"# 

01( L-#$%#&#'2(1 6#" µ"# %-/3 µ"6&70*&1 '"# 01(  L-'/-.0#µ2(1. F"# 0- /7'- #.07, #.0-3 0-. 

03%-. -" L-ASNases ?&1$"µ-%-"-3(0#" 9+ ?1µ*"-;*&#%*.0"6) 4(5.µ# $01 %*&2%09$1 01+ 

/*.?#"µ2#+ 6#" $.$%*"&=(-.( µ*')/- *%"$01µ-("67 6#" *&*.(10"67 *(,"#A4&-(. !" 

$.'6*6&"µ4(*+ L-ASNases ?#&#601&25-(0#" #%- <#601&"#6> %1'> %&-4/*.$1+, µ* 6.&"70*&-.+ 

*6%&-$=%-.+ 0# $0*/4?1 Escherichia coli, Erwinia chrysanthemi 6#" Erwinia caratovora. G01 

%#&-3$# %*"&#µ#0"6> µ*/401, #(#%03?;16* 4(# <*/0"$0-%-"1µ4(- %&9076-//- *0*&7/-'1+ 

46A&#$1+, (?&1$"µ-%-"=(0#+ 9+ *0*&7/-'- $3$01µ# 46A&#$1+ 0- E. coli) 6#;#&"$µ-3 6#" 

#6"(10-%-21$1+, '"# 01( *896.00)&"# L-ASNase CC 0-. <#601&"#6-3 $0*/4?-.+ Erwinia 

chrysanthemi 3937. F"# 0- /7'- #.07, µ*/*0>;16* 1 46A&#$1 0-. *(53µ-. $* 7 ,"#A-&*0"6) 

$0*/4?1 E. coli 6#" ,"*&*.(>;16* 1 %";#(7010# *896.00)&"#+ %#&#'9'>+ 0-. $.'6*6&"µ4(-. 

*(53µ-.. H4$$*&# #%- 0# *%0) $0*/4?1, 4,*"8#( 70" %#&)'-.( 01(  #(#$.(,.#$µ4(1 %&90*I(1 
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*896.00)&"# $0- ;&*%0"67 µ4$- 6#" *%"/4?;16* '"# %*&#"04&9 µ*/401, *6*2(-, 0- -%-2- 

%#&-.$2#$* 0# .E1/70*&# *%2%*,# 46A&#$1+. H- $04/*?-+ #.07 *2(#" 0- BL21(DE3) Rosetta. 

G01 $.(4?*"#, *8*0)$016#( 0&*2# ,"#A-&*0"6) ;&*%0"6) µ4$#, HJ, KH 6#" LB 6#" ,3- 

,"#A-&*0"64+ ;*&µ-6&#$2*+ 46A&#$1+ 18 ºC 6#" 37 ºC, µ* $6-%7 0-( %&-$,"-&"$µ7 09( 

$.(;16=(, 6)09 #%- 0"+ -%-2*+ µ%-&-3( (# *%"0*.?;-3( .E1/70*&# *%2%*,# 46A&#$1+. H*/"6) 

%&-46.E*, 70" .E1/70*&# *%2%*,# *896.00)&"#+ 46A&#$1+, *%"0.'?)(-(0#" ?&1$"µ-%-"=(0#+ 0- 

;&*%0"67 µ4$- HJ $* ;*&µ-6&#$2# 37 ºC. :","670*&#, µ*0) #%- 36 =&*+ 46A&#$1+, %#&>?;1$#(  

%*&2%-. 18.000 IU and 5 mg  L-ASNase $* 1 L TB ;&*%0"67 µ4$-. L$-(  #A-&) 0-( 6#;#&"$µ7, 

%&-$,"-&2$016*, 70" 1 ?&9µ#0-'&#A2# "-(0-#(0#//#'>+ *2(#" #6#0)//1/1 '"# 0-(  6#;#&"$µ7 

0-. *896.00)&"-. *(53µ-. 6#" '"# 0- /7'- #.07 -" %&-$%);*"*+ $0&)A16#( %&-+ 01( 

?&9µ#0-'&#A2# $.''4(*"#+. M*/*0>;16#( 0&*2+ ,"#A-&*0"6-2 %&-$&-A104+ $.''4(*"#+, 

?&1$"µ-%-"=(0#+ 9+ ,*$µ*.04+ 0"+ *(=$*"+ L-Asn, L-Glu 6#" L-Asp 6#" *%"/4?;16* - 

%&-$&-A10>+ µ* #6"(10-%-"1µ4(- ,*$µ*.0> 0- L-Asp, 6#;=+ %#&-.$2#$* .E1/70*&*+ 

#%-,7$*"+ 6#;#&"$µ-3. M* <)$1 0-( %&-$&-A10> #.07(, %&-$,"-&2$016* 70" -" <4/0"$0*+ 

$.(;>6*+ %&-$&7A1$1+ $01 $0>/1, *2(#" 0*/"6) 0.1 M NaCl 6#" 20 mM Pi, pH 7.5. N#&)//1/#, 

,"*&*.(>;16* 6#" 1 %";#(7010# *A#&µ-'>+ 0-. <*/0"$0-%-"1µ4(-. %&90-67//-. 6#;#&"$µ-3 

6#" '"# )//*+ #(#$.(,.#$µ4(*+ L-ASNases 7%9+ #%- Escherichia coli 6#" Erwinia caratovora. 

H*/"6) -" L-ASNases #.04+, ,*( %&-$&-A-3(0#" $0-(  %&-$&-A10> 6)09 #%- 0"+ <4/0"$0*+ 

$.(;>6*+. H4/-+, 1 *896.00)&"# L-ASNase 0-. $0*/4?-.+ Erwinia chrysanthemi 3937 

#6"(10-%-">;16* ?&1$"µ-%-"=(0#+ '/-.0#&#/,*O,1 9+ ,",&#$0"67 #(0",&#$0>&"-, 6)09 #%- 

*((4# ,"#A-&*0"64+ $.(;>6*+. D%- 0"+ $.(;>6*+ #.04+, *%*/4'1 *6*2(1, 1 -%-2# *%4,*"8* 01( 

.E1/70*&1 #%7,-$1, µ* $07?- 01 $.'6&"0"6> µ*/401 01+ /*"0-.&'"6>+ $0#;*&7010#+ 0-. 

*(53µ-. $* #6"(10-%-"1µ4(1 6#" */*3;*&1 µ-&A>. M*0) #%- 65 1µ4&*+ $.'6&"0"6>+ µ*/401+, 0- 

#6"(10-%-"1µ4(- 4(5.µ- ,"#01&*2 0- 48 % 01+ #&?"6>+ ,&#$0"67010)+ 0-., *(= 0- */*3;*&- 

µ7/"+ 0- 15 %.
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1.1  ,-µ. /01 2345µ1/. /067859: 6;3 L-09<0=0>1309?3.

!" L-#$%#&#'"()$*+ (#µ",--.,&-/)$*+ 01+ L-#$%#&#'2(1+, L-ASNase, E.C. 3.5.1.1) #%-0*/-3( 

4(5.µ#, 0# -%-2# 6#0#/3-.( 01 .,&7/.$1 01+ L-#$%#&#'2(1+ $* L-#$%#&0"67 -83 6#" #µµ9(2# 

(:"67(# 1.1). H#.07?&-(#, 0# $.'6*6&"µ4(# 4(5.µ# ,"#;40-.( 01( "6#(7010# .,&7/.$1+ 6#" 01+ 

L-'/-.0#µ2(1+. :","670*&#, µ* <)$1 01 $.''4(*") 0-.+ 9+ %&-+ 0# ,3- .%-$0&=µ#0#, 01( L-

#$%#&#'2(1 6#" 01( L-'/-.0#µ2(1, -" <#601&"#64+ L-#µ",--.,&-/)$*+ 6#0#0)$$-(0#" $* ,3- 

6/)$*"+: $01 %&=01 6/)$1 #(>6-.( *6*2(# 0# 4(5.µ#, 0# -%-2# %&90#&?"6=+ .,&-/3-.( 01( L-

#$%#&#'2(1 6#" 6#0’*%460#$1  %#&-.$")5-.( µ*'#/30*&1 $.''4(*"# 9+ %&-+ 01( L-#$%#&#'2(1 

*( $.'6&2$1 µ* 01( L-'/-.0#µ2(1. G1µ#(0"6-2 *6%&7$9%-" #.0>+ 01+ 6/)$1+ *2(#" -" L-

ASNases 09( Escherichia coli (EcA) (Swain et al, 1992), Erwinia chrysanthemi (ErA) (Kotzia 

and Labrou, 2006), Erwinia caratovora (Kotzia and Labrou, 2005) 6#" Wolinella succinogenes 

(WsA) (Lubkowski et  al., 1996). G01 ,*30*&1 6/)$1 #(>6-.(  *(5.µ"6) µ7&"#, 0# -%-2# 

6#0#/3-.( 01( .,&7/.$1 01+ L-#$%#&#'2(1+ 6#" 01+ L-'/-.0#µ2(1+ µ* $.'6&2$"µ1 

#%-0*/*$µ#0"67010#. G* #.0> 01 6/)$1 #(>6-.( -" L-ASNases 09( Pseudomonas 7A (PGA) 

(Lubkowski et al., 1994) 6#" Acinetobacter glutaminasificans (AGA) (Lubkowski et al., 1994).

                      

"1/@30 1.1  ! 0&7%-+ µ* 0-( -%-2- 1 L-ASNase .,&-/3*" 01(  L-#$%#&#'2(1. D&?"6) 0- 4(5.µ- 
µ4$9 (-.6/*7A"/1+ %&-$<-/>+ $01(  #µ"("6> -µ),# 0-. .%-$0&=µ#0-+, $?1µ#025*" 4(# 
*(,")µ*$- $3µ%/-6- 6#" 0*/"6) µ* 01(  $.(*"$A-&) 0-. (*&-3, $?1µ#025*0#" 0- #$%#&0"67 -83, 
*(= 1 #µµ9(2# 4?*" >,1 $?1µ#0"$0*2 #%- 0- #&?"67 $0),"- 01+ #(02,&#$1+ (Labrou et al., 2010).
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! %&-$,"-&"$µ7+ 09(  6&.$0#//"6=( ,-µ=( 09(  L-ASNases #%- ,")A-&# <#601&"#6) $0*/4?1 

7%9+ E. coli 6#" E. chrysanthemi, #%-04/*$* 01 <)$1 '"# 01( <#;30*&1 6#0#(71$1 0-. 0&7%-., 

µ* 0-( -%-2- 0# $.'6*6&"µ4(# 4(5.µ# 6#0#/3-.(  01 .,&7/.$1 01+ L-#$%#&#'2(1+ 6#" 01+ L-

'/-.0#µ2(1+, #(  6#" - #6&"<>+ 6#" %/>&1+ µ1?#("$µ7+ 6#0)/.$1+ 09( ,3- %#&#%)(9 

.%-$0&9µ)09(  %#&#µ4(*" )'(9$0-+. !" L-ASNases *2(#" *(*&'4+ µ7(- 9+ 0*0&#µ*&>, 0# -%-2# 

%#&-.$")5-.( µ"# $.µµ*0&2# 03%-. 222, 6#" ?#&#601&25-(0#" #%- 4(# *3&-+ µ-&"#6>+ µ)5#+ 

140-150 kDa (:"67(# 1.2), (Aung et al., 2000; Aghaiypour et al., 2001a,b; Kozak et al., 2002). 

@);* µ-(-µ*&4+ #%-0*/*20#" #%- %*&2%-. 330 #µ"(-8"6) 6#0)/-"%#, - $.(,.#$µ7+ 09(  -%-29(, 

$?1µ#025*" 14 <-%0.?904+ *%"A)(*"*+ 6#" 8 #-4/"6*+ (Aghaiypour et al., 2001). B ,-µ> *(7+ 

µ-(-µ*&-3+ ?#&#601&25*0#" #%- 2 ,"#6&"04+ %*&"-?4+: µ"# µ"6&70*&1 C-0*/"6> %*&"-?> 6#" µ"# 

µ*'#/30*&1 N-0*/"6> %*&"-?>, -" -%-2*+ $.(,4-(0#" µ* µ"# #//1/-.?2# 20 #µ"(-8"6=( 

6#0#/-2%9( (:"67(# 1.3.)

                                     

  "1/@30 1.2  B ,-µ> 0-. 0*0&#µ*&-3+ µ* $.µµ*0&2# 03%-. 222 01+ L-ASNase 01+ E. coli.
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"1/@30 1.3  G?1µ#0"6> #(#%#&)$0#$1 01+ ,-µ>+ 0-. µ-(-µ*&-3+ 01+ L-ASNase 0-. $0*/4?-.+ 
E. chrysanthemi (Aghaiypour et al., 2001).

H- *(*&'7 64(0&- 01+ L-ASNase <&2$6*0#" µ*0#83 01+ C-0*/"6>+ %*&"-?>+ 6#" 01+ N-0*/"6>+ 

%*&"-?>+ ,3- '*"0-("6=( µ-(-µ*&=(. @#0’*%460#$1, ;# µ%-&-3$* (# *"%9;*2 70" 0- 0*0&#µ*&4+ 

01+ L-ASNase $?1µ#025*0#" #%- 4(# ,"µ*&4+ ,3- ,"µ*&=(. N#&7/# #.0), 1 *(*&'>+ µ-&A> 0-. 

*(53µ-. *2(#" µ7(- 1 0*0&#µ*&>+. N#&#6)09 $01( E"67(# 1.4 µ%-&-3µ* (# %#&#01&>$-.µ* 01( 

3%#&81 ,3- µ-&29( L-#$%#&0"6-3, 9+ %&-R7(0# 01+ .,&7/.$1+ 01+ L-#$%#&#'2(1+, $0# ,3- 

*(*&') 64(0&# *(7+ ,"µ*&-3+. 
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"1/@30 1.4  M* Van der Waals #%*"67("$1 (µ%/* ,-µ4+), %#&#01&-3µ* 01( 3%#&81 ,3- µ-&29( L 
-#$%#&0"6-3 $0# *(*&') 64(0&# *(7+ ,"µ*&-3+. 

:%"%/4-(, 0- *(*&'7 64(0&- 0-. *(53µ-. ?#&#601&25*0#" #%- µ"# %*&"-?>, 1 -%-2# *µA#(25*" 

µ*"9µ4(1 *.*/"82# 6#" */#$0"67010# 6#" *2(#" .%*3;.(1 '"# 01 %&7$,*$1 0-. ,*$µ*.0>, 6#;=+ 

*%2$1+ 6#" #%- µ"# ,*30*&1 *.4/"601 %*&"-?> %-. *8#$A#/25*" 01( %&7$<#$1 0-. .%-$0&=µ#0-+ 

$0- *(*&'7 64(0&-. !" 6&.$0#/"64+ ,-µ4+ 09( )'&"9(  03%9(  09( *(53µ9( 6#;=+ *%2$1+ 6#" 

$1µ*"#64+ µ*0#//)8*"+ $0- *(*&'7 64(0&- 09(  L-ASNases, 4?-.( -,1'>$*" $0- $.µ%4&#$µ# 70" 

1 6#0#/.0"6> ,&)$1 09( *(53µ9(  #.0=( <#$25*0#" $01(  3%#&81 *(7+ 6#;-&"$0"6-3 

(-.6/*7A"/-. #µ"(-84-+ $01(  *.4/"601 %*&"-?> 0-. *(*&'-3 64(0&-.. H- #µ"(-83 #.07 

%";#(70#0# *2(#" 1 ;&*-(2(112 (Thr12) 6#" #%-0*/*2 4(# #µ"(-83 .E1/=+ $.(01&1µ4(- '"# 7/*+ 

0"+ L-ASNases (:"67(# 1.5), (Aghaiypour et al., 2001; Palm et al., 1996).
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"1/@30 1.5  B %&7$,*$1 0-. *(,")µ*$-. $.µ%/76-. $0- *(*&'7 64(0&- 01+ L-ASNase. G0-        
64(0&- 01+ *"67(#+ ,"#A#2(*0#" 1 %#&-.$2# 01+ (-.6/*7A"/1+ Thr12 (Labrou et al., 2010).

D825*" (# $1µ*"9;*2 70" *607+ #%- 01 %#&-.$2# 01+ Thr15 $0- *(*&'7 64(0&-, 1 L-ASNase 

,"#;40*" *%"%/4-( µ"# ;&*-(2(1, 01(  Thr95. M*0) 7µ9+ #%- #()/.$1 6#" µ*/401 01+ 

6&.$0#/"6>+ ,-µ>+ 0-. *(,")µ*$-. $.µ%/76-. 0-. *(53µ-. µ* 0- .%7$0&9µ# 0-. 

µ*0#//#'µ4(-. *(53µ-. Thr89Val, *("$?3;16* 1 )%-E1, 70" 0- (-.6/*7A"/- #µ"(-83 *2(#" 1  

Thr15 (Palm et al., 1996). :%"%&7$;*0#, µ*0#83 0-. #µ"(-84-+ Tyr25, 7%9+ A#2(*0#" $01( 

*"67(# 5, 6#" 0-. %&-R7(0-+ 01+ #(02,&#$1+ L-#$%#&0"6-3 -84-+, #(#%03$$-(0#" %-/3 "$?.&-2 

,*$µ-2 .,&-'7(-.. !" 0*/*.0#2-", $* $.(,.#$µ7 µ* *%2$1+ %-/3 "$?.&4+ 1/*60&-$0#0"64+ 

#//1/*%",&)$*"+ µ*0#83 01+ (-.6/*7A"/1+ Thr12 6#" 0-. L-#$%#&0"6-3, ,1µ"-.&'-3( µ"# %-/3 

"$?.&> %&7$,*$1 0-. L-#$%#&0"6-3 $0- *(*&'7 64(0&- 0-. *(53µ-.. G1µ#(0"6) *2(#" 0# 
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#%-0*/4$µ#0# µ*/*0=(, 0# -%-2# #%-,*"6(3-.( 70" 0- L-#$%#&0"67 -83 #%-0*/*2 4(#( 

$.(#'9("$0"67 #(#$0-/4# 01+ L-ASNase (Jayaram et al., 1986).       

1.2  (:µ09A0 /01 2B0=µ->CD 6:D  L-09<0=0>1379:D.

B L-ASNase #%-0*/*2 4(# 4(5.µ-, 0- -%-2-, µ*0#83 )//9( ?1µ"6=( -.$"=(, ?&1$"µ-%-"*20#" 0# 

0*/*.0#2# 30 ?&7("# '"# 01( #(0"µ*0=%"$1 01+ %#","6>+ -8*2#+ /*µA-</#$0"6>+ /*.?#"µ2#+  

(!QQ/Acute Lymphoblastic Leukemia-ALL) (Bain B. J. et al., 2002). B /*.?#"µ2# *2(#" 1 

.%*&<-/"6> #381$1 %#;-/-'"6=( /*.6=( #"µ-$A#"&"(=(, ?9&2+ 6#µ2# %&-A#(> #"02#. 

N&-$<)//*" 0- #"µ-%-"10"67 $3$01µ# %-. #%-0*/*20#" #%- ,")A-&# 6300#&# µ* ,"#A-&*0"6> 

µ-&A> 6#" /*"0-.&'2#, 0# -%-2# %#&)'-(0#" $0-( µ.*/7 09( -$0=(. L0#( 6)%-"- )0-µ- (-$>$*" 

#%- /*.?#"µ2#, 8*6"() µ"# .%*&%#&#'9'> %#;-/-'"6=( /*.6=( #"µ-$A#"&29( $0-( µ.*/7 09( 

-$0=(. H# 6300#&# #.0) ,*( *%"0*/-3( 01 A.$"-/-'"6> 0-.+ /*"0-.&'2#, 1 -%-2# *2(#" 1 

%&-$0#$2# 0-. -&'#("$µ-3 #%- #(*%";3µ10*+ /-"µ=8*"+. F"# 0- /7'- #.07 1 /*.?#"µ2# 

-(-µ)5*0#" 6#" 6#&62(-+ 0-. #2µ#0-+ > 6#" 6#&62(-+ 0-. µ.*/-3 09( -$0=(.

B /*.?#"µ2# ?9&25*0#" $* ,3- 6#01'-&2*+: $0"+ ?&7("*+ 6#" $0"+ -8*2*+. !" -8*2*+ %#&-.$")5-(0#" 

6.&29+ $0# %#",") (<&4A1 49+ 20 *0=(), *(= -" ?&7("*+ %&-$<)//-.( )0-µ# #%- 0# 50 401 6#" 

%/4-(. H# %*&"$$70*&- $.(";1$µ4(# *2,1 /*.?#"µ2#+ *2(#" 1 µ.*/-'*(>+ 6#" 1 /*µA-</#$0"6> 

6#" µ%-&*2 µ* 01 $*"&) 0-.+ (# *2(#" -8*2*+ > ?&7("*+ (Riley  R. et al., 2002). @#0’ *%460#$1, 

µ%-&-3µ* (# 4?-.µ* 4 *2,1 /*.?#"µ2#+: 

1. !8*2# Q*µA-</#$0"6> Q*.?#"µ2# - Acute Lymphoblastic Leukemia (ALL)

2. S&7("# Q*µA-</*$0"6> Q*.?#"µ2# - Chronic Lymphoblastic Leukemia (CLL)

3. !8*2# M.*/-'*(>+ Q*.?#"µ2# - Acute Myelogenous Leukemia (AML)

4. S&7("# M.*/-'*(>+ Q*.?#"µ2# - Chronic Myelogenous Leukemia (CML).

T(# #%- 0# ?#&#601&"$0"6) 09(  6#&6"("6=(  6.00)&9( $01 %*&2%09$1 01+ -8*2#+ 

/*µA-</#$0"6>+ /*.?#"µ2#+, *2(#" 1 #,.(#µ2# 0-.+ (# $.(;4$-.( 0- #%#&#2010- '"# 01( 

%&90*R(-$3(;*$1 #µ"(-83 L-#$%#&#'2(1. B #,.(#µ2# 0-.+ #.0>, #%-&&4*" #%- 0- '*'-(7+ 70" 1 
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$.(;*0)$1 01+ #$%#&#'2(1+ $0# 6300#&# #.0) .%-/*"0-.&'*2 (Keating et al., 1993; Moola et al., 

1994). D.07 $1µ#2(*" 70" 1 %&90*R(-$3(;*$1 #.0=( 09( 6.00)&9(  *8#&0)0#" )µ*$# 6#" 

6#0#/.0"6) #%- 01( *896.00)&"# $.'64(0&9$1 L-#$%#&#'2(1+ $0- #2µ# (Holcenberg et  al., 

2005). G* #.07 #6&"<=+ 0- $1µ*2- ,"#,&#µ#025*" 0- &7/- 01+ 1 L-ASNase, 1 -%-2# 6#0#/3*" 01( 

.,&7/.$1 01+ ,"#;4$"µ1+ L-#$%#&#'2(1+ %-. .%)&?*" $0- #2µ# (Keating et al., 1993; Lee et  al., 

1989). H- '*'-(7+ #.07 $1µ#0-,-0*2 01( 4(#&81 01+ µ*29$1+ 01+ *896.00)&"#+ L-#$%#&#'2(1+, 

µ* #%-04/*$µ# 0# 6#&6"("6) 6300#&# µ1 µ%-&=(0#+ (# %&90*R(-$.(;4$-.(, (# -,1'-3(0#" 

$0-( ;)(#0-. D825*" (# $1µ*"9;*2, 70" µ"# #&6*0) µ*')/1 µ*29$1 09( *%"%4,9( $.'64(0&9$1+ 

01+ L-#$%#&#'2(1+ $0- #2µ# (< 10% 09( A.$"-/-'"6=(  *%"%4,9() %&4%*" (# *%"0*.?;*2, 40$" 

=$0* (# -,1'1;-3µ* $* µ"# #%-0*/*$µ#0"6> ;*&#%*2#.

G* #.07 0- $1µ*2- 6&2(*0#" #(#'6#2- (# #(#A4&-.µ* 70" 1 L-ASNase ,*( $.(0*/*2 µ7(- $01( 

#(0"µ*0=%"$1 01+ -8*2#+ /*µA-</#$0"6>+ /*.?#"µ2#+, #//) 6#" $* µ"# $*"&) *%"%/4-( #$;*(*"=( 

7%9+ 1 ?&7("# /*µA-</#$0"6> /*.?#"µ2#, 1 #$;4(*"# 0-. Hogkins, 0- /*µA-$)&69µ#, 0- 

µ*/#(-$)&69µ# (Stecher et al., 1999; Duval et  al., 2002). U.$0.?=+ 7µ9+, 1 ?&>$1 0-. *(53µ-. 

#.0-3 9+ µ4$- '"# 01( #(0"µ*0=%"$1 040-"9( #$;*(*"=( µ* 63&"- *6%&7$9%- 01( -8*2# 

/*µA-</#$0"6> /*.?#"µ2#, ,"#;40*" 6#" $1µ#(0"6) µ*"-(*60>µ#0# 7%9+ 1 *%#'9'> µ"#+ $*"&)+ 

$-<#&70#09( %#&*(*&'*"=(, -" -%-2*+ %-"62/-.( µ* 0- $0),"- 01+ #$;4(*"#+ 6#" 0-( -&'#("$µ7 

0-. #$;*(-3+. ! 6.&"70*&-+ /7'-+ '"# 01( %&76/1$1 #.0=(  09( $-<#&=(  %#&*(*&'*"=( *2(#" 1 

0#.07?&-(1 ,&)$1 0-. *(53µ-. 6#" 9+ '/-.0#µ"()$1 (Ollenschlager et al., 1988). !" 6.&"70*&*+ 

%#&*(4&'*"*+ %-. %&-6#/-3(0#" $* #$;*(*2+ *2(#" ,.$/*"0-.&'2*+ 0-. >%#0-+, %#(6&*#020",#, 

,"#<>01+, .%*&'/.6#"µ2#, #(-$-6#0#$0-/> (*.&-/-'"64+ ,"#0#&#?4+, #"µ-&&#'2# 6#" ;&7µ<9$1 

(Duval et al., 2002; Kontzia and Labrou, 2007, Papageorgiou et al., 2008). B ;&7µ<9$1 *2(#" µ"# 

#%- 0"+ $-<#&70*&*+ %#&*(4&'*"*+  #%- 01 ?&>$1 01+ L-ASNase 6#" $.(,4*0#" )µ*$# µ* 0-.+ 

%160"6-3+ %#&)'-(0*+ 0-. #2µ#0-+. H- %&7</1µ# %&-63%0*" #%- 0- '*'-(7+ 70" 1 L-ASNase 

*%",&) 6#" µ*"=(*" 0# *%2%*,# $.'64(0&9$1+ 01+ #(0"-;&-µ<2(1+ (anti-thrombin-AT), µ"#+ 

%&90*I(1+, 1 -%-2# $.(0*/*2 $01 ,"#0>&1$1 01+ %>81+ 0-. #2µ#0-+ $* A.$"-/-'"6) *%2%*,# 

(Payne and Vora, 2007). N#&)//1/#, 1 #()'61 '"# $.(*?*2+ *(4$*"+ µ* L-ASNase $0-( #$;*(>, 

*607+ 09( %#&#%)(9 $-<#&=( %#&*(*&'*"=(, ,3(#0#" (# %&-6/1;-3( 6#" *%2$1+ $-<#&70#0*+ 

#(0",&)$*"+ .%*&*.#"$;1$2#+, -" -%-2*+ %-"62/-.( #%- #%/4+ #//*&'2*+, 49+ "$?.&) 
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#(#A./#60"6) $-6, 0# -%-2# µ%-&*2 (# #%-<-3( µ-"&#2# '"# 0-( #$;*(> (Mashburn et al., 1964; 

Marlborough et al., 1975; Moola et al., 1994; Soares et al., 2002).

:%"%/4-(, #(#$0#/0"67+ %#&)'-(0#+ $01 ?&>$1 01+ L-ASNase, #%-0*/*2 6#" 0- '*'-(7+ 01+ 

)µ*$1+ ,&)$1+ 09( %&90*#$=( %-. .%)&?-.( $0- #2µ#, -" -%-2*+ #("?(*3-.( 6#" #(#'(9&25-.( 

01( L-ASNase 9+ ‘‘84(1’’ %&90*I(1, µ* #%-04/*$µ# (# 01( #%-"6-,-µ-3(. D.0> #6&"<=+ 1 

%&90*7/.$1, 9+ #(02,&#$1 #%- 0-(  -&'#("$µ7, #%-0*/*2 6#" 4(#( #%- 0-.+ <#$"670*&-.+ 

%*&"-&"$µ-3+ 6#" %&-</1µ#0"$µ-3+ $01 ?&>$1 01+ L-ASNase 6#" $.(0*/*2 $01 µ*29$1 01+ 

#%-0*/*$µ#0"67010#+ #.0-3 0-. *(53µ-. '"# 01( #(0"µ*0=%"$1 01+ -8*2#+ /*µA-</#$0"6>+ 

/*.?#"µ2#+ (Ollenschlager et al., 1988). H#.07?&-(#, 1 $.'6*6&"µ4(1 #(02,&#$1 0-. -&'#("$µ-3 

6#" 1 %&90*7/.$1 0-. *(53µ-., $.("$0) 01 6.&"70*&1 '*(*$"-.&'7 #"02# '"# 01( %&76/1$1 

#(-$-#(0",&)$*9( 6#" #//*&'"=(. G1µ#(0"6> 4&*.(# ,"*8)'*0#" '"# 01( *3&*$1 0&7%9( 

%&-$0#$2#+ 0-. *(53µ-. #.0-3 4(#(0" 01+ ,&)$1+ 09( %&90*#$=(, #.8)(-(0#+ 40$" 0-( ?&7(- 

1µ"59>+ $0- #2µ#, ,"#01&=(0#+ <4<#"# 0# 2,"# *%2%*,# ,&)$1+. 

! #%-,-0"670*&-+ 0&7%-+ %&-$0#$2#+ ;*&#%*.0"6=( %&90*R(=( 7$-(  #A-&) 01(  #(0"µ*0=%"$1 

#%- 01( %&90*7/.$1 6#" 6#0’*%460#$1 01(  #381$1 0-. ?&7(-. 1µ"59>+ 6#" 01(  µ*29$1 

#(0",&)$*9( .%*&*.#"$;1$2#+ #%- 0-( -&'#("$µ7, *2(#" 1  ?&>$1 01+ %-/.#";./*(-'/.67/1+ 

[poly-(ethylen-glycol), PEG] (Burnham, 1994; Veronese, 2001; Veronese and Paut, 2005). B 

%-/.#";./*(-'/.67/1 8*62(1$* (# ?&1$"µ-%-"*20#" $0- A#&µ#6*.0"67 ?=&- 0- 1970, 70#( 

*'6&2;16* #%- 0-(  #µ*&"6#("67 -&'#("$µ7 0&-A2µ9(  6#" A#&µ)69( (FDA). B 4'6&"$1 

<#$2$016* $0"+ 6#0)//1/*+ A#&µ#6*.0"64+ ","7010*+ %-. ,"#;40*" 1 $.'6*6&"µ4(1 4(9$1, 

6.&"70*&*+ 09( -%-29( *2(#": ?#µ1/> 0-8"67010# $* ?&>$1 per os, 7%9+ *%2$1+ 6#" 9+ *(4$"µ- 

%#&#$6*3#$µ# (Burnham, 1994). B %-/.#";./*(-'/.67/1 $.(,4*0#" -µ-"-%-/"6) µ* #µ"(-84# 

(6.&29+ /.$2(1) 0# -%-2# <&2$6-(0#" $01( *%"A)(*"# 0-. *(5.µ"6-3 µ-&2-.. B A3$1 01+ 

-µ-"-%-/"6>+ #(02,&#$1+ ,"#$A#/25*" 01( #%#"0-3µ*(1 $0#;*&7010# 0-. $.µ%/76-.. :%"%/4-(, 

?&1$"µ-%-"-3(0#" 6#" 6)%-"*+ *%"%&7$;*0*+, *(,")µ*$*+, *0*&-6.6/"64+ *(=$*"+, -" -%-2*+ µ* 01 

$*"&) 0-.+ $.(*"$A4&-.( $01( *%"0.?> %&#'µ#0-%-21$1 01+ #(02,&#$1+ 6)09 #%- A"/"64+ 

$.(;>6*+ "-(0"6>+ "$?3-+, pH 6#" ;*&µ-6&#$2#+ (Matsushima et al., 1980; Matsuyama et al., 

1991). M*0) #%- µ*/40*+ 01+ L-ASNase, 1 -%-2# *2?* #(0",&)$*" #&?"6) µ* 

%-/.#";./*(-'/.67/1, 0# #%-0*/4$µ#0# 4,*"8#( µ*29$1 01+ #(-$-'-("67010#+ 0-. *(53µ-., 
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<*/0"9µ4(# A#&µ#6-6"(10"6) 6#" A#&µ#6-,.(#µ"6) ?#&#601&"$0"6), #.81µ4(1 #(0-?> 4(#(0" 

01+ %&90*7/.$1+ 6#" #67µ1 #381$1 0-. ?&7(-. 1µ"59>+ $0- #2µ# (Inada et al., 1995; 

Matsushima et  al., 1996; Bonora et al., 1997; Veronese et al., 1999; Baran et al., 2003; Harris et 

al., 2003).

1.3  EF<-1 L-09<0=0>1309?3 /01 /5660=1/@D 236-<19µ@D 6-5D.

!" L-ASNases 6#01'-&"-%-"-3(0#" $* 2 03%-.+: $0-( 03%- C 6#" $0-( 03%- CC (Campell et al., 

1967). O 03%-+ C %*&"/#µ<)(*" 0"+ L-ASNases, -" -%-2*+ *6A&)5-(0#" $0- 6.00#&7%/#$µ# 6#" 

?#&#601&25-(0#" #%- µ"# "$)8"# $.''4(*"# 9+ %&-+ 01( L-#$%#&#'2(1 6#" 01( L-'/-.0#µ2(1. 

D(02$0-"?#, - 03%-+ CC 09(  L-ASNases, *µA#(25*" µ"# .E1/> $.''4(*"# '"# 01( L-#$%#&#'2(1 

6#" µ"# %-/3 µ"6&70*&1 '"# 01( L-'/-.0#µ2(1. F"# 0- /7'- #.07,  #.0-3 0-. 03%-. -" L-

ASNases ?&1$"µ-%-"-3(0#" 9+ ?1µ*"-;*&#%*.0"6) 4(5.µ# $01 %*&2%09$1 01+ /*.?#"µ2#+ (Duval 

et al., 2002; Gokbuget and Hoelzer, 2006; Verma et al., 2007). :%"%/4-(, -" L-ASNases 03%-. CC 

*6A&)5-(0#" $0- 6.00#&7%/#$µ#, µ* 01 ,"#A-&) 70" $01 $.(4?*"# µ*0#A4&-(0#" $0-( 

%*&"%/#$µ"67 ?=&-. B µ*0#A-&) 09( *(53µ9( #.0=( $0- %*&2%/#$µ# #%-0*/*2 µ"# $3(;*01 

,"#,"6#$2# 6#" %*&"/#µ<)(*" %-/3%/-6-.+ µ1?#("$µ-3+. S#&#601&"$0"67 09( *(53µ9(, 0# 

-%-2# µ*0#A4&-(0#" $0- %*&2%/#$µ#, *2(#" 1 3%#&81 µ"#+ *%"%&7$;*01+ #µ"(-8"6>+ #//1/-.?2#+ 

(0- µ4'*;-+ 01+ -%-2#+ %-"62//*"), $01( #&?> 01+ 63&"#+ *(5.µ"6>+ #//1/-.?2#+, 1 -%-2# 

,"#,&#µ#025*" 0-( &7/- 0-. ‘‘-,1'-3’’ 0-. *(53µ-. %&-+ 0- %*&2%/#$µ# 6#" '"# 0- /7'- #.07 

6#/*20#" !"!#$%&' '%()*+. !" ,3- #.0-2 03%-" L-ASNases *µA#(25-.( ,"#A-&*0"6) <"-?1µ"6) 6#" 

'*(*0"6) ?#&#601&"$0"6). H# 0*/*.0#2# 50 ?&7("# 7µ9+, 0- *(,"#A4&-( 6#" 1 4&*.(# 4?*" 

*%"6*(0&9;*2 $0"+ L-ASNases 03%-. CC, /7'9 09( *.(-R6=( ","-0>09( 0-.+ 7$-( #A-&) 01( 

#(0"µ*0=%"$1 01+ /*.?#"µ2#+. H40-"-. 03%-. L-ASNases #(>6-.(  $0# <#601&"#6) $0*/4?1 

(Magdy and Al-Omair, 2008): E. coli (Khushoo et al., 2004; Derst et  al., 1994), Erwinia 

chrysanthemi (Kotzia and Labrou, 2007) Erwinia caratovora (Aghaipour et al., 2001), 

Enterobacter aerogenes (Mukherjee et al., 2000), Pseudomonas aeruginosa (El-Bessoumy et al., 

2003), Candida utilis (Kil et al., 1995), Thermus thermophilus (Prista and Kyridio, 2001), 
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Staphylococcus aureus (Muley et al., 1998). @&2(*0#" #(#'6#2- 6#" $67%"µ- (# #(#A4&-.µ*, 70" 

-" L-ASNases CC #%#(0=(0#" 6#" $0-.+ *.6#&.90"6-3+ -&'#("$µ-3+ 6#" µ)/"$0# $0# A.0) *2(#" 

6#" *%"A-&0"$µ4(*+ µ* $1µ#(0"6-3+ &7/-.+, 7%9+ '"# %#&),*"'µ# *µ%/46-(0#" $01 ,"#,"6#$2# 

;&4E1+ 0-. A.0-3 µ* 0-(  µ*0#<-/"$µ7 0-. #5=0-. (Sodek et al., 1980; El-Shora et al., 2005; 

Cho et al., 2007).

1.4  (596.µ060 23G-/5660=1/.D µ260B-=7D 234Fµ;3 96-3 <2=1<809µ1/@ H?=- 

6:D E.coli. 

1.4.1  :"$#'9'>.

@#;=+ -" L-ASNases, -" -%-2*+ $.$%*"&=(-.( 0- µ*'#/30*&- *&*.(10"67 *(,"#A4&-( #(>6-.( 

$0-( 03%- CC 6#" 6#0’*%460#$1, µ*0#A4&-(0#" $0- %*&2%/#$µ# µ* 01 <->;*"# 0-. %*%0",2-. 

-,1'-3 0-.+, 6&2(*0#" #(#'6#2- (# #(#A*&;-3µ* $0-.+ µ1?#("$µ-3+ *6*2(-.+, -" -%-2-" 

*µ%/46-(0#" 6#" 6#0*.;3(-.( 4(# 4(5.µ- $0- %*&2%/#$µ#. F"# 0- /7'- 0-. 70", $01 %/*"-(7010# 

09( *A#&µ-'=(  6#" 09( %*&"%0=$*9( *0*&7/-'1+ 46A&#$1+, ?&1$"µ-%-"-3µ* 0- $3$01µ# 

46A&#$1+ 0-. <#601&"#6-3 $0*/4?-.+ E. coli, ;# %*&"-&"$0-3µ* $01( #(#A-&) 09( µ1?#("$µ=( 

µ*0#A-&)+ µ7(- 01+ E. coli. V# >0#( 7µ9+, %&-?*"&7010# (# ;*9&>$-.µ* 70" µ7(- $01(  E.coli 

#%#(0=(0#" -" $.'6*6&"µ4(-" µ1?#("$µ-2. L/-" -" %&-6#&.90"6-2 -&'#("$µ-2 ,"#;40-.( 0-.+ 

,"6-3+ 0-.+ µ1?#("$µ-3+ µ*0#A-&)+ *(53µ9(  $0-( %*&"%/#$µ"67 ?=&-. !" ,"#,"6#$2*+ 

µ*0#A-&)+, ,*( *8.%1&*0-3(  µ7(- 01 µ*0#A-&) %&90*R(=( 6#" *(53µ9( $0- %*&2%/#$µ#, #//) 

%#&)//1/# -,1'-3( %&-+ 0- *890*&"67 %*&"<)//-(  0-. 6.00)&-. #(*%";3µ10*+ 0-82(*+ 6#" 

,")A-&-.+ %#&)'-(0*+ %#;-'4(*"#+ (Fernandez and Berenguer, 2000).

F*("6) $0# Gram #&(10"6) <#60>&"# 7%9+ 0- E. coli, .%)&?-.( 5 µ1?#("$µ-2 µ*0#A-&)+, > 

,"#A-&*0"6), 5 µ-(-%)0"# µ*0#A-&)+ (secretion pathways), 0# -%-2# ,"#A4&-.(  $1µ#(0"6). H# 

$.$0>µ#0# #.0) 7µ9+ 4?-.( 6-"(> 01(  #()'61 01+ *8*","6*.µ4(1+ #(#'(=&"$1+ 0-. µ-&2-., 0- 

-%-2- %&4%*" (# µ*0#A*&;*2 (Koster et al., 2000). :","670*&#, 0# $.$0>µ#0# ?9&25-(0#" $* 5 

03%-.+: C, CC, CCC, !, 6#" ". ! 03%-+ CCC *2(#" ?#&#601&"$0"67+ 09( %#;-'*(=( Gram #&(10"6=( 
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<#601&29(  (Cornelis and Van Gijsegem, 2000). ! 03%-+ !, 4?*" *%"6&#0>$*" 6.&29+ $* 

<#601&"#6) $.$0>µ#0# $35*.81+ (Pallen et al., 2003; Christie et al., 2001), *(= - µ1?#("$µ7+ 

03%-. " $?*025*0#" µ* #.0-µ*0#A-&*2+ 6#" $.$0>µ#0# µ*0#A-&)+, 0# -%-2# $.(,4-(0#" µ*0#83 

0-.+ (Pallen et al., 2003; Jacob-Dubuisson et al., 2001). !" 03%-" C 6#" CC $?*025-(0#" )µ*$# µ* 01 

µ*0#A-&) #(#$.(,.#$µ4(9( %&90*R(=( $01 %*&2%09$1 %-. ?&1$"µ-%-"*20#" 9+ $3$01µ# 

46A&#$1+ 1 E. coli 6#" 0# ,")A-&# $0*/4?1 01+ 6#" '"# 0- /7'- #.07 -" 2 #.0-2 03%-" ;# 

%*&"'&#A-3( $01 $.(4?*"# 7$- %"- %*&"*60"6) 6#" µ*$0) '2(*0#". H# 4(5.µ# µ*0#A4&-(0#" #%- 

0- 6.00#&7%/#$µ# $0-( %*&"%/#$µ"67 ?=&- 6#" #%- *6*2 µ* %-"62//-.+ 0&7%-.+ *890*&"6) 0-. 

6.00)&-.. D825*" (# $1µ*"9;*2, 70" 0- 6);* µ-(-%)0" µ*0#A-&)+ #%-0*/*20#" #%- µ"# %/1;=&# 

*%"µ4&-.+ %&90*R("6=(  6#" µ1, %#&#'7(09(, -" -%-2-" ,3(#0#" (# ,&-.( 8*?9&"$0) > $* 

$3µ%/-6# 6#" %-//4+ A-&4+ - ?#&#601&"$µ7+ 6#" 1 µ*/401 0-.+ *2(#" %)&# %-/3 ,3$6-/-+ 49+ 

#,3(#0-+.

G0- $1µ*2- #.07 #825*" (# #(#A4&-.µ* 70" *2(#" #%-/309+ *%";.µ10> 1 µ*0#A-&) 09(  

#(#$.(,.#$µ4(9( %&90*R(=( 6#0) 01( *0*&7/-'1 46A&#$1 $0-( %*&"%/#$µ"67 ?=&- 6#" #%- 

6*2 $0- ;&*%0"67 µ4$-. B ,"#,"6#$2# <4<#"# #.0>, *8#&0)0#" )µ*$# #%- µ"# $*"&) %#&#'7(09(, 

-" -%-2-" #//1/-*%1&*)5-(0#" 6#" 6#;"$0-3( 0- $.(-/"67 $3$01µ# ","#20*&# %-/3%/-6-. F"# 

%#&),*"'µ#, 4(5.µ# 09( -%-29(  - )'&"-+ 03%-+ ,"#;40*" %*%02,"- -,1'7, 70#(  .%*&*6A&)5-(0#" 

$0- $3$01µ# 01+ E. coli, ,*( %#&#01&*20#" *896.00)&"# 466&"$1 09( *(53µ9( #.0=(. D(02;*0#, 

70#( %&-$#&µ7$-.µ* 0- %*%02,"- -,1'7 *(7+ *(53µ-. µ4$9 $3(0181+, $* 6)%-"- )//- 4(5.µ-, 

0-. -%-2-. - )'&"-+ 03%-+ ,*(  ,"#;40*" %*%02,"- -,1'7 6#" *6A&)$-.µ* $01( E. coli, 070* 

%#&#01&-3µ* *896.00)&"# 466&"$1 (Tan 16et al., 2001). L%9+ '2(*0#" #(0"/1%07, -/76/1&-+ - 

µ1?#("$µ7+ #(#'(=&"$1+ 0-. *(53µ-. 6#" *","670*&# 0-. %*%0",2-. -,1'-3 %-. ,"#;40*" 0- 

$.'6*6&"µ4(- 4(5.µ-, #%- 0-.+ %&90*R("6-3+ %#&)'-(0*+ 0-. *6)$0-0* µ-(-%#0"-3 µ*0#A-&)+, 

1 µ*0#A-&) 0-. *(53µ-. #%- 0- 6.00#&7%/#$µ# $0- %*&2%/#$µ# 6#" #%- 6*" *(,*?-µ4(9+ 

*896.00)&"# $0- ;&*%0"67 ./"67, #%-0*/*2 µ"# ","#"04&9+ %-/3%/-61 6#" $3(;*01 ,"#,"6#$2#. 

M%-&*2 #67µ1 6#(*2+ (# #(#/-'"$0*2 01(  *%"%/4-(  %-/.%/-67010# /#µ<)(-(0#+ .%7E1(, 70" 0# 

%#&#%)(9 $.$0>µ#0# 6#" µ-(-%)0"# µ*0#A-&)+ *2(#" )&&160# $.(,*,*µ4(# 6#" /*"0-.&'-3( 

#(# %)$# $0"'µ> .%- 01( )&"$01 6#" #%7/.01 $.(*&'#$2# µ* 0-.+ µ1?#("$µ-3+ µ*0)A&#$1+. 
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1.4.2  N/*-(*60>µ#0# µ*0#A-&)+ 09( %&90*R(=( $0-( %*&"%/#$µ"67 ?=&-.

B µ*0#A-&) 09( %&90*R(=( $0-( %*&"%/#$µ"67 ?=&- 6#" #%- 6*" *(,*?-µ4(9+ $0- ;&*%0"67 

µ4$-, ,"#;40*" 4(# $3(-/- %/*-(*601µ)09(  $* $3'6&"$1 µ* 01( *(,-6.00)&"# %#&-.$2# 09( 

%&90*R(=( $0- 6.00#&7%/#$µ#. :%"'&#µµ#0"6) ;# µ%-&-3$#µ* (# #(#A4&-.µ* 70", 0# 

%/*-(*60>µ#0# #.0) *2(#" 1 #%/-%-"1µ4(1 6#0"-3$# *%*8*&'#$2#, 1 #.81µ4(1 <"-/-'"6> 

/*"0-.&'2# %-. *2(#" #%7&&-"# 01+ .E1/70*&1+ $0#;*&7010#+ 6#" ,"#/.07010#+ 6#" 1 

*8#$A)/"$1 01+ #.;*(0"67010#+ 0-. W-0*/"6-3 )6&-. 0-. *(5.µ"6-3 µ-&2-. (Cornelis, 2000; 

Makrides, 1996; Mergulhao et al., 2004b). B $0#;*&7010# 6#" 1 /*"0-.&'"67010# *(7+ 

%&90*R("6-3 µ-&2-. *8#&0)0#" )µ*$# #%- 01 $9$0> #(#,2%/9$1 0-. µ-&2-. (protein folding), 1 

-%-2# *%"0*/*20#" #%- *8*","6*.µ4(# %&90*R("6) $3µ%/-6# (fold-ases) 6#0) 01 ,")&6*"# 01+ 

µ*0)A&#$1+ $.(-µ*0#A&#$0"6) > 6#" 6#07%"( 01+ µ*0)A&#$1+, µ*0#-µ*0#A&#$0"6). B 

#(#,2%/9$1 01+ %&90*I(1+ *2(#" µ"# %-/3 $3(;*01 ,"#,"6#$2#, 1 -%-2# $01&25*0#" $01( 3%#&81 

.,&7A-<9(  #//1/*%",&)$*9( 6#" #%-0*/*2 01( ,"#,"6#$2# *6*2(1, #%- 01( -%-2# 0- *(5.µ"67 

µ7&"- ;# #%-60>$*" 01( #(#'6#2# '"# 01( /*"0-.&'2#, 0*/"6> 0*0#&0-0#'> ,-µ> 0-.. 

@#;-&"$0"67+ %#&)'-(0#+ '"# 01( *%20*.81 01+ 0*0#&0-0#'-3+ ,-µ>+ 0-. *(53µ-. #%-0*/*2 6#" 

- $?1µ#0"$µ7+ 6#0)//1/9( ,"$-./A","6=( ,*$µ=(, -" -%-2-" $.(*"$A4&-.( $01 ,-µ"6> 

$0#;*&7010# 0-. µ-&2-. (Kadokura et al., 2003; Maskos et al., 2003; Raina and Missiakas, 

1997). ! $?1µ#0"$µ7+ 7µ9+ 09(  ,*$µ=( #.0=( *2(#" ","#20*&# ,3$6-/-+ $0- #(#'9'"67 

%*&"<)//-( 0-. 6.00#&-%/)$µ#0-+, $* #(02;*$1 µ* 0-( %*&"%/#$µ"67 ?=&- 7%-. 1 3%#&81 µ"#+ 

$*"&)+ *8*","6*.µ4(9( %&90*R(=( (DsbA, DsbB, DsbC, DsbD, SurA, RotA, FklB, FkpA) 

%&-9;-3(  6#" $.(*"$A4&-.( $01( *8#$A)/"$1 01+ #%-0*/*$µ#0"6>+ ,1µ"-.&'2#+ ,"$-./A","6=( 

,*$µ=( 6#" 6#0’*%460#$1 $01( <*/0"9µ4(1 $0#;*&7010# 0-. *(5.µ"6-3 µ-&2-. (Shokri et  al., 

2003).

:%"%/4-(, 70#( .%*&*6A&)5*0#" µ"# %&90*I(1 $0- $3$01µ# 01+ E. coli, *2(#" %-/3 %";#(7( 4(#  

µ*')/- %-$-$07 09( %#&#'7µ*(9( µ-&29(, (# $?1µ#025-.( $.$$9µ#0=µ#0# µ*0#83 0-.+ 

(inclusion bodies) µ* #%-04/*$µ# 01( 1µ"0*/> #(#,2%/9$> 0-.+ 6#" 01(  #%=/*"# 01+ 

/*"0-.&'"67010)+ 0-.+. D.07 $.µ<#2(*" /7'9 #,.(#µ2#+ 09( %&90*R("6=( $.$01µ)09( 

#(#,2%/9$1+ (fold-ases, chaperones), (# $.(*"$A4&-.(  $01(  -/-6/1&9µ4(1 ,"#µ7&A9$1 01+ 
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0*0#&0-0#'-3+ ,-µ>+, 6#;=+ ,*( ,3(#(0#" (# #(0#%*84/;-.( $0-.+ &.;µ-3+ 01+ .%*&46A&#$1+ 

6#" $0-( µ*')/- #&";µ7 *(5.µ"6=( µ-&29(, 0# -%-2# %&4%*" (# #(#,"%/9;-3( (Hoffmann et  al., 

2004). D(02;*0#, 1 µ*0#A-&) 09( µ-&29( #.0=( $0- %*&2%/#$µ#, ;# µ%-&-3$#µ* (# %-3µ* 70" 

$.µ<)//*" $01( #%-$.µA7&1$1 09( µ1?#("$µ=( #(#,2%/9$1+ 0-. 6.00#&-%/)$µ#0-+, 

*%"0&4%-(0#+ µ* #.07( 0-( 0&7%- 01( -/-6/>&9$1 01+ ,"#µ7&A9$1+ 01+ 0*0#&0-0#'-3+ ,-µ>+ 

$0- %*&2%/#$µ# #%- 0-.+ %#&)'-(0*+ %-. #(#A4&#µ* %#&#%)(9 6#" 7?" µ7(- (PNGaseF). 

@#0’*%460#$1, #%-A*3'*0#" 1 #,.(#µ2# #(#,2%/9$1+ 09(  .%*&)&";µ9(  *(5.µ"6=( µ-&29( 01+ 

.%*&46A&#$1+, ,"#01&=(0#+ $* .E1/) *%2%*,# 01( ,"#/.07010# 09(  %&90*R(=( 6#" 01( 

#%7,-$1 01+ 46A&#$1+ (Loo et al., 2002; Makrides, 1996). N#&)//1/# 1 3%#&81 %*&"-&"$µ4(-. 

#&";µ-3 %&90*#$=(  $0-( %*&"%/#$µ"67 ?=&- 6#" $0- ;&*%0"67 µ4$-, #%-0*/*2 4(#( *%"%/4-( 

%#&)'-(0#, - -%-2-+ $.(*"$A4&*" $01( #.81µ4(1 $0#;*&7010# 0-. '-(","#6-3 %&-R7(0-+ 

(Gottesman, 1996; Mergulhao et al., 2004b).

G1µ#(0"67 *2(#" *%2$1+ 0- '*'-(7+ 70" µ4$9 01+ µ*0#A-&)+ 0-. *(53µ-. $0- %*&2%/#$µ#, 

*8#$A#/25*0#" 1 #.;*(0"67010# 0-. W-0*/"6-3 )6&-. 01+ %*%0","6>+ #/.$2,#+. D.07 $.µ<#2(*" 

/7'9 0-. 70" 1 #µ"(-8"6> #//1/-.?2# 0-. %*%0",2-. -,1'-3, #A#"&*20#" µ* 01 ,&)$1 -&"$µ4(9( 

%&90*#$=(, *A7$-( 0- 4(5.µ- 4?*" µ*0#A*&;*2 $0-( %*&"%/#$µ"67 ?=&- (Mergulhao et al., 

2000). M* #.07( 0-( 0&7%- #%-A*3'*0#" 1 %";#(> %#&-.$2# *(7+ #(*%";3µ10-. #&?"6-3 

69,"6-(2-. µ*;*"-(2(1+, 1 -%-2# A.$"-/-'"6) ,*(  *µ%*&"4?*0#" $01( %&90*R("6> #/.$2,#. B 

%#&-.$2# µ"#+ *(,*?7µ*(1+ µ*;*"-(2(1+ µ%-&*2 (# #%-0*/4$*" #"02# µ*29$1+ 01+ ,-µ"6>+ 6#" 

/*"0-.&'"6>+ $0#;*&7010#+ 0-. *(53µ-. (Liao et al., 2004), 7%9+ *%2$1+ 6#" (# #%-0*/4$*" 

*(#&60>&"- %#&)'-(0# #(-$-#(02,&#$1+ $01 %*&2%09$1 ;*&#%*.0"6=( %&90*R(=(.

G* #.07 0- $1µ*2- 6&2(*0#" #(#'6#2- (# *"%9;*2, 70" 1 µ*0#A-&) 09( *(53µ9( $0-( 

%*&"%/#$µ"67 ?=&- #%-0*/*2 µ"# ","#20*&# %-/3%/-61 ,"#,"6#$2# 6#" '"# 0- /7'- #.07 ,*( *2(#" 

$%)("*+ -" %*&"%0=$*"+ 7%-. %#&#01&-3(0#" %&-</>µ#0#. H# %"- $.?() %&-</>µ#0# $?*025-(0#"  

µ* 1µ"0*/> µ*0#A-&) 09( %&90*R(=( ,"#µ4$9 01+ *$90*&"6>+ µ*µ<&)(1+ (Baneyx, 1999), 

#(*%#&6>+ #(0#%76&"$1 09( $.$01µ)09( µ*0#A-&)+ 6#" *8#'9'>+ $0- ;&*%0"67 µ4$- 

(Mergulhao and Monteiro, 2004) 6#" %&90*-/.0"6> #%-"6-,7µ1$1 09( %&90*R(=(  (Huang et al., 

2001). :%2$1+ ,")A-&-" %#&)'-(0*+ ,3(#0#" (# $?*025-(0#" µ* 01( #%-0*/*$µ#0"6> µ*0#A-&) 

09( #(#$.(,.#$µ4(9( *(53µ9(. :","670*&#, 4?-.( ,1µ-$"*.;*2 %*&"%0=$*"+, 7%-. 0- µ4'*;-+ 
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0-. %&90*R("6-3 µ-&2-. $?*025*0#" )µ*$# µ* 01( #%7,-$1 01+ µ*0#A-&)+ (Koster et  al., 2000; 

Palacios et al., 2001), 7%9+ *%2$1+ 6#" 70" µ*')/*+ 6.00#&-%/#$µ#0"64+ %&90*I(*+ *2(#" 

#,3(#0-( (# µ*0#A*&;-3( ,"#µ4$-. 09( µ*µ<&#(=( (Baneyx, 1999; Feilmeier et  al., 2000). 

D67µ1, %-/3 6#;-&"$0"67+ %#&)'-(0#+ *2(#" 1 #µ"(-8"6> #//1/-.?2# 0-. %*%0",2-. -,1'-3, µ* 

0- -%-2- ;# #//1/*%",&)$-.( 6#" ;# %&-$,*;-3( -" ,")A-&-" %#&)'-(0*+ 09( $.$01µ)09( 

µ*0#A-&)+ (Belin et al., 2004; Khokhlova and Nesmeyanova, 2004).

1.4.3  M1?#("$µ7+ µ*0#A-&)+ 03%-. C.

! µ1?#("$µ7+ #.07+ µ*0#A-&)+, $?*025*0#" µ* 01 µ*0#A-&) %&90*R(=( #%*.;*2#+ ,"#µ4$9 09( 

,3- *$90*&"6=( µ*µ<&#(=(  0-. E. coli, ?9&2+ 01( µ*$-/)<1$1 0-. %*&"%/#$µ"6-3 ?=&-. 9+ 

*(,")µ*$- $0#;µ7 (Binet et al., 1997). H- E. coli $.(>;9+ ?&1$"µ-%-"*2 0-( $.'6*6&"µ4(- 03%- 

µ1?#("$µ-3 µ*0#A-&)+, $0"+ %*&"%0=$*"+ .E1/-3 µ-&"#6-3 <)&-.+ 0-8"(=(  6#" *896.00#&"6=( 

*(53µ9( (Fernandez and de Lorenzo, 2001). ! µ1?#("$µ7+ µ*0#A-&)+ 03%-. C #%-0*/*20#" #%- 

,3- %&90*I(*+ 01+ *$90*&"6>+ µ*µ<&)(1+, -" -%-2*+ #(>6-.( $01( -"6-'4(*"# 09( ATP binding 

cassette (ABC) 6#" *2(#" -" HlyB 6#" HlyD 6#" *%2$1+ #%- µ"# %&90*I(1 01+ *890*&"6>+ 

µ*µ<&)(1+, 1 -%-2# -(-µ)5*0#" TolC (Fernandez and de Lorenzo, 2001; Gentschev et  al., 2002; 

Koronakis, 2003). !" ,3- %&90*I(*+ 01+ *$90*&"6>+ µ*µ<&)(1+ $?1µ#025-.(  4(# $0#;*&7 

$3µ%/-6-, 0- -%-2- %&-$,4(*0#" $0- %*%02,"- -,1'7 0-. #(#$.(,.#$µ4(-. *(53µ-.. H- 

$.'6*6&"µ4(- %*%02,"- -,1'7+, ;# %&4%*" (# ,"#;40*" µ"# 6#0)//1/1 #µ"(-8"6> #//1/-.?2#, 1 

-%-2# ;# *2(#" "6#(> (# #//1/*%",&)$*" µ* 0- $3µ%/-6- =$0* (# %&-$,*;*2. B #//1/-.?2# 

#.0> 6#/*20#" HlyA. G0- $1µ*2- #.07 ;# %&4%*" (# #(#A4&-.µ*, 70" 1 #//1/-.?2# 0-. %*%0",2-. 

-,1'-3 ,"#,&#µ#025*" 6#;-&"$0"67 &7/- $01( %&7$,*$1 µ* 0-.+ %&90*R("6-3+ %#&)'-(0*+ 09( 

µ1?#("$µ=( µ*0#A-&)+ 6#" *","670*&# $?*025*0#" )µ*$# µ* 0"+ 1/*60&-$0#0"64+ 

#//1/*%",&)$*"+ 6#" 0"+ ,.()µ*"+ %-. #(#%03$$-(0#" 6#" *2(#" #%7&&-"# 0-. $.(,.#$µ-3 

$3(,*$1+ 09( #µ"(-8"6=( 6#0#/-2%9(. T0$" - 03%-+ HlyA 0-. %*%0",2-. -,1'-3, *6A&)5*" 0"+ 

#//1/-.?2*+ *6*2(*+, -" -%-2*+ ,"#;40-.( 0"+ #%#"0-3µ*(*+ ","7010*+, 40$" =$0* (# ,3(#0#" 1 

%&7$,*$> 0-.+ µ* 0- $3µ%/-6- HlyB - HlyD. B µ*0#A-&) 0-. $.µ%/76-. µ* 0- %*%02,"- -,1'7 
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,"#µ4$9 0-. 6#(#/"-3 %-. ,1µ"-.&'*20#" #%- 01( *%"%/4-( %#&-.$2# 0-. %&90*R("6-3 

0&"µ*&-3+ TolC, #%#"0*2 01 %#&-.$2# DHX, 0- -%-2- .,&-/3*0#" #%- 01(  HlyB '"# 01( 

*8#$A)/"$1 01+ #%#"0-3µ*(1+ *(4&'*"#+ µ*0#A-&)+ (:"67(# 1.6). G1µ#(0"67 *2(#" 0- '*'-(7+ 

70" ,*( #%#"0*20#" DHX '"# 01 ,1µ"-.&'2# 0-. #&?"6-3 $.µ%/76-. HlyB - HlyD - %*%02,"- 

-,1'7+ (Thanabalu et  al., 1998). ! 0&7%-+, µ* 0-( -%-2- ,-µ*20#" -/76/1&-+ - µ1?#("$µ7+ 

*%"0&4%*" $01( %&90*R("6> #//1/-.?2# (# $.(,4*" 0"+ ,3- µ*µ<&)(*+, 01(  *$90*&"6> 6#" 01( 

*890*&"6>. M*0) 01 µ*0#A-&) 0-. *(53µ-., 0- 0&"µ*&4+ TolC #%-$.(,4*0#" #%- 0- $3µ%/-6- 

HlyB - HlyD. 

    

"1/@30 1.6 ! µ1?#("$µ7+ µ*0#A-&)+ 03%-. C $0- E. coli. N#&#01&-3µ* 01 $3(,*$1 0-. 
0&"µ*&-3+ TolC µ* 0- $3µ%/-6-  HlyB - HlyD - %&90*I(1 (Mergulhao et al., 2005).
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@#0) 01 ,")&6*"# µ*0#A-&)+, ,"#µ4$9 0-. ,1µ"-.&'-3µ*(-. 6#(#/"-3 #%- 0-.+ %&90*R("6-3+ 

%#&)'-(0*+, %&#'µ#0-%-"*20#" 6#" - $?1µ#0"$µ7+ ,"$-./A","6=( ,*$µ=(, -" -%-2-" 

$.(*"$A4&-.( $01 $0#;*&7010# 01+ 0*0#&0-0#'-3+ ,-µ>+ 0-. *(5.µ"6-3 µ-&2-.. N#&) 0- 

'*'-(7+ 70" - 03%-+ C µ*0#A-&)+ ,"#;40*" #&6*0) %/*-(*60>µ#0#, 7%9+ µ*0#83 )//9(  0- 

'*'-(7+ 70" µ%-&*2 (# µ*0#A4&*" $0- ;&*%0"67 µ4$- %-/3 µ*')/*+ %&90*I(*+ (*9+ 4000 

#µ"(-84#) (Sapriel et al., 2003). :%2$1+ 1 ,.(#07010# ,1µ"-.&'2#+ ,"$-./A","6=( ,*$µ=( 

#%-0*/*2 4(# #%- 0# $1µ#(0"670*&# ;*0"6) $0-"?*2# 0-. µ1?#("$µ-3 #.0-3. H#.07?&-(#, 

,"#;40*" 6#" ,3- %-/3 $1µ#(0"6) µ*"-(*60>µ#0#. H- %&=0- *2(#" 70", 0- %*%02,"- -,1'7+ 01+ 

%&90*I(1+, 1 -%-2# µ*0#A4&*0#", ,*( #%-µ#6&3(*0#" #%- %&90*)$*+, µ* #%-04/*$µ# (# 

#%#"0*20#" µ"# *%"%/4-( ,"#,"6#$2# #%-µ)6&.($1+ 0-. %*%0",2-. 6#07%"( 01+ µ*0#A-&)+ (Blight 

and Holland, 1994), 6#" ,*30*&-(, #%#"0*20#" 0#.07?&-(# µ* 01( .%*&46A&#$1 01+ .%--µ*/401 

%&90*I(1+, µ"# %#&)//1/1 .%*&46A&#$1 09( %&90*R("6=( %#&#'7(09(, -" -%-2-" µ*04?-.(  $0- 

$3$01µ# µ*0#A-&)+, =$0* (# ,3(#0#" 1 #%-0*/*$µ#0"6> 6#" #%-,-0"6> #//1/*%2,&#$1 6#" 

µ*0#A-&) 0-. '-(","#6-3 %&-R7(0-+ (Shokri et al., 2003). H4/-+ #825*" (# #(#A*&;*2 0- '*'-(7+, 

70" 4?-.( ,1µ-$"*.;*2 #&6*04+ %*&"%0=$*"+ 7%-. - 03%-+ C µ*0#A-&)+ *%1&*)5*0#" #%- 01( 

3%#&81 %&90*R("6=( %#&#'7(09( ,"#A-&*0"6=( µ1?#("$µ=( µ*0#A-&)+ 7%9+ '"# %#&),*"'µ# 

0-. SecB µ1?#("$µ-3 (Sapriel et al., 2002, 2003). 

1.4.4 M1?#("$µ7+ µ*0#A-&)+ 03%-. CC.

! µ1?#("$µ7+ µ*0#A-&)+ 03%-. CC ?#&#601&25*0#" #%- µ"# ,"#,"6#$2#, 1 -%-2# #%-0*/*20#" #%- 

,3- <>µ#0# 7$-( #A-&) 01( *896.00)&"# 466&"$1 09( %&90*R(=( $0- ;&*%0"67 µ4$-. D.07 

$1µ#2(*" 70", 6#0) 01 ,")&6*"# µ*0#A-&)+ *(7+ *(53µ-. #%- 0- 6.00#&7%/#$µ# %&-+ 0- 

;&*%0"67 µ4$-, µ*$-/#<*2 6#" - %*&"%/#$µ"67+ *(0-%"$µ7+ 0-. *(53µ-. #.0-3 %&2( 01( 

*896.00)&"# 466&"$1 (Koster et  al., 2000). G0-(  03%- CC .%)'-(0#" 3 ,"#A-&*0"6) µ-(-%)0"# 

µ*0#A-&)+: 0- SecB, 0- TAT 6#" 0- SRP. H- 0*/"67 <>µ# *896.00)&"#+ 466&"$1+ %*&"/#µ<)(*" 

*8*","6*.µ4(*+ %&90*I(*+, -" -%-2*+ -(-µ)5-(0#" ‘’secreton’’. G.(-/"6) -" µ1?#("$µ-2 

µ*0#A-&)+ 03%-. CC #%*"6-(25-(0#" $.(-%0"6) $01( :"67(# 1.7.
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    "1/@30 1.7  G.(-%0"6> #%*"67("$1 09( 0&*"=( µ1?#("$µ=( µ*0#A-&)+ 03%-. CC.

   

1.4.4.1  ,'-'!.#& SecB.

H- µ-(-%)0" SecB $?*025*0#" µ* 01 %/*"-(7010# 09(  #(#$.(,.#$µ4(9(  %&90*R(=(, -" -%-2*+ 

µ*0#A4&-(0#" $0- %*&2%/#$µ#, 6#" #%- 6*" %";#(70#0# µ* 6)%-"- 0&7%- $0- ;&*%0"67 µ4$-. !" 

%&90*R("6-2 %#&)'-(0*+ %-. $.(;40-.( 0-( $.'6*6&"µ4(- µ1?#("$µ7, /*"0-.&'-3( 

µ*0#µ*0#A&#$0"6), #//) 6#0) 01 ,")&6*"# 01+ µ*0)A&#$1+ *8*","6*.µ4(*+ %&90*I(*+ 0-. 

µ1?#("$µ-3, %&-$,4(-(0#" $0# &"<-$=µ#0# (Maier et al., 2003) µ* $6-%7 (# *µ%-,2$-.( 0-.+ 
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#(02$0-"?-.+ %&90*R("6-3+ %#&)'-(0*+ 0-. SRP µ1?#("$µ-3 (# %&-$,*;-3( $0# &"<-$=µ#0# 

6#" (# *66"(>$-.( 0"+ ,"#,"6#$2*+ µ*0#A-&)+ 6#;=+ - SRP µ1?#("$µ7+ /*"0-.&'*2 $.(-

µ*0#A&#$0"6) (Beck et al., 2000; Maier et al., 2003). L%9+ #(#A4&;16* 6#" %#&#%)(9, 

$1µ#(0"67 &7/- $01( #(#'(=&"$1 0-. %&90*R("6-3 µ-&2-. #%- 0-.+ %#&)'-(0*+ 0-. 6);* 

µ1?#("$µ-3 6#" *","670*&# 0-. 6);* µ-(-%#0"-3, %#25*" 1 #µ"(-8"6> #//1/-.?2# 0-. %*%0",2-. 

-,1'-3. M* )//# /7'"#, *6*2(-, 0- -%-2- ,"#A-&-%-"*2 01 %&7$,*$1 µ"#+ %&90*I(1+ $0-.+ 

%&90*R("6-3+ %#&)'-(0*+ 0-. *(7+ > 0-. )//-. µ-(-%#0"-3, *2(#" 1 #//1/-.?2# 6#" -" ","7010*+ 

0-. %*%0",2-. -,1'-3. V# µ%-&-3$#µ* (# %-3µ* 70" 0- %*%02,"- -,1'7+ A4&*" 0- $"(")/- 

%&7$,*$1+ $0-(  6#0)//1/- %&90*R("67 %#&)'-(0# 6#" 6#0’*%460#$1 01( *µ%/-6> 0-. *(53µ-. 

$0- $9$07 µ-(-%)0".

:","670*&#, -" %&90*I(*+, -" -%-2*+ µ*0#A4&-(0#" $0- %*&2%/#$µ# µ4$9 0-. SecB µ-(-%#0"-3 

,"#;40-.( 4(# W-0*/"67 %*%02,"- -,1'7, 0- -%-2- ,"#;40*" $.(>;9+ 18-30 #µ"(-8"6) 6#0)/-"%# 

6#" ?#&#601&25*0#" $.(-/"6) #%- µ"# $.'6*6&"µ4(1 ,-µ>: 4(# ;*0"6) A-&0"$µ4(- W-0*/"67 

)6&-, 4(#( 6*(0&"67 .,&7A-<- %.&>(# 6#" µ"# %-/"6> C-0*/"6> %*&"-?> (Choi and Lee, 2004; 

Fekkes and Driesen, 1999). G1µ#(0"67 *2(#" 0- '*'-(7+ 70" 6#;*µ2# #%- #.04+ 0"+ ,"#A-&*0"64+ 

%*&"-?4+ 0-. %*%0",2-. -,1'-3, ,"#,&#µ#025*" 0- ,"67 01+ &7/- $01 %&7$,*$1 6#" 01 µ*0#A-&) 

01+ %&90*I(1+ %&-+ 0- %*&2%/#$µ#. F"# %#&),*"'µ#, 1 ;*0"6) A-&0"$µ4(1 #//1/-.?2# 0-. W-

0*/"6-3 )6&-. $.(*"$A4&*" $01 %&7$,*$1 0-. µ-&2-. $01( #&(10"6) A-&0"$µ4(1 µ*µ<&#("6> 

*%"A)(*"#. D381$1 01+ "$?3-+ 0-. ;*0"6-3 A-&02-. #.0>+ 01+ %*&"-?>+, 4?*" $.(0*/4$*" $01( 

#381$1 09( *%"%4,9( µ*0#A-&)+ (Fekkes and Driessen, 1999; Wang et al., 2000). D()/-'- &7/- 

,"#,&#µ#025*" 6#" 1 6*(0&"6> .,&7A-<1 %*&"-?>, 7%-. #.81µ4(1 .,&-A-<"67010# $.(0*/*2 

*%2$1+ $* #.81µ4(*+ #%-,7$*"+ µ*0#A-&)+ (Wang et al., 2000). 

!" 63&"-" %&90*R("6-2 %#&)'-(0*+, -" -%-2-" *µ%/46-(0#" $0- $.'6*6&"µ4(- µ-(-%)0" 

µ*0#A-&)+ *2(#" 0- 0$#%*&7("- SecD, 0- 0$#%*&7("- SecB 6#;=+ *%2$1+ 6#" 0- %&90*R("67 

$3µ%/-6- SecK:G. :","670*&# 0- SecJ %&-$,4(*0#" $01( %&90*R("6> #//1/-.?2# µ* $67%- (# 

*µ%-,2$*" 01(  4(#&81 0-. µ1?#("$µ-3 01+ #(#,2%/9$1+ %&2( 0- %4&#+ 01+ µ*0)A&#$1+ 

(Khokhlova and Nesmeianova, 2003) 6#" 0#.07?&-(# 01 %&-$#(#0-/25*" %&-+ 0- 0$#%*&7("- 

SecD, *(= >,1 4(#+ )//-+ %#&)'-(0#+ (trigger factor) 4?*" %&-$,*;*2 *µ%-,25-(0#+ 01( 

*(,*?7µ*(1 *µ%/-6> %&90*R("6=( %#&#'7(09(  #%- ,"#A-&*0"6) µ-(-%)0"#. D6&"<=+ $* #.07 0- 
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$1µ*2- 4'6*"0#" 1 $1µ#$2# 0-. %*%0",2-. -,1'-3, 0- -%-2- #(#'(9&25*0#" *8*","6*.µ4(# #%- 0- 

SecD. H- SecD *2(#" %&-$,*,*µ4(- $01( .%-µ-(),# SecK 0-. $.µ%/76-. SecK:G 6#" 

%#&)//1/# $0- SecD 4?*" %&-$,*;*2 6#" 4(# µ7&"- DHX, 0- -%-2- .,&-/3*0#", µ* #%-04/*$µ# 0- 

0$#%*&7("- SecJ (# #%*/*.;*&=(*0#" #%- 01 µ*µ<&)(1 (:"67(# 1.7). N#&)//1/# µ* 01( 

#%*/*.;4&9$1 0-. SecJ #%- 01( µ*µ<&)(1 µ*0) 01( .,&7/.$1 0-. DHX, #%*/*.;*&=(*0#" 6#" 1 

%&90*R("6> #//1/-.?2# *(07+ 0-. 6#(#/"-3, 0- -%-2- $?1µ#025*0#" #%- 0# 0$#%*&7("# 0-. 

µ-(-%#0"-3. B %&90*I(1 %/4-( -,*3*" %&-+ 0-( %*&"%/#$µ"67 ?=&-, 7%-. ;# #%-60>$*" 01 

0*/"6> 01+ 0*0#&0-0#'> ,"#µ7&A9$1. D825*" (# $1µ*"9;*2 70" 0- 0$#%*&7("- SecD A#2(*0#" (# 

%#25*" 6#;-&"$0"670#0- &7/- $01( 7/1 ,"#,"6#$2# µ*0#A-&)+ 6#" 4(#+ #%- 0-.+ <#$"670*&-.+ 

*&*.(10"6-3+ $07?-.+, #%-0*/*2 1 %&-$%);*"# .%*&%#&#'9'>+ 01+ %&90*I(1+ SecD, µ* $6-%7 

01( #381$1 09( *%"%4,9( µ*0#A-&)+. B $.'6*6&"µ4(1 %&-$%);*"# 7µ9+ #(#$04//*0#" #%- 0- 

'*'-(7+ 70" 1 46A&#$1 01+ %&90*I(1+ SecD #.0--&.;µ25*0#" µ* 0- (# %&-$,4(*0#" 1 2,"# 

%&90*I(1 $0- ,"67 01+ mRNA, 6)0" %-. %&4%*" (# #(0"µ*09%"$0*2 =$0* (# .%*&%#&#?;*2. 

@/*2(-(0#+, ,* ;# %&4%*" (# %#&#/*2E-.µ* 01( #(#A-&) 0-. <#$"6-3 µ*"-(*60>µ#0-+ 0-. 

µ-(-%#0"-3 #.0-3, 0- -%-2- *2(#" 70" - µ1?#("$µ7+ 0-., ,*( ,3(#0#" (# .%-$01&28*" 01 

µ*0#A-&) %/>&9+ #(#,"%/9µ4(9( %&90*R(=(. F"# 0- /7'- #.07, %&90*I(*+, -" -%-2*+ 

#(#,"%/=(-(0#" 0#?30#0# $0- 6.00#&7%/#$µ#, 2$9+ (# µ1( µ%-&-3( (# µ*0#A*&;-3( 

#6-/-.;=(0#+ 0- $.'6*6&"µ4(- µ-(-%)0". G* #.04+ 0"+ %*&"%0=$*"+, ;# %&4%*" (# 

?&1$"µ-%-"-3(0#" 0# ,3- *%7µ*(# µ-(-%)0"#, >0-" 0- HDH 6#" 0- SRX.

1.4.4.2  ,'-'!.#& SRP.

H- µ-(-%)0" SRX (signal recognition particle), ?&1$"µ%-"*20#" #%- 0- E. coli 6.&29+ '"# 01 

$07?*.$1 6#" µ*0#A-&) %&90*R(=( 01+ *$90*&"6>+ µ*µ<&)(1+ (Economou, 1999). T?*" 

?&1$"µ-%-"1;*2 $* #&6*04+ %*&"%0=$*"+ µ*0#A-&)+ #(#$.(,.#$µ4(9( %&90*R(=(. M)/"$0# 

4?-.( 0#.0-%-"1;*2 6#" -&"$µ4(# %*%02,"# -,1'-2, 0# -%-2# #6-/-.;-3( 0- $.'6*6&"µ4(- 

µ-(-%)0" 6#" '"# #.07 0- /7'- 4?-.( $.(01?;*2 µ* %&90*I(*+ µ* $6-%7 01( 6#0*.;.(7µ*(1 

µ*0#A-&) 0-.+ *(07+ 0-. E. coli. H40-"# %*%02,"# *2(#" 0- Mtla-OmpA, 0- MalF-LacZ, 01+ 
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#6*0./-0&#($A*&)$1+ 01+ ?/9&#µA#"("67/1+. H- µ-(-%)0" SRX #%-0*/*20#", 7%9+ 6#" 0- SecJ, 

#%- ,")A-&-.+ %&90*R("6-3+ %#&)'-(0*+, -" -%-2-" #(#'(9&25-.( 0- $"(")/- 0-. %*%0",2-. 

-,1'-3 01+ %&90*I(1+. H- ?#&#601&"$0"67 #.0=( 09( %*%0",29( -,1'=( *2(#" 1 .E1/> 

.,&-A-<"67010# 0-. $.(7/-. 01+ #//1/-.?2#+ 0-. %*%0",2-., $* #(02;*$1 µ* 01 %*&2%09$1 0-. 

SecJ, 7%-. #%#"0*20#" *%2$1+ 6#" 4(# ;*0"67 6#" 4(# %-/"67 A-&02- $0# ,3- )6&# #(02$0-"?#. 

:","670*&#, %*"&)µ#0# 4,*"8#( 01(  ;*0"6> *8)&01$1 µ*0#83 01+ #.81µ4(1+ .,&-A-<"67010#+ 6#" 

09( *%"%4,9( µ*0#A-&)+ (Fekkes and Driessen, 1999). :%"%/4-(, -" %&90*I(*+ 0-. µ-(-%#0"-3 

#.0-3 #//1/*%",&-3( µ* 01 %&-+ µ*0#A-&) %&90*I(1 $.(µ*0#A&#$0"6) 6#" '"# 0- /7'- #.07, 

<#$"67+ %#&)'-(0#+ 0-. SRX #%-0*/*2 4(# µ7&"- 4.5S RNA (Herskovits et al., 2000). !" 63&"-" 

%&90*R("6-2 %#&)'-(0*+ 0-. SRX *2(#" to 4.5S RNA, - Ffh, - FtsY, 0- $3µ%/-6- SecAYEG 6#" 

- YidC. N#&#01&-3µ* 70" 6#0) 01 ,")&6*"# ,&)$1+ 09( µ1?#("$µ=(  µ*0#A-&)+, µ%-&*2 (# 

4?-.µ* 6#" 6)%-"- *2,-+ $.(4&'*"#+ µ*0#83 0-.+.

1.4.4.3  ,'-'!.#& /0/.

H- µ-(-%)0" HDH (two arginine translocation) *µ%/46*0#" $01 µ*0#A-&) %&90*R(=(, 0# %*%02,"# 

-,1'-2 09( -%-29( ,"#;40-.(  ,3- ,"#,-?"64+ 6#" .E1/=+ $.(01&1µ4(*+ #&'"(2(*+ (Santini et al., 

1998; Sargent et al., 1998). ! µ1?#("$µ7+ 0-. µ-(-%#0"-3 #.0-3 4?*" 01( "6#(7010# µ*0#A-&)+ 

%&90*R(=( %&-+ 0- %*&2%/#$µ# ,"#µ4$9 01+ *$90*&"6>+ µ*µ<&)(1+, -" -%-2*+ *2(#" %/>&9+ 

#(#,"%/9µ4(*+ 6#" µ)/"$0# ?9&2+ 01( #%#201$1 DHX (Stanley et al., 2000; Yahr and Wickner, 

2001; Bogsch et al., 1998; Santini et  al., 1998). !" <#$"6-2 %&90*R("6-2 %#&)'-(0*+ 0-. 

µ-(-%#0"-3 #.0-3, -" -%-2-" $.(;40-.( 0- ,"#µ*µ<&#("67 6#()/" µ*0#A-&)+, 6#;=+ 6#" 0# 

$3µ%/-6# %-. #//1/*%",&-3( µ* 0"+ %&90*I(*+-.%-$0&=µ#0# *2(#": - HatA, TatB, TatC, TatD, 

TatE. ! *%"µ4&-.+ &7/-+ #.0=( 09(  $.µ%#&#'7(09( ,*(  4?*" *8#6&"<9;*2 #67µ1, #( 6#" 1 

/*"0-.&'*2# 0-.+ $* *%2%*,- $.µ%/769( 4?*" %&-$,"-&"$0*2. H# %*%02,"#--,1'-2 $01 %*&2%09$1 

0-. HDH µ-(-%#0"-3 ,"#;40-.(  %#&7µ-"# ,-µ> µ* *6*2(# 0-. SecJ µ-(-%#0"-3, µ* 01 ,"#A-&) 

70" #&";µ-3( 6#0# µ4$- 7&- 14 *%"%/4-( #µ"(-8"6) 6#0)/-"%#. H4/-+, 0- HDH µ-(-%)0" 4?*" 

?&1$"µ-%-"1;*2 6.&29+ $* %*&"%0=$*"+ µ*0#A-&)+ #(0"$9µ)09( (De Lisa et al., 2003).
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1.4.5 :896.00)&"# N&90*R("6> T66&"$1.

L%9+ 4?*" >,1 #(#A*&;*2 %&-1'-.µ4(9+, - 63&"-+ /7'-+, '"# 0-(  -%-2- 4?*" %&-6/1;*2 07$- 

µ*')/- *&*.(10"67 *(,"#A4&-( '"# 0-.+ µ1?#("$µ-3+ µ*0#A-&)+ 09( %&90*R(=( $0- $3$01µ# 

46A&#$1+ 0-. E. coli, *2(#" 0# <#$"6) %/*-(*60>µ#0# %-. #%-&&4-.( #%- µ"# *(,*?7µ*(1 

466&"$1 01+ .%--µ*/401 %&90*I(1+ $0- ;&*%0"67 µ4$-. G* #.07 0- $1µ*2-, 6&2(*0#" #(#'6#2- (# 

#(#A4&-.µ*, 70" 1 *896.00)&"# µ*0#A-&) $0- ;&*%0"67 µ4$-, *( 04/1 #%-0*/*2 µ"# %-/3%/-61 

,"#,"6#$2# 6#" -" µ1?#("$µ-2, µ* 0-.+ -%-2-.+ %&#'µ#0-%-"*20#" %-"62//-.(. !" %&90*I(*+ 

,3(#0#" (# A0)$-.( $0- ;&*%0"67 µ4$-, µ4$9 01+ #%*/*.;4&9$1+ 0-. %*&"%/#$µ"6-3 

%*&"*?-µ4(-. /7'9 /3$1+ 01+ *890*&"6>+ µ*µ<&)(1+, #%- 0-( µ1?#("$µ7 03%-. C > #%- 0-( 

µ1?#("$µ7 03%-. CC %-. µ7/"+ #(#/3;16* %#&#%)(9 (1.4.4). Q7'9 0-. 70" 1 $.(0&"%0"6> 

%/*"-E1A2# 09( #(#$.(,.#$µ4(9( %&90*R(=(  µ*0#A4&-(0#" µ4$9 0-. $.$0>µ#0-+ CC, ;# 

*%"6*(0&9;-3µ* $01( *%"'&#µµ#0"6> #(#A-&) 0-. 0*/"6-3 $0#,2-. µ*0#A-&)+ 0-. $.$0>µ#0-+ 

CC. B 0*/"6> µ*0#A-&) µ"#+ %&90*I(1+ $01 %*&2%09$1 #.0> $0- ;&*%0"67 µ4$-, 

%&#'µ#0-%-"*20#" #%- 4(# %&90*R("67 $3µ%/-6- (secreton), 0- -%-2- #%-0*/*20#" #%- 12-16 

%&90*I(*+ (Lory, 1998; Pugsley et  al., 1997; Sandkvist, 2001). T?*" #%-,*"?;*2 70" 0- $3µ%/-6- 

#.07 *2(#" .E1/=+ $.(01&1µ4(- $0# Gram-#&(10"6) <#60>&"# 6#" - &7/-+ 0-. 6);* 

%&90*R("6-3 %#&)'-(0#, ,*( 4?-.( #67µ1 *8#6&"<9;*2 (Nouwen et al., 1999, 2000; Possot et al., 

2000; Sandkvist, 2001). G1µ#(0"67 *2(#" 0- '*'-(7+, 70" 70#( -" %&90*I(*+ A0)$-.(  $0- 

%*&2%/#$µ#, %&4%*" (# ,"#µ-&A=$-.( 01( 0*/"6> 0-.+ 0*0#&0-0#'> > #67µ1 6#" %*µ%0-0#'> 

,"#µ7&A9$1, 40$" =$0* (# #(#'(9&"$0-3( #%- 0- $3µ%/-6-.

:607+ 7µ9+ 0-. $.µ%/76-. #.0-3, 1 *896.00)&"# 466&"$1 µ%-&*2 (# *%"0*.?;*2 6#" #%- 01 

,1µ"-.&'2# %7&9( 0-. %*&"%/)$µ#0-+ (del Castillo et al., 2001; Rinas and Hoffmann, 2004), 1 

-%-2# *%)'*0#" #%- ,")A-&*+ #"02*+. F"# %#&),*"'µ#, 6#0) 01 ,")&6*"# 01+ 6.00#&"6>+ 

,"#2&*$1+, 0- %*&"%/#$µ"67 %*&"*?7µ*(- µ%-&*2 (# ,"#?.;*2 $0- ;&*%0"67 µ4$-, %&2( 0-( 

$?1µ#0"$µ7 01+ (4#+ *890*&"6>+ µ*µ<&)(1+ (Mergulhao et al., 2004a). :%"%/4-(, 1 #.8#(7µ*(1 

$.'64(0&9$1 01+ #(#$.(,.#$µ4(1+ %&90*I(1+ $0- %*&2%/#$µ#, µ%-&*2 (# #%-0*/4$*" 01( 

6"(10>&"- ,3(#µ1 µ*0#A-&)+ %&-+ 0- ;&*%0"67 µ4$-, 40$" =$0* -,1'1;*2 0- $3$01µ# $* 

#%-$.µA7&1$1 (Hasenwinkle et  al., 1997). D67µ1, 1 .E1/> $.'64(0&9$1 %&-R7(0-+ $0- 
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%*&2%/#$µ#, µ%-&*2 (# -,1'>$*" $01 ,1µ"-.&'2# %7&9( 01+ *890*&"6>+ µ*µ<&)(1+ (Pugsley  et 

al., 1997), µ* #%-04/*$µ# 01( *8#'9'> %&-+ 0- ;&*%0"67 µ4$-. H4/-+, ","#20*&# $* %-/39&*+ 

6.00#&"64+ <#601&"#64+ 6#//"4&'*"*+, *2(#" ,.(#07( (# *%#?;*2 %*&"%/#$µ"6> /3$1 6#" 

#%*/*.;4&9$1 0-. %&90*R("6-3 A-&02-. $0- ;&*%0"67 µ4$- (Lee et al., 2001). L%9+ '2(*0#" 

)µ*$# 6#" *36-/# #(0"/1%07, .%)&?*" µ"# %/1;=&# 0&7%9(, µ* 0-.+ -%-2-.+ -" %&90*I(*+ 

-,1'-3(0#" 0*/"6) $0- ;&*%0"67 µ4$-, 6)0" 0- -%-2- *2(#" #%-/309+ *%";.µ107 6#" #%-0*/*2 0-( 

#%=0*&- $6-%7 6)%-"-., - -%-2-+ µ*/*0) 6#" $?*,")5*" µ"# *A#&µ-'> *896.00)&"#+ 466&"$1+. 

G0"+ %&-1'-3µ*(*+ %#&#'&)A-.+ #(#A*&;>6#µ* #&?"6) $01 ,-µ> 6#" 01 /*"0-.&'2# 0-. 

*(53µ-. %-. µ*/*0>;16*, ,1/#,> $01( L-ASNase, 7%9+ *%2$1+ 6#" $0-.+ /7'-.+ '"# 0-.+ 

-%-2-.+ 0- $.'6*6&"µ4(- 4(5.µ- $.$%*"&=(*" µ*')/- *&*.(10"67 *(,"#A4&-(. @#07%"(, 

#(#/3$#µ* $* µ-&"#67 *%2%*,- 0-.+ µ1?#("$µ-3+, µ* 0-.+ -%-2-.+ µ"# %&90*I(1 > 4(# 4(5.µ- 

,3(#0#" (# -,1'1;*2 $0-(  %*&"%/#$µ"67 ?=&- 6#" #%- 6*2 $0- ;&*%0"67 µ4$- *890*&"6) 0-. 

6.00)&-. 0-. E. coli, 0- -%-2- ?&1$"µ-%-"*20#" 9+ *%" 0- %/*2$0-( $#( $3$01µ# *0*&7/-'1+ 

46A&#$1+ #(#$.(,.#$µ4(9( %&90*R(=(. D(#A4&#µ*, 70" 4(# #%- 0# %/*-(160>µ#0# 01+ 

*896.00)&"#+ 466&"$1+ 09( #(#$.(,.#$µ4(9(  %&90*R(=(, µ*0#83 )//9(, *2(#" 0- '*'-(7+ 70" 

,"*.6-/3(*0#" 1 6#0"-3$# *%*8*&'#$2# 6#" 1 #%-µ7(9$1 $* 6#;#&> µ-&A> 01+ %&90*I(1+ %-. 

*6A&)5*0#". T(# #%- 0# %"- "$?.&) *&'#/*2# 01+ 6#0"-3$#+ *%*8*&'#$2#+, #%-0*/*2 1 

123µ4#')245$4. Q7'9 0-. 70" 4(#+ #%- 0-.+ <#$"670*&-.+ $6-%-3+ 01+ %#&-3$#+ *&'#$2#+, 

>0#( 1 <*/0"$0-%-21$1 0-. 6#;#&"$µ-3 01+ L-ASNase #%- 0- $04/*?-+ Erwinia chrysanthemi, 

$* 7$- 0- ,.(#07( 6#;#&70*&1 µ-&A> *A#&µ=5-(0#+ µ*;7,-.+ ?&9µ#0-'&#A2#+, 6&2(*0#" 

#(#'6#2# 1 #(#A-&) $* #.04+ 0"+ µ*;7,-.+.
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1.5  I061-F90 2<2J2=>09A0 /01 K=;µ06->=0BA0.

B 6#0"-3$# *%*8*&'#$2# (downstream processing) %*&"/#µ<)(*" 0# $0),"# *6*2(#, 0# -%-2# 

µ*$-/#<-3( µ*0) 01( %#&#'9'> 0-. *(53µ-. 6#" $6-%7+ 0-.+ *2(#", (# #%-µ-(9;*2 6#" (# 

6#;#&"$0*2 0- %#&#'7µ*(- 4(5.µ- %-. µ#+ *(,"#A4&*", $0-( *%";.µ107 <#;µ7 (@/=(1+ C., 

1997). N&2( '2(*" #(#A-&) 6#" #()/.$1 09( 6.&"70*&9( µ*;7,9( ?&9µ#0-'&#A2#+, 6&2(*0#" 

#(#'6#2- (# ;"?0*2 #&?"6), 1 0#8"(7µ1$1 01+ 6#0"-3$#+ *%*8*&'#$2#+. B *%"/-'> *(7+ 

%&90-67//-. 6#0"-3$#+ *%*8*&'#$2#+ *2(#" %)(0-0* )&&160# $.(,*,*µ4(- µ* 0-.+ $07?-.+ 

6#;#&"$µ-3 6#" #%-µ7(9$1+ %-. 4?-.( 0*;*2 6);* A-&). H.%"6) 4(# %&9076-//- 6#0"-3$#+ 

*%*8*&'#$2#+, ;# µ%-&-3$* (# ,"#6&";*2 $* 4 $0),"#. G0- 421&6* 7#.%&', %#&#/#µ<)(-.µ* 0# 

6300#&# 01+ 6#//"4&'*"#+ $.(>;9+ µ* A.'-64(0&1$1 > ,">;1$1. G01 $.(4?*"# #6-/-.;*2 

,")&&181 09( 6.00)&9( *A#&µ75-(0#+ ,"#A7&9( 03%9( 0*?("64+ (µ1?#("64+ > µ1). G#( 

0*/*.0#2- µ4&-+ 0-. #&?"6-3 $0#,2-., *%2$1+ µ* A.'-64(0&1$1 > ,">;1$1, #%-µ#6&3(-.µ* 7/# 

0# $0*&*) %-. %&-63%0-.( (µ*µ<&)(*+, 6.00#&"6) ;&#3$µ#0#, 6.0./.) #%- 0"+ %&-1'-3µ*(*+ 

,"#,"6#$2*+ (@/=(1+ C., 1997). 

H- %"8#"2' 7#.%&' ;# µ%-&-3$* (# ?#&#601&"$0*2 9+ $0),"- ?#µ1/-3 6#;#&"$µ-3, 7%-. µ* 

*(5.µ"6> .,&7/.$1 6#" 6#0#6&>µ("$1 #%-µ#6&3(-(0#" 0# (-.6/*R6) -84#, 7%9+ *%2$1+ 6#" 

µ4&-+ 09( %&90*R(=( #6-/-.;=(0#+ 4(# ,"A#$"67 $3$01µ# 6#0#(-µ>+ (@/=(1+ C., 1997). H- 

#2$#' 7#.%&' ?#&#601&25*0#" 9+ $0),"- .E1/-3 6#;#&"$µ-3, 0- -%-2- %*&"/#µ<)(*" 01( .'&> 

?&9µ#0-'&#A2# $0>/1+ 6#" *%"0.'?)(*0#" - 0*/"67+ 6#;#&"$µ7+ 0-. *(53µ-. %-. µ#+ 

*(,"#A4&*". !" 0*?("64+ .'&>+ ?&9µ#0-'&#A2#+ $0>/1+ *2(#" 6.&29+ 0&*2+: 1 ?&9µ#0-'&#A2# 

,"#%*&#07010#+ > µ-&"#6-3 1;µ-3 (gel permeation > gel filtration), 1 ?&9µ#0-'&#A2# 

"-(0-#(0#//#'>+ (ion exchange chromatography) 6#" 1 ?&9µ#0-'&#A2# $.''4(*"#+ (affinity 

chromatography) (@/=(1+ C., 1997). G0- #9#42#' 64& #":";#4$' 7#.%&' 01+ 6#0"-3$#+ 

*%*8*&'#$2#+ %&#'µ#0-%-"*20#" $.µ%36(9$1 0-. %&-R7(0-+, #%-µ)6&.($1 ,")A-&9( 

µ"6&-µ-&"#6=( -.$"=( > #67µ1 6#" 6)%-"9( 0-8"6=( -.$"=( %-. %";#(70#0# (# %#&4µ*"(#( 

$0- ,*2'µ# 6#" 0*/"6> $0#;*&-%-21$1 6#" $.$6*.#$2# 0-. %&-R7(0-+. !" 0*?("64+ %-. 

?&1$"µ-%-"-3(0#" $0- $0),"- #.07 *2(#" 6.&29+ 1 .%*&,">;1$1 6#" 1 6#0#6&>µ("$1 (@/=(1+ C., 

1997).
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T(# #%- 0# ,.$6-/70*&# $0),"# 01+ 6#0"-3$#+ *%*8*&'#$2#+, #%-0*/*2 0- $0),"- .E1/-3 

6#;#&"$µ-3. G0- $0),"- #.07, ;# %&4%*" (# /1A;-3( .%7E1 -" A.$"6-?1µ"64+ ","7010*+ 6);* 

A-&) 0-. *(53µ-., 0- -%-2- *%";.µ-3µ* (# #%-µ-(=$-.µ* 6#" (# 6#;#&2$-.µ* 6#" #(#/7'9+ 

(# #(#%038-.µ* 6#" (# *A#&µ7$-.µ* 0- %&9076-//- 6#;#&"$µ-3. D825*" (# $1µ*"9;*2 0- 

'*'-(7+, 70" %-//4+ A-&4+ $01 %&)81, ,*( /#µ<)(-.µ* 0# #(#µ*(7µ*(# #%-0*/4$µ#0# #%- 0-( 

6#;#&"$µ7, µ* #%-04/*$µ# - *%#(#$?*,"#$µ7+ 6#" 1 *A#&µ-'> 0&-%-%-">$*9( $0- 

%&9076-//-, (# #%-0*/*2 *%"0#60"6> 6#" )µ*$1 #()'61. V# /4'#µ*, 70" 4(#+ <*/0"$0-%-"1µ4(-+ 

6#;#&"$µ7+ %&-63%0*" %*"&#µ#0"6) 6#" 7?" ;*9&10"6), #%/) #(#/39(0#+ 0"+ ","7010*+ *(7+ 

*(5.µ"6-3 µ-&2-. 6#" ,"#µ-&A=(-(0#+ 4(# %&9076-//- 6#;#&"$µ-3. F"# %#&),*"'µ#, *2(#" 

%-//4+ A-&4+ $3(1;*+ 0- A#"(7µ*(-, (# µ1(  µ%-&-3µ* (# #%-µ-(=$-.µ* 6)%-"- 4(5.µ- µ* 

?&9µ#0-'&#A2# "-(0-#(0#//#'>+ %#&) µ7(- µ* ?&9µ#0-'&#A2# $.''4(*"#+ 6#" #+ 4?-.µ* 

#(#%038*" µ"# -/-6/1&9µ4(1, ;*9&10"6> %&-$4''"$1 '"# 01(  ?&9µ#0-'&#A2# "-(0-#(0#//#'>+. 

Q#µ<)(-(0#+ .%7E1( 01 $1µ#$2# 6#" 01 %-/.%/-67010# 0-. $0#,2-. .E1/-3 6#;#&"$µ-3 01+ 

6#0"-3$#+ *%*8*&'#$2#+, ;# #(#A*&;-3µ* $01 $.(4?*"# $0"+ ,3- %"- $.(>;*"+ µ*;7,-.+ 

?&9µ#0-'&#A2#+, %-. *A#&µ75-.µ* $* *&'#$01&"#67 *%2%*,-, 01( ?&9µ#0-'&#A2# $.''4(*"#+ 

6#" ?&9µ#0-'&#A2# "-(0-#(0#//#'>+.     

1.5.1  S&9µ#0-'&#A2# "-(0-#(0#//#'>+.

 

B ?&9µ#0-'&#A2# #.0-3 0-. 03%-., #%-0*/*2 µ"# #%- 0"+ $.(1;4$0*&*+ µ*;7,-.+, 7?" µ7(- $* 

*&'#$01&"#6>, #//) 6#" $* <"-µ1?#("6> 6/2µ#6#. G* #.07 0- $1µ*2- ;# %&4%*" (# 0-(2$-.µ*, 

70" '2(*0#" 1 #(#A-&) $0-( ,"#?9&"$µ7 *&'#$01&"#6> 6#" <"-µ1?#("6> 6/2µ#6#, 6#;=+ -" 

$.(;>6*+ .%- 0"+ -%-2*+ %&#'µ#0-%-"-3(0#" 6#" *A#&µ75-(0#" 0# %&9076-//# 6#;#&"$µ-3, 

*2(#" 0*/*29+ ,"#A-&*0"64+ $0"+ ,3- %*&"%0=$*"+. :2(#" %-/3 %";#(7 '"# %#&),*"'µ#, 4(# 4(5.µ- 

(# #%-µ-(=(*0#" 6#" (# 6#;#&25*0#" µ* %-/3 µ*')/1 #%7,-$1 #6-/-.;=(0#+ µ"# $.'6*6&"µ4(1 

µ4;-,- $0- *&'#$0>&"-, 1 -%-2# 7µ9+ µ4;-,-+ (# *2(#" #%#'-&*.0"6> $* <"-µ1?#("6> 6/2µ#6#. 

B $.'6*6&"µ4(1 µ4;-,-+ $01&25*0#" $0- '*'-(7+ 70" 1 A3$1 0-. *(5.µ"6-3 µ-&2-. *2(#" 

#µA-0*&"6>. D.07 $1µ#2(*" 70" 0- A-&02- 0-. *(53µ-. ,3(#0#" (# ,"#A-&-%-"1;*2 $* 
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,"#A-&*0"64+ $.(;>6*+ pB. T0$", -%-"-,>%-0* *(5.µ"67 µ7&"- µ%-&*2 (# %&-$&-A1;*2 $* 

6#0)//1/- "-(0-#(0#//)601 6#" *( $.(*?*2#, µ* ,"#A-&-%-21$1 09( $.(;16=( pB > 6#" 

"-(0"6>+ "$?3-+, (# %#&#/)<-.µ* 0- %&-$&-A1µ4(- 4(5.µ-. M* /2'# /7'"#, 1 %&-$&7A1$1 0-. 

*(53µ-. *2(#" #(0"$0&*%0>. ! "-(0-#(0#//)601+ *2(#" ?1µ"6) ,*$µ*.µ4(-+ $* %-/.µ*&>, 0# 

-%-2# %#&-.$")5-.( .,&7A"/- ?#&#60>&#. H40-"# %-/.µ*&> *2(#" 1 #'#&751, 1 6.00#&2(1,  1 

,*80&)(1, ,")A-&# $.(;*0"6) %-/.µ*&> 7%9+ %-/.#6&./#µ2,"-, %-/.#6&./"6), #//) 6#" 

$.(,.#$µ-2 %-/.µ*&=( ($.µ%-/.µ*&>) 7%9+ 1 #'#&751/,*80&)(1, #'#&751/%-/.#6&./#µ2,"- 

6.#. (@/=(1+ C., 1997). ! %&-$&-A10>+ ,"#;40*" µ"# µ*'#/-%-&=,1 ,-µ>, 40$" =$0* 6#" %-/3 

µ*')/*+ %&90*I(*+ (# µ%-&-3(  (# *"$4/;-.( $0- *$90*&"67 6#" (# #//1/*%",&)$-.( µ* 0"+ 

A-&0"$µ4(*+ -µ),*+ 0-. "-(0-#(0#//)601. !" A-&0"$µ4(*+ -µ),*+ 0-. "-(0-#(0#//)601 

%-"62//-.(, µ* %"- $.(1;"$µ4(*+ 0"+ 6#&<-8./-µ),*+, 0"+ 0&"0-0#'*2+ #µ"(-µ),*+ 6#" 0"+ 

$-./A-("64+. D825*" (# $1µ*"9;*2, 70" 7/*+ -" %#&#%)(9 ?1µ"64+ -µ),*+ *2(#" *8-.,*0*&9µ4(*+ 

#%- "7(0# #(02;*0-. A-&02-. 0-. ,"#/3µ#0-+. @#0’*%460#$1, -" ?1µ"64+ -µ),*+ 0-. *(53µ-. 

%-. ,"#;40-.( A-&02- #(02;*0- 0-. "-(0-#(0#//)601 6#" 4/6-(0#" #%’#.07(, $.(#'9(25-(0#" 6#" 

#%9;-3( 0- #(0"$0#;µ"$0"67 "7(, µ* #%-04/*$µ# (# %&-$&-A)0#" 0- 4(5.µ- $0-( 

"-(0-#(0#//)601. 

L0#( *A#&µ75-.µ* ?&9µ#0-'&#A2# "-(0-#(0#//#'>+, *2(#" %&902$01+ $1µ#$2#+ (# '(9&25-.µ* 

0- "$-1/*60"67 $1µ*2- (pI) 0-. *(53µ-., 7%9+ *%2$1+ 6#" 0- *3&-+ pB *(07+ 0-. -%-2-. *2(#" 

/*"0-.&'"67 0- 4(5.µ-. F"# %#&),*"'µ#, $01 %*&2%09$1 %-. 6)%-"- 4(5.µ- #,&#(-%-"*20#" $* 

pB 5, ;# %&4%*" (# #%-A3'-.µ* #(02$0-"?*+ $.(;>6*+ -83010#+ 6#0) 01 ,"#,"6#$2# 01+ 

?&9µ#0-'&#A2#+. C$-1/*60"67 $1µ*2- *(7+ *(53µ-., *2(#" *6*2(1 1 0"µ> pB, $01( -%-2# 0- 

$.(-/"67 A-&02- 0-. *(53µ-. *2(#" µ1,4(  (0). :2(#" %&-A#(4+ 70" $* 0"µ4+ pB>pI, 0- 4(5.µ- 

*2(#" A-&0"$µ4(- #&(10"6) 6#" $01( #(02;*01 %*&2%09$1 7%-. pB<pI, 0- µ7&"- *2(#" ;*0"6) 

A-&0"$µ4(-. !" "$7010*+ #.04+ #%-0*/-3( 01 <)$1 ,"#µ7&A9$1+ 6#" #()%0.81+ *(7+ 

%&90-67//-. ?&9µ#0-'&#A2#+ "-(0-#(0#//#'>+, 6#;=+ ;# *8#&01;*2 0- *2,-+ 0-. 

"-(0-#(0#//)601 %-. ;# ?&1$"µ-%-">$-.µ*. T(# #&(10"6) A-&0"$µ4(- *(5.µ"67 µ7&"-, ;# 

%&-$&-A1;*2 $* 4(#(  4-&'-#'4-#4::.6#(. D(02;*0#, 4(# ;*0"6) A-&0"$µ4(- µ7&"-, ;# 

%&-$&-A1;*2 $* 4(#( 64#&'-#'4-#4::.6#(. G.µ%*&#2(-.µ* /-"%7(, 70" 6);* A-&) ;# %&4%*" (# 

'(9&25-.µ* 01 0"µ> pI *(7+ *(53µ-., 7%9+ *%2$1+ 6#" 0"+ 0"µ4+ pB 0"+ -%-2*+ µ%-&*2 (# 
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<<#(*?0*2>> 4(# 4(5.µ- 40$" =$0* (# µ1( #%1/*";*2 1 /*"0-.&'"67010) 0-.. B '(=$1 6#" 1 

-&"-;401$1 09(  0"µ=(  #.0=(, ;# #%-0*/4$-.( 01 <)$1 %)(9 $01( -%-2# ;# $01&"?;*2 1 *%"/-'> 

*(7+ 6#0)//1/-. 6#0"-(0-#(0#//)601/#("-(0-#(0#//)601 6#" 1 ,"#µ7&A9$1 0-. %&90-67//-. 

6#;#&"$µ-3. N-/3 $1µ#(0"67 &7/- $01( *%"/-'> 0-. "-(0-#(0#//)601, %#25-.( 6#" -" ?1µ"64+ 

","70104+ 0-., -" -%-2*+ µ* 01 $*"&) 0-.+ 7%9+ *2(#" A.$"67, *8#&0=(0#" #%- 01 ?1µ"6> -µ),# 

0-. #(0#//)601. D.07 4?*" 9+ #%-04/*$µ#, -" "-(0-#(0#//)60*+ (# ,"#"&-3(0#" $* #$;*(*2+ 6#" 

$* "$?.&-3+ 6#" -" *","670*&#, -" ,"#A-&4+ 0-.+ #%-&&4-.( #%- 0- *3&-+ pB, $0- -%-2- 

,"#01&-3( 0- A-&02- 0-.+ (@/=(1+ C., 1997). T(#+ "$?.&7+ "-(0-#(0#//)601 ,"#01&*2 0- A-&02- 

0-. $* %-/3 µ*'#/30*&- *3&-+ pB, $* $?4$1 µ* 4(#( #$;*(> "-(0-#(0#//)601. :%"%/4-(, 4(# 

%&7$;*0- µ4'*;-+, %-. ?&1$"µ-%-"*20#" '"# 01 %*&"'&#A> 6#" 0-( ?#&#601&"$µ7 *(7+ 

"-(0-#(0#//)601, *2(#" 1 ?9&10"67010) 0-.. M* 0-( 7&- 132(#&6*#(#4, *((--3µ* 01 µ4'"$01 

%-$7010# *(53µ-., 1 -%-2# ,*$µ*3*0#" #() µ-(),# 7'6-. > <)&-.+ %&-$&-A10>, .%- -&"$µ4(*+ 

$.(;>6*+ 6#" *6A&)5*0#" $* meq A-&0"$µ4(9( -µ),9(/ml %&-$&-A10> > $* g %&90*I(1+/ml 

%&-$&-A10>. V# %&4%*" (# 0-("$0*2, 70" 1 ?9&10"67010# *(7+ %&-$&-A10> µ*0#<)//*0#" 6#" 

,"#A-&-%-"*20#" #(#/7'9+ 09(  $.(;16=( %&-$&7A1$1+ 0-. *(53µ-.. M* )//# /7'"#, .%- 

,"#A-&*0"64+ $.(;>6*+ pB 6#" "-(0"6>+ "$?3-+, 1 ?9&10"67010# ,3(#0#" (# µ*"9;*2 > (# #.81;*2 

(@/=(1+ C., 1997).

L$-( #A-&) 01(  46/-.$1 (> *6&7A1$1) 0-. %&-$&-A1µ4(-. *(53µ-. #%- 01 ?&9µ#0-'&#A"6> 

$0>/1, µ%-&*2 (# *%"0*.?;*2 µ* 0&*2+ 0&7%-.+: µ* 7;-"1< %&4=.>µ&7(, µ* 7#4%&46< %&4=.>µ&7( 

6#" µ* 96:';7( 7;))9-"&4+ (Donald D. Voet and Judith G. Voet, 2004). M* 0-( 7&- ,"#<);µ"$1, 

*((--3µ* 01 µ*0#<-/> 09( $.(;16=( pB 6#" "-(0"6>+ "$?3-+ 01+ .'&>+ A)$1+ 01+ $0>/1+, 7%9+ 

*%2$1+ #67µ1 6#" 01 %&-$;>61 6)%-"#+ *%"%/4-( <-1;10"6>+ -.$2#+, =$0* (# *6/-.$0*2 0- 

%&-$&-A1µ4(- 4(5.µ-. B $.(*?>+ ,"#<);µ"$1 %#&-.$")5*0#" 6#0) 6)%-"- 0&7%- 

%&-</1µ#0"6>, /7'9 0-. 70" - "-(0-#(0#//)601+ 4?*" 01( "6#(7010# (# &.;µ25*" 0"+ µ*0#<-/4+ 

0-. pB %-. *%"A4&-(0#", µ* #%-04/*$µ# 0- 0*/"67 pB $01 $0>/1 (# *2(#" ,"#A-&*0"67 #%- 

*6*2(- %-. *%";.µ-3µ*. D(02;*0#, µ* 01 $0#,"#6> ,"#<);µ"$1 µ%-&-3µ* (# *%"03?-.µ* 

#%-0*/*$µ#0"670*&1 &3;µ"$1 09(  $.(;16=( 01+ $0>/1+ 6#" ","#20*&# 0-. pB. ! %"- $.(>;1+ 

0&7%-+ 46/-.$1+ $01 ?&9µ#0-'&#A2# "-(0-#(0#//#'>+ *2(#" 1 ,"#<);µ"$1 01+ "-(0"6>+ "$?3-+. 

S&1$"µ-%-"=(0#+ ,"#A-&*0"6) &.;µ"$0"6) ,"#/3µ#0# µ* ,"#A-&*0"6> "-(0"6> "$?3, µ%-&-3µ* 
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(# 0&-%-%-">$-.µ* 0- %*&"<)//-( %&-$&7A1$1+ 0-. *(53µ-., 6#;=+ 0# ,"#A7&# ,"#/3µ#0# 

,&-.(  #;&-"$0"6), µ* #%-04/*$µ# 0- 4(5.µ- (# *6/-3*0#". B #381$1 01+ "-(0"6>+ "$?3-+ 

$.(*%)'*0#" µ*29$1 09( 1/*60&-$0#0"6=( #//1/*%",&)$*9(, -" -%-2*+ $.'6&#0-3( 0- 4(5.µ- 

$01 $0>/1 6#" 40$" $0#,"#6) 0- 4(5.µ- *6/-3*0#". ! 0&20-+ 0&7%-+ 46/-.$1+ *(7+ *(53µ-. #%- 

6)%-"-(  "-(0-#(0#//)601, #A-&) $01 ?&>$1 6)%-"-. 6#0)//1/-. µ-&2-. ,*$µ*.0>, 0- -%-2- 

*µA#(25*" $.''4(*"# µ* 0- %&-$&-A1µ4(- 4(5.µ- 6#" 6#0’#.07(  0-(  0&7%- $.(#'9(25*0#" 0"+ 

1/*60&-$0#0"64+ #//1/*%",&)$*"+ µ*0#83 0-. *(53µ-. 6#" 0-. %&-$&-A10>, -" -%-2*+ 

*.;3(-(0#" '"# 01 %&7$,*$1 0-. µ-&2-. $0-( "-(0-#(0#//)601. F"# (# *("$?.;*2 1 %&7$,*$1 

0-. ,*$µ*.0> µ* 0- *(5.µ"67 µ7&"-, A4&*" "$?.&7 A-&02- #(02;*0- µ* *6*2(- 0-. *(53µ-., 

'*'-(7+ 0- -%-2- #%-,.(#µ=(*" 6#" 01 $3(,*$> 0-. µ* 0-( %&-$&-A10> 6#" 0*/"6) *6/-3*0#". 

1.5.2.  S&9µ#0-'&#A2# $.''4(*"#+

B ?&9µ#0-'&#A2# $.''4(*"#+, #%-0*/*2 01( #%-0*/*$µ#0"670*&1 ?&9µ#0-'&#A"6> 0*?("6> 

#%-µ7(9$1+ 6#" 6#;#&"$µ-3 *(53µ9( (@/=(1+ C., 1997). B #&?> 01+ $.'6*6&"µ4(1+ 0*?("6>+ 

<#$25*0#" $01( ","7010# %-. ,"#;40-.( 0# 4(5.µ#, 9+ <"-/-'"6-2 6#0#/30*+, (# #(#'(9&25-.( µ* 

*8*","6*.µ4(- 6#" #(0"$0&*%07 0&7%- ?1µ"64+ *(=$*"+ (Donald D. Voet and Judith G. Voet, 

2004). !" *(=$*"+ #.04+ $.(>;9+ #%-0*/-3( 0# A.$"6) .%-$0&=µ#0# 09( *(53µ9(, µ"µ104+ 09( 

A.$"6=( .%-$0&9µ)09(, -.$2*+ ,1/#,> %-. %&-$*''25-.(  $0*&*-?1µ"6) 6#" A.$"6-?1µ"6) µ* 

0# .%-$0&=µ#0#, 7%9+ *%2$1+ #67µ1 6#" %&-R7(0# 01+ *(5.µ"6>+ 6#0)/.$1+. F*("670*&#, *607+ 

09( .%-$0&9µ)09(, 0- 4(5.µ- µ%-&*2 (# %&-$,*;*2 6#" $* #(#$0-/*2+, $.(4(5.µ#, µ40#//# 6#" 

#(0"$=µ#0#. L/*+ -" %&-1'-3µ*(*+ *(=$*"+ 6#/-3(0#" %"7µ";#9+, 6#;=+ ,*$µ*3-.(  0- *(5.µ"67 

µ7&"- µ* 0- -%-2- ;# #//1/*%",&)$-.(. !" ,*$µ*.04+ µ%-&-3(  (# #6"(10-%-"1;-3( $* 

6#0)//1/-.+ 5'2"$+, -" -%-2-" *2(#" %-/.µ*&> $0*&*) ./"6) 6#" (# ,"#µ-&A9;*2 40$" - 

#%-6#/-3µ*(-+ %2'72'5(#<+ 7;))9-"&4+. G.(>;9+ - ,*$µ*.0>+ $.''4(*"#+ '*A.&=(*0#" ?1µ"6) 

µ* 0-(  A-&4# µ* 6)%-"- µ7&"-, 0- -%-2- -(-µ)5*0#" =241$'-4+ 6#" ,"*.6-/3(*0#" 6#0’#.07( 0-( 

0&7%- 1 #6"(10-%-21$1 0-. ,*$µ*.0> $0-(  A-&4# (@/=(1+ C., 1997). :( $.(*?*2#, - 

%&-$&-A10>+ $.''4(*"#+ %#6*0)&*0#" $* 6)%-"# ?&9µ#0-'&#A"6> $0>/1, $01( -%-2# ;# 

A-&09;*2 0- ,*2'µ# %-. %*&"4?*", *607+ 09( )//9( 6#" 0- 4(5.µ- %-. *%";.µ-3µ* (# 
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#%-µ-(=$-.µ*. H- *(5.µ"67 µ7&"- ;# %&-$&-A1;*2 *6/*60"6) $0-( ,*$µ*.0> $.''4(*"#+, *(= 

-" .%7/-"%*+ -.$2*+ %-. ,*( %#&-.$")5-.(  6)%-"# $.''4(*"# µ* 0-(  ,*$µ*.0>, ;# ,"#%*&)$-.( 

#,4$µ*.0# 01 $0>/1. G* #.07 0- $1µ*2-, ;# %&4%*" (# #(#A4&-.µ* 0"+ %*&"%0=$*"+, 7%-. 

*%"%/4-( µ7&"# *607+ 0-. *(53µ-., %&-$,4(-(0#" #$;*(=+ $0-( %&-$&-A10>. Q7'9 0-. 70" -" 

#//1/*%",&)$*"+ #.04+ *2(#" #$;*(*2+, µ%-&-3µ* *36-/# (# #%#//#?;-3µ* #%- #.0) 0# 

#(*%";3µ10# µ7&"#, *6%/4(-(0#+ 01 $0>/1 µ* &.;µ"$0"67 ,")/.µ# *8"$-&&7%1$1+, 0-. -%-2-. 1 

"-(0"6> "$?3+ *2(#" #&6*0> 40$" =$0* (# #%-µ#6&.(;-3( 0# *%"%/4-( µ7&"#. M*0) #%- 0"+ 

0*/*.0#2*+ #.04+ %/3$*"+, %-. 9+ $6-%7 4?-.(  01( #%-,4$µ*.$1 09( #$;*(=+ %&-$,*,*µ4(9( 

-.$"=(, µ%-&-3µ* (# %#&#/)<-.µ* 0- *6/*60"6) ,*$µ*.µ4(- 4(5.µ-, *6/-3-(0)+ 0- µ* 

6#0)//1/- &.;µ"$0"67 ,")/.µ#, 0- -%-2- %*&"4?*" #&6*0> $.'64(0&9$1 0-. ,*$µ*.0>. M* 

#.07( 0-(  0&7%-, 1 %*&2$$*"# $.'64(0&9$1 0-. ,"#/.0-3 ,*$µ*.0> $.(#'9(25*0#" 01 ,4$µ*.$1 

0-. *(53µ-. $01 $0>/1, µ* #%-04/*$µ# (# *6/-3*0#" #%- #.0>. V# >0#( %&-?*"&7010# 6#" 

*%"%-/#"7010# (# %#&#/*2E-.µ* 01( #(#A-&) %*&"%0=$*9(, 7%-. $.µ<#2(*" (# 4?-.µ* 01 µ1 

*6/*60"6> ,4$µ*.$1 -.$"=( $0-( %&-$&-A10> $.''4(*"#+ 6#" µ)/"$0# #&6*0) 49+ %-/3 "$?.&). 

G* #.04+ 0"+ %*&"%0=$*"+ ;# %&4%*" (# 0&-%-%-">$-.µ* 0- %&9076-//- 6#;#&"$µ-3 7$-( #A-&) 

0"+ $.(;>6*+ %&-$&7A1$1+ 0-. *(53µ-. ("-(0"6> "$?3+, pB) > #67µ1 6#" 0"+ #(02$0-"?*+ 01+ 

46/-.$1+. G* 0*/*.0#2# #()/.$1, µ%-&-3µ* (# ,"#A-&-%-">$-.µ* 6#" 0-( ,*$µ*.0>, 

?&1$"µ-%-"=(0#+ 6)%-"-( )//- %*&"$$70*&- *6/*60"67 %&-+ 0- 4(5.µ- %-. µ#+ *(,"#A4&*". 

F*("670*&#, ;# µ%-&-3$#µ* (# 6#0#0)8-.µ* 0-.+ ,*$µ*.04+ $* ,3- 63&"*+ 6#01'-&2*+: $0-.+ 

;?(:<+ 7;))9-"&4+ 6#" "6:"6#&6*#(#4+ 6#" $0-.+ )"-&6<+ 7;))9-"&4+ (@/=(1+ C., 1997). G01 

%&=01 %*&2%09$1, 0.%"6) - ,*$µ*.0>+ #(#'(9&25*" 6#" ,*$µ*3*" 4(# µ7(- 4(5.µ- 6#" 040-"*+ 

%*&"%0=$*"+ *2(#" -" #//1/*%",&)$*"+ #(0"'7(9(-#(0"$9µ)09(, -&µ-(=(--&µ-(=(, -" 

#//1/-.?2*+ DNA, -" -%-2*+ #(#'(9&25-.( µ7(- 0- %*&"-&"$0"67 4(5.µ- %-. 0"+ 04µ(*". 

D(02$0-"?#, $01 ,*30*&1 %*&2%09$1 01+ '*("6>+ $.''4(*"#+ ,*$µ*.0=(, 6#0#0)$$-(0#" -" 

$.(;*0"64+ 0&"#5"("64+ ?&9$0"64+, 0# µ*0#//-?1/"6) $3µ%/-6# (,1µ"-.&'2# $.µ%/76-. 

µ*0#//-6#0"7(09(  $* A-&4# %-. A4&*" "µ"(-,"-8"67 -83), 1 %&90*I(1 D. G3µA9(# µ* 0# 

%&-1'-3µ*(#, µ"# $.''4(*"# µ*0#83 *(7+ *(53µ-. 6#" 0-. .%-$0&=µ#07+ 0-. ;*9&*20#" '*("6>+ 

$.''4(*"#+, 6#;=+ %&#60"6) $?*,7( %)(0# 4?-.µ* 01 %&7$,*$1 *%"%/4-( µ-&29( *607+ 0-. 

*%";.µ10-3 µ-&2-.. 
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V# %&4%*" #67µ1 (# *%"$1µ)(-.µ*, 70" -" ","7010*+ 0-. A-&4# *2(#" 6#;-&"$0"6>+ $1µ#$2#+ '"# 

01( *%"0.?> *A#&µ-'> *(7+ %&90-67//-. ?&9µ#0-'&#A2#+ $.''4(*"#+ (@/=(1+ C., 1997). 

:%"'&#µµ#0"6) 0# <#$"670*&# ?#&#601&"$0"6) *(7+ #%-0*/*$µ#0"6-3 A-&4# *2(#": (# *2(#" 

.,&7A"/-+ =$0* (# #%-A*3'-(0#" µ1 *6/*60"64+ .,&7A-<*+ ,*$µ*3$*"+, (# #%-.$")5-.( 

A-&0"$µ4(*+ -µ),*+ µ* $6-%7 01( #%-A.'> µ1 *6/*60"6=( 1/*60&-$0#0"6=( #//1/*%",&)$*9(, 

(# #%-0*/*20#" #%- µ*'#/-%-&=,1 $A#"&2,"# =$0* 0- µ4'*;-+ 09( %&90*R("6=( µ-&29( (# µ1( 

#%-0*/*2 %&7</1µ#, (# *2(#" <"-/-'"6), µ1?#("6) 6#" ?1µ"6) $0#;*&7+ 6#" (# A4&*" */*3;*&*+ 

.,&-8./-µ),*+ '"# (# µ%-&*2 (# #6"(10-%-"1;*2 ?1µ"6) 6#" #%-0*/*$µ#0"6) - ,*$µ*.0>+. 

H4/-+, 7$-( #A-&) 01( 46/-.$1 0-. %&-$&-A1µ4(-. *(53µ-., ;# µ%-&-3$* (# 

%&#'µ#0-%-"1;*2 "6:"6#&6. > µ( "6:"6#&6. (@/=(1+ C., 1997). G01( *6/*60"6> 46/-.$1 

?&1$"µ-%-"-3µ* µ7&"#, 0# -%-2# *µA#(25-.( µ*')/1 *6/*60"67010# 9+ %&-+ 0- ,*$µ*.µ4(- 

4(5.µ- 6#" *2(#" $.(#'9("$0"6) 0-. ,*$µ*.0>. N#&#,*2'µ#0# 040-"9( *6/-.0"6=( %#&#'7(09( 

*2(#" -" #(#$0-/*2+ 09( $.'6*6&"µ4(9( *(53µ9(, $.(4(5.µ#, .%-$0&=µ#0#. D(02$0-"?#, $01 

%*&2%09$1 01+ µ1 *6/*60"6>+ 46/-.$1+, #%/) ,"#A-&-%-"-3µ* 0"+ $.(;>6*+ 01+ .'&>+ A)$1+ 

01+ $0>/1+ 7%9+ 0- pB 6#" 01( "-(0"6> "$?3, µ* #%-04/*$µ# 01( #%-,4$µ*.$1 0-. *(53µ-., 0- 

-%-2- 4?*" ,*$µ*.0*2 µ* 6)%-"*+ $.'6*6&"µ4(*+ $.(;>6*+. B ?&>$1 *%2$1+ ?#-0&-%"6=( 

%#&#'7(09(, µ%-&*2 (# $.µ<)//*" $01( µ1 *6/*60"6> 46/-.$1 0-. %&-$&-A1µ4(-. *(5.µ"6-3 

µ-&2-..

G01 %#&-3$# µ*/401, -" %&-$%);*"*+ 6#;#&"$µ-3 6#" #%-µ7(9$1+ 01+ #(#$.(,.#$µ4(1+ L-

ASNase #%- Erwinia chrysanthemi, *%"6*(0&=;16#( 07$- $01 ?&9µ#0-'&#A2# "-(0-#(0#//#'>+ 

7$- 6#" $01 ?&9µ#0-'&#A2# $.''4(*"#+, #//) 7%9+ ;# #(#A*&;*2 6#" #(#/.0"670*&# $01 

$.(4?*"#, - <*/0"$0-%-"1µ4(-+ 6#;#&"$µ7+ *%*0*3?;*" *A#&µ75-(0#+ ?&9µ#0-'&#A2# 

$.''4(*"#+.
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1.6  )/13:6-<-A:9: 6:D L-09<0=0>1379:D.

L%9+ #(#A4&#µ* 6#" $* %&-1'-3µ*(1 %#&)'&#A-, 1 $1µ#(0"670*&1 ?&>$1 01+ L-ASNase 

%&-63%0*" #%- 0- '*'-(7+ 70" %#&-.$")5*" #(0"-/*.?#"µ"64+ ","7010*+ (Broome J. D., 

1961,1968), 6#" *","670*&# ?&1$"µ-%-"*20#" $01( #(0"µ*0=%"$1 01+ -8*2#+ /*µA-</#$0"6>+ 

/*.?#"µ2#+. N#&) 0- '*'-(7+, 70" ;*9&*20#" 4(# #%- 0# #%-0*/*$µ#0"670*&# A)&µ#6#, 

0#.07?&-(# #%-&&4-.( #%- 01 ?&>$1 01+ 6#" µ"# $*"&) #%- %#&*(4&'*"*+, -" -%-2*+ *2(#" 

#%-04/*$µ# #A*(7+ µ*( 0-. 70" ,"#;40*" 6#" %#&)//1/1 ,&)$1 '/-.0#µ"()$1+ 6#" #A*04&-. ,*, 

70" *%1&*)5*" 4(# $3(-/- %&90*R(=( %-. $?*025-(0#" µ* 01 %>81 0-. #2µ#0-+, %&-6#/=(0#+ µ* 

#.07( 0-(  0&7%- ;&7µ<9$1 (Bushman et al., 2000; Payne & Vora, 2007). :607+ 01+ ;&7µ<9$1+, 

%-. #%-0*/*2 2$9+ 01 $-<#&70*&1 %#&*(4&'*"#, %&-6#/-3(0#" 6#" )//*+ %#&*(4&'*"*+, -" -%-2*+ 

%-"62//-.( #%- #%/4+ #(0",&)$*"+ .%*&*.#"$;1$2#+, 49+ $-<#&) #(#A./#60"6) $-6 (Kravtzoff 

et al., 1996; Muller et al., 2001), 0# -%-2# ,3(#0#" (# #%-<-3( µ-"&#2# '"# 0-(  #$;*(> (Kontzia 

& Labrou, 2006). G.µ%*&#2(-.µ* /-"%7(, 70" 1 ?&>$1 01+ L-ASNase %&-6#/*2 µ"# $*"&) #%- 

$-<#&4+ %#&*(4&'*"*+. F"# 0- /7'- #.07, 0# 0*/*.0#2# ?&7("# #&6*04+ *%"$01µ-("64+ -µ),*+ 

4?-.( *%"6*(0&9;*2 $01 %&-$%);*"# #6"(10-%-21$1+ 0-. *(53µ-. #.0-3, µ* $6-%7 01 

,"*&*3(1$1 01+ %";#(7010#+ 6#0#$6*.>+ *(7+ =&'4-#&%247#<24. H- $6*%0"67 *2(#", 70" 2$9+ ;# 

µ%-&-3$* (# .%)&8*" 1 %";#(7010# A"/0&#&2$µ#0-+ 0-. #2µ#0-+ 0-. #$;*(> *89$9µ#0"6), 

µ4$9 *(7+ <"-#(0",&#$0>&#, - -%-2-+ %*&"4?*" #6"(10-%-"1µ4(1 L-ASNase. @#0’#.07( 0-( 

0&7%-, ;# µ*"=(-(0#(  0# *%2%*,# L-#$%#&#'2(1+ $0- #2µ#, 0- -%-2- #%-0*/*2 6#" $07?- #%- 01 

?&>$1 #.0-3 0-. *(53µ-., µ* %#&)//1/1 #%-A.'> 09( 4(0-(9( %#&*(*&'*"=( 0-. #$;*(-3+. 

:%"%/4-(  0- 4(5.µ- ,* ;# *"$4&?*0#" $0- #2µ#, µ* #%-04/*$µ# (# µ1( *%)'*0#" 1 ,&)$1 

%&90*#$=( =$0* (# #%-"6-,-µ>$-.( 01 <<84(1>> %&90*I(1, 6)0" %-. $.(*"$A4&*" $01( 

*6,>/9$1 %#&*(*&'*"=(. T(# #67µ1 %/*-(4601µ# #.0>+ 01+ .%-0";4µ*(1+ *A#&µ-'>+, #A-&) 

6#" $0- 67$0-+ 01+ ?&>$1+ 0-. A#&µ#6*.0"6-3 #.0-3 *(53µ-.. H- '*'-(7+ 70" 1 L-ASNase, ;# 

*2(#" #6"(10-%-"1µ4(1, *8#$A#/25*" 6#" *%#(#/1E"µ7010# 7$-( #A-&) 01 ?&>$1 01+. 

:607+ 7µ9+ 01+ %#&#%)(9 #&6*0) A"/7,-81+ *A#&µ-'>+ 0-. *89$9µ#0"6-3 <"-#(0",&#$0>&#, 

4?*" µ*/*01;*2 $* %-/3 µ*')/- <#;µ7 1 #6"(10-%-21$1 01+ L-ASNase $* %-/.µ*&> ./"6), 0# 

-%-2# *2(#" #,&#(> 6#" A"/"6) %&-+ 0-(  #(;&=%"(- -&'#("$µ7, µ* $6-%7 01(  in vivo ?&>$1 
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#.0=( 09(  ,-µ=(. B #6"(10-%-21$1 0-. *(53µ-. 0&-%-%-"*2 0"+ A.$"6-?1µ"64+ ","70104+ 0-. 

6#" 4?*" #%-,*"?;*2, 70" 6#0’#.07(  0-( 0&7%- 7?" µ7(- µ*"=(*0#" 1 #(-$-/-'"6> #(02,&#$1  

(Jorge et al., 1994; Jean-Franceois et al., 1997; DeLoach et al., 1990) 6#" 1 0-8"67010# 7$-( 

#A-&) 0-( -&'#("$µ7 *(7+ #$;*(-3+, #//) %#&)//1/# <*/0"=(*0#" 6#" 1 #(;*60"67010# 0-. 

*(53µ-. 4(#(0" 01+ %&90*7/.$1+ (Yu-Qing Zhang et al., 2003).   

T?-.( *A#&µ-$0*2 6#" µ*/*01;*2 ,")A-&*+ µ4;-,-" #6"(10-%-21$1+ 0-. *(53µ-. #.0-3 

?&1$"µ-%-"=(0#+ ,"#/.0) 6#" #,")/.0# %-/.µ*&> 6#" µ)/"$0# -" %&=0*+ %&-$%);*"*+ 

*(0-%25-(0#" ?&-("6), #67µ1 6#" 0&")(0# ?&7("# %&2(. M"# #%- 0"+ %&=0*+ *(=$*"+ %-. *2?* 

?&1$"µ-%-"1;*2 #&?"6) >0#( 1 %"@#2.-( (Karsakevich et al., 1987). B ,*80&)(1 

?&1$"µ-%-">;16* $* $.(,.#$µ7 µ* 01 %-/.'/.62(1, 1 -%-2# #&?"6) -8*",=;16* 40$" =$0* (# 

#(0",&)$*" 0- 4(5.µ- -µ-"-%-/"6), µ* #%-04/*$µ# 01 ,1µ"-.&'2# #5-µ*;"("6=( ,*$µ=( 

(azomethine bonds). !" %&-63%0-.$*+ #/,*Y,"64+ -µ),*+ 0-. %-/.µ*&-3+, #(>?;1$#( µ* ?&>$1 

0-. 0*0&#Y,&-<-&"6-3 (#0&2-.. B µ*/401 0-. #6"(10-%-"1µ4(-. *(53µ-. #%4,*"8* %-/3 

µ*'#/30*&1 ;*&µ-$0#;*&7010# $.'6&"0"6) µ* 0- */*3;*&- 4(5.µ-, 7%9+ *%2$1+ 6#" #"$;10> 

µ*29$1 01+ #(0"'-("6>+ ,&#$0"67010#+ $* $?4$1 µ* 0- */*3;*&- 4(5.µ-. :","670*&#, µ*"=;16#( 

-" #//1/*%",&)$*"+ 0-. #6"(10-%-"1µ4(-. *(53µ-. µ* #(0"$=µ#0#, 09( -%-29( *%)'*0#" 1 

$3(;*$1 $01 %*&2%09$1 ?&>$1+ 0-. */*3;*&-. *(53µ-.. H# #%-0*/4$µ#0# #.0), >0#( #&6*0) 

*(;#&&.(0"6) 7$-(  #A-&) 01 %";#(7010# ?&>$1+ #6"(10-%-"1µ4(1+ L-ASNase in vivo 6#" '"# 0- 

/7'- #.07 -" *&*.(10"64+ %&-$%);*"*+ $.(*?2$016#(.

M"# #67µ1 ?1µ"6> 4(9$1, 1 -%-2# ?&1$"µ-%-"*20#" '*("670*&# 6#" *.&49+ $0-( A#&µ#6*.0"67 

?=&-, #//) 6#" $01 %*&2%09$1 01+ L-ASNase, *2(#" 1 !':;-4&>;:"-'-):;6*:( (PEG). B 4(9$1 

#.0> *'6&2;16* '"# %&=01 A-&) #%- 0-( #µ*&"6#("67 -&'#("$µ7 0&-A2µ9( 6#" A#&µ)69( 0- 

1970, 6#" #%- 070* -" A#&µ#6*.0"64+ *A#&µ-'4+ %-. #A-&-3( $01 ?&>$1 #.0>+ 01+ 4(9$1+ 

%-"62//-.(. !" A.$"6-?1µ"64+ ","7010*+ 01+ PEG *2(#" 6#0)//1/*+ 07$- '"# ?&>$1 A#&µ)69( 

,"# 0-. $07µ#0-+ (per os) 7$- 6#" 9+ *(4$"µ1 µ-&A> (in vivo) (Burnham, 1994). T0$"  1 

*%"$01µ-("6> <"</"-'&#A2# *2(#" '*µ)01 #%- #(#A-&4+ $01 ?&>$1 PEG '"# 01( #6"(10-%-21$1 

01+ L-ASNase (Harms et al.,1991; Wehner et al., 1992; Derst et al., 1992, 1994; Soares et al., 

2002; Kotzia et al, 2007). B ?&>$1 01+ PEG *%"A4&*" ,-µ"64+ 0&-%-%-">$*"+ $0- *(5.µ"67 

µ7&"-, µ* #%70*/*$µ# 01 <*/029$1 09( ;*&#%*.0"6=( ","-0>09(  0-.. D.07 $1µ#2(*" 70" 
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#.8)(*0#" - ?&7(-+ 1µ"59>+ 0-. *(53µ-. $0- %/)$µ# 0-. #2µ#0-+ 6#0) 24 =&*+ $* $3'6&"$1 µ* 

0- */*3;*&- 4(5.µ- /7'9 01+ %&-$0#$2#+ 0-. #%- 01 ,&)$1 09( %&90*#$=( (Derst et al., 1994). 

H#.07?&-(#, %&-6#/*2 µ*"9µ4(1 #(-$-#(02,&#$1 7$-( #A-&) 0-( -&'#("$µ7 0-. #$;*(-3+, 

6#;=+ 1 ,&)$1 0-. *(53µ-. %*&"-&25*0#", /7'9 0-. *'6/9<"$µ-3 0-. *(07+ 01+ ,-µ>+ %-. 

,1µ"-.&'*2 1 PEG (Soares et al., 2002).

M"# #67µ1 µ4;-,-+ #6"(10-%-21$1+ %-. 4?*" #(#%0.?;*2 0# 0*/*.0#2# ?&7("#, $?*025*0#" µ* 01 

?&>$1 µ"#+ %&90*I(1+, 01+ 7"2&7$-(+ (silk sericin), 1 -%-2# %#&)'*0#" #%- 0-(  µ*0#8-$6=/16#  

Bombyx mori (Zhang Y-Q et al., 2003). @#0) 0# ,")A-&# $0),"# %#&#'9'>+ µ*0#8"-3 #%- 0-( 

$.'6*6&"µ4(- -&'#("$µ7, %#&)'*0#" 1 %&90*I(1 $*&"$2(1. !" ","7010*+ #.0-3 0-. <"-µ-&2-. 

*2(#" %&#'µ#0"6) %-/3 ","#20*&*+: #(0-?> $01(  -8*2,9$1, #(0"<#601&"#6> ,&)$1, #(;*60"6> 

$01(  .%*&"=,1 #60"(-<-/2#, #%-&&-A) 6#" #%*/*.;*&=(*" *36-/# .'&#$2#. B $.'6*6&"µ4(1 

%&90*I(1, /7'9 09( %#&#%)(9 ","-0>09(  01+, 4?*" ?&1$"µ-%-"1;*2 $* #&6*04+ %*&"%0=$*"+ 

$.µ%-/.µ*&"$µ-3 µ* ,")A-&# 0*?(10) ./"6), µ* $6-%7 01 <*/029$1 09( $.(-/"6=( ","-0>09( 

0-. 0*/"6-3 %&-R7(0-+ (Miyairi et al., 1978; Demura et al., 1992; Iwamoto et al., 1995). N-/3 

$.?(> *2(#" 1 ?&>$1 01+ $*&"$2(1+ $01 6#0#$6*.> <"-R#0&"6=( ./"6=( 7%9+ 2(*+, µ*µ<&)(*+, 

$.(;*0"6=(  %-/.µ*&=(, #%-"6-,-µ-3µ*(9( <"--./"6=( 6.#. (Zhang Y-Q, 2002). G01 %*&2%09$1 

01+ L-ASNase, 1 $*&"$2(1 4?*" ?&1$"µ-%-"1;*2 '"# 01( #6"(10-%-21$1 0-. *( /7'9 *(53µ-.. M* 

01 ?&>$1 *(7+ $.'6*6&"µ4(-. %&90-67//-. (Zhang Y-Q et al., 2003), 0# µ7&"# 01+ $*&"$2(1+ 

$?1µ#025-.( %-/.)&";µ*+ ,-µ4+ µ"6&-$A#"&"6=(  $9µ#0",29( ,"#µ40&-. µ7/"+ 10 µm. 

H#.07?&-(# µ* 01 <->;*"# *(7+ ,",&#$0"6-3 #(0",&#$01&2-. 7%9+ 1 '/-.0#&#/,*O,1, 1 L-

ASNase #(0",&) µ* 0"+ $A#"&"64+ #.04+ ,-µ4+, µ* #%-04/*$µ# (# ,1µ"-.&'*20#" -µ-"-%-/"6> 

$35*.81 µ*0#83 0-.+ 6#" 0*/"6) 0- 4(5.µ- (# #6"(10-%-"*20#". D825*" (# #(#A*&;*2 70" 1 

$*&"$2(1 ,"#;40*" $01( #µ"(-8"6> 01+ #//1/-.?2#, ,&#$0"64+ -µ),*+ (%.?. #µ"("64+, .,&78.-, 

6#&<-(./"64+), -" -%-2*+ µ%-&-3( (# #(0",&)$-.( µ* )//*+ ,&#$0"64+ -µ),*+ %-/.µ*&=( 6#" 

,1µ"-.&'-3( 0"+ 0*/"64+ $.5*38*"+. H# #%-0*/4$µ#0# 09(  %*"&#µ)09( 4,*"8#(, 70" 1 

#6"(10-%-"1µ4(1 L-ASNase ,"#0>&1$* 0- 62.5% 01+ #&?"6>+ 01+ ,&#$0"67010#+, *(= 1 Am  

µ*"=;16* 6#0) 8 A-&4+ $* $3'6&"$1 µ* 0- */*3;*&- 4(5.µ-. :%2$1+, #.8>;16* $* $?4$1 µ* 0- 

*/*3;*&- 4(5.µ- 1 #(;*60"67010# 4(#(0" 01+ ;&.E"(7/.$1+ 6#" #67µ1, ","#20*&# $1µ#(0"6> 

>0#( 1 <*/029$1 01+ ;*&µ-$0#;*&7010#+ 0-. *(53µ-..
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B ?&>$1 $A#"&",29( 4)42*B(+ *%2$1+, 4?*" ?&1$"µ-%-"1;*2 #%-0*/*$µ#0"6) '"# 01( 

#6"(10-%-21$1 01+ L-ASNase (Kotzia & Labrou, 2007). B #'#&751, µ* *µ%-&"6> -(-µ#$2# 

Sepharose CL-6B, ?&1$"µ-%-"*20#" %-/3 $.?() $0"+ %*&"%0=$*"+ $3(;*$1+ %&-$&-A10=( 

$.''4(*"#+, µ* $6-%7 01(  #%-µ7(9$1 6#" 0-( 6#;#&"$µ7 %&90*R(=(  6#" *(53µ9( *A#&µ75-(0#+ 

?&9µ#0-'&#A2# $.''4(*"#+. M* #(02$0-"?- 0&7%-, #(#%03?;16* %&9076-//- #6"(10-%-21$1+ 

01+ L-ASNase ?&1$"µ-%-"=(0#+ Sepharose CL-6B. H# $A#"&2,"# #'#&751+ *(*&'-%-">;16#( 

#&?"6) µ* NaOH 6#" *( $.(*?*2# #(04,&#$#( µ* -8"&)("-, .%- 01 %#&-.$2# WaBH4 (Axarli et 

al., 2005). B 0*/"6> #6"(10-%-21$1 %&#'µ#0-%-">;16* µ* 01( #()µ*"81 0-. *(53µ-. 6#" 09( 

*(*&'-%-"1µ4(9( $A#"&",29(  #'#&751+. @#" $* #.0> 01 %*&2%09$1 #6"(10-%-21$1+, 0- 4(5.µ- 

.%4,*"8* #.81µ4(1 ;*&µ-$0#;*&7010#, 7%9+ *%2$1+ 6#" <*/0"9µ4(1 $0#;*&7010# 7$-( #A-&) 

01( #%-;>6*.$1 $0-.+ 4  ̊C 4(#(0" 0-. */*3;*&-. *(53µ-.. G1µ#(0"67 *2(#" *%2$1+ 0- '*'-(7+, 

70" µ*0) 01( #6"(10-%-21$> 01+, 1 L-ASNase ,"#0>&1$* 0- 60% 01+ #&?"6>+ ,&#$0"67010)+ 01+, 

0- -%-2- #%-0*/*2 4(# #&6*0) "6#(-%-"10"67 %-$-$07. 

M"# #67µ1 µ4;-,-+ #6"(10-%-21$1+ 01+ L-ASNase, 1 -%-2# ,1µ-$"*3016* %&7$A#0#, 

$?*025*0#" µ* 01 ?&>$1 4:)&-&6'8 47="7#$';  (Youssef & Al-Omair, 2008). D6-/-.;=(0#+ 

$.'6*6&"µ4(- %&9076-//- (Youssef & Al-Omair, 2008), 0- 4(5.µ- *'6/9<2$016* *(07+ 

$A#"&",29( #/'"("6-3 #$<*$02-. 6#" *( $.(*?*2# #6-/-3;1$* µ*/401 01+ *%2,&#$1+ 0-. pH 

(6-10) 6#" 01+ ;*&µ-6&#$2#+ (20-8 C̊) $0- */*3;*&- 6#" $0- #6"(10-%-"1µ4(- 4(5.µ-. 

N&-$,"-&2$016* 70" 1 <4/0"$01 0"µ> pH '"# 01 ,&)$1 0-. #6"(10-%-"1µ4(-. *(53µ-. *2(#" 0- 

8.5, *(= '"# 0- */*3;*&- 0- 7.5. B #(02$0-"?1 0"µ> ;*&µ-6&#$2#+ '"# 0- #6"(10-%-"1µ4(- 

4(5.µ- *2(#" 50 C̊, *(= '"# 0- */*3;*&- 40 ̊C. H4/-+ 6#" $* #.0> 01 %*&2%09$1, $1µ*"=;16* 

#"$;10> #381$1 01+ ;*&µ-$0#;*&7010#+ 0-. #6"(10-%-"1µ4(-. *(53µ-..

1.7  (/-<@D 6:D <0=-F90D µ28C6:D.

G6-%7+ 01+ %#&-3$#+ %*"&#µ#0"6>+ µ*/401+, *2(#" 1 #()%0.81 *(7+ <*/0"$0-%-"1µ4(-. 

%&90-67//-. 46A&#$1+, 6#;#&"$µ-3 6#" #6"(10-%-21$1+, '"# 01( *896.00)&"# L-ASNase CC 

0-. <#601&"#6-3 $0*/4?-.+ Erwinia chrysanthemi 3937, ?&1$"µ-%-"=(0#+ 9+ *0*&7/-'- 

$3$01µ# 46A&#$1+ 0- E. coli. 
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2.1 L81/7

2.1.1 J"-/-'"6) ./"6). 

 

- F"# 01( 46A&#$1 0-. *(53µ-. L-ASNase ?&1$"µ-%-">;16#( ,")A-&# $0*/4?1 09( 6.00)&9( 

E. coli. G0-( #67/-.;- N2(#6# 2.1, %#&#;40-(0#" 0# $0*/4?1 E. coli %-. ?&1$"µ-%-">;16#( '"# 

0"+ #()'6*+ 09( %*"&#µ#0"6=( ,"#,"6#$"=(, 7%9+ *%2$1+ 6#" -" '*(70.%-" 09( $0*/*?=( #.0=(.

!A30/0D 2.1  H# $0*/4?1 E. coli %-. ?&1$"µ-%-">;16#( $01 %#&-3$# %*"&#µ#0"6> µ*/401 6#" -" 
'*(70.%-" 09( $0*/*?=( #.0=(.

(6C82H-D (strain) 
E. coli

*23@65<-D )30B-=7 . 
"601=A0

XL1-Blue endA1 gyrA96(nalR) thi-1 recA1 relA1 lac 
glnV44 F'[ ::Tn10 proAB+ lacIq U(lacZ) M15] 

hsdR17(rK- mK+)

Stratagene

BL21(DE3) F– ompT gal dcm lon hsdSB(rB- mB-) /(DE3 
[lacI lacUV5-T7 gene 1 ind1 sam7 nin5])

Studier and Moffat, 
1986, Wovagen

BL21(DE3) 
Rosetta

                         lon-, ompT- Novagen

BL21(DE3) 
pLysS

F- ompT gal dcm lon hsdSB(rB- mB-) /(DE3) 
pLysS(cmR)

Studier and Moffat, 
1986, Novagen

BL21(DE3) 
STAR

F- ompT gal dcm lon hsdSB(rB- mB-) /(DE3) 
pLysS(cmR)

Invitrogen

TOP 10 F- mcrA U(mrr-hsdRMS-mcrBC) A80lacZUM15 
UlacX74 nupG recA1 araD139 U (ara-leu)7697 

galE15 galK16 rpsL(StrR) endA1 /-

E. coli Genetic 
Stock Center, MC 
1061, Invitrogen.

UT 5600 fepA, ompT– Elish et al., 1987
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- T# %/#$µ2,"# 46A&#$1+ µ* 6/9(-%-"1µ4(# 0# '-(2,"# 01+ L-ASNase II #%- Erwinia 

chrysanthemi 6#" Erwinia caratovora %&-4&?-(0#" #%- 0- :&'#$0>&"- :(5.µ"6>+ H*?(-/-'2#+ 

(Kotzia and Labrou, 2005, 2007).

2.1.2 S1µ"6) #(0",&#$0>&"#.

H- L-#$%#&0"67 -83, 0- L-'/-.0#µ"("67 -83, 1 L-#$%#&#'2(1, 0- #(0",&#$0>&"- Neßler,  0- 

#(0"<"-0"67 #µ%"6"//2(1, 0- TCA, - <&#?2-(#+ 1,4 <-.0#(*,"7/-,"'/.6",3/-#";4&#+, 1 %&90*I(1 

-&-3 µ7$?-. (BSA), 0- TEMED, 6#;=+ *%2$1+ 6#" 0- APS, #'-&)$016#(  #%7 01(  *0#"&*2# 

Sigma Co (St Louis, Mo U.S.A.). ! *%#'9'4#+ 46A&#$1+ "$-%&7%./--<-D-;*"-')/#60--

%.&#(-52,"- (IPTG) 6#" 1 6#(#µ.62(1 #'-&)$016#( #%7 01( *0#"&*2# Genaxis (U.K.). D%7 01( 

'*&µ#("6> *0#"&*2# Merck #'-&)$016#( 0- ,"$78"(- A9$A-&"67 -83 (KH2PO4) '"# 01 

%#&#$6*.> 0-. &.;µ"$0"6-3 ,"#/3µ#0-+ 6#" 1 ?&9$0"6> Coomasie Brilliant Blue (G-250). L$-( 

#A-&) 01 %#&#$6*.> 09( ;&*%0"6=( LB, HJ 6#" KH 6#" 0# 0&"</3#, 0- *6?3/"$µ# 53µ1+, 1 

%*%07(1, 0- )'#&, 1 #'#&751 6#" 1 '/.6*&7/1 #'-&)$016#( #%7 0-( "$%#("67 -26- Scharlau 6#" 

0- ?/9&"-3?- ()0&"- #%7 01(  *0#"&*2# Riedel de Haen. B '/-.0#&#/,*3,1 (50% v/v) %-. 

?&1$"µ-%-">$#µ* 6#0) 01( #6"(10-%-21$1, #'-&)$016* #%7 01 '*&µ#("6> *0#"&*2# Merck. 

H4/-+, 0# $A#"&2,"# #'#&751+ %-. ?&1$"µ-%-">;16#(  '"# 01 $3(;*$1 0-. %&-$&-A10>, 

#%-60>;16#( #%- 01( *0#"&2# Pharmacia µ* *µ%-&"67 7(-µ# Sepharose CL-6B.

2.2 "J-<819µ@D.

• !" A.'76*(0&-" %-. ?&1$"µ-%-">;16#( '"# 01 $.//-'> 09( 6.00)&9(  6#;=+ #67µ1 6#" 

'"# 0-( ,"#?9&"$µ7 09( 6.00#&"6=(  ;&#.$µ)09(  6#" 0-. *(5.µ"6-3 *6?./2$µ#0-+ >0#(: 

Heraeus SEPATECH Contrifuge 17RS 6#" Varifuge 20RS 7%9+ *%2$1+ 6#" Heraeus 

Instruments Biofuge primo.  
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• F"# 0- /3$"µ- 09( 6.00)&9(  ?&1$"µ-%-">;16* 1 $.$6*.> .%*&>?9( Sonics & Materials 

Inc. Vibra Cell

• B %*?#µ40&1$1 09( &.;µ"$0"6=( ,"#/.µ)09(  4'"(* µ* ?&>$1 01+ $.$6*.>+  ORION 

410A.

• ! 6#;#&"$µ7+ 0-. *(53µ-. 4'"(* µ* 01 <->;*"# 0-. %&-$&-A10> 1,4-<-.0#(*,"-/-

,"'/.6",./-#";4&#+-L#$%#&0"67 -83-Sepharose CL-6B.

• B 1/*60&-A7&1$1 09( %&90*R(=( $* %160> %-/.#6&./#µ",2-. %&#'µ#0-%-">;16* $* 

$.$6*.> 01+ *0#"&*2#+ Hoefer, B.N.D. µ-(04/- SE 600, 1 -%-2# *2(#" $.(,*,*µ4(1 µ* 

0&-A-,-0"67 SP 500 x H# (500 volt, 400 mA) 6#" #.07 01+ *0#"&*2#+ Hoefer. 

• K,#07/-.0&- 01+ *0#"&*2#+ BIBBY, Stuart Scientific.

• Z1&7 $3$01µ# *%=#$1+, Shaking Incubator, LabTech, Daihan LabTech, co., LTD

•   G.$6*.> PCR, GeneAmp, PCRSystem 9700, Applied Biosystems.
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3.1 )<-µ@3;9: >-31GA-5 µ2 )8591G;6. )36AG=09: !-85µ2=79:D (PCR: 
Polymerase Chain Reaction).

H- '-(2,"- 01+ L-ASNase 0-. $0*/4?-.+ E. coli #%-µ-(=;16* #%- 0- '*(9µ"67 DNA 0-. 

$0*/4?-.+ BL21(DE3) STAR, µ* 01 ?&>$1 PCR. D&?"6), $?*,")$016#( -" *66"(104+ 01+ 

#(02,&#$1+, µ*0) #%- #()/.$1 6#" $3'6&"$1 09( (-.6/*-0","6=(  #//1/-.?"=( 09( '-(",29( 

09( L-ASNases #%- ,")A-&# $0*/4?1 E.coli, %-. 4?-.(  %&-$,"-&"$0*2 6#" 6#0#0*;*2 $01 <)$1 

,*,-µ4(9( 0-. NCBI. L/# 0# %&-1'-3µ*(#, ./-%-">;16#( µ* 01 <->;*"# 01+ <"-.%-/-'"$0"6>+ 

6#" $.'6*6&"µ4(# 09( *A#&µ-'=( BLASTN 6#" CLUSTALW, -" -%-2*+ µ#+ %#&4?-.( 01 

,.(#07010# $3'6&"$1+ (-.6/*-0","6=( 6#" #µ"(-8"6=( #//1/-.?"=(, 40$" =$0* (# µ%-&-3µ* (# 

%&-$,"-&2$-.µ* %-$-$0) -µ-/-'2#+ µ*0#83 '-(",29( 6#" 6#0’*%460#$1 (# %&-</4E-.µ* 6#" (# 

$?*,")$-.µ* $9$0) 5*3'1 *66"(10=(, '"# 01( #%-µ7(9$1 '-(",29( #%- $.''*(> $0*/4?1. 

D&?"6) $?*,")$016#( -" *66"(104+ µ*0) #%- $3'6&"$1 09( (-.6/*-0","6=(  #//1/-.?"=( 0-. 

$.'6*6&"µ4(-. '-(",2-. #%- )//# $0*/4?1 E. coli (N2(#6#+ 3.1). :(,*"60"6) %#&#;40-(0#" $01 

$.(4?*"# 6)%-"*+ #//1/-.?2*+ L-ASNase %-. $.'6&2;16#(, 7%9+ *%2$1+ 6#" -" #//1/-.?2*+ 09( 

*66"(10=( %-. $?*,")$016#( 0*/"6) '"# 01( #%-µ7(9$1 0-. '-(",2-., $.µ%*&"/#µ<#(-µ4(-. 

6#" 0-. %*%0",2-. -,1'-3 $0- )µ"(--0*/"67 )6&-.

!A30/0D 3.1  H# $0*/4?1 E. coli, <)$1 09( -%-29(  $?*,")$016#( -" *66"(104+ '"# 01( 
#%-µ7(9$1 0-. '-(",2-. 01+ L-ASNase 0-. $0*/4?-.+ BL21(DE3) STAR.

gi|170079663_3192773-3193819 Escherichia coli str. K-12 substr. DH10B

gi|89106884_3098338-3099384 Escherichia coli str. K-12 substr. W3110 
strain K-12

gi|49175990_3097704-3098750 Escherichia coli str. K-12 substr. MG1655

gi|218552585_3169587-3170633 Escherichia coli IAI1

gi|170679574_3186489-3187535 Escherichia coli SMS-3-5

gi|218703261_3435246-3436292 Escherichia coli UMN026
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gi|170079663_3192773-3193819  3’-TTAGTACTGATTGAAGATCTGCTGGATCTGCTGCGGATCTTTGGTTTGCG 50 

gi|89106884_3098338-3099384    3’-TTAGTACTGATTGAAGATCTGCTGGATCTGCTGCGGATCTTTGGTTTGCG 50

gi|49175990_3097704-3098750    3’-TTAGTACTGATTGAAGATCTGCTGGATCTGCTGCGGATCTTTGGTTTGCG 50

gi|218552585_3169587-3170633   3’-TTAGTACTGATTGAAGATCTGCTGGATCTGCTGCGGATCTTTGGTTTGCG 50 

gi|170679574_3186489-3187535   3’-TTAGTACTGATTGAAGATCTGCTGGATCTGCTGCGGATCTTTGGTTTGCG 50

gi|218703261_3435246-3436292   3’-TTAGTACTGATTGAAGATCTGCTGGATCTGCTGCGGATCTTTAGTTTGCG 50
                                                        ****************************************** *******

gi|170079663_3192773-3193819  CTAAAACCCATAACCAGTGCGGCAAGTGCCGTCTTTTTGAAAA-CTCCAT-5‘   1045

gi|89106884_3098338-3099384    CTAAAACCCATAACCAGTGCGGCAAGTGCCGTCTTTTTGAAAAACTCCAT-5’ 1046

gi|49175990_3097704-3098750    CTAAAACCCATAACCAGTGCGGCAAGTGCCGTCTTTTTGAAAAACTCCAT-5’ 1047

gi|218552585_3169587-3170633   CTAAAACCCATAACCAGTGCGGCAAGTGCCGTCTTTTTGAAAAACTCCAT-5’ 1046

gi|170679574_3186489-3187535   CTAAAACCCATAACCAGTGCGGCAAGTGCCGTCTTTTTGAAAAACTCCAT-5’ 1047

gi|218703261_3435246-3436292   CTAAAACCCATAACCAGTGCGGCAAGTGCCGTCTTTTTGAAAAACTCCAT-5’ 1047
                                                        ******************************************* ****

N#&#;40-(0#" 0# #&?"6) 50 (-.6/*-02,"# 09( #//1/-.?"=( (3’ )6&-), 7%9+ *%2$1+ 6#" 0# 

0*/*.0#2# 50 (5’ )6&-), µ* <)$1 0# -%-2# $?*,")$016#( -" *66"(104+ '"# 01( *(2$?.$1 01+ 

'-(","#6>+ #//1/-.?2#+ µ* ?&>$1 01+ PCR. !" #//1/-.?2*+ 09( *66"(10=( A#2(-(0#" µ* 

4(0-(# µ#3&# '&)µµ#0# %#&#%)(9 $0"+ $.'6&"(7µ*(*+ #//1/-.?2*+ 6#" *2(#" -" #67/-.;*+:  

Forward: 5’ - ATGGAGTTTTTAAAAAGACGGC - 3’   23 W-.6/*-02,"#

Reverse: 5’ - TTAGTACTGATTGAAGATCTG - 3’        21 W-.6/*-02,"#.

G01 $.(4?*"#, #%-µ-(=;16* 0- '*(9µ"67 DNA 0-. $0*/4?-.+ BL21(DE3) STAR µ* 01 ?&>$1 

kit 01+ *0#"&2#+ Invitrogen 6#" *A#&µ7$016* 1 #(02,&#$1 PCR, #%- 01( -%-2# 0*/"6) 

*("$?3;16* 1 #//1/-.?2# 0-. '-(",2-. µ*0) #%- 30 ;*&µ-636/-.+. !" $.(;>6*+ 01+ #(02,&#$1+ 

,"#µ-&A=;16#(  #%- 01 %&-$;>61 0.2 mM DNTPs, %*&2%-. 100 ng '*(9µ"67 DNA, 2 µ-(),*+ 

45



Pfu %-/.µ*&)$1+ 6#" 10 pmol #%- 6);* *66"(10>. ! 0*/"67+ 7'6-+ #(02,&#$1+ >0#( 50 µl. B 

;*&µ-6&#$2# #%-,")0#81+ %-. ?&1$"µ-%-">;16* >0#( 96  ̊C '"# 2 /*%0), $0- $0),"- .<&","$µ-3 

09( *66"(10=( ?&1$"µ-%-">;16* ;*&µ-6&#$2# 46   ̊C 6#" $0- $0),"- 01+ *%"µ>6.($1+ 72   ̊C. 

N&2( 0-( %&=0- 636/-, 0- ,*2'µ# 4µ*"(* $0-.+ 96   ̊C '"# 3 /*%0) 6#" µ*0) 0-( 0*/*.0#2- 636/- 

$0-.+ 72  ̊C '"# 10 /*%0). H- %&-R7( 01+ #(02,&#$1+ #(#/3;16* $* 1 % w/v %1?0> #'#&751+. B 

,"#,"6#$2# 4?*" 9+ *8>+:

1. N-$7010# #'#&751+ %&-$02;*0#" $* ,")/.µ# 1x HD: (,")/.µ# Tris, -8"6-3 -84-+ 6#" EDTA) 

6#" ;*&µ#2(*0#" $* A-3&(- µ"6&-6.µ)09( 49+ 70-. ,"#/.;*2 %/>&9+ 1 #'#&751.

2.M*0) 01 ,")/.$1 01+ #'#&751+ 6#" 01 µ*29$1 01+ ;*&µ-6&#$2#+ #%- 01( *A#&µ-'> 09( 

µ"6&-6.µ)09(, %&-$02;*0#" %-$7010# <&9µ"-3?-. #";",2-., =$0* 1 0*/"6> $.'64(0&9$1 $0- 

,")/.µ# (# *2(#" 0.5 µg/ml.

3. G01 $.(4?*"# 1 %160> 0-%-;*0*20#" $* 6#0)//1/- ,-?*2- $.$6*.>+ 1/*60&-A7&1$1+, $01( 

-%-2# 0-%-;*0*20#" *%2$1+ 6#" *","6> ?04(# '"# 01 ,1µ"-.&'2# *","6=( *$-?=( *(07+ 09( 

-%-29( ;# 0-%-;*01;-3( #&'70*&# 0# ,*2'µ#0#. B %160> #A>(*0#" (# 6&.=$*" $* 

;*&µ-6&#$2# ,9µ#02-..

4. L0#( $0*&*-%-"1;*2 1 %160>, 0-%-;*0*20#" $01 $.$6*.> 1/*60&-A7&1$1+, 1 -%-2# %/1&*20#" 

µ* 6#0)//1/1 %-$7010# 1x HD:.

5. G0# %&-+ #()/.$1 ,*2'µ#0# %&-$02;*0#" 6#0)//1/1 %-$7010# &.;µ"$0"6-3 ,"#/3µ#0-+ 6#" 

?&9$0"6>+, 40$" =$0* (# *2(#" *µA#(> 6#0) 01 A7&09$1 $01 $.$6*.>.

6. H4/-+ 0# ,*2'µ#0# A-&0=(-(0#" $0# %1'#,)6"# 6#" *A#&µ75*0#" $.(*?>+ 0)$1+ µ*0#83 75 6#" 

180 Volt, #()/-'# µ* 01(  %*&"*60"67010# 6#" 0- µ4'*;-+ 01+ #'#&751+ 6#" 01( *%";.µ10> 

0#?3010# ,"#?9&"$µ-3.

7.M*0) 0- %4&#+ 01 %#&#%)(9 ,"#,"6#$2#+, 1 %160> #(#/3*0#" µ* 01 <->;*"# .%*&"=,1+ 

#60"(-<-/2#+, 1 -%-2# #(0",&) µ* 0- %*&"*?7µ*(- <&9µ"-3?- #";2,"-, µ* #%-04/*$µ# 01( 

-%0"6-%-21$1 0-. DNA *(07+ 01+ %160>+.

G0- 6*A)/#"- [\%-0*/4$µ#0#[[ %#&#;40*0#" 1 *"67(# (W-. 15) #%- 01 %160> #'#&751+, *(07+ 

01+ -%-2#+ 4?*" ,"#?9&"$0*2 0- '-(2,"- 01+ L-ASNase 0-. $0*/4?-.+ BL21(DE3) STAR, µ*0) 
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01( #(02,&#$1 PCR. M*0) 01 %"$0-%-21$1 #%- 01 %160> #'#&751+, 0-. 70" 0*/"6) *("$?3;16* 1 

#//1/-.?2# 0-. '-(",2-. 01+ L-ASNase, 0- '-(2,"- *(=;16* µ* 0# )6&# 0-. %/#$µ","#6-3 

A-&4# pCR T7/CT TOPO, - (-.6/*-0","67+ ?)&01+ 0-. -%-2-. A#2(*0#" %#&#6)09.

               

Comments for pCR®T7/CT-TOPO®

2702 nucleotides

T7 promoter: bases 21-37
T7 promoter priming site: bases 21-40
Ribosome binding site: bases 85-91
TOPO® Cloning site: bases 100-101
V5 epitope: bases 122-163
V5 (C-term) Reverse priming site: bases 131-151
Polyhistidine (6xHis) region: bases 173-190
T7 transcription terminator: bases 240-287
Zeocin™ resistance gene: bases 367-830
  ORF: bases 456-830
Ampicillin resistance gene: bases 834-1711
  ORF: bases 851-1711
pUC origin: bases 1856-2529

pCR®T7/
CT-TOPO®

2702 bp

Ampicillin

Zeocin
™

pU
C

or
igi

n

Ag
e 

I

Pm
e 

I

Bs
tB

 I
H
in

d 
III

StopT7 Xb
a 

I

RBS T
T V5 epitope 6xHis

T7 term

A
A

PCR Product

TOPO

P

TOPO

P

"1/@30 3.1  ! ?)&01+ 0-. %/#$µ","#6-3 A-&4# pCR T7/CT TOPO. H- %&-R7( 01+ PCR, *(=;16* 
*(07+ 09( )6&9( %-. A#2(-(0#" %#&#%)(9 µ* %&-*84?-(0# )6&# ;.µ2(1+ (H). G0- $1µ*2- #.07, 
,&) 0- 4(5.µ- 0-%-R$-µ*&)$1, 1 -%-2# *(=(*" 0# %&-*84?-(0# )6&# #,*(2(1+ (D) 0-. '-(",2-., 
µ* 0# )6&# ;.µ2(1+ 0-. A-&4#. H# )6&# #,*(2(1+ %&-$04;16#( $0- '-(2,"-, µ*0) #%- 01 ,&)$1 
01+ Taq %-/.µ*&)$1+ *( #%-.$2# DNTPs. L/# 0# %&-1'-3µ*(#, *A#&µ75-(0#" µ* 01 
6#;-,>'1$1 0-. $.(-,*.0"6-3 *'?*"&",2-. 01+ *0#"&2#+ Invitrogen, #%- 01( -%-2# #%-60>;16* - 
$.'6*6&"µ4(-+ %/#$µ","#67+ A-&4#+.

M* 0-( %/#$µ","#67 A-&4#, - -%-2-+ %/4-(  ,"#;40*" 9+ 4(;*0- 0- '-(2,"- 01+ L-ASNase, 

µ*0#$?1µ#025-(0#" ,*60"6) 6300#&# E. coli BL21(DE3) Rosetta, 0# -%-2# *µ<-/")5-(0#" $* 
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0&.</2# µ* )'#&, 7%-. %*&"4?*0#" 0- #(0"<"-0"67 #µ%"6"//2(1 $* $.'64(0&9$1 100 µg/ml. M* 

0-( 0&7%- #.07, '2(*0#" *%"/-'> 09( 6.00#&"6=( #%-"6"=( 0-. $0*/4?-.+ BL21(DE3) Rosetta, 

0- -%-2- ,"#;40*" 0- A-&4# µ* 0- *%";.µ107 '-(2,"-. D%- 0"+ #%-"62*+ %-. #(#%03$$-(0#", 

*%"/4'-(0#" 0.?#2# 16 #%- 7/- 0- 0&.</2-, µ* $07?- 0-(  %&-$,"-&"$µ7 01+ #%-"62#+, $01( -%-2# 

0- '-(2,"- 4?*" *"$4/;*" $0-( %/#$µ","#67 A-&4# µ* 0-(  $9$07 %&-$#(#0-/"$µ7. D.07, 

%&76*"0#" (# %&-$,"-&"$0*2 µ* 01( *(5.µ"6> ,&#$0"67010#. !" 16 #%-"62*+ #(#%03?;16#( $* 

falcons %-. %*&"*2?#( 0- ;&*%0"67 µ4$- S.O.C. (1 $3$0#$1 0-. -%-2-. #(#A4&*0#" %#&#6)09, 

7%-. #(#A4&-(0#" -" $.$0)$*"+ 7/9( 09( ;&*%0"6=( %-. ?&1$"µ-%-">;16#() $0-.+ 37   ̊C, .%- 

#(),*.$1. M*0) #%- 12 =&*+ 6#//"4&'*"#+, %&-$02;*0#" %-$7010# IPTG '"# 01( *%#'9'> 01+ 

46A&#$1+ 0-. '-(",2-. 01+ L-ASNase, 6#;=+ 7%9+ A#2(*0#" $01( E"67(# 2, 1 &3;µ"$1 01+ 

46A&#$1+ <&2$6*0#" .%- 0-( 4/*'?- 0-. %&-#'9'4# H7, - -%-2-+ *%"0&4%*" 01( %&7$,*$1 01+ 

RNA %-/.µ*&)$1+ µ7(- .%- 01 %#&-.$2# IPTG. H4$$*&"+ =&*+ µ*0) 01 %&-$;>61 0-. IPTG, -" 

6#//"4&'*"*+ A.'-6*(0&-3(0#" $0"+ 8.000 $0&-A4+ #(# /*%07 '"# 20 /*%0) $0-.+ 4  ̊C 6#" 

$.//4'*0#" 0- 251µ#, 0- -%-2- #%-0*/*20#" #%- 0# <#601&"#6) 6300#&# 01+ 6#//"4&'*"#+. H# 

6300#&# *%#(#"9&-3(0#" $* &.;µ"$0"67 ,")/.µ# 0.05 M Tris-HCl, pH 8.2 6#" ,"#&1'(3-(0#" µ* 

*A#&µ-'> .%*&>?9( (3 *%#(#/>E*"+ #%- 12 ,*.0*&7/*%0#). M*0) #%- A.'-64(0&1$1 $0"+ 

13.000 $0&-A4+ #(# /*%07 '"# 20 /*%0), 0# 6.00#&"6) ;&#3$µ#0# $.$$9&*3-(0#" $01 <)$1 0-. 

eppendorf 7%-. 4'"(* 1 /3$1 09( 6.00)&9( 6#" 1 A.'-64(0&1$1, *(= 0- .%*&6*2µ*(- %*&"4?*" 

7/- 0- %&90*R("67 A-&02- 09( 6.00)&9(. @#07%"( */4'?-. 7/9( 09(  #%-"6"=( '"# *6,>/9$1 

*(5.µ"6>+ ,&#$0"67010#+, 0*/"6) #("?(*3;16* ,&#$0"67010# $* 5 %*&"%0=$*"+. G* #.04+ 0"+ 

%*&"%0=$*"+, #%-µ-(=;16* 0- %/#$µ","#67 DND #%- 6/)$µ#0# 01+ 6#//"4&'*"#+ %-. *2?#( 

A./#?;*2 %&2( 01( *A#&µ-'> 09( .%*&>?9(. H- %/#$µ","#67 DND #%-µ-(=;16* µ* 01 µ4;-,- 

01+ #/6#/"6>+ /3$1+, 1 -%-2# %*&"'&)A*0#" $01 $.(4?*"#, 6#" %*&"4?*" 0- '-(2,"- 01+ L-

ASNase, 0-. $0*/4?-.+ E. coli, BL21(DE3) STAR µ* 0-(  $9$07 %&-$#(#0-/"$µ7, 0- -%-2- 

#%-;16*3*0#" $0-.+ - 20   ̊C '"# µ*//-(0"6> ?&>$1.
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3.2 )<-µ@3;9: <809µ1G10/-F DN) µ2 6: µCQ-G- 6:D 08/081/.D 8F9:D.

H# ,"#/3µ#0# 6#" 0# #(0",&#$0>&"# %-. #%#"0-3(0#" '"# 01( *A#&µ-'> 0-. $.'6*6&"µ4(-. 

%&90-67//-. *2(#" 0# #67/-.;#:

1. LB .'&7 ;&*%0"67 µ4$-

2. X.;µ"$0"67 ,")/.µ# /3$1+ 6.00)&9(, 0- -%-2- %*&"4?*": 50 mM '/.6751, 25 mM  Tris-Cl, pH 

8, 6#" 10 mM EDTA, pH 8.

3. U")/.µ# NaOH-SDS

4. CH3COONH4- RN)$1+ D

5. RN)$1 D

6. C$-%&-%./"6> #/6-7/1

7. D";#(7/1 70 % v/v.

B ,"#,"6#$2# 4?*" 9+ *8>+:

1.M-(> #%-"62# <#601&"#6-3 $0*/4?-.+ #(#%03$$*0#" $* LB .'&7 ;&*%0"67 µ4$-, $.(>;9+ µ* 

%#&-.$2# #(0"<"-0"6-3, $0-.+ 37  ̊C '"# 12-16 =&*+ .%- $.(*?> #(),*.$1 $0"+ 250 rpm.

2. :( $.(*?*2#, 1.5 ml #%- 01(  6#//"4&'*"# A.'-6*(0&*20#" *(07+ eppendorf, $0"+ 13.000 rpm '"# 

2 /*%0).

3. H- .%*&6*2µ*(- #%-&&2%0*0#" 0*/*29+ 6#" 0- 251µ# *%#(#,"#/.0-%-"*20#" $* 200 µl 

&.;µ"$0"6-3 ,"#/3µ#0-+ /3$1+.

4. G01 $.(4?*"# %&-$02;*(0#" 400 µl #%- 0- ,")/.µ# NaOH-SDS.

5. H- ,*2'µ# #(#µ"'(3*0#" %&-$*60"6) 6#" *%9)5*0#" $* %)'- '"# 5 /*%0) #6&"<=+.

6. @#0) 01 ,")&6*"# 09( /*%0=( #.0=(, %&-$02;*0#" RN)$1 D (10 µl/ ml) $* %#'9µ4(- 

CH3COONH4, %&-6*"µ4(-. (# %#&#$6*.#$0*2 0- ,")/.µ# CH3COONH4 - RN)$1+ D, 6#" 

#(#µ"'(3-(0#" 6#/).
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7.M*0) #%- 5 /*%0) %&-$02;*(0#" $0- ,*2'µ# %*&2%-. 300 µl %#'9µ4(-. ,"#/3µ#0-+ 

CH3COONH4 - RN)$1+ D, #(#,*3-(0#" 6#/) 6#" %&-$*?0"6) 6#" 0- ,*2'µ# *%9)5*0#" $0-( 

%)'- '"# 10 /*%0).

8. D6-/-.;*2 A.'-64(0&1$1 $0"+ 13.000 rpm '"# 10 /*%0).

9. H- .%*&6*2µ*(- µ*0#A4&*0#" $* (4- eppendorf, $0- -%-2- %&-$02;*0#" "$-%&-%./"6> 

#/6-7/1µ4?&" (# $.µ%/1&9;*2 - 7'6-+ 0-. eppendorf 6#" µ*0) #%- #(),*.$1 0- ,*2'µ# 

*%9)5*0#" $* ;*&µ-6&#$2# ,9µ#02-. '"# 10 /*%0).

10. H- ,*2'µ# A.'-6*(0&*20#" $0"+ 13.000 rpm '"# 15 /*%0).

11. H- .%*&6*2µ*(- #%-µ#6&3(*0#" 6#" 0- 251µ# *%#(#,"#/3*0#" µ* 4(0-(1 #(),*.$1 $* 1 ml 70 

% v/v %#'9µ4(1+ #";#(7/1+.

12. D6-/-.;*2 A.'-64(0&1$1 $0"+ 13.000 rpm '"# 10 /*%0).

13. H- .%*&6*2µ*(- #%-&&2%0*0#" 6#" 0*/"6) 0- 251µ# (DNA), #A-3 $0*'(=$*" ( 4?*" *8#A#("$0*2 

1 µ.&9,") 01+ #";#(7/1+) $* ;*&µ-6&#$2# ,9µ#02-., *%#(#,"#/.0-%-"*20#" $* 30-50 µl 

ddH2O.

 

3.3 !=-26-1µ09A0 G2/61/?3 /5667=;3 6-5 R0/6:=A-5 E. coli XL-1 Blue.

To $.'6*6&"µ4(- %&9076-//- %-. %*&"'&)A*0#" $* #.0> 01 %#&)'&#A-, #(#A4&*0#" *(,*"60"6) 

$01 %*&2%09$1 ?&>$1+ 0-. $0*/4?-.+ XL-I Blue. D(02$0-"?# $* 6)%-"# )//1 %*&2%09$1 )//-. 

$0*/4?-.+, 0- %&9076-//- *A#&µ75*0#" #6&-<=+ 7%9+ *,=, µ* 01 ,"#A-&) 70" 

?&1$"µ-%-"-3(0#" 6#" 0# #(#'6#2# '"# 01 6);* %*&2%09$1 #(0"<"-0"6).

H# ,"#/3µ#0# 6#" 0# #(0",&#$0>&"# %-. #%#"0-3(0#" '"# 01( *A#&µ-'> 0-. $.'6*6&"µ4(-. 

%&90-67//-. *2(#" 0# #67/-.;#:

1. LB .'&7 ;&*%0"67 µ4$-.

2. U")/.µ# HJ, 0- -%-2- %*&"4?*" 10 mM MES, 55 mM ?/9&"-3?- µ#'(>$"-, 15 mM ?/9&"-3?- 

#$<4$0"- 6#" 250 mM ?/9&"-3?- 6)/"-.
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3. U")/.µ# DMSO.

4. U")/.µ# 0*0&#6.6/2(1+.

B ,"#,"6#$2# 4?*" 9+ *8>+:

1. D%- 0&.</2- LB %-. %*&"4?*" 0*0&#6.6/2(1 $* $.'64(0&9$1 10 µg/ml, /#µ<)(*0#" µ-(> 

#%-"62# 0-. <#601&"#6-3 $0*/4?-.+ E.coli XL-Blue I, 6#" #(#%03$$*0#" $* .'&7 ;&*%0"67 

µ4$- LB '"# 14-16 =&*+ $0-.+ 37  ̊C, .%- $.(*?> #(),*.$1, $0"+ 250 rpm.

2. G* 69("6> A")/1 %&-$02;*(0#" 250 ml .'&-3 ;&*%0"6-3 µ4$-. LB 6#" µ-/3(-(0#" µ* 5 ml 

#%- 01( #&?"6> 6#//"4&'*"#.

3. D6-/-.;*2 *%=#$1 $0-.+ 37  ̊C µ4?&"+ 70-. 1 -%0"6> %.6(7010# $0# 600 nm (# *2(#" %*&2%-. 

0.6.

4. B 6#//"4&'*"# 0-%-;*0*20#" $* %)'- '"# 10 /*%0).

5. D6-/-.;*2 A.'-64(0&1$1 '"# 10 /*%0) $0"+ 4.000 rpm, 40$" =$0* (# 6#0#6&1µ("$0-3(  0# 

6300#&#. B A.'76*(0&-+ 4?*" %&--E.?;*2 $0-.+ 4  ̊C.

6. B %)$0# 6.00)&9( *%#(#"9&*20#" µ* %#'9µ4(- ,")/.µ# HJ 7'6-. 2$-. µ* 0- 1/10 0-. 

#&?"6-3 7'6-. 6#//"4&'*"#+ (25 ml).

7. H- #"=&1µ# 0-%-;*0*20#" $* %)'- '"# 10 /*%0).

8. D6-/-.;*2 A.'-64(0&1$1 '"# 10 /*%0) $0"+ 4.000 rpm, µ* $07?- 01( 6#0#6&/1µ("$1 09( 

6.00)&9(. B A.'76*(0&-+ 4?*" %&--E.?;*2 $0-.+ 4  ̊C.

9. H- 251µ# *%#(#"9&*20#" µ* %#'9µ4(- ,")/.µ# HJ 7'6-. 2$-. µ* 0- 1/5 0-. #&?"6-3 7'6-. 

01+ 6#//"4&'*"#+ (17 ml).

10. H- #"=&1µ# 0-%-;*0*20#" $* %)'- 6#" %&-$02;*0#" $* #.07 DMSO 0*/"6>+ $.'64(0&9$1+ 

2$1+ µ* 7 % v/v, ,1/#,> 1.2 ml, #(#,*3-(0#+ %&-$*?0"6).

11. M*0) #%- %#&#µ-(> 10 /*%0=( $0-( %)'-, 0# ,*60"6) <#601&"#6) 6300#&# µ-"&)5-(0#" $* 

eppendorfs 6#" 6#0#E3?-(0#" µ* .'&7 )590-. B ,"#0>&1$1 09( ,*60"6=( 6.00)&9(  '"# 

µ*')/# ?&-("6) ,"#$0>µ#0# %&#'µ#0-%-"*20#" µ* 01( #%-;>6*.$> 0-.+ $0-.+ -80   ̊C.
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3.4  O2609H:µ0619µ@D G2/61/?3 /5667=;3 µ2 <809µ1G10/@ DNA.

H# ,"#/3µ#0# 6#" 0# #(0",&#$0>&"# %-. #%#"0-3(0#" '"# 01( *A#&µ-'> 0-. $.'6*6&"µ4(-. 

%&90-67//-. *2(#" 0# #67/-.;#:

1. LB .'&7 ;&*%0"67 µ4$-.

2. Dµ%"6"//2(1 > 6#(#µ.62(1.

B ,"#,"6#$2# 4?*" 9+ *8>+:

1. G* %*&2%-. 200 µl ,*60"6=( 6.00)&9(, %&-$02;*(0#" 10-50 ng %/#$µ","#6-3 DNA. 

D(#µ"'(3-(0#" 6#/) µ* >%"- 0&7%- 6#" 0- µ2'µ# 0-%-;*0*20#" $0-( %)'- '"# 30 /*%0).

2. D6-/-.;*2 ;*&µ"67 $-6 09( 6.00)&9( µ* *%=#$> 0-.+ $0-.+ 42-43  ̊C '"# 90 ,*.0*&7/*%0# 

6#" 4%*"0# #A>(-(0#" $0-(  %)'- '"# µ"6&7 ?&-("67 ,")$01µ#, =$0* (# µ*"9;*2 1 ;*&µ-6&#$2# 

0-.+.

3. G01 $.(4?*"# %&-$02;*(0#" 400-600 µl ;&*%0"6-3 µ4$-. LB 6#" 0- ,*2'µ# #A-3 #(#µ"?;*2 

6#/), *%9)5*0#" $0-.+ 37  ̊C '"# 1 =&#.

4. A6-/-.;*2 >%"# A.'-64(0&1$1 $0"+ 2.000 rpm '"# 2 /*%0), %&-6*"µ4(-. 0# 6300#&# (# 

$.'6*(0&9;-3( $01 <)$1 0-. eppendorf.

5. DA#"&*20#" 0- µ*'#/30*&- µ4&-+ 0-. .%*&6*"µ4(-. 6#" $* #.07 %-. µ4(*", *%#(#,"#/3-(0#" 

µ* >%"- 0&7%- 0# 6300#&#.

6. B %-$7010# #.0> 0-. ,*2'µ#0-+ *%"$0&=(*0#" $* 0&"</3- µ* ;&*%0"67 µ4$- LB, 0- -%-2- 

µ%-&*2 (# %*&"4?*" 6#" 9+ µ4$- *%"/-'>+ #(0"<"-0"67, $.(>;9+ #µ%"6"//2(1 > 6#(#µ.62(1.

7. H# 0&.</2# *%9)5-(0#" $01 $.(4?*"# $0-.+ 37   ̊C '"# 12-16 =&*+.

M*0) 01 ,"#,"6#$2# 0-. µ*0#$?1µ#0"$µ-3, %-. %*&"'&)A16* #µ4$9+ %&-1'-.µ4(9+, 0# 

6300#&# µ%-&-3( (# 6#//"*&'1;-3( 40$" =$0* (# %#&)8-.( 01( #(#$.(,.#$µ4(1 %&90*I(1, 01+ 

-%-2#+ 0- '-(2,"- .%)&?*" 9+ 4(;*0- $0-( %/#$µ","#67 A-&4#. G01 %#&-3$# %*"&#µ#0"6> 

µ*/401, 1 -%-2# *%"6*(0&=;16* $01(  L-ASNase 09(  $0*/*?=(  Erwinia caratovora, Escherichia 

coli 6#" 6.&29+ 0-. Erwinia chrysanthemi, µ*/*0>;16* 1 *0*&7/-'-+ 46A&#$1 0-. *(53µ-. 
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#.0-3 #%- 0- Erwinia chrysanthemi, $* 7 ,"#A-&*0"6) $0*/4?1 0-. E.coli =$0* (# 

%&-$,"-&"$0*2 *6*2(-, 0- -%-2- *6A&)5*" 01 %&90*I(1 µ* µ*'#/30*&1 #%7,-$1. H# $0*/4?1 #.0) 

*2(#" BL21(DE3), BL21(DE3) STAR, BL21(DE3) Rosetta, BL21(DE3) pLysS, TOP 10, XL-C 

Blue 6#" 0- UT 5600. N#&)//1/# µ*/*0>;16#( 6#" 3 ,"#A-&*0"6) ;&*%0"6) µ4$# µ* 

,"#A-&*0"6> $3$0#$1 0- 6#;4(#. D.0) *2(#" 0# LB, TB 6#" YT. B $3$0#$1 0-. 6#;*(7+ *2(#" 1 

#67/-.;1:

LB:  0.5 % w/v *6?3/"$µ# 53µ1+

        1 % w/v %*%07(1

        1 % w/v WaCl

TB: 2.4 % w/v *6?3/"$µ# 53µ1+

       1.2 % w/v %*%07(1         

       0.4 %  v/v '/.6*&7/1  

       0- pH 0-. 0*/"6-3 ,"#/3µ#0-+ &.;µ25*0#" $0- 7.2 µ* 01 %&-$;>61 @!B.

YT: 0.5 % w/v *6?3/"$µ# 53µ1+

       1.6 % w/v %*%07(1

       0.5 % w/v WaCl

      0- pH 0-. 0*/"6-3 ,"#/3µ#0-+ &.;µ25*0#" $0- 7.2 µ* 01 %&-$;>61 @!B.

S.O.C.: 2 % w/v %*%07(1

            0.5 % w/v *6?3/"$µ# 53µ1+ 

            0.05 % w/v WaCl

            0.25 % v/v 1 M KCl

            1 % v/v 1 M MgCl2

                1 % v/v 1 M MgSO4

            2 % v/v 1 M '/.6751

0- pH 0-. 0*/"6-3 ,"#/3µ#0-+ &.;µ25*0#" $0- 7.0 µ* 01 %&-$;>61 Na!B.
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B *%2,&#$1 09( ;&*%0"6=( µ4$9(, 7%9+ *%2$1+ 6#" 0# *%2%*,# 46A&#$1+ 09( ,"#A-&*0"6=( 

$0*/*?=(, %#&-.$")5-(0#" $0- 6*A)/#"- [\%-0*/4$µ#0#[[.

G01 $.(4?*"# %*&"'&)A*0#" µ"# 0.%"6> ,"#,"6#$2# 46A&#$1+, 1 -%-2# 7µ9+ #()/-'# µ* 0"+ 

#()'6*+ 09(  %*"&#µ)09(, *%",4?*0#" 6);* A-&) 0&-%-%-">$*"+. F"# %#&),*"'µ#, 1 ?&>$1 

,"#A-&*0"6=( $0*/*?=( E. coli '"# *0*&7/-'- 46A&#$1 $.(*%)'*0#" 6#" ?&>$1 ,"#A-&*0"6=( 

#(0"<"-0"6=( 9+ *%2 0- %/*2$0-(. H# #(0"<"-0"6) %-. ?&1$"µ-%-">;16#( $* #.0> 01 %*"&#µ#0"6> 

µ*/401 *2(#" 1 #µ%"6"//2(1 $* 0*/"6> $.'64(0&9$1 100 µg/ml, 1 ?/9&#µA*("67/1 $* 

$.'64(0&9$1 34 µg/ml 6#" 1 6#(#µ.62(1 $* $.'64(0&9$1 50 µg/ml.

3.5  "62=@8->-D C/B=09: 6-5 234Fµ-5 L-09<0=0>1379: 92 /F660=0 E. coli.

B 6#//"4&'*"# 09( 6.00)&9( '"# 01( 46A&#$1 0-. *%";.µ10-3 *(53µ-. %&#'µ#0-%-"*20#" *(07+ 

A"#/=( Erlenmeyer $* .'&7 ;&*%0"67 µ4$- TB, 1 $3$0#$1 0-. -%-2-. *2(#": 1.2 % %*%07(1, 0.4 

% '/.6*&7/1 6#" 2.4 % *6?3/"$µ# 53µ1+. :%"%/4-( %*&"4?-(0#" 6#" 0# #(0"<"-0"6) #µ%"6"//2(1 

$* 0*/"6> $.'64(0&9$1 $01 6#//"4&'*"# 100 µg/ml 6#" #(#/7'9+ 0-. $0*/4?-.+ E.coli, %-. 

?&1$"µ-%-*20#" '"# 01( *0*&7/-'- 46A&#$1, ?&1$"µ-%-"-3µ* 6#" 0- #(02$0-"?- #(0"<"-0"67.

H ,"#,"6#$2# 4?*" 9+ *8>+: ;&*%0"67 µ4$- 7'6-. 500 ml *µ<-/")5*0#" µ* 50 ml 6#0)//1/# 

µ*0#$?1µ#0"$µ4(9( 6.00)&9(  E.coli 0# -%-2# %&-4&?-(0#" #%7 -/-(360"# *%=#$1 12-16 h 

$0-.+ 37 ºC .%7 $.(;>6*+ #(),*.$1+. H1 ?&-("6> $0"'µ> 6#0) 01(  -%-2# 1 -%0"6> #%-&&7A1$1 

01+ 6#//"4&'*"#+ *2(#" %*&2%-. 0.6-0.7 $0# 600 nm, %&-$;40-.µ* IPTG $.'64(0&9$1+ 1 mM 

=$0* (# *%#?;*2 1 46A&#$1 0-. *(53µ-.. D%7 #.07 0- $0),"- 6#" 4%*"0# 1 #()%0.81 01+ 

6#//"4&'*"#+ $.(*?25*0#" '"# %*&2%-. 40 =&*+. M*0) #%7 0"+ 0*/*.0#2*+ 40 =&*+, 1 6#//"4&'*"# 

A.'-6*(0&*20#" $0"+ 8000 rpm '"# 20 min $0-.+ 4 ºC µ* #%-04/*$µ# 01 $.//-'> 09( 6.00)&9(, 

7%9+ *%2$1+ 6#" 0-. ;&*%0"6-3 ./"6-3, 0- -%-2- %*&"4?*" %-/3 µ*')/1 %-$7010# 01+ 

*6A&#57µ*(1+ %&90*I(1+. H# 6300#&#, #//) 6#" 0- .%*&6*2µ*(- µ%-&-3( (# #%-;16*.0-3( 

$0-.+ -20 ºC 49+ 01( *%#(#?&1$"µ-%-21$> 0-.+. H- 2,"- %&9076-//- *0*&7/-'1+ 46A&#$1+, 

54



#6-/-.;>;16* 07$- '"# 01(  L-ASNase 01+ Erwinia chrysanthemi 7$- 6#" '"# 01( L-ASNase 01+  

Erwinia caratovora 6#" 01+ Escherichia coli.

3.6  %F91µ- 6;3 /5667=;3 /01 <0=080R. 6-5 2345µ1/-F 2/H58A9µ06-D.

 :%";.µ10> %-$7010# 6.00#&"6>+ µ)5#+ #"9&*20#" $0- 0&"%/)$"- 7'6- &.;µ"$0"6-3 ,"#/3µ#0-+ 

0.05 M  Tris-HCl,  pH 8.2. B /3$1 09( 6.00)&9( %&#'µ#0-%-"*20#" µ* 01(  *%2,&#$1 .%*&>?9(. 

B *%2,&#$1 #.0> #6-/-.;*20#" 3 A-&4+ ,")&6*"#+ 12 ,*.0*&-/4%09( 1 6#;*µ2# µ* 4(# 

µ*$-,")$01µ# *(7+ /*%0-3. D825*" (# $1µ*"9;*2 70" 6#0) 0# µ*$-,"#$0>µ#0# 0- ,*2'µ# 

µ*0#A4&*0#" $* %)'- (2-4 ºC) %&-+ #%-A.'> µ*0-.$29$1+ 09( %&90*R(=( /7'9 01+ 

%#&#'7µ*(1+ ;*&µ7010#+ #%7 0-.+ .%4&1?-.+. H- 0*/"67 #"=&1µ# 0- -%-2- 4?*" %/4-( #.81µ4(- 

"8=,*+, A.'-6*(0&*20#" $0"+ 13000 rpm '"# 5 min 6#" $.//4'-.µ* 0- .%*&6*2µ*(-.

3.7  I0Q0=19µ@D 6-5 234Fµ-5 L-09<0=0>1379: µ2 H=;µ06->=0BA0 95>>C3210D 

H=:91µ-<-1?360D ;D <=-9=-B:6. 1,4-R-56032G1@8-G1>85/1GF8-01QC=0D-L-
Asp-Sepharose-CL6B.

3.7.1 G3(;*$1 0-. %&-$&-A10>.

Sepharose-CL6B (5 g), %/4(*0#" %-/3 6#/) µ* 6&3- ,"+-#%"-("$µ4(- (*&7 (%*&2%-. 100 ml 6#" 

$01 $.(4?*"# #(#µ"'(3-(0#" µ* 5 ml 1 M  NaOH. B #(02,&#$1 %&#'µ#0-%-"*20#" '"# 2 =&*+ .%- 

#(),*.$1 $* ;*&µ-6&#$2# ,9µ#02-. (25  ̊C). G01 $.(4?*"#, 5 ml 0-. <&#?2-(# (Arm Spacer) 

1,4-<-.0#(*,"7/-,"'/.6",3/-#";4&# #(#µ"'(3-(0#" µ* 0- %#&#%)(9 µ2'µ# 6#" 1 #(02,&#$1 

#A>(*0#" (# %&#'µ#0-%-"1;*2 '"# 12 =&*+. @#07%"(, 1 #'#&751 %/4(*0#" µ* (*&7 %-/3 6#/) 

7%9+ #&?"6) 6#" #(#µ"'(3*0#" µ* 0-( ,*$µ*.0>, - -%-2-+ $* #.0> 01 %*&2%09$1 *2(#" 0- L-

#$%#&0"67 -83. N&2( #%- #.0> 01( #()µ"81, 1 g L-#$%#&0"67 -83 ,"#/3*0#" $* 0.5 M 

#(;&#6"6-3 (#0&2-., pH 10, $* 0*/"67 7'6- 10 ml. G* #.07(  0- 7'6- 09( 10 ml, #(#µ*2?;16#( 
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0# 5 g 01+ #'#&751+ 6#" 1 #(02,&#$1 %&#'µ#0-%-">;16* '"# %*&2%-. 64 h .%- #(),*.$1. M*0) 

0- 04/-+ 01+ #(02,&#$1+, - %&-$&-A10>+ %/4(*0#" µ* 200 ml 6&3- ,"+-#%"-("$µ4(- (*&7 6#" 

#%-;16*3*0#" $* 20 % v/v #";#(7/1-H2O $0-.+ 4  ̊C.

3.7.2 N&9076-//- ?&9µ#0-'&#A2#+ $.''4(*"#+.

G01 $.(4?*"# %*&"'&)A*0#" 4(# 0.%"67 %&9076-//- ?&9µ#0-'&#A2#+ $.''4(*"#+, 0- -%-2- 

*A#&µ7$016* $01 %#&-3$# %*"&#µ#0"6> µ*/401. H- $.'6*6&"µ4(- %&9076-//- 7µ9+ 

.%-</>;16* #&6*04+ A-&4+ $* 0&-%-%-">$*"+, 7$-( #A-&) 0# ,")A-&# ,"#6&"0) $0),"#, µ* 

$07?- 01 <*/0"$0-%-21$> 0-.. !" 0&-%-%-21$*"+ #.04+ $?*025-(0#" µ* 0"+ $.(;>6*+ .%- 0"+ 

-%-2*+ *8"$-&&-%*20#" 0- .%*&6*2µ*(-, %&2( A-&09;*2 $01 ?&9µ#0-'&#A"6> $0>/1, 7%9+ *%2$1+ 

6#" µ* 0"+ $.'6*(0&=$*"+ 6#" 0- *2,-+ 09( &.;µ"$0"6=( ,"#/.µ)09(, 0# -%-2# ?&1$"µ-%-"-3(0#" 

6.&29+ $0- $0),"- 09( %/3$*9( (wash). T0$", $01 $.(4?*"# #(#A4&*0#" 0- #&?"67 %&9076-//- 

01+ ?&9µ#0-'&#A2#+ $.''4(*"#+ %-. ?&1$"µ-%-">;16*, µ*0) 01 $3(;*$1 0-. %&-$&-A10> µ* 

,*$µ*.0> 0- L-#$%#&0"67 -83. D825*" (# #(#A*&;*2, 70" #6&"<=+ 1 2,"# ,"#,"6#$2# 

#6-/-.;>;16* 6#" '"# 01 $3(;*$1 09(  )//9( ,3- %&-$&-A10=(, ,1/#,> 01+ L-#$%#&#'2(1+ 

6#" 0-. L-'/-.0#µ"("6-3 -8*7+. 

N&-$&-A10>+ 7'6-. 2 ml *8"$-&&-%*20#" µ* 30 ml &.;µ"$0"6-3 ,"#/3µ#0-+ A9$A-&"6=(  20 

mM 6#" pH 7.5. G01 $.(4?*"# A-&0=(*0#" 0- ,*2'µ# %-. %*&"4?*" 0- ;&*%0"67 *6?3/"$µ#, 0- 

-%-2- #&?"6) 4?*" .%-</1;*2 $* ,"#%2,.$1, 40$" =$0* (# ,"#µ-&A9;-3( -" *%";.µ104+ $.(;>6*+ 

(pH 7.5), 6#" 1 $0>/1 ?&9µ#0-'&#A2#+ %#&#µ4(*" 6/*"$0> '"# 10 min =$0* (# µ*'"$0-%-"1;-3( 

-" #//1/*%",&)$*"+ 0-. *(53µ-. µ* 0- L-#$%#&0"67 -83 6#" (# $.'6&#01;-3(  7/- 6#" 

%*&"$$70*&# µ7&"# *(53µ-. $01 $0>/1. @#07%"( #(-2'-.µ* 01 $0>/1 6# %#&#/#µ<)(-.µ* 

%-$7010# 0-. *(5.µ"6-3 *6?./2$µ#0-+ 1 -%-2# ,*( %&-$,4;16* $01 $0>/1. D6-/-.;*2 %/3$"µ- 

0-. %&-$&-A10> µ* 15 ml &.;µ"$0"6-3 *8"$-&&7%1$1+ ($0- 0*/"67 <*/0"$0-%-"1µ4(- 

%&9076-//-, 1 $0>/1 %/4(*0#" µ7(- µ* (*&7) 6#" $01 $.(4?*"# 1 %-$7010# 0-. *(53µ-. %-. 

%&-$,4;16* *6/-3*0#" µ* 10 ml &.;µ"$0"6-3 ,"#/3µ#0-+ 0- -%-2- %*&"4?*" 6#"  20 mM   L-

#$%#&0"67 -83 pH 7.5 (#(02$0-"?# $0"+ %*&"%0=$*"+ %-. ?&1$"µ-%-">;16#( 9+ %&-$&-A104+ 0- 
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L-'/-.0#µ"("67 -83 6#" 1 L-#$%#&#'2(1, 9+ *6/-.0"6-2 %#&)'-(0*+, ?&1$"µ-%-">;16#(  20 mM 

L-'/-.0#µ"("67 -83 6#" 1 L-#$%#&#'2(1 #(02$0-"?#). H $.(-/"6> *6/-.7µ*(1 %-$7010# 

%#&#/#µ<)(*0#" $* 6/)$µ#0# 0-. 1 ml. G* 6);* 6/)$µ# '2(*0#" %&-$,"-&"$µ7+ 01+ *(5.µ"6>+ 

,&#$0"67010#+ 6#" 6#07%"( 7%-. *2(#" *%";.µ107 %&#'µ#0-%-"-3µ* 6#" %-$-0"67 %&-$,"-&"$µ7 

0-. *(53µ-. µ* 01 µ4;-,- Bradford, 1 -%-2# %*&"'&)A*0#" $01 $.(4?*"#.

3.7.3  M*/401 "$-&&-%2#+ %&-$&7A1$1+.

N-$7010# %&-$&-A10> (0.5 ml) µ* #6"(10-%-"1µ4(- L-#$%#&0"67 -83, *%#(#"9&*20#" $* 6 ml 

&.;µ"$0"6-3 ,"#/3µ#0-+ 20 mM Pi, pH 7.5, 0- -%-2- %*&"4?*" 6#" 0.1 M  NaCl. !" $.(;>6*+ 

#.04+ #%-0*/-3( 0"+ <4/0"$0*+ $.(;>6*+ 6#;#&"$µ-3 01+ L-ASNase 0-. $0*/4?-.+ Erwinia 

chrysanthemi 7%9+ %&-46.E#( %*"&#µ#0"6) ([\%-0*/4$µ#0#[[, 4.2.2). G* 12 eppendorfs 0-. 1 

ml, %&-$04;16#( 500 µl #"9&>µ#0-+ #%- 0-( %#&#%)(9 %&-$&-A10>, %-$7010# ;&*%0"6-3 

*6?./2$µ#0-+, 0- -%-2- %*&"*2?* *896.00)&"# L-ASNase 6#" &.;µ"$0"67 ,")/.µ# 20 mM  Pi, pH 

7.5 49+ 01 $.µ%/>&9$1 0*/"6-3 7'6-. 1.1 ml. B %-$7010*+ 0-. ;&*%0"6-3 *6?./2$µ#0-+ %-. 

%&-$04;16#(, 6)/.E#( 4(# *3&-+ 7'6-. #%- 50 49+ 600 µl, 7%9+ A#2(*0#" $0-( %#&#6)09 

N2(#6# 3.2. :%"%/4-(, µ*0) #%- %#&#µ-(> $.'6*6&"µ4(-. 7'6-. %&-$&-A10> µ* 

#6"(10-%-"1µ4(- L-#$%#&0"67 -83, $* $.(;>6*+ 6*(-3 µ* $6-%7 01( #%=/*"# 01+ .'&#$2#+, 

%&-$,"-&2$016*, 70" 1 ml %&-$&-A10> 5.'25*" 0.075 g. @#0’ *%460#$1, $* 6);* eppendorf, 

%*&"4?-(0#" 0*/"6) 0.003125 g %&-$&-A10>. H# eppendorfs 0-%-;*0>;16#( $0-.+ 4  ̊C 6#" 

#A4;16#(  '"# 120 min .%- #(),*.$1, 49+ 70-. *%4/;*" $0- $3$01µ# *8"$-&&7%1$1. :( 

$.(*?*2#, 0- µ2'µ# A.'-6*(0&>;16* $0"+ 5.000 rpm '"# 2 min. H- .%*&6*2µ*(- $.//4?;16* 6#" 

µ* 01 µ4;-,- 01+ Bradford (Bradford, 1976) %&-$,"-&2$016* 0- %&90*I("67 A-&02-, 0- -%-2- 

%#&4µ*"(* #,4$µ*.0- #%- 0-(  %&-$&-A10>. H- ,*$µ*.µ4(- #%- 0-( %&-$&-A10> %&90*I("67 

A-&02-, %&-$,"-&2$016* µ*0) #%- #A#2&*$1 0-. #,4$µ*.0-. A-&02-. #%- 0- $.(-/"67 A-&02- 

%-. %&-$04;16* $0- eppendorf. M* <)$1 0-.+ %#&#%)(9 .%-/-'"$µ-3+, $.$?*02$016* 0- 

%&90*I("67 A-&02- %-. ,*$µ4.016* #(# µ-(),# <)&-.+ %&-$&-A10> µ* 01 $.'64(0&9$1 0-. 

%&90*I("6-3 A-&02-. %-. %#&4µ*"(* #,4$µ*.0- 6#0) 01( *8"$-&&7%1$1. D%- 0- ,")'&#µµ# %-. 
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%&-46.E* (U")'&#µµ# 4.10), %&-$,"-&2$016#( -" %#&)µ*0&-" 01+ "$-&&-%2#+ %&-$&7A1$1+ 

(N2(#6#+ 4.2).

!A30/0D 3.2  !" %-$7010*+ 0-. ;&*%0"6-3 *6?./2$µ#0-+, 0-. #"9&>µ#0-+ %&-$&-A10> 6#" 0-. 
&.;µ"$0"6-3 ,"#/3µ#0-+, %-. %&-$04;16#( $0# 12 eppendorfs.

ΘΡΕΠΤΙΚΟ 
ΕΚΧΥΛΙΣΜΑ (µl)

ΑΙΩΡΗΜΑ 
ΠΡΟΣΡΟΦΗΤΗ (µl)

ΡΥΘΜΙΣΤΙΚΟ 
ΔΙΑΛΥΜΑ

ΤΕΛΙΚΟΣ ΟΓΚΟΣ (µl)

50 500 550 1100

100 500 500 1100

150 500 450 1100

200 500 400 1100

250 500 350 1100

300 500 300 1100

350 500 250 1100

400 500 200 1100

450 500 150 1100

500 500 100 1100

550 500 50 1100

600 500 - 1100
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3.8  !=-9G1-=19µ@D <=;62S3:D µ2 6: µCQ-G- Bradford.

B µ4;-,-+ #.0> %&90*R("6-3 %-$-0"6-3 %&-$,"-&"$µ-3 <#$25*0#" $01(  ","7010# 01+ ?&9$0"6>+ 

Coomasie Brilliant Blue G-250 (# #//)5*" ?&=µ# 70#(  #//1/*%",&) µ* %&90*I(*+ $* 78"(- 

%*&"<)//-( (Bradford, 1976). B */*3;*&1 ?&9$0"6> 4?*" ?&=µ# 6#$0#(7 6#" #%-&&-A) $0# 465 

nm, *(= 0- $3µ%/-6- ?&9$0"6>-%&90*I(1 *2(#" ?&=µ#0-+ '#/)5"-. 6#" #%-&&-A) $0# 595 nm. 

D%-0*/*2 µ"# '&>'-&1 6#" #&6*0) #6&"<> µ4;-,- $.'6&"0"6) µ* )//*+ 6#" ,"#;40*" 4(# *3&-+ 

%&-$,"-&"$µ-3 $.'6*(0&=$*9( µ*0#83 40-200 µg/ml.

F"# 0-( %&-$,"-&"$µ7 01+ %&90*I(1+ 0- %.6(7 #(0",&#$0>&"- (stock) Bradford #&#"=(*0#" µ* 

(*&7 $* #(#/-'2# ] ,1/#,> 1 µ4&-+ %.6(-3 #(0",&#$01&2-. Bradford 6#" 4 µ4&1 (*&-3. H- 

,")/.µ# %-. %&-63%0*" 0- ,"#01&-3µ* $* $6-0*"(7 ,-?*2- 6#" .%7 ;*&µ-6&#$2# ,9µ#02-. 25 ºC. 

H- )'(9$0- ,*2'µ# %&90*I(1+ ;# %&-$,"-&"$0*2 #A-3 $* 950 µl 0-. 0*/*.0#2-. ,"#/3µ#0-+ 

%&-$;4$-.µ* 50 µl 6#0)//1/1+ $.'64(0&9$1+ %&90*I(1+ =$0* $01 6.E*/2,# (# .%)&?-.( 

%*&2%-. 2-10 µg %&90*I(1+. D6-/-.;*2 *%=#$1 0-. µ2'µ#0-+ '"# 20-35 min $* ;*&µ-6&#$2# 

,9µ#02-. 25 ºC 6#" *( $.(*?*2# /#µ<)(-.µ* #%-&&7A1$1 $0# 595 nm 4?-(0#+ 9+ µ)&0.&# 

,")/.µ# ?9&2+ (# %*&"4?*" %&90*I(1. B #(#'9'> 01+ -%0"6>+ #%-&&7A1$1+ $* µ-(),*+ 

$.'64(0&9$1+ '2(*0#" <)$1 %&70.%1+ 6#µ%3/1+, 1 -%-2# 4?*" %&-63E*" #%7 %&90*I(1 '(9$0=( 

$.'6*(0&=$*9( (/.?. #/<-.µ2(1) 6#" 40$" .%-/-'25*0#" - $.(0*/*$0>+ µ-&"#6>+ #%7$<*$1+, '"# 

0-( .%-/-'"$µ7 01+ $.'64(0&9$1+ <)$1 0-. (7µ-. Beer-Lambert. 

3.9  I060/=.µ319: <=;62T3?3 µ2 H=.9: TCA

N-//4+ A-&4+ 0.'?)(*" (# 4?-.µ* %-/3 #&#") ,*2'µ#0# %&90*I(1+, µ* #%-04/*$µ# 1 

$.'64µ0&9$1 01+ %&90*2(1+ (# *2(#" %-/3 µ"6&701*&1 #%- *6*2(1 01+ #%#"0-3µ*(1+ (50-100 

µg) '"# (# 1/*60&-A-&>$-.µ* 0# ,*2'µ#0) µ#+ 6#" (# %&-$,"-&2$-.µ* µ* #.07( 0-(  0&7%- 01 

6#;#&7010) 0-.+. G* #.04+ 0"+ %*&"%0=$*"+ 6&2(*0#" #(#'6#2- (# $.µ%16(=$-.µ* 0# ,*2'µ#0# 

µ* $6-%7 01(#381$1 01+ $.'64(0&9$1+ *(07+ %-/3 µ"6&70*&-. 7'6-.. D.07 ,3(#0#" (# 

*%"0*.?;*2 µ* A.$"64+ 0*?("64+, 7%9+ 1 /.-A"/29$1 7%-. #%-µ#6&3(*0#" 1 .'&#$2# #%- 0- 
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,*2'µ# µ* #%-04/*$µ# 1 %&90*I(1 (# $.$$9&*3*0#" $01 <)$1 *(7+ eppendorf $* $0*&*> %/4-( 

µ-&A> 6#" (# µ%-&-3µ* (# 01( *%#(#"9&>$-.µ* $* 7,0" 7'6- *%";.µ-3µ*, 6#" ?1µ"64+ 0*?("64+, 

7%-. µ*0#<)//-.µ* ,&#$0"6) 0- pH, 7%9+ $01 %*&2%09$1 0-. TCA, µ* #%-04/*$µ# -" 

%&90*I(*+ (# µ*0-.$"=(0#" 6#" (# 6#0#6&1µ(25-(0#". Q7'9 0-. 70" $01 %#&-3$# %*"&#µ#0"6> 

%-&*2# #6-/-.;>;16* 1 0*?("6> 0-. TCA, %*&"'&)A*0#" $01 $.(4?*"# 0- %&9076-//- 

6#0#6&>µ("$1+.

N#&#$6*.> Stock ,"#/3µ#0-+ TCA: 100 % (w/v) TCA, 500 g TCA ,"#/3-(0#" $* 350 ml (*&-3.

1. 1 7'6-+ TCA #(#µ"'(3*0#" µ* 4 7'6-.+ %&90*R("6-3 ,*2'µ#0-+.

2. :%=#$1 $0-( %)'- (4 ºC) '"# 10 /*%0).

3. P.'-64(0&1$1 $0"+ 13.000 rpm '"# 5 /*%0).

4. N*0)µ* 0- .%*&6*2µ*(-, #A>(-(0#+ 0- 251µ# %-. ,1µ"-.&'*20#" #%- 01 %&90*I(1 $01 <)$1 

0-. eppendorf.

5. N/4(-.µ* 0- eppendorf, µ* 200 µl %#'9µ4(1+ #6*07(1+ (-20 ºC).

6. P.'-64(0&1$1 0-. ,*2'µ#0-+ $0"+ 13.000 rpm '"# 5 /*%0).

7. :%#()/1E1 09( <1µ)09( 4-6, 49+ 70-. $.µ%/1&=$-.µ* 4(# $.(-/"67 #&";µ7 2 %/3$*9(.

8. G04'(9µ# 0-. eppendorf, 0-%-;*0=(0#+ 0- $0-.+ 95 ºC '"# 5-10 /*%0), 40$" =$0* (# 

$0*'(=$*" 0*/*29+ 1 #6*07(1. 

9. F"# SDS-PAGE, %&-$;40-.µ* 2S > 4S &.;µ"$0"6-3 ,"#/3µ#0-+ 1/*60&-A7&1$1+, 0- -%-2- 

%*&"4?*" 6#" #(#'9'"6> "$?3 µ* 01 %#&-.$2# <-µ*&6#%0-#";#(7/1+, <&)5-.µ* 0- ,*2'µ# $0-.+ 

95 ºC '"# 5 /*%0) 6#" 0- A-&0=(-.µ* 0*/"6) $* %160> %-/.#6&./#µ2,1+.
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3.10  &82/6=-B@=:9: <=;62T3?3 92 <:/6. <-850/=580µ1GA-5 (SDS-PAGE).

3.10.1 B/*60&-A7&1$1 $* $.(;>6*+ µ*0-.$29$1+ %#&-.$2# ,9,*6#(-;*"I6-3 (#0&2-. 

(SDS).

B 1/*60&-A7&1$1 $* $.(;>6*+ µ*0-.$29$1+ %#&-.$2# SDS 4'"(* $3µA9(# µ* 01 µ4;-,- 

Laemmli (1979) $* #$.(*?4+ $3$01µ# &.;µ"$0"6=( ,"#/.µ)09( %-. #%-0*/-3(0#" #%7:

1. &.;µ"$0"67 ,")/.µ# 1/*60&-,29( Tris (0,025 M)-'/.62(1 (0,192 M), SDS (0,1%w/v) pH 

8,3.

2. &.;µ"$0"67 ,")/.µ# 01+ %160>+ ,"#?9&"$µ-3: Tris/HCL (3M) pH 8.8

3. &.;µ"$0"67 ,")/.µ# %160>+ *%"$0-2<#81+: Tris/HCL (0.5M) pH 6.8

4. ,")/.µ# #6&./#µ",2-.: #6&./#µ2,"- (30g, 0.42 mol) 6#" N,N’-µ*;./4(--bis-

#6&./#µ2,"- (0.8 g, 5.2 mmol) ,"#/.µ4(# $* 100 ml (*&-3.

5. &.;µ"$0"67 ,")/.µ# µ*0-.$29$1+ %&90*R("6=( ,*"'µ)09(: Tris/HCL (0,125M) pH 6.8, 

SDS (4% w/v), '/.6*&7/1+ (20% v/v) 6#" <-µ*&6#%0-#";#(7/1  (10% v/v).

6. ,")/.µ# SDS (10% w/v)

7. ,")/.µ# .%*&;*""6-3 #µµ9(2-. (1.5% w/v).

:","670*&# $0- %&9076-//- #.07 ?&1$"µ-%-">;16* %160> ,"#?9&"$µ-3 6#" *%"$0-2<#81+ µ* 

%*&"*60"67010# #6&./#µ",2-. 12.5 % w/v.

B ,"#,"6#$2# %#&#$6*.>+ 01+ %160>+ ,"#?9&"$µ-3 6#" *%"$0-2<#81+ *2(#" 1 #67/-.;1: 

&.;µ"$0"67 ,")/.µ# %160>+ ,"#?9&"$µ-3 (875 µl) #(#µ*"'(3*0#" µ* ,")/.µ# SDS (70 µl) 6#" 

,")/.µ# #6&./#µ",2-. (2937.5 µl). H- µ2'µ# #&#"=(*0#" µ* 01 %&-$;>61 (*&-3 6#" #6-/-.;*2 

#%#&49$1 µ* 01 <->;*"# #(0/2#+ (*&-3 '"# 15 /*%0). M*0) 01( #%#&49$1 %&-$;40-(0#" 

TEMED (6.25 µl) 6#" .%*&;*""67 #µµ=("- (1.5 ml). H- µ2'µ# #(#,*3*0#" */#A&) 6#" *"$)'*0#" 

$0- '.)/"(- 6);*0- 6#/-3%" µ* ,"#$0)$*"+ 1.5 mm %)?-+ 6#" 12cm <);-+. B *%"A)(*"# 01+ 

%160>+ 6#/3%0*0#" µ* ,")/.µ# <-.0#(7/1+ 6-&*$µ4(1+ µ* (*&7 6#" #A>(*0#" (# %-/.µ*&"$0*2 

'"# 1 h $0-.+ 20-25 ºC. DA-3 -/-6/1&9;*2 - %-/.µ*&"$µ7+ #%-µ#6&3(*0#" 0- ,")/.µ# 01+ 
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<-.0#(7/1+ 6#" *A7$-( 8*%/.;*2 µ* (*&7 1 *%"A)(*"# 01+ %160>+, *"$)'*0#" 1 %160> 

*%"$0-2<#81+, 1 %#&#$6*.> 01+ -%-2#+ '2(*0#" 9+ *8>+: &.;µ"$0"67 ,")/.µ# %160>+ 

*%"$0-2<#81+ (625 µl) #(#µ*"'(3*0#" µ* ,")/.µ# SDS (50 µl) 6#" ,")/.µ# #6&./#µ",2-. (6.25 

µl). H- µ2'µ# #&#"=(*0#" µ* %&-$;>61 (*&-3 (3450 µl) 6#" $01 $.(4?*"# #%#*&=(*0#" µ* 01 

<->;*"# #(0/2#+ (*&-3 '"# 15 min. M*0) 01( #%#&49$1 %&-$;40*0#" TEMED (6.25 µl) 6#" 

.%*&;*"I67 #µµ=("- (1 ml). H- ,*2'µ# #(#,*3*0#" */#A&) 6#" *"$)'*0#" $0- '.)/"(- 6);*0- 

6#/-3%". N&2( 8*6"(>$*" - %-/.µ*&"$µ7+, *"$)'*0#" $01 6-&.A> 01+ %160>+ 6#0)//1/-+ 

.%-,-?4#+ (?04(#) =$0* (# ,1µ"-.&'1;-3( 0# 6#()/"#-;4$*"+ *"$#'9'>+ 09( ,*"'µ)09(. ! 

%-/.µ*&"$µ7+ -/-6/1&=(*0#" $* %*&2%-. 30 min.

3.10.2 N&-*0-"µ#$2# 0-. ,*2'µ#0-+  6#" 1/*60&-A7&1$1 6)09 #%7 $.(;>6*+ 

µ*0-.$29$1+.

   

N&90*R("67 ,*2'µ# $.'64(0&9$1+ %*&2%-. 50-100 µg ,"#/3*0#" $* &.;µ"$0"67 ,")/.µ# 

µ*0-.$29$1+ (~10 µl) 7%-. ;*&µ#2(*0#" $0-.+ 75-100 ºC. G* 6);* ,*2'µ# %&-$02;*0#" 9+ 

µ)&0.&#+ 1 µ%/4 ?&9$0"6> 01+ <&9µ-6&*57/1+ (0.02 % w/v). G01 $.(4?*"# 0- %&90*R("67 

,*2'µ# *"$)'*0#" $0# 6#()/"# 01+ %160>+ 6#" 1 1/*60&-A7&1$1 %&#'µ#0-%-"*20#" (20-25 ºC) 

.%7 $0#;*&> 4(0#$1 30 mA '"# 6);* %160>.

3.10.3 J#A> µ* Coomasie Brilliant Blue R-250.

B µ4;-,-+ #.0> *A#&µ75*0#" µ*0) #%7 01( 1/*60&-A7&1$1 µ* $07?- 01 <#A> 09( %&90*R("6=( 

59(=(. B ,"#,"6#$2# #.0> 4?*" 9+ *8>+: 6#07%"( 01+ 1/*60&-A7&1$1+ 1 %160> *µ<#%025*0#" $* 

.,#0"67 ,")/.µ#  %-. %*&"4?*" µ*;#(7/1 (40 % v/v), -8"67 -83 (7 % v/v) 6#" Coomasie Brilliant 

Blue R-250  (0.025-0.1 % w/v) 7%-. 6#" *%9)5*0#" '"# 1 h %*&2%-.. ! #%-?&9µ#0"$µ7+ 01+ 

%160>+ %&#'µ#0-%-"*20#" µ*0) #%7 *%=#$1 5 h $0- 6#;4(# #%7 0# *%7µ*(# ,3- .,#0"6) 

,"#/3µ#0# 0# -%-2# %*&"4?-.(: #) µ*;#(7/1 (50 % v/v) 6#" -8"67 -83 (10 % v/v/) 6#" <) 

µ*;#(7/1 (5% v/v) 6#" -8"67 -83 (7 % v/v).
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3.11 ,10<AG59:

H- *(5.µ"67 *6?3/"$µ# %&2( 0-( 6#;#&"$µ7 .%-<)//*0#" $* µ"# ,"#,"6#$2# µ* 01(  -%-2# 

#%-µ#6&3(-(0#" 0.?7( .%-%&-R7(0# 0-. µ*0#<-/"$µ-3 0-. 6.00)&-., 0# -%-2# %";#(7( (# 

#$6>$-.( #&(10"6> *%2,&#$1 $01 ?&9µ#0-'&#A"6> $.µ%*&"A-&) 0-. *(53µ-.. N#&)//1/# 

&.;µ25*0#" 0- pH $* *%";.µ10> 0"µ>, 40$" =$0* (# ,"#µ-&A9;-3( -" $.(;>6*+ *6*2(*+ %-. 

#%#"0-3(0#" '"# 01 %&7$,*$1 0-. *(53µ-. $0-( ,*$µ*.0>. :%"%/4-(, %-//4+ A-&4+ ,"#%2,.$1 

*A#&µ75*0#" 6#" 70#( *%";.µ-3µ* (# #%#//#'*2 0- 4(5.µ- #%- 0- %&-$,*,*µ4(- .%7$0&9µ# 

%-. #%4601$* 6#0) 0-( 6#;#&"$µ7. B ,"#,"6#$2# #.0> $01&25*0#" $0- A#"(7µ*(- 01+ =$µ9$1+ 

6#" $01(  #&?> 70" µ*0#83 ,3- A)$*9(  ,"#A-&*0"6=(  $.'6*(0&=$*9(, '2(*0#" µ*0#A-&) µ-&29( 

%&-+ *6*2(1 01 6#0*3;.($1 =$0* (# *8"$-&&-%1;-3( -" $.'6*(0&=$*"+. M* <)$1 #.0> 01 

/-'"6> 0- *(5.µ"67 *6?3/"$µ# .%-<)//*0#" $* ,"#%2,.$1 4(#(0" 1000 7'69( &.;µ"$0"6-3 

,"#/3µ#0-+ 20 mM A9$A-&"6=( KH2PO4 pH 7.5. :","670*&# ?&1$"µ-%-"*20#" 1µ"%*&#0> 

µ*µ<&)(1 6.00#&2(1+ µ* 7&"- #%-6/*"$µ-3 12 KDa (Sigma, U.S.A.). B $.(-/"6> ,"#,"6#$2# 

,"#&6*2 18-24 h 6#" %&#'µ#0-%-"*20#" $0-.+ 4 ºC. H- 0*/"67 #%-04/*$µ# *2(#" 1 #%-µ)6&.($1 

7/9( 09( *(=$*9( µ* µ"6&7 µ-&"#67 <)&-+ (<12 KDa).

3.12  !=-9G1-=19µ@D 2345µ1/.D G=0961/@6:60D 6:D L-09<0=0>1379:D.

B ,&#$0"67010# 0-. *(53µ-. %&-$,"-&2$016* µ* 01 <->;*"# 0-. #(0",&#$01&2-. Neßler 

(Nesslerization) (Vogel et al., 1979). H- #(0",&#$0>&"- Neßler *2(#" 4(# ,")/.µ# 0.09 mol/L 

0*0&#-"9,--.,&#&'3&-. (K2[HgI4]) µ* 2.5 mol/L .,&-8*2,"- 0-. 6#/2-. 6#" ?&1$"µ-%-"*20#" '"# 

01( #(2?(*.$1 µ"6&=( %-$-0>09( #µµ9(2#+. G01 %*&2%09$1 3%#&81+ #µµ9("#6=(  "7(09(, 

%&#'µ#0-%-"*20#" #//#'> ?&=µ#0-+ 6#" $?1µ#025*0#" .%-620&"(- ?&=µ#. H *.#"$;1$2# 01+ 

µ*;7,-. 6.µ#2(*0#" $* *%2%*,# %&-$,"-&"$µ-3 > 0.3 µg NH3 #(# µ-(),# 7'6-. ,"#/3µ#0-+.  B 

#(02,&#$1 %-. %&#'µ#0-%-"*20#" *2(#" 1 %#&#6)09: 

                    NH4+ + 2[HgI4]2^ + 4OH^ _ HgO·Hg(NH2)I + 7I^ + 3H2O
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D&?"6) 850 µl .%-$0&=µ#0-+, %-. *2(#" 1 L-#$%#&#'2(1 $* $.'64(0&9$1 0.01 M, 

#(#µ"'(3-(0#" µ* 120 µl &.;µ"$0"6-3 ,"#/3µ#0-+ Tris-HCl, 0.01 M, pH 8.2 *(07+ eppendorf. H- 

.%7$0&9µ# 4?*" ,"#/.;*2 *%2$1+ $* &.;µ"$0"67 ,")/.µ# Tris-HCl, 0.01 M, pH 8.2. G01 $.(4?*"# 

$* 4(# ,*30*&- eppendorf, 0- -%-2- #(0"$0-"?*2 $0-(  µ)&0.&#, %&-$;40-.µ* 7/# 0# 

%&-1'-3µ*(# 6#" *%"%/4-( 50 µl 0&"?/9&-#6*0"67 -83 (TCA). H- TCA %&-$;40*0#" µ* $6-%7 01 

6#0#6&>µ("$1 0-. *(53µ-. 70#(  #.07 %&-$0*;*2, 40$"=$0* (# µ1( %&#'µ#0-%-"1;*2 #(02,&#$1. 

H# ,3- eppendorfs *8"$-&&-%-3(0#" $0-.+ 37 ºC '"# 2 /*%0) 6#" $01 $.(4?*"# %&-$;40-(0#" $0- 

6#;4(# 30 µl *(53µ-.. ! 0*/"67 7'6-+ *2(#" 1050 µl. H- ,*2'µ# 6#" - µ)&0.&#+ *%9)5-(0#" 

$0-.+ 37 ºC '"# 10 /*%0). M*0) 01( *%=#$1, 50 µl TCA %&-$;40-(0#" $0- ,*2'µ# 40$" =$0* (# 

$0#µ#0>$*" 1 *(5.µ"6> #(02,&#$1 6#" A.'-6*(0&-3(0#" $0"+ 13.000 rpm '"# 2 /*%0) =$0* (# 

6#0#6&1µ("$0-3( 0# %&90*R("6) $.$$9µ#0=µ#0# µ*0) 01 %&-$;>61 0-. TCA. @#07%"(, $* 

6.<40# 09( 4 ml, %&-$;40-(0#" 3.5 ml (*&7, 250 µl #%- 0- .%*&6*2µ*(- 0-. 6);* eppendorf 6#" 

0.5 ml #(0",&#$0>&"- Neßler. B %#&-.$2# #µµ9("#6=( "7(09( .%-,1/=(*0#" µ* 0-( 

µ*0#?&9µ#0"$µ7 %-. #(#A4&;16* %#&#%)(9. L$- %"- 4(0-(- 620&"(- ?&=µ#, 07$- µ*'#/30*&1 

$.'64(0&9$1 #µµ9(2#+ .%)&?*" $0- ,*2'µ#. G#A=+ $01 %*&2%09$1 0-. µ)&0.&#, ,*( .%)&?*" 

µ*0#?&9µ#0"$µ7+ 6#;=+ 0- 4(5.µ- *2?* µ*0-.$"9;*2 .%- 01( *%2,&#$1 0-. TCA. G01 $.(4?*"# 

µ* 01( 6.<40# %-. %*&"4?*" 0-( µ)&0.&# µ1,*(25-.µ* 0- A907µ*0&- $0# 436 nm 6#" µ*0&)µ* 

#(02$0-"?# 0- ,*2'µ#. H- #%-,*607 *3&-+ 01+ #%-&&7A1$1+ *2(#" #%- 0.02-0.35. :3/-'- *2(#" 0- 

'*'-(7+, 70" - 7'6-+ *(53µ-. %-. ?&1$"µ-%-"*20#" 6);* A-&) '"# 0-(  %&-$,"-&"$µ7 01+ 

,&#$0"67010#+ %&-63%0*" %*"&#µ#0"6).

3.13 )/13:6-<-A:9: 6:D L-09<0=0>1379:D µC9; 6:D G:µ1-5=>A0D 

G10953GC92;3 µ2 >8-560=08G2UG: /01 9H:µ0619µ@ R792;D Schiff.

B #6"(10-%-21$1 01+ L-ASNase  0-. $0*/4?-.+ Erwinia chrysanthemi, %&#'µ#0-%-">;16* µ* 01 

?&>$1 0-. ,",&#$0"6-3 #(0",&#$01&2-., '/-.0#&#/,*O,1, 6#" 01+ #/<-.µ2(1+ -&-3 µ7$?-. 

(BSA). H- 4(5.µ- #6"(10-%-">;16* 6)09 #%- 9 ,"#A-&*0"64+ $.(;>6*+, -" -%-2*+ #A-&-3( $0"+ 
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,"#A-&*0"64+ $.'64(0&9$*"+ 01+ '/-.0#&#/,*O,1+ 6#" 01+ #/<-.µ2(1+, %-. ?&1$"µ-%-">;16#( 

6);* A-&). D(02;*0#, 1 $.'64(0&9$1 0-. *(53µ-. ,"#01&>;16* $0#;*&> $* 7/*+ 0"+ $.(;>6*+. 

T0$", $* 7/*+ 0"+ %*&"%0=$*"+ #6"(10-%-">;16#(  4 *(5.µ"64+ µ-(),*+. G01 $.(4?*"#   

%#&#;40*0#" - %2(#6#+ µ* 0"+ $.'6*(0&=$*"+ 09( $0-"?*29( 01+ 6);* $.(;>61+ 6#" %*&"'&)A*0#" 

1 $.(-/"6> ,"#,"6#$2# #6"(10-%-21$1+ 0-. *(53µ-..

!A30/0D 3.3 !" $.'6*(0&=$*"+ 09( $0-"?*29( %-. ?&1$"µ-%-">;16#( 6);* A-&) $01 6);*              
$.(;>61. ! 0*/"67+ 7'6-+ #(02,&#$1+ *2(#" 0.5 ml.

ΣΥΝΘΗΚΗ ΓΛΟΥΤΑΡΑΛΔΕΫΔΗ 
(% v/v)

BSA (mg) ΕΝΖΥΜΟ (μl) BUFFER (μl)

1 1 20 66.6 413.34

2 1.5 20 66.6 403.34

3 2 20 66.6 393.4

4 1 30 66.6 413.34

5 1.5 30 66.6 403.34

6 2 30 66.6 393.4

7 1 40 66.6 413.34

8 1.5 40 66.6 403.34

9 2 40 66.6 393.4

G* eppendorf 0-. 1.5 ml, %&-$02;*0#" &.;µ"$0"67 ,")/.µ# (Buffer) Tris-HCl 0.01 M, pH 8.2, 1 

%-$7010# 01+ #/<-.µ2(1+ (BSA) 6#" *%2$1+ 0-. *(53µ-., %-. 6);* A-&) #%#"0-3(0#" $3µA9(# 

µ* 0-( %2(#6# %#&#%)(9. D6-/-.;*2 %-/3 6#/7 vortex 6#" #( ?&*"#$0*2, ?&>$1 .%*&>?9( 49+ 

70-. ,"#/.0-%-"1;*2 0*/*29+ 1 #/<-.µ2(1. L0#( ,"#/.;*2 1 #/<-.µ2(1, %&-$;40-.µ* 01( 

#(02$0-"?1 %-$7010# '/-.0#&#/,*O,1+, 1 -%-2# 4?*" .%-/-'"$0*2 µ* <)$1 01 $.'64(0&9$> 01+  

'"# 0*/"67 7'6- #(02,&#$1+ 0.5 ml. M*0) 01 %&-$;>61 01+ '/-.0#&#/,*O,1+, ;# %&4%*" %-/3 
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'&>'-&# µ* µ"# %"%40# $01( -%-2# 4?-.µ* %&-$#&µ7$*" 4(# tip  µ* 6-µµ4(- 0- &3'?-+, (# 

#(#µ*28-.µ* %-/3 '&>'-&# 6#" %&-$*60"6) 0- 0*/"67 %*&"*?7µ*(- 0-. eppendorf, 6#" (# 0- 

µ*0#A4&-.µ* $01 µ"# *6 09( 0*$$)&9( *$90*&"6=(  %/*.&=( µ"#+ 6.<40#+ 4 ml, *(07+ 01+ 

-%-2#+ ;# %&#'µ#0-%-"1;*2 1 #6"(10-%-21$1 0-. *(53µ-.. C,"#20*&1 %&-$-?> #%#"0*20#" 40$" 

=$0* 1 %-$7010# 0-. µ2'µ#0-+ (# 6#/3E*" "$7%-$#, 7/1 01( *%"A)(*"# 01+ %/*.&)+ 01+ 

6.<40#+. B 6)/.E1 -/76/1&1+ 01+ %/*.&)+, #.8)(*" 01(  *%"A)(*"# *%#A>+ 0-. *(53µ-. µ* 0- 

.%7$0&9µ# 6#0# 01 ,"*(4&'*"# 0-. assay, µ* #%-04/*$µ# 01( #381$1 01+ #%7,-$1+ 01+ 

#6"(10-%-21$1+. M*0) 01 µ*0#A-&) 0-. µ2'µ#0-+ $01 6.<40#, #A>(*0#" $* ;*&µ-6&#$2# 

,9µ#02-., =$0* (# *%4/;*" 1 %>81 0-. µ2'µ#0-+ 6#" - 0*/"67+ $?1µ#0"$µ7+ 01+ ?#&#601&"$0"6>+ 

µ-&A>+ *(7+ gel %-&0-6#/2 ?&=µ#0-+. ! ?&7(-+ %-. #%#"0*20#" '"# 01 %>81 %-"62//*" #%- 1 49+ 

5 min #(#/7'9+ 01+ $.'64(0&9$1+ 01+ '/-.0#&#/,*O,1+. M*'#/30*&*+ $.'6*(0&=$*"+ 

'/-.0#&#/,*O,1+, #%#"0-3( 6#" /"'70*&- ?&7(- '"# 01 %>81. F"# 0-(  .%-/-'"$µ7 01+ *(5.µ"6>+ 

,&#$0"67010#+ µ*0) 01( #6"(10-%-21$1, #6-/-.;*20#" 4(# 0&-%-"1µ4(- %&9076-//- #%- *6*2(- 

%-. %*&"'&)A16* %#&#%)(9 $01 %*&2%09$1 0-. */*3;*&-. ,"#/.0-3 *(53µ-.: %&-$;40-.µ* 850 

µl L-#$%#&#'2(1+ 0.01 M, ,"#/.µ4(1+ $* &.;µ"$0"67 ,")/.µ# Tris-HCl, 0.01 M, pH 8.2 6#" 85 

µl &.;µ"$0"6-3 ,"#/3µ#0-+ Tris-HCl, 0.01 M, pH 8.2. ! 7'6-+ 0-. *(53µ-. %-. 

#6"(10-%-21;16* 6);* A-&) *2(#" 66.6 µl. @#" $* #.0> 01 %*&2%09$1 0- );&-"$µ# 0-. 7'6-. 

0-. *(53µ-., 0-. .%-$0&=µ#0-+ 6#" 0-. &.;µ"$0"6-3 ,"#/3µ#0-+ *2(#" 1 ml. B *%=#$1 01+ 

#(02,&#$1+ %&#'µ#0-%-"*20#" $0-.+ 37 ºC '"# 15 min. N*"&#µ#0"6) %&-46.E*, 70" %*&"$$70*&-+ 

?&7(-+ *%=#$1+ ,*( *2?* *%2,&#$1 $0-(  %&-$,"-&"$µ7 01+ *(5.µ"6>+ ,&#$0"67010#+. @#07%"(, 

$* 6.<40# 09( 4 ml, %&-$;40-(0#" 3.5 ml (*&7, 250 µl #%- 0- %*&"*?7µ*(- 01+ 6.<40#+ µ* 0- 

#6"(10-%-"1µ4(- 4(5.µ- 6#" 0.5 ml #(0",&#$0>&"- Neßler. `+ µ)&0.&#+, ?&1$"µ-%-"*20#" 

6.<40# 09( 4 ml µ* 3.5 ml (*&7, 250 µl &.;µ"$0"6-3 ,"#/3µ#0-+ Tris-HCl, 0.01 M, pH 8.2 6#" 

0.5 ml #(0",&#$0>&"- Neßler. G01 $.(4?*"# µ* 01( 6.<40# %-. %*&"4?*" 0-( µ)&0.&# 

µ1,*(25-.µ* 0- A907µ*0&- $0# 436 nm 6#" µ*0&)µ* #(02$0-"?# 0- ,*2'µ#. D825*" (# $1µ*"9;*2, 

70" µ*0) 01 6);* #(02,&#$1 0-. #6"(10-%-"1µ4(-. *(53µ-. µ* 0- .%7$0&9µ# µ* $6-%7 0-( 

%&-$,"-&"$µ7 01+ ,&#$0"67010#+, #%#"0*20#" 4(# $0),"- %/3$*9( 01+ 6.<40#+ µ* $07?- 01( 

#%-µ)6&.($1 01+ .%-/*2%-.$#+ %-$7010#+ #µµ9("#6=(  "7(09( $0- *$90*&"67 0-. gel. T0$", 

%&-$02;-(0#" 3 ml &.;µ"$0"6-3 ,"#/3µ#0-+ Tris-HCl, 0.01 M, pH 8.2 6#" 1 6.<40# #A>(*0#" 
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$0-.+ 37 ºC '"# 30 min. B ,"#,"6#$2# *%#(#/#µ<)(*0#" 49+ 70-. *%"0*.?;*2 4(# $3(-/- 3 

%/3$*9(. G0- 04/-+ 01+ ,"#,"6#$2#+, 1 6.<40# *8"$-&&-%*20#" $* ;*&µ-6&#$2# ,9µ#02-. '"# 20 

min, %&-$;40-(0#" 3 ml &.;µ"$0"6-3 ,"#/3µ#0-+ Tris-HCl, 0.01 M, pH 8.2 6#" #%-;16*3*0#" 

$0-.+ 4 ºC *9+ 01( *%#(#?&1$"µ-%-21$> 01+.
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4.1 )37<65J: 6-5 0=196-<-1:µC3-5 <=;6-/@88-5 2J;/5667=10D <0=0>;>.D 
6:D L-09<0=0>1379:D 6-5 R0/6:=10/-F 9628CH-5D Erwinia chrysanthemi.

4.1.1 M*/401 01+ *0*&7/-'1+ 46A&#$1+ 0-. *(53µ-. $* 7 ,"#A-&*0"6) $0*/4?1 E. coli.

L%9+ 4?*" #(#A*&;*2 6#" #(#/.;*2 >,1 $01( *"$#'9'>, 1 '-(","#6> #//1/-.?2# 01+ L-ASNase 

07$- 0-. <#601&"#6-3 $0*/4?-.+ Erwinia chrysanthemi, 0- -%-2- µ*/*0)0#" $01 %#&-3$# 

*&'#$2#, 7$- 6#" )//9( <#601&"#6=(  $0*/*?=(, %*&"/#µ<)(*" 01( 3%#&81 µ"# *%"%/4-( 

(-.6/*-0","6>+ #//1/-.?2#+ %-. <&2$6*0#" $0- 5’-)6&-, #6&"<=+ %&2( 01 63&"#. B #//1/-.?2# 

#.0> #(0"$0-"?*2 %*&2%-. $* 20-30 #µ"(-8"6) 6#0)/-"%# 6#" -(-µ)5*0#" !"!#$%&' '%()*+. :2(#" 

0- $"(")/-, 0- -%-2- ;# #(#'(9&"$0*2 #%- 0-. %&90*R("6-3+ %#&)'-(0*+ (µ-&"#64+ #67/-.;-") 

09( µ1?#("$µ=( µ*0#A-&)+, µ* #%-04/*$µ# (# -,1'1;*2 0- %&90*R("67 µ7&"- $0-( 

%*&"%/#$µ"67 ?=&- 6#" #%- 6*" *896.00#&"6) $0- ;&*%0"67 ./"67.  B #//1/-.?2# 0-. %*%0",2-. 

-,1'-3 0-. $.'6*6&"µ4(-. *(53µ-. *2(#" 1 #67/-.;1: 

              M E R W F K S L F I I A F F F I S T A N A 

                     ⬇     ....................         ⬇

                     +                 !                   + - 

                        L,#NVNW)   )O$XNM")

(H.µ0 4.1 G?1µ#0"6> %*&"'&#A> 09( ","-0>09( 01+ #//1/-.?2#+ 0-. %*%0",2-. -,1'-3 01+ L-
ASNase 0-. $0*/4?-.+ Erwinia chrysanthemi.

B $.'6*6&"µ4(1 #//1/-.?2# 0-. %*%0",2-. -,1'-3, "6#(-%-"*2 0"+ ","7010*+ %-. #%#"0*2 0- 

µ-(-%)0" µ*0#A-&)+ SecB, 40$" =$0* (# #(#'(9&2$*" 0- $"(")/- 6#" (# %&-$,*;*2 $01 
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%&90*I(1, µ* $07?- 01( µ*0#A-&) 01+ $0- %*&2%/#$µ#. L%9+ A#2(*0#" 6#" $0- %#&#%)(9 

$?>µ#, -" %&90*R("6-2 %#&)'-(0*+ 0-. µ1?#("$µ-3 SecB (Choi and Lee, 2004; Fekkes and 

Driesen, 1999) #(#'(9&25-.(  #//1/-.?2*+, -" -%-2*+ ,"#;40-.( 4(# ;*0"6) A-&0"$µ4(- 

#µ"(-8"67 6#0)/-"%- $0# #&?"6) 0-.+ #µ"(-84# (#µ"(-83 #&'"(2(1-(R), $0- %#&#%)(9 $?>µ#). 

G01 $.(4?*"# #6-/-.;*2 µ"# #//1/-.?2# .,&7A-<9(  #µ"(-8"6=(  6#0#/-2%9( (-&"-;*0*20#" #%- 

01 A#"(./#/#(2(1 6#" 01( "$-/*.62(1, F-I, $0- G?>µ# 4.1). @#" 0*/"6), .%)&?*" 4(# %-/"67 

#µ"(-83 $0- 04/-+ 01+ #//1/-.?2#+, 7%9+ .%)&?*" 1 #$%#&#'2(1-N $01 %#&#%)(9 #//1/-.?2#. 

G#A=+, 7/# 0# %#&#%)(9, #%-0*/-3( *(,*28*"+, -" -%-2*+ *("$?3-.( 01 %";#(7010#, 1 L-

ASNase, 1 -%-2# µ*/*0)0#", (# µ*0#A4&*0#" $0- %*&2%/#$µ# µ4$9 0-. µ1?#("$µ-3 SecB. F"# 

0-( #6&"<> %&-$,"-&"$µ7 6#" #%7,*"81 #.0-3 0-. 0-. '*'-(70-+, #%#"0*20#" *%"%/4-( 

,"*&*3(1$1 6#" #()/.$1 09( µ1?#("$µ=( #.0=( µ*0#A-&)+, µ* µ-&"#64+ µ*;7,-.+. 

T(#+ #%- 0-.+ 63&"-.+ %#&)'-(0*+, µ*0#83 )//9(, - -%-2-+ $.µ<)//*" µ* 6#;-&"$0"67 0&7%-, 

$01 µ*0#A-&) µ"# #(#$.(,.#$µ4(1+ %&90*I(1+ $0- %*&2%/#$µ# 0-. E. coli, 0- -%-2- 

?&1$"µ-%-"*20#" 9+ $3$01µ# *0*&7/-'1+ 46A&#$1+ %&90*R(=(, *2(#" 6#" 0- $04/*?-+ E. coli %-. 

6);* A-&) *6A&)5*" 01( %&90*I(1. D()/-'# µ* 0"+ #()'6*+ 6#" 0-.+ $07?-.+ 46A&#$1+, 4?-.( 

,1µ"-.&'1;*2 µ* 01 <->;*"# '*(*0"6=( µ*0#//#'=( (mutations), ,")A-&# $0*/4?1 E. coli, 0# 

-%-2# *8.%1&*0-3( ,")A-&*+ *6A&#$0"64+ #()'6*+ %-. %&-63%0-.(  $0# %/#2$"# 09( 

%*"&#µ)09(. T0$" '"# %#&),*"'µ#, 0- $04/*?-+ E.coli, BL21(DE3) Rosetta ?&1$"µ-%-"*20#" $0"+ 

%*&"%0=$*"+ %-. %&-$%#;-3µ* (# *6A&)$-.µ* µ"# %&90*I(1, 1 -%-2# %&-4&?*0#" #%- µ"# 

(-.6/*-0","6> #//1/-.?2# %-. %*&"4?*" $%)("# 69,"67("# (Kane, 1995; Kurland and Gallant, 

1996; Goldman et al., 1995). H- µ*0#A&#$0"67 $3$01µ# 0-. $0*/4?-.+ #.0-3, .%-$01&25*" 6#" 

#(#'(9&25*" 0# $%)("# 69,"67("#, µ* #%-04/*$µ# (# ,3(#0#" 1 0*/"6> µ*0)A&#$1 01+ 

%&90*I(1+. H- A#"(7µ*(- #.07 *2(#" %-/3 $3(1;*+, 70#(  %&-$%#;-3µ* (# *6A&)$-.µ* µ"# 

*.6#&.90"6> %&90*I(1 $01( E. coli. :%"%/4-(  0- $04/*?-+ BL21(DE3) pLysS, .%*&*6A&)5*" 01 

/.$-53µ1, 1 -%-2# *%",&) $0- 6.00#&"67 0-2?9µ# 0-. 6.00)&-., µ* #%-04/*$µ# (# 0- 6)(*" 

,-µ"6) %*&"$$70*&- *%"&&*%4+. 

M* <)$1 0# %&-1'-3µ*(#, $0# %/#2$"# ,"*&*3(1$1+ 01+ %";#(7010#+ *896.00)&"#+ 466&"$1+ 

01+ Erwinia chrysanthemi L-ASNase, $0- E. coli, µ*/*0>$#µ* 01(  46A&#$1 7 ,"#A-&*0"6=( 

$0*/*?=( (strains), 0# -%-2# A#2(-(0#" $0-( #µ4$9+ %#&#6)09 N2(#6# 4.1. D&?"6), 0# *%2%*,# 
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*(,-6.00)&"#+ 46A&#$1+, 7%9+ *%2$1+ 6#" 0# 1/*60&-A-&10"6) %&70.%#, 0# -%-2# µ#&0.&-3( 

01( 46A&#$1 01+ L-ASNase A#2(-(0#" %#&#6)09 $0- U")'&#µµ# 4.1 6#" $0"+ :"67(*+ 4.1 6#" 

4.2 #(02$0-"?#.     

!A30/0D 4.1 H# ,"#A-&*0"6) $0*/4?1 E. coli, 09( -%-29( µ*/*0>;16* 1 *(,-6.00)&"# 46A&#$1 
01+ #(#$.(,.#$µ4(1+ L-ASNase 0-. $0*/4?-.+ Erwinia chrysanthemi.

                            

(6C82H-D (strain) E. coli

XL1-Blue

BL21(DE3)

BL21(DE3) Rosetta

BL21(DE3) pLysS

BL21(DE3) STAR

TOP 10

UT 5600
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23

51
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1 1 6
16

 DE 3 ROSETTA  STAR UT 5600 XL1-BLUE TOP 10 pLysS               
t=0 h t=2 h  t=4 h  t=5 h  t=6 h  

,17>=0µµ0 4.1 :","64+ ,&#$0"67010*+ (U/mg) *(,-6.00)&"#+ L-ASNase ,"#A-&*0"6=( 
$0*/*?=( 01+ E. coli $0# ?&-("6) ,"#$0>µ#0# 0, 2, 4, 5 6#" 6 h µ*0) 01 %&-$;>61 0-. IPTG. 
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G.µ%*&#2(-.µ*, 70" 0- $04/*?-+ BL21(DE3) Rosetta, *6A&)5*" 01( #(#$.(,.#$µ4(1 %&90*I(1 

$* .E1/70*&# *%2%*,# $.'6&"0"6) µ* 0# .%7/-"%# $0*/4?1, 7$-( #A-&) 01(  *(,-6.00#&"6> 

46A&#$1. D6-/-.;*2 0- $04/*?-+ BL21(DE3) STAR 6#" 4%-(0#" 0# $0*/4?1 BL21(DE3) 6#" BL 

21(DE3) pLysS %-. *µA#(25-.( $?*,7( 0# 2,"# *%2%*,#. H- 2,"- $.(4<1 6#" µ* 0# UT 5600, XL1 

BLUE 6#" TOP 10, 0# -%-2# *%4,*"8#( 0# ?#µ1/70*&# *6A&#$0"6) *%2%*,#.

               

"1/@30 4.1 B/*60&-A-&10"67 #%-03%9µ# 0-. *(,-6.00#&"6-3 6/)$µ#0-+ 09( ,"#A-&*0"6=( 
$0*/*?=( %-. µ*/*0>;16#(. H# µ%/4 <4/1 .%-,1/=(-.( 01 %#&-.$2# 01+ L-ASNase, 0- µ4'*;-+ 
01+ -%-2#+ *2(#" 37.2 kDa. D%- #&"$0*&) %&-+ 0# ,*8") 4?-.µ* 0- #%-03%9µ# 0-. µ)&0.&# 
(marker), 0-. $0*/4?-.+ TOP 10 6 h µ*0) 01 %&-$;>61 0-. IPTG 6#;=+ 6#" 09( BL21(DE3) 
Rosetta, UT 5600, BL 21(DE3) pLysS, BL21(DE3) 6#" BL21(DE3) STAR, 5 h µ*0) 01 
%&-$;>61 0-. IPTG.
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"1/@30 4.2 H/*60&-A-&10"67 #%-03%9µ# 0-. *(,-6.00#&"6-3 6/)$µ#0-+ 09( $0*/*?=(  %-. 
µ*/*0>;16#(. D%- #&"$0*&) %&-+ 0# ,*8"), %#&#01&-3µ* 0- #%-03%9µ# 0-. µ)&0.&# (marker), 
0-. $0*/4?-.+ BL 21(DE3) 6#" 0-. BL21(DE3) Rosetta 6 h µ*0) 01 %&-$;>61 0-. IPTG, 6#;=+ 
*%2$1+ 6#" 0-. XL1-BLUE, 5 h µ*0) 01 %&-$;>61 0-. IPTG.

D%- 0"+ %#&#%)(9 *"67(*+ 6#" 0- ,")'&#µµ#, µ%-&*2 6#(*2+ *36-/# (# $.µ%*&)(*", 70" 0# 

.E1/70*&# *%2%*,# 46A&#$1+ *µA#(25-(0#" $0- $0*/4?-+ BL21(DE3) Rosetta 6#" µ)/"$0# 0- 

'*'-(7+ #.07 #%-0.%=(*0#" 6#" $0- 1/*60&-A-&10"67 #%-03%9µ# 0-. $.'6*6&"µ4(-. $0*/4?-.+ 

$01(  :"67(# 4.1, 7%-. 5 =&*+ µ*0) 01( %&-$;>61 0-. IPTG, %#&#01&*20#" 1 *(0-(70*&1 

%#&#'9'> 01+ %&90*I(1+ %-. µ*0#A&)5*0#" $* .E1/-0*&1 *","6> ,&#$0"67010# $0- U")'&#µµ# 

4.1.

G1µ#(0"67 *2(#" 0- '*'-(7+, 70" 6#0) 01 µ*/401 46A&#$1+ 09( %#&#%)(9 $0*/*?=(, 

#("?(*3;16* *(5.µ"6> ,&#$0"67010# $0- ;&*%0"67 µ4$- $* 4 #%- 0# 7 $0*/4?1. !" *896.00)&"*+ 

*","64+ ,&#$0"67010*+ $0"+ %*&"%0=$*"+ 09(  0*$$)&9(  #.0=( $0*/*?=(, A#2(-(0#" $0- 

%#&#6)09 U")'&#µµ# 4.2. 
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TOP 10 ROSETTA STAR DE 3
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t=0 h t=2 h t=4 h t=5 h t=6 h

,17>=0µµ0 4.2 :","64+ ,&#$0"67010*+ (U/mg) *896.00)&"#+ L-ASNase, 4 ,"#A-&*0"6=( 
$0*/*?=( 01+ E. coli, $0# ?&-("6) ,"#$0>µ#0# 0, 2, 4, 5 6#" 6 h µ*0) 01 %&-$;>61 0-. IPTG. 

D%- 0- %#&#%)(9 U")'&#µµ# 4.2, %#&#01&-3µ* 70" 0# 04$$*&# $0*/4?1, $0# -%-2# 

%#&#01&>;16* *896.00)&"# 466&"$1 01+ L-ASNase *2(#" 0# TOP 10, BL21(DE3) Rosetta, BL21

(DE3) 6#" BL21(DE3) STAR. :","670*&#, 0- $04/*?-+, $0- -%-2- %&-$,"-&2$016* 1 .E1/70*&1 

*","6> ,&#$0"67010#, *2(#" 0- BL21(DE3) Rosetta. H- $04/*?-+ #.07 *%"/4?;16* '"# 01 

%*&#"04&9 µ*/401 01+ L-ASNase 0-. $0*/4?-.+ Erwinia chrysanthemi. G01(  *%7µ*(1 :"67(# 

4.3, A#2(*0#" 0- 1/*60&-A-&10"67 #%-03%9µ# 0-. *896.00)&"-. 6/)$µ#0-+ 09( 0*$$)&9( 

$0*/*?=(, $0# -%-2# #("?(*3;16* L-ASNase $0- ;&*%0"67 µ4$-.
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"1/@30 4.3  H- 1/*60&-A-&10"67 #%-03%9µ# 09( 0*$$)&9( $0*/*?=(, $0# -%-2# 1 L-ASNase  
*µA#(25*0#" $0- ;&*%0"67 ./"67. D%- #&"$0*&) %&-+ 0# ,*8"), %#&#01&-3µ* 0- 1/*60&-A-&10"67 
0-. µ)&0.&# (marker), 0-. $0*/4?-.+ TOP 10, 0-. BL21(DE3) Rosetta, BL21(DE3) STAR 6#"    
BL21(DE3) 6 h µ*0) 01 %&-$;>61 0-. IPTG. U"#6&2(*0#" 1 4(0-(1 %#&-.$2# 0-. *(53µ-. $01 
%*&2%09$1 0-. $0*/4?-.+ BL21(DE3) Rosetta, 6 h µ*0) 01 %&-$;>61 IPTG.

4.1.2 B *%2,&#$1 01+ ;*&µ-6&#$2#+ 6#" 01+  $3$0#$1+ 0-. ;&*%0"6-3 ./"6-3 $01( 

µ*'"$0-%-21$1 09( *%"%4,9( *0*&7/-'1+ 46A&#$1+  0-. *(53µ-., $0- $04/*?-+ E. coli 

BL21(DE3) Rosetta.

G01 $.(4?*"#, µ*/*0>;16* 1 *%2,&#$1 ,3- <#$"6=( %#&#µ40&9(, -" -%-2*+ $?*025-(0#" µ* 0# 

*%2%*,# 46A&#$1+. !" %#&)µ*0&-" #.04+ *2(#" 1 >"2µ'6247$4 6#" 1 787#47( #'; >2"!#&6'8 

;:&6'8. F"# 0- /7'- #.07, *%"/4?;16#( ,3- ;*&µ-6&#$2*+ 46A&#$1+, 18  C̊ 6#" 37  ̊C 6#" 0&*2# 
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,"#A-&*0"6) ;&*%0"6) ./"6), HJ, KH 6#" LB, 1 $3$0#$1 09( -%-29( %*&"'&)A*0#" $0- 6*A)/#"- 

[[M4;-,-"[[. :%"%/4-(, µ*/*0>;16* 1 %-&*2# 01+ 46A&#$1+ '"# %-/3 µ*'#/30*&- ?&-("67 

,")$01µ# (54 h), µ* $6-%7 01 ,"*&*3(1$1 09( $.(;16=( µ*'"$0-%-21$1+ 09( *%"%4,9( 

46A&#$1+, 7%9+ *%2$1+ 6#" 09( *%"%4,9( *896.00)&"#+ %#&#'9'>+ 01+ #(#$.(,.#$µ4(1+ 

%&90*I(1+, 6)0" %-. $3µA9(# µ* #&6*04+ µ*/40*+ $.µ<#2(*" (Lee et al., 2001; Mergulhao et  al., 

2005). Dµ4$9+ %#&#6)09 #6-/-.;-3( 0# U"#'&)µµ#0# 4.3 6#" 4.4, %-. %*&"'&)A-.( 01 $?4$1 

09( *%"%4,9( 46A&#$1+ µ* 01 ;*&µ-6&#$2# 6#" 01 $3$0#$1 0-. ;&*%0"6-3 ./"6-3. 
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,17>=0µµ0 4.3  B *896.00)&"# *","6> ,&#$0"67010# $0-.+ 37  ̊C, ?&1$"µ-%-"=(0#+ 0# ;&*%0"6) 
µ4$# HJ, KH 6#" LB.
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LB VX:NHC@! M:G! TB VX:NHC@! M:G! YT VX:NHC@! M:G!

,17>=0µµ0 4.4  B *896.00)&"# *","6> ,&#$0"67010# $0-.+ 18  ̊C, $01 %*&2%09$1 09( 
;&*%0"6=( µ4$9( HJ, KH 6#" LB.

D%- 0# %#&#%)(9 ,"#'&)µµ#0#, '2(*0#" #(0"/1%07 70", 1 *896.00)&"# %#&#'9'> 

µ*'"$0-%-"*20#" 36 C2"+ µ*0) 01 %&-$;>61 0-. IPTG, $01 %*&2%09$1 09( 37  ̊C 6#" µ* ?&>$1 

0-. /D 9+ ;&*%0"67 6#//"4&'*"#+. T0$", -" <4/0"$0*+ $.(;>6*+ *896.00#&"6>+ 46A&#$1+ %-. 

%&-$,"-&2$016#(, µ* <)$1 01 %*"&#µ#0"6> ,"#,"6#$2#, 1 -%-2# $.(-E25*0#" $0# 0*/*.0#2# ,3- 

,"#'&)µµ#0#, *2(#" 1 ?&>$1 0-. ;&*%0"6-3 µ4$-. HJ, $* ;*&µ-6&#$2# 37  ̊C. :","670*&#, .%- 

#.04+ 0"+ $.(;>6*+, µ*0) #%- 36 =&*+ 46A&#$1+, %#&>?;1$#( 17.860 UI 6#" %*&2%-. 5 mg 

*896.00)&"#+ L-ASNase $* 1 /20&- 6#//"4&'*"#+. B #(02$0-"?1 0"µ> 01+ $.(-/"6>+ 

,&#$0"67010#+ 0-. *(,-6.00)&"-. *(53µ-. $0- 1 /20&- *2(#" 4.280 UI. D67µ1, </4%-.µ* 01( 

*%#/>;*.$1 0-. '*'-(70-+, 70" $01 %*&2%09$1 01+ *0*&7/-'1+ 46A&#$1+ #(#$.(,.#$µ4(9( 

%&90*R(=( $0- E.coli, -" -%-2*+ A4&-.( %*%02,"- -,1'7 µ* $07?- 01 µ*0#A-&) 0-.+ $0- 
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%*&2%/#$µ# 6#" #%- 6*" %";#(70#0# $0- ;&*%0"67 µ4$-, µ*'"$0-%-"*20#" 1 *8#'9'> 0-.+ µ*0) 

#%- %-//4+ =&*+ 46A&#$1+ (Lee et al., 2001). 

:(,"#A4&-( *2(#" 0- '*'-(7+, 70" $0-.+ 18  ̊C, 0# #%-0*/4$µ#0# #(0"$0&4A-(0#" -/-6/1&90"6) 

7$-( #A-&) 0# *%2%*,# 46A&#$1+. N&-46.E* µ"# #(02$0&-A1 $?4$1 µ*0#83 01+ ;&*%0"67010#+ 

6#" 09( *%"%4,9( 46A&#$1+. L$- ;&*%0"670*&- *2(#" 4(# ;&*%0"67 µ4$-, 07$- ?#µ1/70*&# 0# 

*%2%*,# 46A&#$1+. :2(#" 6)0" %-. #%#"0*2 µ"# %*&#"04&9 ,"*&*3(1$1 6#" #()/.$1.

:A7$-( ,"*&*.(>;16* 1 %";#(7010# *896.00)&"#+ %#&#'9'>+ 01+ L-ASNase 6#" 

%&-$,"-&2$016#( -" <4/0"$0*+ $.(;>6*+ 46A&#$1+, %&#'µ#0-%-">;16* µ*/401 0-. 64>42&7µ'8 

0-. *896.00)&"-. *(53µ-.. T'"(#( %&-$%);*"*+ #%-µ7(9$1+, 6)(-(0#+ ?&>$1 07$- 

?&9µ#0-'&#A2#+ "-(0-#(0#//#'>+, 7$- 6#" ?&9µ#0-'&#A2#+ $.''4(*"#+. 

4.2 )37<65J: R286196-<-1:µC3-5 <=;6-/@88-5 /0Q0=19µ-F 6:D L-
09<0=0>1379:D 6-5 R0/6:=10/-F 9628CH-5D Erwinia chrysanthemi.

4.2.1  S&9µ#0-'&#A2# C-(0-#(0#//#'>+.

D&?"6), 4'"(#( %&-$%);*"*+ 6#;#&"$µ-3 0-. *896.00)&"-. *(53µ-., µ* ?&9µ#0-'&#A2# 

"-(0-#(0#//#'>+. D.0-3 0-. *2,-.+ 1 ?&9µ#0-'&#A2#, ?&1$"µ-%-"*20#" 9+ *%2 0- %/*2$0-(  '"# 

0-( 6#;#&"$µ7 0-. *(,-6.00)&"-. *(53µ-. (Kotzia and Labrou, 2007). ! #&?"67+ %&-$&-A10>+ 

%-. ?&1$"µ-%-">;16* >0#( - S-Sepharose, - -%-2-+ ,"#;40*" #&(10"6) A-&0"$µ4(*+ 

$-./A-("64+ -µ),*+ 6#" #%-0*/*2 4(#( "$?.&7 6#0"-(0-#(0#//)601. N&#'µ#0-%-">;16#( 3 

*(#//#60"64+ %&-$%);*"*+ (%&9076-//# 1-3) 6#;#&"$µ-3 µ* 0-(  $.'6*6&"µ4(- 

"-(0-#(0#//)601, -" #%-,7$*"+ 09( -%-29( #(#A4&-(0#" $01 $.(4?*"#.

D(#A4&*0#" 70" 9+ !"#$%&' -&25*0#" 0- %1/26- 09( *(5.µ"6=( µ-(),9(, -" -%-2*+ 

%&-$,"-&25-(0#" $0"+ *6/-3$*"+, %&7+ 0"+ µ-(),*+ %-. 6&#0>;16#(  $0-( %&-$&-A10> µ*0) 01 

A7&09$1 0-. ,*2'µ#0-+. 
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N&9076-//- 1. 

1.5 ml %&-$&-A10> *8"$-&&-%>;16#( µ* 20 mM Pi, pH 5.5. G01 $.(4?*"# $01 $0>/1 

A-&0=;16#( 10 ml ;&*%0"6-3 ./"6-3, 0- -%-2- %*&"*2?* 90 µ-(),*+ *(53µ-. 6#" *2?* #&?"6) 

&.;µ"$0*2 $* pH 5.5 µ* 01 %&-$;>61 0.01 M  HCL. :( $.(*?*2# 1 $0>/1 %/3;16* µ* &.;µ"$0"6) 

,"#/3µ#0# 20 mM  Pi, pH 5.5 6#" pH 7.5. H*/"6) 0- %&-$&-A1µ4(- 4(5.µ- *6/-3$016* µ* 

µ*0#<-/> 0-. pH, ?&1$"µ-%-"=(0#+ &.;µ"$0"67 µ* 20 mM Pi, pH 8.5. B $0>/1 #(#'*(>;16* µ* 

0.5 M  NaCl, pH5.5. B ?9&10"67010# 0-. %&-$&-A10> >0#( 79 µ-(),*+, #%- 0"+ -%-2*+ 

*6/-3$016#( -" 8. H- $.'6*6&"µ4(- %&9076-//- 6#;#&"$µ-3 %#&-.$2#$* µ"# 0<@G-9: 10 %.

N&9076-//- 2.

B 0&-%-%-21$1 0-. #&?"6-3 %&90-67//-. #A-&) $0- 0&7%- µ* 0-( -%-2- 0- pH 0-. ;&*%0"6-3 

*6?./2$µ#0-+, *8"$-&&-%*20#" $* pH 5.5. D.0> 01 A-&) 0- ;&*%0"67 ,")/.µ# .%-</>;16* $* 

,"#%2,.$1 µ* &.;µ"$0"67 ,")/.µ# 20 mM  Pi, pH 5.5. G01 $.(4?*"# A-&0=;16#( $01 $0>/1 64 

*(5.µ"64+ µ-(),*+, #A-3 #&?"6) 1 $0>/1 *2?* *8"$-&&-%1;*2 µ* &.;µ"$0"67 ,")/.µ# 20 mM  Pi, 

pH 5.5. D6-/-3;1$#(  %/3$*"+ µ* 20 mM Pi, pH 5.5 6#" 20 mM Pi, pH 7.5 6#" 0*/"6) 0- 4(5.µ- 

*6/-3$016* µ* &.;µ"$0"67 ,")/.µ# 20 mM Pi, pH 8.5. B $0>/1 #(#'*(>;16* µ* 1 M  NaCl, pH 

5.5. B ?9&10"67010# 0-. %&-$&-A10> >0#( 37 µ-(),*+, #%- 0"+ -%-2*+ *6/-3$016#( -" 16. H- 

,*30*&- %&9076-//- 6#;#&"$µ-3 %#&-.$2#$* µ"# 0<@G-9: 43 %.

N&9076-//- 3.

G01 0&201 %&-$%);*"# 6#;#&"$µ-3 01+ L-ASNase, 4'"(* #//#'> $.(;16=( 46/-.$1+ 0-. 

*(53µ-.. F"# 0- /7'- #.07, %#&#$6*.)$016* &.;µ"$0"67 ,")/.µ# '/.62(1+ 20 mM, pH 9, 7%9+ 

*%2$1+ 6#" 4(# ,*30*&- ,")/.µ# µ* 20 mM '/.62(1, pH 9 6#" 0.1 M  NaCl. M*0) 01( 

*8"$-&&7%1$1 01+ $0>/1+ µ* 20 mM Pi, pH 5.5, A-&0=(-(0#" $01 $0>/1 54 *(5.µ"64+ µ-(),*+. 

D6-/-.;-3( %/3$*"+ µ* 20 mM Pi, pH 5.5 6#" 20 mM Pi, pH 7.5 6#" 0*/"6) 0- 4(5.µ- 

*6/-3$016* µ* &.;µ"$0"67 ,")/.µ# 20 mM Pi, pH 8.5. G01 $.(4?*"#, *&*.(>;16* 1 *%2,&#$1 
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09( ,3- &.;µ"$0"6=( ,"#/.µ)09( 01+ '/.62(1+, $0- 4(5.µ- %-. %#&4µ*"(* %&-$&-A1µ4(- $01 

$0>/1 µ*0) 01( 46/-.$1 µ* 20 mM  Pi, pH 8.5, 0- -%-2- 6#" 0*/"6) ,*(  *%1&*)$016* #%- 01 

'/.62(1. B $0>/1 #(#'*((>;16* µ* 1 M  NaCl, pH 5.5. B ?9&10"67010# 0-. %&-$&-A10> >0#( 

19 µ-(),*+, #%- 0"+ -%-2*+ *6/-3$016#(  -" 8. H- 0&20- %&9076-//- 6#;#&"$µ-3 %#&-.$2#$* µ"# 

0<@G-9: 42 %.

D%- 0# %#&#%)(9 #%-0*/4$µ#0# $.()'*0#" 0- $.µ%4&#$µ#, 70" 0- *896.00)&"- 4(5.µ- ,*( 

,3(#0#" (# 6#;#&"$0*2 µ* "6#(-%-"10"64+ #%-,7$*"+, ?&1$"µ-%-"=(0#+ ?&9µ#0-'&#A2# 

"-(0-#(0#//#'>+. H- '*'-(7+ #.07 *("$?3*0#" 6#" #%- )//*+ ,-6"µ4+ %-. 4'"(#(  µ* )//-.+ 

"-(0-#(0#//)60*+ 7%9+ DEAE Sepharose. F"# 0- /7'- #.07, -" %&-$%);*"*+ 6#;#&"$µ-3 01+ L-

ASNase, 1 -%-2# 7%9+ >,1 4?*" #(#A*&;*2 #%-0*/*2 4(# A#&µ#6*.0"67 4(5.µ- 6#" - 6#;#&"$µ7+ 

*%"<)//*0#" (# *%"A4&*" %-/3 .E1/> 6#;#&7010#, *%"6*(0&=;16#( $01 ?&9µ#0-'&#A2# 

$.''4(*"#+.

4.2.2 S&9µ#0-'&#A2# G.''4(*"#+.

F"# 0-( 6#;#&"$µ7 01+ L-ASNase, %#&#$6*.)$016#(  3 %&-$&-A104+ $.''4(*"#+, -" -%-2-" 

%&-46.E#( µ*0) #%- #6"(10-%-21$1 0-. .%-$0&=µ#0-+, L-09<0=0>A3: (L-Asn) 6#" 2 

#(#$0-/49( 0-. *(53µ-., L-09<0=61/@ -JF (L-Asp) 6#" L->8-560µ131/@ -JF (L-Glu). H 

#6"(10-%-21$1 %&#'µ#0-%-">;16* ?&1$"µ-%-"=(0#+ ,"+--8.&)("- $#( *(*&'-%-"10>. ! 03%-+ 

#'#&751+ %-. ?&1$"µ-%-">;16* *2(#" 1 Sepharose CL-6B. D(#/.0"6) 1 ,"#,"6#$2# 

*(*&'-%-21$1+ 09( $A#"&",29( #'#&751+, 1 #(02,&#$1 µ* 0-( <&#?2-(# 1,4 =';#4-"%&*:-

%&):;6&%8:-4&>924 6#" 1 0*/"6> #(02,&#$1 #6"(10-%-21$1+ 0-. 6);* ,*$µ*.0>, %*&"'&)A-(0#" 

#(#/.0"6) $0- 6*A)/#"- ‘’M4;-,-"’’. G.(-%0"6), 1 #'#&751 *(*&'-%-"*20#" µ* .,&-8*2,"- 0-. 

(#0&2-. 6#" $01 $.(4?*"# #(0",&) µ* 0-( <&#?2-(#. G01 $.(4?*"#, 1 ,&#$0"6> -µ),# 0-. 

*%-8*",2-. 0-. <&#?2-(#, #(0",&) µ* 0"+ .%)&?-.$*+ #µ"("64+ -µ),*+ 09( ,*$µ*.0=(. H# $0),"# 

A#2(-(0#" $01 %#&#6)09 :"67(# 4.4.
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E1/@30 4.4 B $3(;*$1 09( 0&*"=( ,*$µ*.0=(. N#&#01&-3µ* #&"$0*&) 0- $A#"&2,"- #'#&751+  
µ* 0# ,"#;4$"µ# .,&-83/"#, 0# -%-2# *(*&'-%-"-3(0#" µ*0) 01( #(02,&#$1 µ* Wa!B. G0- 64(0&- 
<&2$6*0#" - <&#?2-(#+ (Spacer Arm), - -%-2-+ ,"#;40*" 0"+ 4%-8.-,&#$0"64+ -µ),*+ %-. ;# 
#(0",&)$-.( $01 $.(4?*"# µ* 0"+ #µ"("64+ -µ),*+ 09( ,*$µ*.0=( (Ligands) ,*8").

G01 $.(4?*"# 0- U")'&#µµ# 4.5, %#&-.$")5*" 0"+ #%-,7$*"+ 09( 6#;#&"$µ=( ?&1$"µ-%-"=(0#+ 

0-.+ %#&#%)(9 0&*2+ ,*$µ*.04+. @#" $0"+ 0&*2+ %*&"%0=$*"+, ?&1$"µ-%-">;16#( 2 ml 

%&-$&-A10> 6#" A-&0=;16#( $01 $0>/1 80 µ-(),*+ *(53µ-.. !" $0>/*+ *8"$-&&-%>;16#( 

#&?"6) µ* &.;µ"$0"67 ,")/.µ# 5 mM Pi, pH 7.5. !" %/3$*"+ 4'"(#( µ* 0- 2,"- &.;µ"$0"67, *(= -" 

*6/-3$*"+ 09( *(53µ9( µ* 20 mM 0-. 6);* A-&) ?&1$"µ-%-"-3µ*(-. ,*$µ*.0> (L-Asp, L-Glu, 

L-Asn). 
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,17>=0µµ0 4.5  !" #%-,7$*"+ 09( 6#;#&"$µ=( ?&1$"µ-%-"=(0#+ 0-.+ 0&*2+ ,*$µ*.04+ L-Asp, 
L-Glu 6#" L-Asn.

L%9+ '2(*0#" #(0"/1%07 #%- 0- U")'&#µµ# 4.5, - ,*$µ*.0>+ *6*2(-+ - -%-2-+ *µA)("$* 01( 

.E1/70*&1 #%7,-$1 6#;#&"$µ-3 *2(#" 0- L-Asp (65 %). D6-/-3;1$* 1 #%7,-$1 0-. L-Glu 6#" 

04/-+ 01+ L-Asn. G0"+ %#&#6)09 ,3- E"67(*+ 4.5 6#" 4.6, A#2(-(0#" 0# 1/*60&-A-&10"6) 

#%-0.%=µ#0# 09( 0&*"=( %#&#%)(9 6#;#&"$µ=(.
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"1/@30 4.5  H- 1/*60&-A-&10"67 #%-03%9µ# $01 %*&2%09$1 01+ L-#$%#&#'2(1+ 9+ ,*$µ*.0>. 
H- µ%/4 <4/-+ ,*2?(*" 01 %&90*I(1, 1 -%-2# 4?*" µ4'*;-+ %*&2%-. 37.2 kDa. D%- #&"$0*&) %&-+ 
0# ,*8") %#&#01&-3µ* 0- 6/)$µ# 0-. crude, 0-. µ1 %&-$&-A1µ4(-. 6/)$µ#0-+ (flow through) 
6#" 04/-+ 01+ 46/-.$1+ (elution). 

T(# %&7</1µ# $01 %*&2%09$1 46/-.$1+ µ* L-Asn *2(#" 0- '*'-(7+, 70" 6#0# 01 ,")&6*"# 

46/-.$1+ 0-. *(53µ-. µ* L-#$%#&#'2(1, %-$-$07 #.0>+ .,&-/3*0#" #%- 0- 4(5.µ- µ* 

#%-04/*$µ# 0-( $?1µ#0"$µ7 L-#$%#&0"6-3 6#" #µµ9(2#+. B #µµ9(2# #.0>, #("?(*3*0#" 6#0) 01 

,"#,"6#$2# %&-$,"-&"$µ-3 01+ *(5.µ"6>+ ,&#$0"67010#+ (6*A)/#"- [[M4;-,-"[[), 7?" µ7(- $0- 

,*2'µ#, #//) 6#" $0-( µ)&0.&# 0-. ,*2'µ#0-+, 6)0" 0- -%-2- ,.$?#"&4(*" 0-( .%-/-'"$µ7 09( 

*(5.µ"6=( µ-(),9(.
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"1/@30 4.6  B/*60&-A-&10"67 #%-03%9µ#, 0- -%-2- #%-6#/3%0*" 01 6#;#&7010# 0-. *(53µ-., 
$0"+ %*&"%0=$*"+ 09( L-#$%#&0"6-3 6#" L-'/-.0#µ"("6-3 -84-+. H# µ%/4 <4/1 .%-,1/=(-.( 01( 
3%#&81 *%"%&7$;*09(  #(*%";3µ109( %&90*R(=(  µ*0) 0-( 6#;#&"$µ7 01+ L-ASNase. H- <4/-+ 
µ* 0-( #&";µ7 37.2 kD, ,*2?(*" 0- 1/*60&-A-&10"67 #%-03%9µ# 01+ L-ASNase. D%- #&"$0*&) 
%&-+ 0# ,*8") </4%-.µ* 0- #%-03%9µ# 0-. µ)&0.&#, 0-. crude, 01+ 46/-.$1+ (elution) $01 
%*&2%09$1 %-. ?&1$"µ-%-">;16* 9+ ,*$µ*.0>+ 0- L-'/-.0#µ"("67 -83, #6-/-.;*2 0- 
#%-03%9µ# 0-. wash (5 mM  Pi, pH 7.5) $01 %*&2%09$1 0-. L-'/-.0#µ"("6-3 6#" L-#$%#&0"6-3 
#(02$0-"?# 6#" 04/-+ 1 46/-.$1 (elution) $01 %*&2%09$1 %-. ?&1$"µ-%-">;16* 9+ ,*$µ*.0>+ 0- 
L-#$%#&0"67.

@&2(*0#" #(#'6#2- (# #(#A*&;*2, 70" 0- L-#$%#&0"67 6#" L-'/-.0#µ"("67 -83, #%-0*/-3(  ,3- 

#(#$0-/*2+ 0-. *(53µ-. L-ASNase $3µA9(# µ* µ*/40*+ %-. 4?-.( '2(*" (Jayaram et al., 1987). 

:","670*&#, #(#%03$$-(0#" "$?.&70#0*+ 1/*60&-$0#0"64+ #//1/*%",&)$*"+ µ*0#83 09( -849( 

#.0=( 6#" #µ"(-8"6=( 6#0#/-2%9(  0-. *(*&'-3 64(0&-., µ* #%-04/*$µ# (# ,"#µ-&A=(*0#" µ"# 

$.(#'9("$0"6> #(#$0-/> µ*0#83 0-. *(53µ-. 6#" 09( ,3- #.0=( %&-R7(09( 01+ *(5.µ"6>+ 

6#0)/.$1+. C,#20*&# 0- L-#$%#&0"67 -83, %&-$,4(*0#" %-/3 "$?.&) µ* 0- 4(5.µ-. 

S#&#601&"$0"67 *2(#" 0- '*'-(7+, 70" 6#0# 01 ,"#,"6#$2# 6#;#&"$µ-3 0-. *(53µ-. 

?&1$"µ-%-"=(0#+ 9+ ,*$µ*.0> 0- L-#$%#&0"67 -83, 0- 4(5.µ- %#&4µ*"(* ,*$µ*.µ4(- #67µ1 6#" 
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µ*0) 01 ?&>$1 &.;µ"$0"6-3 ,"#/3µ#0-+ 0- -%-2- %*&"*2?* 2 M  NaCl. H- '*'-(7+ #.07 

#8"-%-%-">;16*, %/4(-(0#+ 01 $0>/1 µ* 0- %#&#%)(9 &.;µ"$0"67 %&2( 01(  46/-.$1 0-. 

*(53µ-., µ* $6-%7 01( #%-µ)6&.($1 )//9( %&90*I(=(. D825*" (# $1µ*"9;*2, 70" 6)0" 

#(02$0-"?- ,*(  $.µ<#2(*" µ* 0- L-'/-.0#µ"("67 -83. T0$", $3µA9(# µ* 0# %#&#%)(9 6#" µ* 0"+ 

#%-,7$*"+ 09(  6#;#&"$µ=(, *%"/4?;16* 9+ ,*$µ*.0>+ '"# 01 %*&#"04&9 µ*/401 6#;#&"$µ-3 6#" 

01( #()%0.81 0-. <4/0"$0-. %&90-67//-. 6#;#&"$µ-3, 0- L-09<0=61/@ -JF.

:( $.(*?*2#, $01 %&-$%);*"# #%#//#'>+ 09( *%"%/4-( %&90*R(=( %-. .%)&?-.( µ*0) 0-( 

6#;#&"$µ7 6#" 01 <*/029$1 01+ 6#;#&7010#+ 0-. *(53µ-., *A#&µ7$016#( 4 %&9076-//# 

6#;#&"$µ-3 µ* ,"#A-&*0"64+ 6);* A-&) $.(;>6*+ A7&09$1+ 0-. ,*2'µ#0-+. T0$", 4'"(* 

,"*&*3(1$1 01+ *%2,&#$1+ 01+ 1-361/.D 19HF-D 6#" 0-. pH. :%"/4?;16#( #&?"6) ,3- 0"µ4+ 

"-(0"6>+ "$?3-+, -" $.(;>6*+ 09( -%-29( ,"#µ-&A=;16#( µ* 01 %&-$;>61 NaCl, 6#" ,3- 0"µ4+ 

pH, $0"+ -%-2*+ *8"$-&&-%>;16* 0- ,*2'µ#. !" 0"µ4+ #.04+ *2(#":

!A30/0D 4.2 !" #&?"64+ 4 ,"#6&"04+ $.(;>6*+, %-. *%"/4?;16#(  '"# 01 <*/029$1 0-. 
6#;#&"$µ-3.

  

NaCl  pH

0.05 O NaCl , 20 mM Pi, pH 7.5 20 mM Pi, pH  8.1

0.2 O NaCl, 20 mM Pi, pH 7.5 20 mM Pi, pH 8.6

     

B *8"$-&&7%1$1 0-. %&-$&-A10> 4'"(* 6);* A-&) µ* 20 mM Pi, &.;µ"$µ4(- $0- *8*0#57µ*(- 

pH. !" %/3$*"+ %&#'µ#0-%-">;16#( $* ,3- $0),"#: 1) ?&>$1 ,"+-#%"-("$µ4(-. (*&-3 '"# 

#%#//#'> #%- 0"+ .,&7A-<*+ %&90*I(*+ 6#" 2) 20 mM Pi, 2 M  NaCl. !" *6/-3$*"+ 

%&#'µ#0-%-">;16#( µ* 20 mM L-#$%#&0"6-3 -84-+, &.;µ"$µ4(- 6);* A-&) $0- #(02$0-"?- pH 

0-. *8*0#57µ*(-. %&90-67//-.. G01 $.(4?*"# #6-/-.;-3(, -" #%-,7$*"+ 6#;#&"$µ=( #.0=( 

09( 0&-%-%-"1µ4(9( %&90-67//9(, 7%9+ *%2$1+ 6#" 0# 1/*60&-A-&10"6) 0-.+ %&-A2/.
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0.05 M NaCl 0.2 M NaCl 8.1 pH 8.6 pH

!"#$%&'!

,17>=0µµ0 4.6 !" #%-,7$*"+ 09( 0*$$)&9( ,"#A-&*0"6=( 6#;#&"$µ=(, -" -%-2-" %&-46.E#( 
µ*0) #%- 01 ,"#µ7&A9$1 0*$$)&9( ,"#A-&*0"6=(  $.(;16=( A7&09$1+ 0-. *896.00)&"-. 
*6?./2$µ#0-+ $0-( %&-$&-A10>. !" $.(;>6*+ #.04+ #A-&-3( ,3- ,"#A-&*0"64+ $.(;>6*+ pH, 
8.1 6#" 8.6 6#" ,3- ,"#A-&*0"64+ $.(;>6*+ "-(0"6>+ "$?3-+, 0.05 M  NaCl 6#" 0.2 M  NaCl, $0"+ 
-%-2*+ 0- pH &.;µ2$016* $0- 7.5. ! %&-$&-A10>+ *8"$-&&-%>;16* µ* 20 mM Pi, pH 7.5, 8.1 
6#" 8.6 #(02$0-"?#. !" %/3$*"+ %&#'µ#0-%-21;16#( $* ,3- $0),"#: #&?"6) µ* 6&3- ddH2O 6#" *( 
$.(*?*2# µ* &.;µ"$0"67 ,")/.µ# 20 mM Pi 6#" 2 M  NaCl, pH 7.5, *(= -" *6/-3$*"+ 
%&#'µ#0-%-">;16#( µ* 20 mM L-#$%#&0"6-3 -84-+.

D%- 0- U")'&#µµ# 4.6, µ%-&-3µ* (# %#&#01&>$-.µ* 70" 1 $.(;>61 $01( -%-2# %&-46.E* 1 

.E1/70*&1 #%7,-$1 6#;#&"$µ-3, *2(#" 1 %*&2%09$1 ?&>$1+ 0.05 M  NaCl, pH 7.5. G01 $.(4?*"# 

%#&-.$")5-(0#" 0# 1/*60&-A-&10"6) #%-0.%=µ#0# 09( %#&#%)(9 6#;#&"$µ=(, 0# -%-2# 

#%-6#/3%0-.( 01 6#;#&7010# 01+ *6/-.7µ*(1+ %&90*I(1+.  
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E1/@30 4.7  B/*60&-A-&10"67 #%-03%9µ# 09( $.(;16=(  0.05 M  NaCl, 0.2 M  NaCl, 6#" pH 
8.1. D%- #&"$0*&) %&-+ 0# ,*8"), %#&#01&-3µ* 0-(  µ)&0.&# (marker), 0- crude 0-. 
*896.00)&"-. *6?./2$µ#0-+, 0- µ1 %&-$&-A1µ4(- 6/)$µ# (flow through) 6#" 01( 46/-.$1 
(elution) 01+ $.(;>61+ 0.05 M  NaCl, 0- µ1 %&-$&-A1µ4(- 6/)$µ# (flow through) 6#" 01( 
46/-.$1 (elution) 01+ $.(;>61+ 0.2 M  NaCl 6#" 04/-+ flow through 6#" 01( 46/-.$1 (elution) 
01+ $.(;>61+ pH 8.1.

D%- 01 %#&#%)(9 :"67(# 4.7, µ%-&-3µ* (# ,-3µ* 01 6#;#&7010# 09( *6/-3$*9( $01 

%*&2%09$1 09( $.(;16=( 0.05 M  NaCl, 0.2 M  NaCl, 6#" pH 8.1. H# µ%/4 <4/1 %-. 

#(0"$0-"?-3( $01 %*&"-?> 09(  50-70 kD, ,*2?(-.( ,3- *%"%&7$;*0*+ µ*')/*+ %&90*I(*+ %-. 

.%)&?-.( $01( 46/-.$1 01+ $.(;>61+ 0.05 M  NaCl. D(02;*0#, $0"+ %*&"%0=$*"+ 09( $.(;16=( 

0.2 M NaCl, 6#" pH 8.1, 1 6#;#&7010# *2(#" 1 *%";.µ10>.
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"1/@30 4.8  B/*60&-A-&10"67 #%-03%9µ# 01+ $.(;>61+ pH 8.6 6#" 09( %/3$*9(  (wash) 09( 
0*$$)&9( $.(;16=(. D%- #&"$0*&) %&-+ 0# ,*8") %#&#01&-3µ* 0-( µ)&0.&# (marker), 0- µ1 
%&-$&-A1µ4(- 6/)$µ# (flow through) 6#" 01( 46/-.$1 (elution) 01+ $.(;>61+ pH 8.6 6#" 
,"#,-?"6) 0# #%-0.%=µ#0# 09( %/3$*9( (wash) 09( $.(;16=( 0.05 M  NaCl, 0.2 M  NaCl, pH 
8.1 6#" pH 8.6 6#" 04/-+ 4(# #67µ1 #%-03%9µ# 0-. µ)&0.&#. H# 1/*60&-A-&10"6) 
#%-0.%=µ#0# 09( %/3$*9( $01 $.'6*6&"µ4(1 *"67(#, #A-&-3( $0"+ %/3$*"+ µ* 4  ̊C ddH2O.

M* <)$1 0# %#&#%)(9, $.µ%*&#2(-.µ* 70" 1 ,"#A-&-%-21$1 01+ "-(0"6>+ "$?3+ *%4,&#$* µ* 

;*0"670*&- 0&7%- #%- 7,0" 1 #381$1 0-. pH 6#" µ)/"$0# %#&#01&-3µ* 70" 7$- µ*'#/30*&1 1 

"-(0"6> "$?3+ (0.2 M  NaCl) 07$- *.(-R670*&1 1 *%2,&#$1. D%- 01(  )//1 %/*.&), 1 #%7,-$1 $01 

%*&2%09$1 01+ #.81µ4(1+ "-(0"6>+ "$?3-+, </4%-.µ* 70" µ*"=(*0#" $?*,7( $0- µ"$7 $.'6&"0"6) 

µ* 01 µ"6&70*&1 "-(0"6> "$?3 (0.05 M  NaCl), $01( -%-2#, 1 6#;#&7010# ,*( *2(#" 1 *%";.µ10> 

'"# µ"# A#&µ#6*.0"6> %&90*I(1. :%"%/4-(, $1µ#(0"67 *2(#" 0- '*'-(7+ 70" -" %/3$*"+ 01+ 
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6-/=(#+ µ* 20 mM Pi 6#" 2 M  NaCl, pH 7.5, *%4,&#$#( #&(10"6) $01( #%7,-$1 0-. 

6#;#&"$µ-3, 6#;=+ $.(4<#//#(  $01( #%=/*"# *(5.µ"6=(  µ-(),9( $0- $0),"- 09( %/3$*9(.   

M* '(=µ-(# /-"%7( 01( #%7,-$1 0-. 6#;#&"$µ-3, *%"/4?;16* 1 6#/30*&1 #%7,-$1 7$-( 

#A-&) 01( "-(0"6> "$?3 6#" $.(,.)$016* µ* 0"+ ,3- $.(;>6*+ pH, µ* $6-%7 01(  ,"*&*3(1$1 

µ"#+ %";#(>+ ;*0"6>+ $.(4&'*"#+ 09( $.(;16=( #.0=(, 7$-( #A-&) 07$- 01 6#;#&7010#, 7$- 

6#" 01(  #%7,-$1 0-. %&-$&-A10>. :8*0)$016#( ,1/#,> -" $.(;>6*+ 0.05 O NaCl µ2 pH 8.1 

/01 0.05 O NaCl µ2 pH 8.6.
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0.05 M NaCl & pH 8.1 0.05 M NaCl & pH 8.6

(LXP&I"(

,17>=0µµ0 4.7 !" #%-,7$*"+ 09( $.(;16=( 6#;#&"$µ-3, -" -%-2*+ %&-63%0-.( #%- 0-( 
$.(,.#$µ7 09( $.(;16=( 0.05 M  NaCl µ* pH 8.1 6#" 0.05 M NaCl µ* pH 8.6. ! %&-$&-A10>+ 
*8"$-&&-%>;16* µ* 20 mM  Pi, pH 8.1 6#" pH 8.6 #(02$0-"?#. !" %/3$*"+ %&#'µ#0-%-">;16#( $* 
4(# $0),"- µ* 4  ̊C ddH2O, *(= -" *6/-3$*"+ µ* 20 mM L-#$%#&0"6-3 -84-+.

N#&#01&-3µ* 70" -" #%-,7$*"+ 09( 6#;#&"$µ=(, $.(,.)5-(0#+ 0.05 M  NaCl µ* 0"+ ,3- 

$.(;>6*+ pH, 6.µ#2(-(0#" $0# 2,"# *%2%*,# µ* µ"# */#A&) .%*&-?> 01+ $.(;>61+ pH 8.1 & 
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0.05 M  NaCl. G01 $.(4?*"# %#&#;40-(0#" 0# 1/*60&-A-&10"6) #%-0.%=µ#0# 09( ,3- #.0=( 

6#;#&"$µ=(.

                     

"1/@30 4.9   B/*60&-A-&10"67 #%-03%9µ# 01+ $.(;>61+ 0.05 M NaCl µ* pH 8.1. D%- #&"$0*&) 
%&-+ 0# ,*8") %#&#01&-3µ* 0-( µ)&0.&# (marker), 0- crude 0-. *896.00)&"-. *6?./2$µ#0-+,  
0- µ1 %&-$&-A1µ4(- 6/)$µ# (flow through), 0- 6/)$µ# 01+ %/3$1+ (wash) 6#" 01( 46/-.$1 
(elution). !" %/3$*"+ %&#'µ#0-%-">;16#( $* 4(# $0),"- µ* 4  ̊C ddH2O, *(= -" *6/-3$*"+ µ* 20 
mM L-#$%#&0"6-3 -84-+.

D%- 0- #%-03%9µ#, $.µ%*&#2(-.µ* 70" 0*/"6) 1 #381$1 0-. pH #%- 7.5 $* 8.1 -,>'1$* $* 

#%#//#'> #%- 0"+ µ*')/*+ %&90*I(*+ %-. <&2$6-(0#" $0- 3E-+ 09( 50-70 kDa $01 %*&2%09$1 

0-. 0.05 M  NaCl. D%- 01( )//1 %/*.&) 7µ9+, *µA#(2$016* µ"# *%"%/4-( %&90*R("6> µ%)(0# 

#6&"<=+ 6)09 #%- *6*2(1 01+ L-ASNase 1 -%-2# 0-(25*0#" 6#" #%- 0- µ%/4 <4/-+ $01 %#&#%)(9 

:"67(# 4.9.
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"1/@30 4.10  B/*60&-A-&10"67 #%-03%9µ# 01+ $.(;>61+ 0.05 M  NaCl µ* pH 8.6. D%- 
#&"$0*&) %&-+ 0# ,*8") %#&#01&-3µ* 0-( µ)&0.&# (marker), 0- crude 0-. *896.00)&"-. 
*6?./2$µ#0-+, 0- µ1 %&-$&-A1µ4(- 6/)$µ# (flow through), 0- 6/)$µ# 01+ %/3$1+ (wash) 6#" 
01( 46/-.$1 (elution). !" %/3$*"+ %&#'µ#0-%-">;16#(  $* 4(# $0),"- µ* 4  ̊C ddH2O, *(= -" 
*6/-3$*"+ µ* 20 mM L-#$%#&0"6-3 -84-+.

 D(02$0-"?# $.µ%*&#2(-.µ* 70" $01 %*&2%09$1 0-. 0.05 M  NaCl & pH 8.6, %#&#µ4(*" 1 µ"# #%- 

0"+ ,3- µ*')/*+ %&90*I(*+ $0- 3E-+ 09(  50-70 kDa (µ%/4 <4/-+), 7%9+ *%2$1+ 6#" *6*2(1 %-. 

%&90-*µA#(2$016* $0"+ $.(;>6*+ 0.05 M  NaCl & pH 8.1 (:"67(# 4.9). F2(*0#" #(0"/1%07, 70" 

0*/"6) -" $.(,.#$µ-2 01+ "-(0"6>+ "$?3-+ µ* 0"+ $.(;>6*+ pH, ,*( $.(04/*$#( $* µ"# *%";.µ10> 

6#;#&7010#. M%-&-3µ* (# %-3µ* 70" *µA#(2$016* 6)%-"-. *2,-.+ $.(4&'*"#, 1 -%-2# ,*( >0#( 

1 #(#µ*(7µ*(1. H- *%7µ*(- <>µ# >0#( - 4/*'?-+ *(7+ %";#(-3 ;*0"6-3 $.(,.#$µ-3 µ*0#83 0-. 

pH 8.1, 0- -%-2- *%4,*"8* 07$- 6#/30*&1 #%7,-$1, 7$- 6#" <*/0"9µ4(1 6#;#&7010#, µ* ,3- 

*(,")µ*$*+ 0"µ4+ "-(0"6>+ "$?3-+ 0-. ,"#$0>µ#0-+ %-. *8*0)$016* %&-1'-.µ4(9+. D.07 
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$1µ#2(*", 70" µ*/*0>;16#( -" $.(;>6*+ pH 8.1 & 0.1 O NaCl /01 pH 8.1 & 0.15 O NaCl, 40$" 

=$0* (# %&-$,"-&"$0*2 *)( µ"# *(,")µ*$1 0"µ> "-(0"6>+ "$?3-+, ;# µ%-&-3$* (# *%"A4&*" µ"# 

*%";.µ10> 6#;#&7010#. !" #%-,7$*"+ 6#" 0# 1/*60&-A-&10"6) #%-0.%=µ#0# A#2(-(0#" 

%#&#6)09.

0
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0.1 M NaCl & pH 8.1 0.15 M NaCl & pH 8.1

(LXP&I"(

,17>=0µµ0 4.8 !" #%-,7$*"+ 09( $.(;16=( 6#;#&"$µ-3, -" -%-2*+ %&-63%0-.( #%- 0-( 
$.(,.#$µ7 09( $.(;16=( 0.1 M  NaCl µ* pH 8.1 6#" 0.15 M  NaCl µ* pH 8.1. ! %&-$&-A10>+ 
*8"$-&&-%>;16* µ* 20 mM Pi, pH 8.1. !" %/3$*"+ %&#'µ#0-%-21;16#( $* ,3- $0),"#: #&?"6) µ* 
4  ̊C ddH2O 6#" *( $.(*?*2# µ* &.;µ"$0"67 ,")/.µ# 20 mM Pi 6#" 1 M  NaCl, pH 8.1, *(= -" 
*6/-3$*"+ %&#'µ#0-%-">;16#( µ* 20 mM L-#$%#&0"6-3 -84-+.

H*/"6) %&-63%0*", 70" $0- pH 8.1, 7$- #.8)(*0#" 1 "-(0"6> "$?3+, 07$- µ*"=(*0#" 1 #%7,-$1. 

K%)&?*" ,1/#,> µ"# #(0"$0&7A9+ #()/-'1 $.$?40"$1 µ*0#83 01+ "-(0"6>+ "$?3-+ 6#" 01+ 

$.(;>61+ pH 8.1
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"1/@30 4.11  B/*60&-A-&10"67 #%-03%9µ# 09( $.(;16=( pH 8.1 & 0.1 M  NaCl 6#" pH 8.1 
0.15 M  NaCl. D%- #&"$0*&) %&-+ 0# ,*8") %#&#01&-3µ* 0- #%-03%9µ# 0-. µ)&0.&# (marker),  
0-. crude 0-. *896.00)&"-. *6?./2$µ#0-+, 0-. µ1 %&-$&-A1µ4(-. 6/)$µ#0-+ (flow through), 
09( ,3- %/3$*9( (wash) µ* 4  ̊C ddH2O 6#" µ* &.;µ"$0"67 ,")/.µ# 20 mM Pi 6#" 2 M  NaCl, pH 
8.1 6#" 01+ 46/-.$1+ (elution) 01+ $.(;>61+ pH 8.1 & 0.1 M  NaCl. D6-/-.;-3( 0# 
#%-0.%=µ#0# 0-. µ1 %&-$&-A1µ4(-. 6/)$µ#0-+ (flow through), 01+ %/3$1+ (wash) µ* 4  ̊C 
ddH2O , 01+ 46/-.$1+ (elution) 6#" 01+ %/3$1+ (wash) µ* &.;µ"$0"67 ,")/.µ# 20 mM  Pi 6#" 2 
M  NaCl, pH 8.1 01+ $.(;>61+ pH 8.1 & 0.15 M  NaCl. ! %&-$&-A10>+ *8"$-&&-%>;16* µ* 20 
mM Pi, pH 8.1, *(= -" *6/-3$*"+ %&#'µ#0-%-">;16#( µ* 20 mM L-#$%#&0"6-3 -84-+.

H- 1/*60&-A-&10"67 #%-03%9µ# #%-6#/3%0*", 70" 0*/"6) -30* -" 0"µ4+ 0.1 & 0.15 M  NaCl, 

)$61$#( ;*0"6> *%2,&#$1 7$-( #A-&) 01 6#;#&7010# 01+ L-ASNase $* $.(;>6*+ pH 8.1. T(# 

*%2$1+ $1µ#(067 $0-"?*2-, 0- -%-2- *2(# *µA#(4+ $01 %#&#%)(9 *"67(# *2(#" 70" -" %/3$*"+ µ* 1 

M  NaCl, 0*/"6) ,*( $.(*"$A4&-.( ;*0"6) $0- %&9076-//- 6#;#&"$µ-3, 6#;=+ $.µ<)//-.( $* 

0µ1µ#0"6> 46%/.$1 01+ L-ASNase 6#" ,*( A#2(*0#" 70" *6%/4(-.( 6#" *%"%&7$;*0*+ 

#(*%";3µ10*+ %&90*I(*+, 1 %/*"-E1A2# 09( -%-29(  4?-.( #%-,*$µ*.0*2 #%- 0-( %&-$&-A10> µ* 

01( %/3$1 0-. (*&-3. H# µ%/4 <4/1 %#&#%)(9 (:"67(# 4.11) 0-(25-.(  01 %#&-.$2# 09( 

*%"%/4-( %&90*R(=( $0"+ *6/-3$*"+ 01+ L-ASNase, 7%9+ *%2$1+ 6#" 01( L-ASNase, %-. 

*6%/4(*0#" #%- 01 %/3$1 µ* 1 M NaCl. 
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D%- 7/*+ 0"+ %&-1'-3µ*(*+ ,-6"µ4+ 6#" %&-$%);*"*+ 6#;#&"$µ-3 01+ L-ASNase, µ%-&-3µ* (# 

6#0#/>8-.µ* $0- $.µ%4&#$µ#, 70" 1 ?&>$1 $.(;16=( pH 8.1 6#" 8.6 ,*( *(,*26(.(0#" '"# 01( 

*A#&µ-'> *(7+ )&"$0-. %&90-67//-. 6#;#&"$µ-3. D%- )%-E1 6#;#&7010#+, 1 *%";.µ10> *2?* 

*%"0*.?;*2 $01 %*&2%09$1 09( #&?"6=( $.(;16=( pH 8.1 6#" 8.6, 7%-. ,*( *2?* ?&1$"µ-%-"1;*2 

6#;7/-. NaCl '"# #381$1 01+ "-(0"6>+ "$?3-+. G* #.04+ 0"+ %*&"%0=$*"+ 7µ9+ -" #(02$0-"?*+ 

#%-,7$*"+ >0#( #&6*0) µ"6&4+. F"# 0- /7'- #.07, ,"*&*.(>;16#( -" %";#(7010*+ 6)%-"#+ ;*0"6>+ 

$.(4&'*"#+ µ*0#83 01+ #381$1+ 01+ "-(0"6>+ "$?3-+ 6#" 09( 0"µ=(  pH 8.1 6#" 8.6. H- 

#%-04/*$µ# %-. %&-46.E* >0#( #&(10"67. T0$" $.()'*0#" 0- $.µ%4&#$µ# 70" 7/*+ -" 

%#&#%)(9 $.(;>6*+ 6#" -" $.(,.#$µ-2 #.0=(, *2(#" #6#0)//1/*+ '"# 4(#( )&"$0- 6#;#&"$µ7. 

H- '*'-(7+ #.07 -,>'1$* 0"+ %&-$%);*"*+ 6#;#&"$µ-3 0-. *(53µ-., $* µ"# #%- 0"+ #&?"64+ 

$.(;>6*+, ,1/#,> $0- pH 7.5. T0$", *A7$-(  #&?"6) *2?* µ*/*01;*2 1 $.(;>61 0.05 M  NaCl, pH 

7.5, #.0> 01 A-&) µ*/*0>;16#( -" %*&"%0=$*"+ #381$1+ 01+ "-(0"6>+ "$?3-+ µ* 0"µ4+ 0.1 /01 

0.15 O NaCl, 92 pH 7.5. !" #%-,7$*"+ 7%9+ *%2$1+ 6#" 0# 1/*60&-A-&10"6) #%-0.%=µ#0# 

#.0=( 09( $.(;16=(, A#2(-(0#" %#&#6)09.
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0.1 M NaCl, pH 7.5
0.15 M NaCl, pH 7.5

(LXP&I"(

,17>=0µµ0 4.9 !" #%-,7$*"+ 09( $.(;16=( 6#;#&"$µ-3, -" -%-2*+ %&-63%0-.( #%- 0-( 
$.(,.#$µ7 09( $.(;16=( 0.1 M  NaCl µ* pH 7.5 6#" 0.15 M  NaCl µ* pH 7.5. ! %&-$&-A10>+ 
*8"$-&&-%>;16* µ* 20 mM Pi, pH 7.5. !" %/3$*"+ %&#'µ#0-%-21;16#( $* ,3- $0),"#: #&?"6) µ* 
4  ̊C ddH2O 6#" *( $.(*?*2# µ* &.;µ"$0"67 ,")/.µ# 20 mM Pi 6#" 2 M  NaCl, pH 7.5, *(= -" 
*6/-3$*"+ %&#'µ#0-%-">;16#( µ* 20 mM L-#$%#&0"6-3 -84-+.

94



M%-&-3µ* (# %#&#01&>$-.µ*, 70" 1 $.(;>61 0.1 M  NaCl, pH 7.5, *µA#(25*" µ"# -&"#6) %"- 

#.81µ4(1 #%7,-$1 $* $?4$1 µ* 01( #(02$0-"?1 0.15 M NaCl, pH 7.5. 

    

"1/@30 4.12  B/*60&-A-&10"67 #%-03%9µ# 09( $.(;16=( pH 7.5 & 0.1 M  NaCl 6#" pH 7.5 
0.15 M  NaCl. D%- #&"$0*&) %&-+ 0# ,*8") %#&#01&-3µ* 0- #%-03%9µ# 0-. µ)&0.&# (marker),  
0-. crude 0-. *896.00)&"-. *6?./2$µ#0-+, 0-. µ1 %&-$&-A1µ4(-. 6/)$µ#0-+ (flow through), 
09( ,3- %/3$*9( (wash) µ* 4  ̊C ddH2O 6#" µ* &.;µ"$0"67 ,")/.µ# 20 mM Pi 6#" 2 M  NaCl, pH 
7.5 6#" 01+ 46/-.$1+ (elution) 01+ $.(;>61+ pH 7.5 & 0.1 M  NaCl. D6-/-.;-3( 0# 
#%-0.%=µ#0# 0-. µ1 %&-$&-A1µ4(-. 6/)$µ#0-+ (flow through), 01+ %/3$1+ (wash) µ* 4  ̊C 
ddH2O, 01+ 46/-.$1+ (elution) 6#" 01+ %/3$1+ (wash) µ* &.;µ"$0"67 ,")/.µ# 20 mM  Pi 6#" 2 M 
NaCl, pH 7.5 01+ $.(;>61+ pH 7.5 & 0.15 M NaCl. ! %&-$&-A10>+ *8"$-&&-%>;16* µ* 20 mM 
Pi, pH 7.5, *(= -" *6/-3$*"+ %&#'µ#0-%-">;16#( µ* 20 mM L-#$%#&0"6-3 -84-+.

D%- 0- 1/*60&-A-&10"67 %&-A2/, µ%-&-3µ* (# ,-3µ* #A*(7+ µ*(, 70" *%"0*3?;16* 1 *%";.µ10> 

6#;#&7010# $01 %*&2%09$1 01+ $.(;>61+ 0.1 M  NaCl, pH 7.5, $* #(02;*$1 µ* *6*2(1 01+ 0.15 

M  NaCl, pH 7.5 7%-. %#&#01&>;16#( *%"%&7$;*0*+ %&90*I(*+ (µ%/* <4/1 %#&#%)(9 :"67(# 

4.12) 6#" #A*04&-. ,*, 70" 0*/"6) 6#" $* #.04+ 0"+ %*&"%0=$*"+, -" %/3$*"+ µ* 2 M  NaCl #$6-3( 

#&(10"6> *%2,&#$1 *6/-3-(0#+ µ4&-+ #%- 01( %&-$&-A1µ4(1 L-ASNase. D(02;*0#, -" %/3$*"+ 
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µ* 6&3- ddH2O, A#2(*0#" 70" $.(*"$A4&-.( ;*0"6) $01(  #%7,-$1 0-. 6#;#&"$µ-3 6#" $01 

0*/"6> 6#;#&7010# 01+ %&90*I(1+ 6#;=+ $0- $0),"- #.07 09( %/3$*9(, #%-µ#6&3(-(0#" 

$.(-/"6) -" 84(*+ %&90*I(*+ (:"67(# 4.12). H- '*'-(7+ 70" 1 %/3$1 µ* NaCl *6/-3*" µ4&-+ #%- 

01( %&-$&-A1µ4(1 L-ASNase, ?9&2+ (# A#2(*0#" #%- 0- %&-A2/ 70" *6/-3*" 6#" 6)%-"*+ )//*+ 

%/*-()5-.$*+ %&90*I(*+, 4;*$* .%- #µA"$<>01$1 01( #(#'6#"7010# 01+ 3%#&81+ 9+ $0),"- $0- 

%&9076-//- 6#;#&"$µ-3. T0$", $01 $.(4?*"#, *6*2(- 0- -%-2- ,"*&*.(>;16*, >0#( (# 

*A#&µ-$0*2 0- %&9076-//- 6#;#&"$µ-3 µ* $.(;>6*+ 0.1 O NaCl, pH 7.5, ?9&2+ 0- $0),"- 01+ 

%/3$1+ µ* NaCl, %#&) µ7(- µ* 6&3- ddH2O,  =$0* (# %&-$,"-&"$0*2 $* #.0> 01 %*&2%09$1 

07$- 1 6#;#&7010#, 7$- 6#" 1 #%7,-$1 0-. %&-$&-A10>. H- 1/*60&-A-&10"67 #%-03%9µ# 

A#2(*0#" $01 $.(4?*"#. 

                                   

                      

"1/@30 4.13  B/*60&-A-&10"67 #%-03%9µ# 01+ $.(;>61+ 0.1 M  NaCl, pH 7.5. D%- #&"$0*&) 
%&-+ 0# ,*8") %#&#01&-3µ* 0- #%-03%9µ# ,3- µ#&03&9( (markers), 0-. crude 0-. 
*896.00)&"-. *6?./2$µ#0-+, 0-. µ1 %&-$&-A1µ4(-. 6/)$µ#0-+ (flow through), 01+ %/3$1+ 
(wash) µ* 4  ̊C ddH2O 6#" 01+ 46/-.$1+ (elution).
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M%-&-3µ* (# %#&#01&>$-.µ* 01 6#;#&7010# 01+ *6/-.7µ*(1+ L-ASNase $01 %*&2%09$1 

*A#&µ-'>+ 0-. %&90-67//-., ?9&2+ 0- $0),"- 01+ %/3$1+ µ* NaCl. B %/3$1 0-. %&-$&-A10> 

4'"(* µ7(- µ* #&6*0) µ*')/1 %-$7010# (*&-3. :%#/1;*3-(0#+ 0"+ <4/0"$0*+ $.(;>6*+ 

6#;#&"$µ-3, #.04+ *2(#": 0.1 O NaCl, pH 7.5 6#" $0- $0),"- 01+ %/3$1+ 0- µ7(- %-. 

#%#"0*20#", *2(#" *8#(0/10"6> %/3$1 µ* ddH2O. H- $.'6*6&"µ4(- %&9076-//- 6#;#&"$µ-3, 

*%4,*"8* µ"# 0<@G-9: 86 %. 

4.2.3 M*/401 "$-&&-%2#+ %&-$&7A1$1+.

G01 $.(4?*"#, µ*0) 01(  #()%0.81 0-. <*/0"$0-%-"1µ4(-. %&90-67//-. 6#;#&"$µ-3, 4'"(* 

µ*/401 0-. µ-(04/-. %&-$&7A1$1+ 0-. *(53µ-., $0-( %&-$&-A10> L-#$%#&0"67 -83. ! 

%&-$,"-&"$µ7+ 0-. µ-(04/-. #.0-3, %#&4?*" %/1&-A-&2*+ '"# 0-( 0&7%- µ* 0-( -%-2- 0- 4(5.µ- 

#//1/*%",&) µ* 0-( %&-$&-A10> 6#" -.$"#$0"6) #%- #.0> 01 µ*/401, %&-63%0*" µ"# $?4$1 

µ*0#83 01+ $.'64(0&9$1+ 0-. *(53µ-. $0- ,")/.µ# 6#" 01+ $.'64(0&9$1+ 0-. *(53µ-. %-. 4?*" 

%&-$&-A1;*2, 70#( -" ,3- A)$*"+ <&2$6-(0#" $* "$-&&-%2# (Livingston et al., 1989; Platis et  al., 

2006). H- $.?(70*&- µ-(04/- %-. #(#/3*0#" 6#" µ*/*0)0#", %*&"/#µ<)(*" µ"#+ ,*30*&1+ 0)8*9+ 

#(0"$0&*%0>+ #//1/*%2,&#$1+ µ*0#83 0-. *(53µ-. 6#" 0-. %&-$&-A10> 6#" %*&"'&)A*0#" 7%9+  

%#&#6)09:

          k1E + L ⇌   E - L                                                                                                         (1)
          k2

7%-. : *2(#" 0- 4(5.µ- $0- ,")/.µ#, L - ,*$µ*.0>+ 6#" E - L 0- $3µ%/-6- ,*$µ*.0> - 

*(53µ-.. !" %#&)µ*0&-" k1 6#" k2 *2(#" -" 0#?3010*+ 01+ #µA2,&-µ1+ #(02,&#$1+ %#&#%)(9. 

D%- 01 $?4$1 (1), %&-63%0*" 1 $?4$1 01+ "$7;*&µ1+ 0-. µ-(04/-. 0-. Langmuir, 0- -%-2- 

%*&"'&)A*0#" #%7 01 %#&#6)09 $?4$1 (2) (Livingston et al., 1989):
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                                                                                                                  (2)                                                                                                     

7%-. q* 1 $.'64(0&9$1 0-. %&-$&-A1µ4(-. *(53µ-. 6#0) 01( "$-&&-%2# (mg/g), c* 1 

$.'64(0&9$1 01+ .'&>+ A)$1+ 6#0) 01( "$-&&-%2# (mg/ml), qmax 1 ?9&10"67010# 0-. 

%&-$&-A10> (mg/g) 6#" KD, 1 $0#;*&) ,")$0#$1+ (dissociation constant) (mg/ml).

N&4%*" (# $1µ*"9;*2, 70" 1 "$7;*&µ-+ 0-. Langmuir, <#$25*0#" $01 %#&#,-?> 70" 6);* 4(5.µ- 

4?*" %&-$,*;*2 $* 4(# µ7(- 64(0&- ,4$µ*.$1+, 0- -%-2- *2(#" *(*&'*"#6) "$-,3(#µ- µ* 6)%-"- 

)//- '*"0-("67, %-. 7µ9+ 1 #%7$0#$1 µ*0#83 0-.+ *2(#" 040-"# %-. ,*(  *%"0&4%*" 

#//1/*%2,&#$1 µ*0#83 0-.+ (Livingston et al., 1989; Platis et al., 2006).  

          

,17>=0µµ0 4.10 H- µ-(04/- %&-$&7A1$1+ 01+ L-ASNase $0-( %&-$&-A10> µ* 
#6"(10-%-"1µ4(- ,*$µ*.0> L-#$%#&0"67 -83. 
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D%- 01 6#µ%3/1 %&-63%0-.( -" 0"µ4+ 09( %#&#6)09 %#&#µ40&9(, -" -%-2*+ A#2(-(0#" $0-( 

N2(#6# 4.2. 

!A30/0D 4.2  !" 0"µ4+ 01+ $0#;*&)+ ,")$0#$1+ KD 6#" 01+ ?9&10"67010#+, qmax., 7%9+ 
%&-63%0-.( #%- 0- U")'&#µµ# 4.10.

ΠΑΡΑΜΕΤΡΟΣ ΤΙΜΗ

KD 0.21 μΜ

qmax 18.2 mg/g

  

4.2.4 :A#&µ-'> 0-. %&90-67//-. 6#0"-3$#+ *%*8*&'#$2#+ $0-( 6#;#&"$µ7 09( L-

#$%#&#'"(#$=( 09( $0*/*?=( Escherichia coli 6#" Erwinia caratovora.

G01 $.(4?*"#, %&-$,"-&2$016* *)( - $.'6*6&"µ4(-+ %&-$&-A10>+ $.''4(*"#+, ;# µ%-&-3$* (# 

?&1$"µ-%-"1;*2 '"# 0-( 6#;#&"$µ7 6#" 01( #%-µ7(9$1, 7?" µ7(- 01+ L-ASNase 0-. $0*/4?-.+ 

Erwinia chrysanthemi '"# 0- -%-2- #(#%03?;16*, #//) #67µ1 0-. *(53µ-. #%- Erwinia 

caratovora 6#" Eshcerichia coli. H- *(,"#A4&-( *%"6*(0&=;16* $* #.0) 0# ,3- *%"%/4-( 

$0*/4?1, 6#;=+ -" L-ASNase 09( $0*/*?=( #.0=(, µ#52 µ* 01(  #(02$0-"?1 0-. Erwinia 

chrysanthemi, *A#&µ75-(0#" $01 ;*&#%*2# (%.?. Eshcerichia coli L-ASNase) > <&2$6-(0#" $* 

6/"("64+ ,-6"µ4+ (%.?. Erwinia caratovora L-ASNase) 6#" *8*0)5-(0#" '"# 01 ,&)$1 0-.+ 6#0) 

01+ /*.?#"µ2#+. @#0’*%460#$1 ;# >0#( %-/3 *(,"#A4&-( (# *8*0#$0*2 0- *3&-+ *A#&µ-'>+ *(7+ 

%&-$&-A10> $.''4(*"#+, 7%9+ #.07+ %-. #(#%03?;16* %#&#%)(9. 
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F"# 0- /7'- #.07, #%-µ-(=;16* 0- '-(2,"- 01+ L-ASNase #%- 0- $04/*?-+ Eshcerichia coli  

BL21(DE3) STAR µ* #/.$",90> #(02,&#$1 %-/.µ*&)$1+ (PCR). H# #(02$0-"?# '-(2,"# 09( 

$0*/*?=( Erwinia chrysanthemi 6#" Erwinia caratovora, *2?#( #%-µ-(9;*2 (9&20*&# '"# 0"+ 

#()'6*+ %&-1'-3µ*(9( %*"&#µ#0"6=( ,"#,"6#$"=( (Kotzia and Labrou, 2005, 2007). H- '-(2,"- 

6/9(-%-">;16* $* %/#$µ","#67 A-&4# 03%-. pCR CT/T7 TOPO. M*0) #%- *%"/-'> 0-. A-&4#, 

- -%-2-+ ,"4;*0* 0- '-(2,"- µ* 0-( $9$07 %&-$#(#0-/"$µ7, µ*0#$?1µ#02$016#( ,*60"6) 

6300#&# E. coli BL21(DE3) Rosetta µ* 0-( $.'6*6&"µ4(- %/#$µ","#67 A-&4# 6#" #(#%03?;16#( 

$* ;&*%0"67 µ4$- %-. %*&"*2?* #(0"<"-0"67 *%"/-'>+ 09(  $.'6*6&"µ4(9( 6.00)&9(. M*0) #%- 4 

=&*+, %&-$04;16* IPTG 6#" 8*62(1$* 1 .%*&46A&#$1 0-. '-(",2-., µ* #%-04/*$µ# (# 

.%*&%#&#?;*2 1 L-ASNase. @#" $* #.0>( 01 %*&2%09$1 7%9+ 6#" $01( L-ASNase 0-. Erwinia 

chrysanthemi, 0- 4(5.µ- %#&>?;16* *896.00)&"# $0- ;&*%0"67 µ4$-.

D(02$0-"?#, $* 6300#&# E. coli BL 21 DE3 Rosetta, .%*&*6A&)$016* 6#" 0- 6/9(-%-"1µ4(- 

'-(2,"- 01+ L-ASNase CC #%- 0- $04/*?-+ Erwinia caratovora. G01 %*&2%09$1 #.0> 7µ9+, 0*/"6) 

0- 4(5.µ- ,*( %#&>?;16* *896.00)&"# $0- ;&*%0"67 µ4$-, #(  6#" ,"4;*0* 0- %*%02,"- -,1'7 0-. 

#'&2-. 03%-. %-. 0- -,1'*2 $0-( %*&"%/#$µ"67 ?=&-. T0$", */4';16* 1 ,.(#07010# %&7$,*$1+ 

$0-( %&-$&-A10>, 0-. *(,-6.00)&"-. *(53µ-..
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"1/@30 4.16  B/*60&-A7&1$1 $* %160> #'#&751+. D%- #&"$0*&) %&-+ 0# ,*8") %#&#01&-3µ* 
0-( µ)&0.&#, 0- '*(9µ"67 DNA 0-. $0*/4?-.+ E. coli BL21(DE3) STAR, #%- 0- -%-2- 
#%-µ-(=;16* 0- '-(2,"- 6#" $0"+ 0&*2+ 0*/*.0#2*+ ;4$*"+ <&2$6*0#" 0- %&-R7( 01+ PCR, ,1/#,> 
1 *(2$?.$1 01+ (-.6/*-0","6>+ #//1/-.?2#+ 0-. '-(",2-. 01+ L-ASNase, %-. #(0"$0-"?*2 $* 
1047 (-.6/*-02,"#. 

H*/"6), 10 *(5.µ"64+ µ-(),*+ L-ASNase #%- 0- $04/*?-+ Erwinia caratovora, 

*8"$-&&-%>;16#(  µ* ,"#%2,.$1 $* pH 7.5 6#" 1 "-(0"6> "$?3+ ,"#µ-&A=;16* %&-$;40-(0#+ 0.1 

M  NaCl. @#07%"( *8"$-&&7%1$1+ 6#" 01+ $0>/1+ µ* &.;µ"$0"67 ,")/.µ# 20 mM  Pi, pH 7.5, 0- 

$3(-/- 09( µ-(),9( A-&0=;16* $01 $0>/1, #6-/-.;=(0#+ #6&"<=+ 0- <*/0"$0-%-"1µ4(- 

%&9076-//- 6#;#&"$µ-3 %-. #(#%03?;16* '"# 01( L-ASNase 0-. Erwinia chrysanthemi. 

H*/"6), 7/*+ -" µ-(),*+ %-. A-&0=;16#( #&?"6) $01 $0>/1, #("?(*3;16#( $0- µ1 

%&-$&-A1µ4(- 6/)$µ#. H- '*'-(7+ #.07 -,1'*2 $0- $.µ%4&#$µ# 70" 6)09 #%- 0"+ $.(;>6*+ 
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%-. *8*0)$016* 0- $.'6*6&"µ4(- 4(5.µ-, ,*( *µA#(25*" $.''4(*"# µ* 0-( %&-$&-A10>. 

:A#&µ75-(0#+ #6&"<=+ 01( 2,"# ,"#,"6#$2#, %&-46.E* 70" -30* 1 L-ASNase 0-. $0*/4?-.+ 

Eshcerichia coli ,*( ,*$µ*3016* #%- 0-( %&-$&-A10> $.''4(*"#+. 

M* <)$1 0# %#&#%)(9 #%-0*/4$µ#0#, 6#0#/>'-.µ* $0- $.µ%4&#$µ# 0- %&9076-//- 

6#;#&"$µ-3, %-. #(#%03?;16* '"# 0-(  6#;#&"$µ7 6#" 01( #%-µ7(9$1 01+ L-ASNase 0-. 

$0*/4?-.+ Erwinia chrysanthemi, ,*( µ%-&*2 (# *A#&µ-$0*2 '"# 0-(  6#;#&"$µ7 )//9( L-

ASNases 7%9+ #%- Eshcerichia coli 6#" Erwinia caratovora.

4.3 )/13:6-<-A:9: 6:D L-09<0=0>1379:D 6-5 9628CH-5D Erwinia 

chrysanthemi.

M"# #%7 0"+ ?1µ"64+ µ*;7,-.+ #6"(10-%-21$1+ <"-µ-&29( *2(#" 6#" 1 µ4;-,-+ ,1µ"-.&'2#+ 

<)$*9+ Schiff. B µ4;-,-+ #.0> #6-/-.;>;16* 6#" $01 %#&-3$# %*"&#µ#0"6> ,"#,"6#$2# =$0* 

(# #6"(10-%-"1;*2 1 L-ASNase. B <)$1 Schiff #%-0*/*2 µ"# 4(9$1 %-. /4'*0#" "µ2(1 (> 

#/,"µ2(1) 6#" *2(#" #&6*0) #$0#;>+. F"# 0- /7'- #.07 0"+ %*&"$$70*&*+ A-&4+ #%#"0*20#" 1 

#(#'9'> 01+ #(02,&#$1+ 01+ %.&1(7A"/1+ %&-$;>61+ #%7 01( -%-2# %&-4&?*0#", µ* 6)%-"- 

"$?.&7 #(#'9'"67 7%9+ 0- NaBH4 . D.07 $.µ<#2(*" '"# 0- /7'9 0-. 70" - ,"%/7+ ,*$µ7+ µ*0#83 

0-. )(;&#6# 6#" 0-. #5=0-. ,*( *2(#" #%7/.0# 4(#+ ,"%/7+ ,*$µ7+ 6#" 40$" ,* $.'6*(0&=(*" 0# 

?#&#601&"$0"6) $0#;*&7010#+ *(7+ ,"%/-3 ,*$µ-3. @#0) 01( ,"#,"6#$2# #6"(10-%-21$1+ 0-. 

*(53µ-., ?&1$"µ-%-">$#µ* 9+ %1'> #µ"(=(, %&90*I(1 -&-3 µ7$?-. (BSA) 6#" '"# %1'> 

6#&<-(./29(  4(# ,",&#$0"67 #(0",&#$0>&"-, 01( '/-.0#&#/,*O,1, 1 -%-2# ,"#;40*" ,3- ;4$*"+ 

6#&<-(./29(  %&-+ #(02,&#$1. G#A=+ $01( #(02,&#$1 01+ %.&1(7A"/1+ %&-$;>61+ 0-. 

6#&<-(./2-. $.µµ*04?-.( 6#" -" ,"#;4$"µ*+ #µ"("64+ -µ),*+ 0-. %&-+ #6"(10-%-21$1 0-. 

*(53µ-.. N#&#6)09 1 :"67(# 4.17, %*&"'&)A*" 01( #(02,&#$1 µ*0#83 0-. 6#&<-(./2-. 01+ 

'/-.0#&#/,*O,1+ µ* 0"+ #µ"("64+ -µ),*+ 09(  #µ"(-8"6=(  6#0#/-2%9( 0-. *(53µ-. 6#" 01+ 

%&90*I(1+ -&-3 µ7$?-..
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"1/@30 4.17  B %.&1(7A"/1 %&-$;>61 $0- 6#&<-(3/"- 01+ '/-.0#&#/,*O,1+ 6#" - $?1µ#0"$µ7+ 
01+ <)$*9+ Schiff.

                                          

"1/@30 4.18  T(# $?1µ#0"67 µ-(04/- %-. #(#%#&"$0) 0-(  0&7%- ,"#$3(,*$1+ 09( *(5.µ"6=( 
µ-&29( (Labrou et al., 2010).
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B !"#$%&' %&-$,"-&2$016* #%- 0- %1/26- 09( µ-(),9( %-. µ*0&>;16#( 6);* A-&) µ*0) 01( 

#6"(10-%-21$1, %&-+ 0- $3(-/- 09( µ-(),9( %-. #6"(10-%-">;16#(.
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,17>=0µµ0 4.11 !" #%-,7$*"+ 09( *((4# ,"#A-&*0"6=(  $.(;16=( #6"(10-%-21$1+ 01+ L-
ASNase 0-. $0*/4?-.+ Erwinia chrysanthemi. D(#/.0"670*&# 1 6);* $.(;>61 %*&"'&)A*0#" $0- 
6*A)/#"- [[M4;-,-"[[.

D%- 0- ,")'&#µµ# %&-63%0*", 70" 1 $.(;>61 %-. %#&-.$2#$* 01 µ*'#/30*&1 #%7,-$1, *2(#" 1 

$.(;>61 3 µ* 20 mg BSA 6#" 2 % (v/v) '/-.0#&#,*O,1, 1 -%-2# 4,9$* µ"# #%7,-$1 74 %. B 

$.(;>61 #.0> *%"/4?;16*, =$0* (# µ*/*01;*2 1 $0#;*&7010# 0-. *(53µ-. .%- #6"(10-%-"1µ4(1 

6#" */*3;*&1 µ-&A>. H- *%7µ*(- U")'&#µµ# 4.12 %#&-.$")5*" 0"+ $.'6&"0"64+ 6#µ%3/*+ %-. 

%*&"'&)A-.( 01 *(5.µ"6> ,&#$0"67010#, µ*0) #%- 4(# ,")$01µ# 65 1µ*&=(.

104



0

25

50

75

100

t=0 t=5 14 t=21 t=34 t=65

100

62
51 48

27
15

100
90

67 67
56

48

%
 )
#K
$I
&

 ,
#)
(E
$I
N
E
&
E)

K#NXN( (&O"#"()

D@CWBH!N!CBM:W! :WaKM! :Q:KV:X! :WaKM!

,17>=0µµ0 4.12  B ,&#$0"67010# 01+ L-ASNase $* */*3;*&1 6#" #6"(10-%-"1µ4(1 µ-&A>  µ*0) 
#%- 65 1µ4&*+, *6A&#$µ4(1+ $* %-$-$07 01+ #&?"6>+ ,&#$0"67010#+. 

D%- 0- ,")'&#µµ# *2(#" *µA#(4+ 0- '*'-(7+, 70" 0- 4(5.µ- $* #6"(10-%-"1µ4(1 µ-&A> 

%#&-.$")5*" µ*'#/30*&1 /*"0-.&'"6> 6#" ,-µ"6> $0#;*&7010#, $* $?4$1 µ* *6*2(- %-. 

<&2$6*0#" $* */*3;*&1 µ-&A>. G.µ%*&#$µ#06) /-"%7(, 1 L-ASNase 0-. $0*/4?-.+ Erwinia 

chrysanthemi, #6"(10-%-">;16* #%-0*/*$µ#0"6) 6#" ,"#0>&1$* µ4&-+ 01+ #&?"6>+ 01+ 

,&#$0"67010#+ '"# #&6*0) µ*')/- ?&-("67 ,")$01µ#. H- '*'-(7+ #.07, #%-0*/*2 01 <)$1 '"# 

µ*/401 6#" *A#&µ-'> *(7+ <"-#(0",&#$0>&#, - -%-2-+ ;# µ%-&-3$* (# ?&1$"µ-%-"1;*2 *%"0.?=+ 

$01( #(0"µ*0=%"$1 01+ -8*2#+ /*µA-</#$0"6>+ /*.?#"µ2#+.  
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H L-ASNase #%-0*/*2 4(# 4(5.µ-, 0- -%-2- $.$%*"&=(*" %-/3 µ*')/- *(,"#A4&-(, 7?" µ7(- 

*&*.(10"67, #//) 6#" A#&µ#6*.0"67 6#;=+ ?&1$"µ-%-"*20#" '"# 01( #(0"µ*0=%"$1 01+ -8*2#+ 

/*µA-</#$0"6>+ /*.?#"µ2#+ (Bain B. J. et al., 2002). H# 0*/*.0#2# ?&7("#, 7/- 6#" %*&"$$70*&*+ 

*&*.(10"64+ -µ),*+ %&-$%#;-3( (# ,"*&*.(>$-.(  6#" (# µ*/*0>$-.( 01 ,&)$1 0-. *(53µ-. 

#.0-3, (# 0&-%-%-">$-.(  µ* µ*;7,-.+ *(5.µ"6>+ µ1?#("6>+ 0-(  0&7%- µ* 0-( -%-2- ,&# 6#" (# 

0- 6)(-.( %*&"$$70*&- *%"/*60"67 6#" #%-,-0"67 $01 6#0)/.$1 (Ollenschlager et al., 1988). B 

%&-4/*.$1 09(  L-ASNases, -" -%-2*+ *A#&µ75-(0#" > <&2$6-(0#" $* 6/"("64+ µ*/40*+, *2(#" 

<#601&"#6> 6#" 6.&29+ #%- 0# '4(1 Escherichia coli (Khushoo et al., 2004; Derst et  al., 1994), 

Erwinia chrysanthemi (Kotzia and Labrou, 2007) 6#" Erwinia caratovora (Aghaipour et  al., 

2001). H# 4(5.µ# #.0) %#&-.$")5-.( $1µ#(0"64+ ,"#A-&4+, 07$- 7$-( #A-&) 01 $.''4(*") 0-.+ 

9+ %&-+ 0# .%-$0&=µ#0#, #//) 6#" 0"+ A.$"6-?1µ"64+ 0-.+ ","7010*+. :%"%/4-(  *&*.(10"67 

*(,"#A4&-(, 4?*" %&-63E*" 6#" '"# 0- #(02$0-"?- 4(5.µ- 0-. #(;&=%-. (human L-asparaginase), 

0- -%-2- µ*/*0)0#" 6.&29+ $.'6&"0"6) µ* 0# <#601&"#6) "$-4(5.µ#.

G01 %#&-3$# %*"&#µ#0"6> µ*/401, 4'"(* %&-$%);*"# #()%0.81+ *(7+ <*/0"$0-%-"1µ4(-. 

%&90-67//-. *0*&7/-'1+ 46A&#$1+, ?&1$"µ-%-"=(0#+ 9+ $3$01µ# 46A&#$1+ 0- E. coli., 7%9+ 

*%2$1+ 6#" *(7+ %&90-67//-. 6#;#&"$µ-3 01+ #(#$.(,.#$µ4(1+ L-ASNase 0-. $0*/4?-.+ 

Erwinia chrysanthemi. B *%"/-'> 0-. $.'6*6&"µ4(-. *(53µ-., 4'"(* µ* '(=µ-(# 0- '*'-(7+, 70" 

0# 0*/*.0#2# ?&7("# 4?*" #%-0*/4$*" %7/- *%"$01µ-("6>+ 4/81+ 6#;=+ %&-6#/*2 µ"6&70*&1+ 

460#$1+ %#&*(4&'*"*+ #%- 0- #(02$0-"?- 4(5.µ- #%- Erwinia caratovora. F"# 0- /7'- #.07, 

µ*/*0>;16#( 7 ,"#A-&*0"6) $0*/4?1 0-. E. coli 6#" *%"/4?;16* *6*2(-, 0- -%-2- %#&-.$2#$* 0# 

.E1/70*&# *%2%*,# 46A&#$1+. N#&)//1/#, <#$"6> *%",2981 6#" $07?-+ 01+ µ*/401+, >0#(  - 

%&-$,"-&"$µ7+ 6)%-"-. $0*/4?-.+, 0- -%-2- ;# %#&)'*" 01(  #(#$.(,.#$µ4(1 %&90*I(1 

*896.00)&"# $0- ;&*%0"67 ./"67. B *896.00)&"# 466&"$1, µ*0#83 )//9( $.(0*/*2 6#" $* µ"# 

%*&"$$70*&- #%/-%-"1µ4(1 6#0"-3$# *%*8*&'#$2#, 6#;=+ #%-.$")5-.( #%- 0- ;&*%0"67 µ4$- 

*(,-6.00)&"*+ %&90*I(*+. T0$", µ"# %";#(> 466&"$1 01+ L-ASNase, ;# ,"*.67/.(* 0- 4&'- 01+ 

#()%0.81+ 0-. <*/0"$0-%-"1µ4(-. %&90-67//-. 6#;#&"$µ-3, *607+ 09( %*&#"04&9 

%/*-(*601µ)09(, 0# -%-2# 4?-.( $.5101;*2 $01( :"$#'9'> (Cornelis, 2000; Makrides, 1996; 

Mergulhao et al., 2004b). O )'&"-+ 03%-+ 01+ L-ASNase 0-. $0*/4?-.+ Erwinia chrysanthemi, 

,"#;40*" $0- )µ"(--0*/"67 )6&- 0-., µ"# #//1/-.?2# 21 #µ"(-8"6=( 6#0#/-2%9(, 0# -%-2# 
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$.(;40-.( 0- !"!#$%&' '%()*. H- %*%02,"- -,1'7+, 7%9+ 4?*" #(#A*&;*2 6#" $01( :"$#'9'>, 

#%-0*/*2 0- $"(")/- *6*2(-, 0- -%-2- $.µ<)//*" $01( #(#'(=&"$1 01+ 6);* %&90*I(1+ #%- 0-.+ 

µ1?#("$µ-3+ µ*0#A-&)+ 0-. 6.00)&-., -" -%-2-" µ*0# µ*0#A&#$0"6) > $.(  µ*0#A&#$0"6) 

#()/-'# µ* 0- $"(")/- %-. 4?-.( ,*?0*2, %&-$,4(-(0#" $01 %&90*I(1 6#" 01( µ*0#A4&-.( $0- 

%*&2%/#$µ# (Belin et al., 2004; Khokhlova and Nesmeyanova, 2004). D%- 0- %*&2/#$µ#, 

.%)&?-.( ,")A-&-" 0&7%-" µ* 0-.+ -%-2-.+ ,3(#0#" 4(# *(5.µ"6- µ7&"- (# *84/;*" %&-+ 0- 

;&*%0"67 µ4$-. !" 0&7%-" #.0-2 *8#&0=(0#" #%- 0"+ ","7010*+ 0-. $0*/4?-.+ %-. ?&1$"µ-%-"*20#" 

6);* A-&) '"# 01( *0*&7/-'- 46A&#$1, #%- 01 $3$0#$1 0-. ;&*%0"6-3 µ4$-., #%- 0"+ $.(;>6*+ 

46A&#$1+, #%- 0-( %/#$µ","#67 A-&4#, #%- 0-( µ1?#("$µ7, µ* 0-(  -%-2- µ*0#A4&*0#" 1 

%&90*I(1 $0- %*&2%/#$µ#, #%- 01( 0*0#&0-0#'> 6#" %*µ%0-0#'> ,-µ> 01+ %&90*I(1+.

T(# #67µ1 $1µ#(0"67 $0-"?*2-, 0- -%-2- #825*" %*&#"04&9 ,"*&*3(1$1+ *2(#" - 0&7%-+ µ* 0-( 

-%-2- 0*/"6) 0- 4(5.µ- -,1'*20#" *896.00#&"6) $0- ;&*%0"67 µ4$-. S#&#601&"$0"67 *2(#" 0- 

'*'-(7+, 70" 1 *896.00)&"# 466&"$1 #.8)(*0#" $1µ#(0"6) µ*0) #%- %-//4+ =&*+ 46A&#$1+, *(= 

8*6"() %-/3 (9&2+, µ7/"+ #%- 01 %&=01 =&# %&-$;>61+ 0-. IPTG. D(02$0-"?# 0# *(,-6.00)&"# 

*%2%*,# 46A&#$1+, µ%-&-3µ* (# %-3µ*, 70" µ4(-.( $?*,7( $0#;*&), > #6&"<4$0*&#, ,*( 

%#&-.$")5-.( µ*')/*+ ,"#6.µ)($*"+ $0- ?&-("67 ,")$01µ# 01+ 46A&#$1+, 7%9+ A#2(-(0#" $0# 

%#&#6)09 U"#'&)µµ#0# 5.1 6#" 5.2. N&90*I(*+, -" -%-2*+ µ*0#A4&-(0#" µ4$9 0-. µ1?#("$µ-3 

SecB $0- %*&2%/#$µ#, ,3(#0#" (# µ*0#A*&;-3( $0- ;&*%0"67 µ4$-, µ* 01 <->;*"# *(7+ 

$.µ%/76-. %&90*R("6=( %#&#'7(09( (secreton), -" -%-2-" *(0-%25-(0#" ?9&-0#8"6) $01 

*890*&"6> µ*µ<&)(1. M)/"$0#, ,"*.6-/3(*0#" 1 *8#'9'> %&90*R(=(, -" -%-2*+ -&'#(=(-(0#" $* 

0*0#&0-0#'> 6#" %*µ%0-0#'> ,-µ> 6#" #.07 %&-A#(=+ *.(-*20#" $01 %*&2%09$1 01+ L-ASNase, 

1 -%-2# $?1µ#025*" 0*0&#µ*&>.
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,17>=0µµ0 5.1 B %-&*2# #381$1+ 01+ *","6>+ ,&#$0"67010#+ 7$-( #A-&) 0- *896.00)&"- 
4(5.µ-.

,17>=0µµ0 5.2 B #(02$0-"?1 %-&*2# #381$1+ 01+ *","6>+ ,&#$0"67010#+ 0-. *(,-6.00)&"-. 
*(53µ-.. 

0

37.5

75.0

112.5

150.0

6 12 24 30 36

2.80
10.93

52.88

95.00

119.00
"
$,
$I
&

 ,
#)
(E
$I
N
E
&
E)

 (U
/m

g)

+#"( "IV#)(&( 

0

14

28

42

56

70

6 12 24 30 36

36.16
40.38

60.22
54.60

49.20

"
$,
$I
&

 ,
#)
(E
$I
N
E
&
E)

 (U
/m

g)

+#"( "IV#)(&(

109



L%9+ '2(*0#" A#(*&7 #%- 0# ,"#'&)µµ#0# %#&#%)(9, $01 %*&2%09$1 0-. *(,-6.00)&"-. 

*(53µ-., %#&#01&*20#" µ"# $?*0"6> $0#;*&7010# 7$-( #A-&) 01( 46A&#$1. D%- 0"+ %&=0*+ 6 

=&*+ 49+ 6#" 30 =&*+ #&'70*&# %-. %#&#01&*20#" 1 µ4'"$01 *896.00)&"# 466&"$1, 1 *","6> 

,&#$0"67010# 0-. *(,-6.00)&"-. *(53µ-. 6.µ#2(*0#" $* %*&"-&"$µ4(# 7&"#. D(02;*0#, $01 

%*&2%09$1 0-. *896.00)&"-. *(53µ-., 1 *","6> ,&#$0"67010# 8*6"() #%- ?#µ1/) *%2%*,# 6#" 

$0#,"#6) #.8)(*0#" 49+ 70-. A0)$*" $0- µ4'"$0- $1µ*2-, 36 =&*+ µ*0) 01( %&-$;>61 0-. 

IPTG, *µA#(25-(0#+ $"'µ-*",> *8)&01$1. N";#(70#0#, 1 $0#,"#6> $.$$=&*.$1 01+ %&90*I(1+ 

$0- %*&2%/#$µ#, #%-0*/*2 6#" 01( ,3(#µ1 *6*2(1, 1 -%-2# $.µ<)//*" $01( 466&"$1 01+ 

%&90*I(1+ $0- ;&*%0"67 µ4$-, µ* $07?- 01( #%-$.µA7&1$1 0-. %*&"%/#$µ"6-3 ?=&-.. H- 

'*'-(7+ #.07 *%"<*<#"=(*0#" 6#" #%- *&*.(10"64+ -µ),*+, $07?-+ 09(  -%-29( *2(#" 1 %*&"'&#A> 

6#" 1 µ*/401 09(  $.$01µ)09( µ*0#A-&)+ #(#$.(,.#$µ4(9( %&90*R(=(  $0- $04/*?-+ E. coli 

(Mergulha bo et al., 2005). 

:%"%/4-(, 4?*" %#&#01&1;*2, 70" $* %-/39&*+ 6#//"4&'*"*+ 1 466&"$1 µ"#+ *0*&7/-'1+ 

%&90*I(1+ #.8)(*0#". H- 2,"- $.(4<1 6#" $01( %#&-3$# µ*/401, 7%-. 1 *896.00)&"# 466&"$1 

µ*'"$0-%-">;16* 36 =&*+ µ*0) %&-$;>61 0-. IPTG. G2'-.&#, 4(# %-$-$07 6.00)&9( /3*0#", µ* 

#%-04/*$µ# 01( #%-/*.;4&9$1 0-. *(,-6.00#&"6-3 %*&"*?-µ4(-.  $0- ;&*%0"67 µ4$-. 

N#&)//1/#, *)( 1 %#&-.$2# 0-. *(53µ-. $0- ;&*%0"67 µ4$-, -A*"/70#( #%-6/*"$0"6) $01( 

/3$1 09( 6.00)&9(, 070* ;# 4%&*%* $0- 1/*60&-A-&10"67 #%-03%9µ# 0-. *896.00)&"-. 

,*2'µ#0-+, (# %#2&(#µ* µ"# #(02$0-"?1 *"67(# µ* *6*2(- 0-. *(,-6.00)&"-., 6)0" %-. ,*( 

$.µ<#2(*" ('"# %#&),*"'µ#, :"67(# 4.1 & 4.3). H- 2,"- "$?3*" 6#" 7$-( #A-&) 01 $.'64(0&9$1 

0-. %&90*R("6-3 A-&02-., 0- -%-2- $01 %*&2%09$1 0-. *896.00)&"-. ,*2'µ#0-+, *2(#" 6#0) %-/3 

µ*'#/30*&- #%- 0- #(02$0-"?- 0-. *(,-6.00)&"-.. :2(#" /-'"67 6#" *3/-'- 7µ9+, µ*0) #%- 36 

=&*+ 46A&#$1+, 6)%-"- %-$-$07 09( 6.00)&9( (# /3*0#" 6#" $2'-.&# $.µ<#2(*". A+ 

#(#/-'"$0-3µ* 0- *8>+: #+ %#&#,*?0-3µ* 70" 0- 4(5.µ- ,*( µ*0#A4&*0#" $0- ;&*%0"67 µ4$-, 

#//) #%-6/*"$0"6) /3-(0#" 0# 6300#&#. T$09 70" /3*0#" 0- 20 % 09(  6.00)&9(. B .%7;*$1 

#.0> 6#0#/>'*" $* )0-%-, 6#;=+ $* #.0> 01 %*&2%09$1, ;# 4%&*%* 0- .%7/-"%- %-$-$07 80 % 

09( 6.00)&9( %-. ,*( /3-(0#", (# %*&"4?-.( 0- 0*0&#%/)$"- %-$-$07 L-ASNase #%- 7,0" 

#("?(*3*0#" $0- ;&*%0"67 µ4$-. D.07, 7?" µ7(- ,*(  "$?3*", #//) "$?3*" 6#" 0- #(02;*0-, *)( 
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,-.µ* %&-$*60"6) 0# %*"&#µ#0"6) #%-0*/4$µ#0#, 7%-. 1 *896.00)&"# *","6> ,&#$0"67010# 

*2(#" 120 U/mg 6#" 1 *(,-6.00)&"# 50 U/mg.

T(#+ $1µ#(0"67+ %#&)'-(0#+, - -%-2-+ $?*025*0#" )µ*$# µ* 0# *%2%*,# 46A&#$1+, 4"(#" 6#" 1 

;*&µ-6&#$2#, .%- 01( -%-2# #(#%03$$*0#" 0- E.coli. F"# 0- /7'- #.07, µ*/*0>;16#( 2 

;*&µ-6&#$2*+ 46A&#$1+, -" 18 ºC 6#" 37 ºC, 40$" =$0* (# %&-$,"-&"$0*2 1 *%2,&#$1 01+ 

;*&µ-6&#$2#+ $01( 46A&#$1 01+ L-ASNase. :2(#" %-/3 $3(1;*+ 0- A#"(7µ*(-, 1 *0*&7/-'-+ 

46A&#$1 µ"#+ %&90*I(1+ $0-.+ 37 ºC (# µ1( *2(#" #%-0*/*$µ#0"6>, /7'9 0-8"6>+ *%2,&#$1+ #%- 

0-.+ 4(0-(-.+ &.;µ-3+ 46A&#$1+ 0-. .%*&*6A&#57µ*(-. '-(",2-.. G* #.04+ 0"+ %*&"%0=$*"+, - 

%-/3 µ*')/-+ #&";µ7+ µ*0#'&#A1µ)09(, 0# -%-2# %&4%*" (# µ*0#A&#$0-3(, #%-0*/*2 0*&)$0"- 

%&7</1µ# '"# 0- 6300#&-, 0- -%-2- ,*( ,3(#0#" (# #(0#%-6&";*2 $* 040-"*+ %"*$0"64+, µ1 

A.$"-/-'"64+ 6#0#$0)$*"+. M"# *%"%/4-( 46A#($1 #.0>+ 01+ 6#0)$0#$1+, *2(#" 1 #,.(#µ2# 

#(#,2%/9$1+ *(7+ (*--µ*0#A&#$µ4(-. %&90*R("6-3 µ-&2-. #%- 0# 0$#%*&7("# (%&90*R("6-2 

%#&)'-(0*+ %-. $.µ<)//-.(  $01(  #(#,2%/9$1 09( %&90*R(=(), 0# -%-2# %"45-(0#" #$A.60"6) 

.%- 040-"*+ 6#0#$0)$*"+ .%*&-/*"0-.&'2#+. H- #%-04/*$µ# 7/9( #.0=(, *2(#" 1 ,1µ"-.&'2# 

$.$$9µ#09µ)09( #%- µ1 #(#,"%/9µ4(*+ %&90*I(*+, -" -%-2*+ $01 $.(4?*"# 6#0#6&1µ(25-(0#" 

(Baneyx, 1999). H# $.$$9µ#0=µ#0# #.0) 4?*" *%"6&#0>$*" (# #%-6#/-3(0#" inclusion bodies. 

M"# ,"#A-&*0"6> 6#0)/181 09( %&90*R(=( %-. ,*(  #(#,"%/=(-(0#" $9$0) $0- ?&-("67 $1µ*2- 

%-. #%#"0*20#", *2(#" 1 )µ*$1 #%-"6-,7µ1$> 0-.+ #%- %&90*)$*+. D( #(#/-'"$0-3µ* 70" 

#%*/*.;*&=(*0#" #%- 0# &"<-$=µ#0# 1 %&90*I(1 6);* 35 ,*.0*&7/*%0# 6#" 70" #(# %)$# 

$0"'µ> $0- 6300#&- 0-. E.coli .%)&?-.( 400 mg/ml %&90*R(=(, µ%-&-3µ* (# %&-$,"-&2$-.µ* 

/2'- 0- *3&-+ 01+ %"*$0"6>+ 6#0)$0#$1+ %-. ?#&#601&25*" 0-.+ µ1?#("$µ-3+ 01+ µ*0)A&#$1+ 

6#" 01+ #(#,2%/9$1+ (Baneyx, 1999).

H- %&7</1µ# #.07 01+ 46A&#$1+ 09( *0*&7/-'9( %&90*R(=(, $.(>;9+ #(0"µ*09%25*0#" µ* 

0#.07?&-(1 .%*&-46A&#$1 09(  %&90*R("6=(  %#&#'7(09(, -" -%-2-" *2(#" *%"A-&0"$µ4(-" µ* 0- 

4&'- 01+ #(#,2%/9$1+ 09( %&90*R(=(. T(#+ %*&"$$70*&- #%/7+ 0&7%-+ =$0* (# */*';*2 µ"# 

040-"# 6#0)$0#$1, *2(#" 1 ?&>$1 µ"#+ ?#µ1/70*&1+ ;*&µ-6&#$2#+ 7$-( #A-&) 01( #()%0.81 

0-. E. coli. @#0’#.07( 0-( 0&7%-, */#00=(*0#" - &.;µ7+ 0-. µ*0#<-/"$µ-3 0-. 6.00)&-., 6#" 

*/4'?*0#" 1 &3;µ"$1 01+ 46A&#$1+ #%- 0- 6300#&- µ* 4(#( %"- #%-0*/*$µ#0-"67 0&7%-. M* 

<)$1 7/# 0# %#&#%)(9, 4'"(* %&-$%);*"# %&-$,"-&"$µ-3 6#" $3'6&"$1+ 09( *%"%4,9( 
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46A&#$1+ $0"+ ,3- ;*&µ-6&#$2*+ 18 ºC 6#" 37 ºC. H# #%-0*/4$µ#0#, 4,*"8#( 70" 0*/"6) 1 

<4/0"$01 ;*&µ-6&#$2# *2(#" *6*2(1 09( 37 ºC 6#" 7?" -" 18 ºC. U*( %#&#01&>;16* 6)%-"- 

A#"(7µ*(- 0-8"67010#+ 01+ 6.00#&"6>+ 6#//"4&'*"#+ $0-.+ 37 ºC, 40$" =$0* (# *2(#" 

#%#'-&*.0"6> ;*&µ-6&#$2# '"# 01( #()%0.81 09( 6.00)&9(. G2'-.&#, 6)%-"- %-$-$07 01+ 

*66&"(7µ*(1+ %&90*I(1+, µ*0-.$"=(*0#" $0- %*&"<)//-( 0-. ;&*%0"6-3 µ4$-., #//) #.07 *2(#" 

#%-/309+ #(#µ*(7µ*(-. D(02;*0#, $0-.+ 18 ºC -" &.;µ-2 46A&#$1+ %*&"-&2$016#(  $* 

?#µ1/70*&# *%2%*,# 7%9+ >0#(  #(#µ*(7µ*(- 6#" A.$"-/-'"67. G.µ%*&#$µ#0"6) /-"%7(, ,*( 

#(0"µ*09%2$016#( %&-</>µ#0# ,1µ"-.&'2#+ inclusion bodies $01 %*&2%09$1 *0*&7/-'1+ 

46A&#$1+ 01+ L-ASNase 0-. $0*/4?-.+ Erwinia chrysanthemi. 

T(#+ *%"%&7$;*0-+ %#&)'-(0#+, - -%-2-+ ,"#,&#µ#025*" 6#;-&2$0"67 &7/- $01( #()%0.81 6#" 0# 

*%2%*,# 46A&#$1+, *2(#" 6#" 1 ;&*%0"6> #82# 0-. µ4$-. %-. ?&1$"µ-%-"*20#". G01 %#&-3$# 

%*"&#µ#0"6> µ*/401, ,"*&*.(>;16* 1 *%2,&#$1 3 ,"#A-&*0"6=( ;&*%0"6=(  µ4$9( $0# *%2%*,# 

46A&#$1+ 01+ *0*&7/-'1+ %&90*I(1+. D%- 0# #%-0*/4$µ#0#, %&-63%0*" ;*0"6> *%2,&#$1 01+ 

#.8#(7µ*(1+ ;&*%0"67010#+, $0# *%2%*,# 46A&#$1+. D.07 $1µ#2(*", 70" 7$- %*&"$$70&- 

;&*%0"67 *2(#" 4(# µ4$- #()%0.81+, 07$- .E1/70*&# 0# *%2%*,# #()%0.81+. D825*" (# $1µ*"9;*2 

70", 0- 0*/*.0#2- $.µ%4&#$µ#, "$?3*" $01 %*&2%09$1 %-. ?&1$"µ-%-">$#µ* 37 ºC 9+ 

;*&µ-6&#$2# #()%0.81+ 09(  6.00)&9(. G0-.+ 18 ºC, 0# #%-0*/4$µ#0# *2(#" #6&"<=+ #(02;*0# 

#%- 7,0" $0-.+ 37 ºC. H- %*&"$$70*&- ;&*%0"67 µ4$- #()%0.81+, -,>'1$* 01 6#//"4&'*"# $0# 

?#µ1/70*&# *%2%*,# 46A&#$1+ 6#" 0- /"'70*&- ;&*%0"67 µ4$- $0# .E1/70*&#. G#A=+, 0- 

$.'6*6&"µ4(- '*'-(7+ #%#"0*2 %*&#"04&9 ,"*&*3(1$1 6#" µ*/401, 40$" =$0* (# %&-$,"-&"$0*2 1 

#6&"<>+ $.$?40"$1 µ*0#83 01+ ;&*%0"67010#+ *(7+ ;&*%0"6-3 µ4$-., 01+ ;*&µ-6&#$2#+ 

#()%0.81+ 6#" 09( *%"%4,9( 46A&#$1+.

T(#+ #%- 0-.+ <#$"670*&-.+ $07?-.+ 01+ %#&-3$#+ %*"&#µ#0"6>+ µ*/401+ >0#( 6#" 1 #()%0.81 

*(7+ <*/0"$0-%-"1µ4(-. %&90-67//-. 6#;#&"$µ-3 0-. *896.00)&"-. *(53µ-.. !" %&-$%);*"*+ 

%&-$4''"$1+ 0-. 6#;#&"$µ-3 µ* ?&9µ#0-'&#A2# "-(0-#(0#//#'>+, #%4<1$#( )6#&%*+, #( 6#" 

0- *(,-6.00)&"- 4(5.µ- 6#;#&25*0#" %-/3 #%-,-0"6) µ* #.0> 01 µ4;-,-. D(  6#" ,-6"µ)$016#( 

,")A-&-" 6#0"-(0-#(0#//)60*+ (#$;*(*2+ 6#" "$?.&-2), 0# #%-0*/4$µ#0# >0#(  #&6*0) 

#%-;#&&.(0"6). P#2(*0#", 70" 0- *896.00)&"- 4(5.µ- ?#&#601&25*0#" #%- 6)%-"*+ 

0&-%-%-"1µ4(*+ A.$"6-?1µ"64+ ","7010*+ $.'6&"0"6) µ* 0- *(,-6.00)&"-, -" -%-2*+ *2(#" %-/3 
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%";#(7 (# -A*2/-(0#" $0-( ,"#A-&*0"67 0&7%- #(#,2%/9$1+ $0-( %*&"%/#$µ"67 ?=&-, 7%9+ 

*%2$1+ 6#" $01 $.(*?> %#&#µ-(> 0-. $0- %*&"<)//-( 0-. ;&*%0"6-3 µ4$-.. L/# #.0) 4?-.(  9+ 

#%-04/*$µ# 01( µ*0#<-/> *(,*?-µ4(9+ 6)%-"9( A.$"6-?1µ"6=(  ?#&#601&"$0"6=(  0-. 

*(5.µ"6-3 µ-&2-.. F"# 0- /7'- #.07, -" %&-$%);*"*+ $0&)A16#( %&-+ 01 ?&9µ#0-'&#A2# 

$.''4(*"#+. M*/*0>;16#( 3 ,"#A-&*0"6-2 %&-$&-A104+ $.''4(*"#+, *6 09( -%-29( *%"/4?;16* - 

%"- #%-,-0"67+ 6#" µ* <)$1 #.07(  #(#%03?;16* 0- <*/0"$0-%-"1µ4(- %&9076-//-. L%9+ *2(#" 

A#(*&7 6#" #%- 0# #%-0*/4$µ#0#, - %*&"$$70*&- #%-,-0"67+ %&-$&-A10>+ *2(#" 0- L-

#$%#&0"67 -83. B ?&>$1 01+ L-#$%#&#'2(1+ ,1µ"-.&'-3$* 6)%-"# %&-</>µ#0# 7$-(  #A-&) 0-( 
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