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Abstract: 3#CE8F#F%*(#$,:E#,E#GC;:%8E$,8H,'E*%*':;,;*H#,FE8'#$$#$,*9,*9$#'%$+,IC%,

:E#,$CIJ#'%,%8,E:F*(,(#GE:(:%*89,I&,F#F%*(:$#$,*9,%K#,K#L8;&LFK,MI;88(N+,%*$$C#$,

:9(,GC%0,OK*$,;*L*%:%*89,':9,I#,8P#E'8L#,P*:,E#F;:'#L#9%,8H,F#F%*(:$#,$C$'#F%*I;#,

F8E%*89$,8H,%K#,*9$#'%,9#CE8F#F%*(#$,Q*%K,989.9:%CE:;,E#$*(C#$,8E,L8*#%*#$,%8,'E#:%#,

:9:;8G$,Q*%K,#9K:9'#(,I*8$%:I*;*%&0,OQ8,9#CE8F#F%*(#,H:L*;*#$+,%K#,*9$#'%,R*9*9$,

:9(,*9$#'%:%:'K&R*9*9$+,$%*LC;:%#,GC%,L8%*;*%&,:9(,@:;F*GK*:9,%CIC;#,SC*(,$#'E#%*89,

*9,'#E%:*9,*9$#'%$,IC%,C9L8(*T#(,L#LI#E$,(#L89$%E:%#,;*%%;#,8E,98,#HH#'%,QK#9,H#(,

%8,F#:,:FK*($,MAcyrthosiphon pisumN,*9,:9,:E%*T'*:;,(*#%0,389#%K#;#$$+,I*8$%:I;#,

:9:;8G$, (#P#;8F#(, P*:, %K#, $%E:%#G*', *9%E8(C'%*89, 8H, #*%K#E, IC;R&,=*I, E#$*(C#$,

:9()8E,U.:L*98,:'*($,(#L89$%E:%#,F8%#9%,:9%*H##(:9%,:9(,:FK*'*(:;,#HH#'%$,QK#9,

:(L*9*$%#E#(,8E:;;&V,QK#E#:$,8%K#E,I*8$%:I;#,:9:;8G$,:E#,*9:'%*P#0,=;%K8CGK,%K#,

FE#'*$#,L#'K:9*$L,8H,:'%*89,K:$,98%,I##9,(#;*9#:%#(+,%K#,:'%*P*%&,L:&,I#,:$$8'*:%#(,

Q*%K,(*$ECF%*89,8H,%K#,FK&$*8;8G*':;,FE8'#$$#$,%K:%,%K#$#,9#CE8F#F%*(#$,E#GC;:%#,*9,

*9$#'%$0,OK#,L8$%,:'%*P#,8H,%K#,I*8$%:I;#,*9$#'%,R*9*9,:9(,*9$#'%:%:'K&R*9*9,:9:;8G$,

$K8Q,W>X4, P:;C#$, 8H, 404Y!,9L8;#)Z;, MWOX4, [, -0Y5,(:&$N, :9(,40445X,9L8;#)Z;,

MWOX4, [, -0-, (:&$N+, E#$F#'%*P#;&V,L:%'K*9G, 8E, #\'##(*9G, %K#, F8%#9'&, 8H, $8L#,

'8LL#E'*:;;&,:P:*;:I;#,:FK*'*(#$0,OK#,I*8$%:I;#,:9:;8G$,E#FE#$#9%,*LF8E%:9%,;#:($,

*9,%K#,(#P#;8FL#9%,8H,:;%#E9:%*P#+,#9P*E89L#9%:;;&,$8C9(,:FK*(,'89%E8;,:G#9%$0

7$81'&+,-.L&8%E8F*'+, SC*(, $#'E#%*89+, F#F%*(:$#, E#$*$%:9'#+, *9$#'%*'*(#+,

A. pisum
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INTRODUCTION

=I8C%, X4,8C%, 8H, :, %8%:;, 8H, :FFE8\*L:%#;&,/+444, :FK*(, $F#'*#$, %K:%, K:P#,

I##9, *(#9%*T#(, E#FE#$#9%, $#E*8C$, F#$%$, %8, P:E*8C$, 'E8F$, :E8C9(, %K#,Q8E;(+,

':C$*9G,I8%K,(*E#'%,(:L:G#,%8,F;:9%$,P*:,%K#,FE8'#$$,8H,*9G#$%*89,:9(,*9(*E#'%,

(:L:G#,I&,%E:9$L*%%*9G,P*EC$#$,%K:%,':9,(#P:$%:%#,:GE*'C;%CE:;,'E8F$,]-^0,OK#,F#:,

:FK*(,MAcyrthosipho pisumN,*$,8H,F:E%*'C;:E,$*G9*T':9'#,:9(,':C$#$,KC9(E#($,

8H,L*;;*89$, 8H, (8;;:E$, 8H, 'E8F,(:L:G#, #P#E&,&#:E0,@:9&,F8FC;:%*89$, 8H, %K*$,

8EG:9*$L,K:P#,:;E#:(&,:'_C*E#(,E#$*$%:9'#,%8Q:E($,:,9CLI#E,8H,%E:(*%*89:;,:9(,

L8(#E9,*9$#'%*'*(#$+,L:R*9G,:,$#:E'K,H8E,:;%#E9:%*P#,$%E:%#G*#$,*LF#E:%*P#,] ^0,19,

:((*%*89+,:FK*($,:E#,98%,$#9$*%*P#,%8,%K#,%8\*9$,FE8(C'#(,I&,%K#,I:'%#E*CL,Bacillus 

thuringiensis, MBtN, ]!^0,?8Q#P#E+, %K#, G#98L#,8H,A. pisum, K:$, E#'#9%;&, I##9,

$#_C#9'#(,I&,%K#,19%#E9:%*89:;,=FK*(,B#98L*',>89$8E%*CL,FE8P*(*9G,:,E#$8CE'#,

H8E,%K#,(*$'8P#E&,8H,9#Q,%:EG#%$,H8E,'89%E8;,M=FK*(`:$#V,K%%Fa))QQQ0:FK*(I:$#0

'8LV,]/^N0,OK#,$#_C#9'#$,8H,L#LI#E$,8H,$#P#E:;,9#CE8F#F%*(#,';:$$#$,9:%*P#,%8,

%K#,F#:,:FK*(,K:P#,I##9,E#'#9%;&,E#F8E%#(+,*9';C(*9G,89#,HE8L,%K#,*9$#'%,R*9*9$,

M=2bc?B7"c3OFSSWG.3? N,]X^,:9(,%KE##,*9$#'%:%:'K&R*9*9,M:;$8,R98Q9,:$,

%:'K&R*9*9.E#;:%#(,]O7"^N,F#F%*(#$,Md"2=b=FYGVR.3? +,=2@BFMGMR.

NH +, :9(,bee233cB2==BFFGMR.3? N, ]Y^0,3#CE8F#F%*(#$, E#GC;:%#,

9CL#E8C$,FE8'#$$#$,%K:%,:E#,'E*%*':;,H8E,*9$#'%,$CEP*P:;0,bC#,%8,%K#*E,$F#'*T'*%&,

:9(,%K#*E,K*GK,:'%*P*%&,:%,#\%E#L#;&,;8Q,'89'#9%E:%*89$+,E#GC;:%8E&,9#CE8F#F%*(#$,

K:P#,I##9,$%C(*#(,:$,F8%#9%*:;,;#:($,H8E,%K#,(#P#;8FL#9%,8H,9#Q,#9P*E89L#9%:;;&,

HE*#9(;&,F#$%,'89%E8;,:G#9%$0,?8Q#P#E+,%K#,9:%CE:;,F#F%*(#$,:E#,G#9#E:;;&,98%,C$#HC;,

:$,'89%E8;,:G#9%$,*9,%K#*E,9:%*P#,$%:%#+,:$,%K#&,:E#,$C$'#F%*I;#,%8,(#GE:(:%*89,I&,

#9(8G#98C$,F#F%*(:$#$,FE#$#9%,*9,%K#,*9$#'%,(*G#$%*P#,$&$%#L+,K#L8;&LFK,MI;88(N+,

:9(,%*$$C#$,]6.f^0,O8,8P#E'8L#,%K#,;*L*%:%*89$,*9K#E#9%,*9,%K#,FK&$*'8'K#L*':;,

'K:E:'%#E*$%*'$,8H,F#F%*(#$+,%K#,(#P#;8FL#9%,8H,L*L#%*',:9:;8G$,K:$,I##9,C$#(,:$,

:,$%E:%#G&,%8,#9K:9'#,%K#*E,I*8;8G*':;,#HH#'%$0,1%,K:$,I##9,FE8F8$#(,%K:%,I;8'R*9G,

8E,8P#E$%*LC;:%*9G,%K#,E#'#F%8E$,8H,*9$#'%,9#CE8F#F%*(#$,'8C;(,;#:(,%8,E#(C'%*89,

8H,F#$%,T%9#$$,8E, #P#9, *9'E#:$#(,L8E%:;*%&, ]6+,-4^0,B#9#E:;;&, %K#$#,I*8$%:I;#,

L*L#%*'$,:E#,(#E*P#(,I&,%K#,$%EC'%CE:;,L8(*T':%*89,8H,%K#,;#:(,F#F%*(#,$#_C#9'#,

%8,8P#E'8L#,:,9CLI#E,8H,L#%:I8;*',;*L*%:%*89$+,$C'K,:$,FE8%#8;&%*',(#GE:(:%*89,

%K:%,E#$%E*'%,%K#,C$#,8H,F#F%*(#$,:$,:G#9%$,':F:I;#,8H,L8(C;:%*9G,:$F#'%$,8H,*9$#'%,

FK&$*8;8G&,]6+,--^0,g9#,L*L#%*',:FFE8:'K,%K:%,Q:$,#LF;8&#(,*9,%K*$,E#$#:E'K,

*$,%K#,*9'8EF8E:%*89,8H,C99:%CE:;,L8*#%*#$,%K:%,*LF:E%,$%#E*'.K*9(E:9'#,$C'K,:$,

h+h.(*$CI$%*%C%#(,:L*98,:'*($,:$,Q#;;,:$,U.:L*98,:'*($,:(J:'#9%, %8,F#F%*(:$#,

K&(E8;&$*$.$C$'#F%*I;#,:L*(#,;*9R:G#$,Q*%K*9,%K#,9#CE8F#F%*(#$,]X+,Y^0,

19, %K*$,L:9C$'E*F%+,Q#, E#P*#Q, E#'#9%, E#$#:E'K,C9(#E%:R#9, %8, #P:;C:%#, %K#,

8E:;,:9%*H##(:9%,:9(,:FK*'*(:;,:'%*P*%&,8H,C9L8(*T#(,9#CE8F#F%*(#$,:9()8E,'8E#,
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HE:GL#9%$,:;89G,Q*%K,L*L#%*',:9:;8G$,H#:%CE*9G,#9K:9'#(,I*8$%:I*;*%&,HE8L,%Q8,

(*$%*9'%,*9$#'%,9#CE8F#F%*(#,';:$$#$,i,%K#,*9$#'%,R*9*9$,:9(,%:'K&R*9*9iE#;:%#(,

F#F%*(#$0,19,#:'K,':$#+,%K#,C9L8(*T#(,9#CE8F#F%*(#$,:9(,'8E#,HE:GL#9%$,#;*'*%,

;*%%;#,8E,98,:'%*P*%&+,QK#E#:$,I*8$%:I;#,:9:;8G$,#\K*I*%,$*G9*T':9%+,:9(,*9,$8L#,

':$#$+,F8%#9%,:FK*'*(:;,FE8F#E%*#$0,

INSECT KININS

OK#,*9$#'%,R*9*9$,:E#,LC;%*HC9'%*89:;,9#CE8F#F%*(#$,H8C9(,*9,$#P#E:;,*9$#'%,

:9(, *9P#E%#IE:%#, GE8CF$, ]- +, -!^0,OK#,TE$%,L#LI#E$,Q#E#, *$8;:%#(, HE8L, %K#,

'8'RE8:'K+,Leucophaea maderae+,:''8E(*9G,%8,%K#*E,L&8$%*LC;:%8E&,:'%*P*%&,89,

K*9(GC%,'89%E:'%*89,]-/+,-X^0,j8;;8Q*9G,%K#*E,(*$'8P#E&+,*9$#'%,R*9*9$,Q#E#,:;$8,

$K8Q9,%8,$%*LC;:%#,SC*(,$#'E#%*89,*9,*$8;:%#(,@:;F*GK*:9,%CIC;#$,8H,%K#,'E*'R#%,

Acheta domesticus :9(,&#;;8Q,H#P#E,L8$_C*%8,Aedes aegypti,]- ^0,19$#'%,R*9*9$+,

:9()8E,:9:;8G$+,K:P#,$CI$#_C#9%;&,I##9,E#F8E%#(,%8,L8(C;:%#,(*G#$%*P#,#9k&L#,

E#;#:$#,]-Y+,-6^,:9(,*9%#E#$%*9G;&,%K#&,':9,:;$8,*9K*I*%,Q#*GK%,G:*9,*9,;:EP:#,8H,

%K#,%8I:''8,IC(Q8EL,MHeliothis virescensN,:9(,'8E9,#:EQ8EL,MHelicoverpa zeaN+,

I8%K,$*G9*T':9%,:GE*'C;%CE:;,F#$%$,]-5+,-f^0,

OK#,*9$#'%,R*9*9$,$K:E#,%K#,#P8;C%*89:E*;&,'89$#EP#(,>.%#EL*9:;,F#9%:F#F%*(#,

"K#.l-.l .OEF.B;&.3? +,QK#E#,l-,[,?*$+,=$9+,2#E,8E,O&E+,:9(,l ,[,2#E+,"E8,8E,=;:,

]-!^0,OK#,>.%#EL*9:;,F#9%:F#F%*(#,R*9*9,'8E#,*$,%K#,L*9*LCL,$#_C#9'#,E#_C*E#(,

H8E,HC;;,'8'RE8:'K,L&8%E8F*',:9(,'E*'R#%,(*CE#%*',:'%*P*%&,*9,in vitro,:$$:&$,]-X^,

:9(,H8E,:'%*P:%*89,8H,R*9*9,E#'#F%8E$,#\FE#$$#(,*9,>?g.c-,'#;;$,] 4^0,m*%K*9,

%K#,>.%#EL*9:;,F#9%:F#F%*(#,'8E#+,%K#,$*(#,'K:*9$,8H,"K#-,:9(,OEF/,K:P#,I##9,

(##L#(,'E*%*':;+,QK#E#:$,%K#,P:E*:I;#,F8$*%*89, ,%8;#E:%#$,:,Q*(#,E:9G#,8H,'K#L*':;,

'K:E:'%#E*$%*'$+,HE8L,:'*(,%8,I:$*',E#$*(C#$,:9(,HE8L,K&(E8FK*;*',%8,K&(E8FK8I*',

]-!+, 4+, -^0,OK#,$*G9*T':9%,:'%*P*%&,#;*'*%#(,I&,E#$%E*'%#(.'89H8EL:%*89,:9:;8G$,

*9'8EF8E:%*9G,U.%CE9,L*L#%*',L8%*H$,*9,I8%K,L&8%E8F*'+,(*CE#%*',:9(,#\FE#$$#(,

*9$#'%,R*9*9,E#'#F%8E,:$$:&$,FE8P*(#,#P*(#9'#,H8E,%K#,*LF8E%:9'#,8H,:,'8E#,U.%CE9,

'89H8EL:%*89,H8E,E#'#F%8E,*9%#E:'%*89,]  ^0,

bC#, %8,R*9*9,F#F%*(#,$C$'#F%*I*;*%&, %8,I8%K,#\8.:9(,#9(8F#F%*(:$#$, *9, %K#,

*9$#'%,K#L8;&LFK,:9(,GC%+,%K#$#,*9$#'%,F#F%*(#$,':998%,I#,(*E#'%;&,C$#(,:$,F#$%,

'89%E8;,:G#9%$0,@#LI#E$,8H,%K#,*9$#'%,R*9*9,H:L*;&,:E#,K&(E8;&k#(+,:9(,%K#E#H8E#,

*9:'%*P:%#(+,I&,%*$$C#.I8C9(,F#F%*(:$#$,8H,*9$#'%$,]5+, !+, /^0,OQ8,$C$'#F%*I;#,

K&(E8;&$*$,$*%#$,*9,*9$#'%,R*9*9$,K:P#,I##9,E#F8E%#(,*9,%K#,:'%*P#,'8E#,$#_C#9'#,

"K#-.O&E ."E8!.OEF/.B;&X.3? 0,OK#,FE*L:E&,$*%#,*$,I#%Q##9,"E8!,:9(,%K#,OEF/ 

E#$*(C#+,Q*%K,:,$#'89(:E&,$*%#,3.%#EL*9:;,%8,%K#,"K#-,E#$*(C#,*9,9:%CE:;,#\%#9(#(,

*9$#'%,R*9*9,$#_C#9'#$,] /+, X^0,1%,K:$,I##9,(#L89$%E:%#(,#\F#E*L#9%:;;&,%K:%,
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%K#,FE*L:E&,K&(E8;&$*$,$*%#,*$,$C$'#F%*I;#,%8,';#:P:G#,I&,:9G*8%#9$*9,'89P#E%*9G,

#9k&L#,M=>DN,HE8L,%K#,K8C$#S&,:9(,I8%K,%K#,FE*L:E&,:9(,$#'89(:E&,K&(E8;&$*$,

$*%#$,:E#,';#:P#(,I&,9#FE*;&$*9,M3D"N,]5^0,

O8, #9K:9'#, E#$*$%:9'#, %8, F#F%*(:$#, K&(E8;&$*$+, I*8$%:I;#, :9:;8G$,Q#E#,

(#P#;8F#(,P*:, *9'8EF8E:%*89,8H,#*%K#E,IC;R&,=*I,8E,U.:L*98,:'*(, E#$*(C#$, %8,

989.'E*%*':;,E#$*(C#,F8$*%*89$,:(J:'#9%,%8,%K#,FE*L:E&,:9(,$#'89(:E&,K&(E8;&$*$,

$C$'#F%*I;#,F#F%*(#,I89($0,OK#,=*I,E#$*(C#,K:$,I##9,$K8Q9,%8,I#,'8LF:%*I;#,Q*%K,

%K#,*9$#'%,R*9*9,%CE9,'89H8EL:%*89,QK*'K,*$,*LF8E%:9%,H8E,E#'#F%8E,*9%#E:'%*89,

] Y^0,=L89G, %K8$#, %K:%, K:P#,I##9, #P:;C:%#(, :E#, %K#, :9:;8G$,79/*:9", MAib.

"K#."K#.Aib.OEF.B;&.3? N+,79;/9 , MAc.=EG.;<Phe."K#."K#.;<Pro.OEF.

B;&.3? N+,:9(,%K#,K&IE*(,:9:;8G,79/*:9=, MAc.=EG.;<Phe."K#."K#.Aib.OEF.

B;&.3? N0,OK#,:9:;8G$,79/*:9".and 79/*:9=,(#L89$%E:%#,:,K*GK;&,$*G9*T':9%,

*9'E#:$#,*9,E#$*$%:9'#,%8,K&(E8;&$*$,I&,F#F%*(:$#$,=>D+,9#FE*;&$*9+,:9(,W#C'*9#,

:L*98F#F%*(:$#,M:L*98F#F%*(:$#,@N,:$,'8LF:E#(,Q*%K,:,$%:9(:E(,R*9*9,] 6^0,

OK#, :9:;8G,79/*:9=+, ':FF#(,Q*%K, :9, :'#%&;, GE8CF, 89, %K#,3.%#EL*9C$+,Q:$,

fX.H8;(, ;#$$, $C$'#F%*I;#, %8, K&(E8;&$*$, I&, :L*98F#F%*(:$#0,=9:;8G,79/*:9" 

H#:%CE#$,:,$%#E*':;;&.K*9(#E#(,h+h.(*$CI$%*%C%#(,E#$*(C#,:%, %K#,3.%#EL*9C$,:9(,

:;$8,(#L89$%E:%#$,E#$*$%:9'#,%8,K&(E8;&$*$,I&,%K#,:L*98F#F%*(:$#+,Q*%K,:,E:%#,8H,

K&(E8;&$*$,I#*9G,! .H8;(,;8Q#E+,%K:9,%K#,$%:9(:E(,*9$#'%,R*9*9,] 6^0,>K:;;#9G#(,

Q*%K,3D"+,:9:;8G$,79/*:9" and 79/*:9=.Q#E#,-6,:9(,-4.H8;(,;#$$,$C$'#F%*I;#,

%8,K&(E8;&$*$,%K:9,%K#,$%:9(:E(,R*9*9+,E#$F#'%*P#;&0,=9(+,:9:;8G$,79/*:9" and 

79/*:9=.Q#E#, /,:9(,/X.H8;(,;#$$,$C$'#F%*I;#,%8,K&(E8;&$*$,I&,=3>D,%K:9,%K#,

$%:9(:E(,R*9*9+,E#$F#'%*P#;&,] 6^0,

OK#,:9:;8G,79;/9 .*$,':FF#(,I&,:9,:'#%&;,GE8CF,%8,#9K:9'#,E#$*$%:9'#,%8,

:L*98F#F%*(:$#$+,:9(,989#,*$,K&(E8;&k#(,I&,3D",*9,%K#,F#E*8(,8H,%*L#,%K:%,*$,

E#_C*E#(,%8,(#GE:(#,-44n,8H,%K#,9:%CE:;,*9$#'%,R*9*9,Wc.1,] 5^0,bCE*9G,:,F#E*8(,8H,

%*L#,*9,QK*'K,5 n,8H,Wc.1,*$,(#GE:(#(+,89;&,/n,8H,:9:;8G,79;/9 ,*$,K&(E8;&k#(,

I&,=3>D,] 5^0,

=;;,%KE##,8H,%K#,I*8$%:I;#,:9:;8G$,K:P#,(#L89$%E:%#(,:G89*$%,E#$F89$#$,%K:%,

L:%'K,%K#,F8%#9'&,E:9G#,8H,9:%*P#,*9$#'%,R*9*9$,*9,:9,in vitro,@:;F*GK*:9,%CIC;#,

SC*(,$#'E#%*89,:$$:&,8H,%K#,'E*'R#%,Acheta domesticus+,:$,Q#;;,:$,89,:,E#'#F%8E,

#\FE#$$*9G,$&$%#L,8H,%K#,L8$_C*%8,Aedes aegypti,] 4+, /+, 6^0,gH,F:E%*'C;:E,98%#+,

79/*:9".L:%'K#$,8E,#\'##($,%K#,F8%#9'&,8H,9:%*P#,*9$#'%,R*9*9$,*9,I8%K,:9,in 

vitro,@:;F*GK*:9,%CIC;#,SC*(,$#'E#%*89,:$$:&,:9(,:,E#'#F%8E,#\FE#$$*9G,$&$%#L,

8H,%K#,L8$_C*%8,Aedes aegypti ] 6^0

OK#,%KE##,I*8$%:I;#,:9:;8G$,Q#E#,H#(,%8,:FK*($,]X^,(*$$8;P#(,*9,:9,:E%*T'*:;,

(*#%, '89%:*9*9G, $CG:E, :9(, %K#, E#$C;%*9G, #HH#'%$, '8LF:E#(,Q*%K, %K:%, 8H, %K#,

C9L8(*T#(,'8E#,*9$#'%,R*9*9,$#_C#9'#,FFSWG.3? ,:9(,%K#,9:%*P#,:FK*(,R*9*9,

M=2bc?B7"c3OFSSWG.3? N0,OK#, '8E#, R*9*9,>.%#EL*9:;, F#9%:F#F%*(#,
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$#_C#9'#, FE8P#(, *9:'%*P#, ]X^, :9(, %K#, :FK*(, R*9*9, (#L89$%E:%#(, 89;&,Q#:R,

:'%*P*%&,:%,%K#,K*GK#$%,'89'#9%E:%*89,8H,40 ,9L8;)Z;,M2L:GGK#,:9(,3:'KL:9+,

C9FCI;*$K#(,(:%:N, MO:I;#, -N0, 19, '89%E:$%+, %K#, I*8$%:I;#, :9:;8G$,79/*:9" and 

79;/9 ,(#L89$%E:%#(,:9%*H##(:9%,:9(,:FK*'*(:;,#HH#'%$0,79/*:9".Q:$,F:E%*'C;:E;&,

F8%#9%,Q*%K,:9,W>X4,8H,404Y!,9L8;)Z;,M404/Y,ZG)Z;N,:9(,:9,WOX4,8H,:I8C%,-0Y5,(:&$0,

=9:;8G,79;/9 .Q:$,;#$$,F8%#9%+,Q*%K,:9,W>X4,8H,40--f,9L8;)Z; M40-  ,ZG)Z;N,

MO:I;#,-N, ]X^0, 19, '89%E:$%+, %K#,K&IE*(, :9:;8G,79/*:9=, FE8P#(, %8,I#, *9:'%*P#+,

Q*%K,89;&,  n,L8E%:;*%&,:%,%K#,K*GK#$%,'89'#9%E:%*89,%#$%#(,M40-,9L8;)Z;N0,1%,*$,

*9%#E#$%*9G,%8,98%#,%K:%,%K#,:I$8;C%#,8E(#E,8H,:'%*P*%&,8H,%K#,%Q8,:'%*P#,I*8$%:I;#,

*9$#'%,R*9*9,:9:;8G$,*9,%K#,:FK*(,:$$:&,'8EE#;:%#$,Q*%K,%K:%,8H,%K#,F8%#9'&,8H,

*9%#E:'%*89,Q*%K,#\FE#$$#(,%*'R,:9(,L8$_C*%8,1c,E#'#F%8E$,]X^+,QK*'K,FE8P*(#$,

*9(*E#'%,#P*(#9'#,%K:%,%K#,L8(#,8H,:'%*89+,:;%K8CGK,98%,*(#9%*T#(+,L:&,I#,P*:,

*9%#E:'%*89,Q*%K,*9$#'%,R*9*9,E#'#F%8E$0,

>5:3$."?. =FK*(,L8E%:;*%&,W>X4,P:;C#$+,#\FE#$$#(,:$,oG)o;,:9(,9L8;)o;,

M[,L@N+,*9,%K#,:E%*T'*:;,(*#%,H8E,%KE##,I*8$%:I;#,*9$#'%,R*9*9,:9:;8G$,

:9(,%Q8,9:%CE:;,*9$#'%,R*9*9$,:G:*9$%,%K#,F#:,:FK*(,Acyrthosiphon 

pisum ]X^

3:L# 2#_C#9'#
LC@! in diet ]X^ 

µg/µl #A'3BC3.DE.AFG

79/*:9" [Aib]FF[Aib]WG.3? 404/Y 404Y!

79/*:9= Ac-RH;<I6$JKj]Aib^WG.3? 
19:'%*P# 19:'%*P#

M  n)40-,L@NA

c.U=. Ac-RH;<Phe]Fj];<Pro^WG.3? 40-  40--f

19$#'%,R*9*9,
HE:GL#9%

FFFSWG.3? 
19:'%*P# 19:'%*P#

M4n)40 ,L@NA

=FK*(,R*9*9 ASDKHGRPKNTFSSWG.3? 
19:'%*P# 19:'%*P#

M fn)40 ,L@NA

A,n,%8\*'*%&,Q*%K,K*GK#$%,'89'#9%E:%*89,%#$%#(,MG*P#9,I#%Q##9,IE:'R#%$N

>;#:E;&+,%K#,:FK*'*(:;,:'%*P*%&,8H,%K#,*9$#'%,R*9*9,:9:;8G$,*$,:$$8'*:%#(,Q*%K,

%K#,FE#$#9'#,8H,'8LF89#9%$,%K:%,#9K:9'#,%K#,E#$*$%:9'#,8H,%K#,>.%#EL*9:;,'8E#,

E#G*89,%8,F#F%*(:$#$+,:$,%K#,C9L8(*T#(,*9$#'%,R*9*9,'8E#,F#F%*(#,(#L89$%E:%#$,

98,:'%*P*%&0,OK#,FE#$#9'#,8H,$%EC'%CE:;,'8LF89#9%$,%K:%,FE8%#'%,I8%K,$C$'#F%*I;#,

E#G*89$,*$,98%,*9,*%$#;H,$CHT'*#9%,H8E,:'%*P*%&+,:$,:9:;8G,79/*:9=.(#L89$%E:%#$,

;*%%;#,8E,98,:FK*'*(:;,#HH#'%$,#P#9,%K8CGK,*%$,$%#E*':;;&.K*9(#E#(,=*I,E#$*(C#,*$,:;$8,

FE#$#9%,:%,%K#,$:L#,F8$*%*89,8H,%K#,:'%*P#,:9:;8G,79/*:9"+,:9(,*%$,U!"E8,E#$*(C#,

*$,$*L*;:E;&,FE#$#9%,*9,%K#,$:L#,F8$*%*89,8H,:'%*P#,:9:;8G,79;/9 0,
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mK*;#,K89#&(#Q,H8EL:%*89,*$,(#FE#$$#(,*9,%K#,:FK*($,#\F8$#(,%8,%K#,:'%*P#,

:9:;8G$+,%K#,8I$#EP:%*89$,8H,98EL:;,F*#E'*9G,I#K:P*8E,:9(,%K#,FE#$#9'#,8H,:%,;#:$%,

$8L#,K89#&(#Q,$CGG#$%,%K:%,*9G#$%*89,*$,989#%K#;#$$,%:R*9G,F;:'#0,1LF:*EL#9%,

8H,98EL:;,FK&$*8;8G*':;,F:%%#E9$,*9,%K#,:FK*($,*9G#$%*9G,%K#,:'%*P#,:9:;8G$,L:&,

;#:(,%8,:,E#(C'%*89,*9,$CI$#_C#9%,H##(*9G,:9(+,*9,%CE9+,%8,%K#,8I$#EP#(,E#(C'%*89,

*9,;#P#;$,8H,K89#&(#Q,H8EL:%*890,jCE%K#EL8E#+,%K#,C9L8(*T#(,F#F%*(#,*$,E#:(*;&,

*9G#$%#(,I&,%K#,:FK*($+,:$,*$,%K#,#$$#9%*:;;&,*9:'%*P#,:9:;8G,79/*:9=.QK*'K,:;$8,

'89%:*9$,%K#,$:L#,C99:%CE:;,h+h.(*$CI$%*%C%#(,:9(,U.:L*98,:'*($,H8C9(,*9,%K#,

:'%*P#,:9:;8G$0,OKC$+,%K#,H:'%,%K:%,%K#$#,%KE##,*9$#'%,R*9*9,:9:;8G$,(8,98%,%E*GG#E,

:P8*(:9'#,8H,(*#%,*9G#$%*89,Q8C;(,$##L,%8,$CGG#$%,%K:%,$8L#,*9G#$%*89,8H,%K#,

%KE##,:'%*P#,I*8$%:I;#,:9:;8G$,L:&,:;$8,I#,%:R*9G,F;:'#0

OQ8, :FK*(*'*(#$, %K:%, :E#, 'CEE#9%;&, C$#(, *9, %K#,L:ER#%F;:'#, H8E, $#;#'%*P#,

1"@,'89%E8;,:G:*9$%,:FK*($,*9,:GE*'C;%CE#,:E#,F&L#%E8k*9#,:9(,S89*':L*(+,:9(,

%K#$#,':9,$#EP#,:$,E#H#E#9'#$0,`8%K,'8LF8C9($,:'%,$F#'*T':;;&,:G:*9$%,:FK*($,

:$,H##(*9G,*9K*I*%8E$+,:;%K8CGK,%K#*E,#\:'%,L#'K:9*$LM$N,E#L:*9,C9*(#9%*T#(0,

j;89*':L*(, ]N.M'&:98L#%K&;N./.M%E*SC8E8L#%K&;N.!.F&E*(*9#':EI8\:L*(#^, *$,

:, 98P#;, *9$#'%*'*(#V, *%$,W>X4, :$, (#%#EL*9#(, *9, :9, #\F#E*L#9%:;, $#%CF, $*L*;:E,

%8,%K:%,C$#(,H8E,%K#,*9$#'%,R*9*9,:9:;8G$,Q:$,40-//,9L8;)o;,Q*%K,:,%&F*':;,;8$$,

8H,K89#&(#Q,H8EL:%*89, H8;;8Q#(,I&,(#:%K+, :9(, *%$,WOX4,Q:$,-0-,(:&$, %8,R*;;,

X4n,8H,:FK*($,H##(*9G,89,(*#%,'89%:*9*9G,40//,9L8;)o;,]X^0,j8E,F&L#%E8k*9#,

]MEN./+X.(*K&(E8.Y.L#%K&;./.]M!.F&E*(&;L#%K&;#9#:L*98N.-+ +/.%E*:k*9.!M HN.89#^+,

2:(#GK*,:9(,'8.Q8ER#E$,':;'C;:%#(,Q*%K,C$#,8H,:,$*L*;:E,H##(*9G,:FF:E:%C$,Q*%K,

:,(*#%,$:'K#%,:9,W>X4,8H,404-,oG)L;,] f^0,

INSECTATACHYKININS

W*R#,%K#,*9$#'%,R*9*9$+,%K#,*9$#'%:%:'K&R*9*9$,M:;$8,(#$*G9:%#(,p%:'K&R*9*9.

E#;:%#(, F#F%*(#$qV,O7"$N, (#L89$%E:%#, :9, :'%*P*%&, FE8T;#, %K:%, *9';C(#$, I8%K,

L&8$%*LC:;%8E&,:'%*P*%&,89,GC%,%*$$C#$,:$,Q#;;,:$,@:;F*GK*:9,%CIC;#,$#'E#%*890,

OK#,LC;%*HC9'%*89:;,O7",9#CE8F#F%*(#$,K:P#,I##9,H8C9(,*9,$#P#E:;,*9P#E%#IE:%#,

GE8CF$,]-/+,!4^0,OK#&,Q#E#,TE$%,*$8;:%#(,HE8L,%K#,;8'C$%+,Locusta migratoria+,

:''8E(*9G,%8,%K#*E,L&8$%*LC;:%8E&,:'%*P*%&,89,%K#,*$8;:%#(,K*9(GC%,8H,%K#,'8'RE8:'K,

Leucophaea maderae0,j8;;8Q*9G,%K#*E,(*$'8P#E&+,O7"$,Q#E#,:;$8,$K8Q9,%8,K:P#,

L&8$%*LC;:%8E&,:'%*P*%&,89,Locusta,H8E#GC%,:9(,8P*(C'%,FE#F:E:%*89$,]!4^0,O7"$,

K:P#,I##9,$K8Q9,%8,I#,FE#$#9%,*9,#9(8'E*9#,'#;;$,8H,%K#,'8'RE8:'K,]!4^+,;8'C$%,

and Drosophila,L*(GC%,]!4^+,:9(,#P*(#9'#,$CGG#$%$,%K:%,%K#,L*(GC%,$#EP#$,:$,

:,K8EL89:;,E#;#:$#,$*%#,H8E, %K#,O7"$,]!-^0,@:;F*GK*:9,%CIC;#$,:E#, ;8':%#(,*9,

FE8\*L*%&,%8,%K#,L*(GC%+,:9(,*%,*$,8H,*9%#E#$%,%8,98%#,%K:%,O7"$,K:P#,I##9,$K8Q9,
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%8,$%*LC;:%#,@:;F*GK*:9,%CIC;#,QE*%K*9G,*9,%K#,;8'C$%,L. migratoria+,:9(,$%*LC;:%#,

(*CE#%*',:'%*P*%&,*9,%CIC;#$,8H,%K#,;8'C$%$,L. migratoria and Schistocerca gregaria 

]! ^+,:$,Q#;;,:$,*9,%CIC;#$,8H,%K#,L8%K,Manduca sexta,]!!^0,

@8$%,O7"$,$K:E#,%K#,'89$#EP#(,>.%#EL*9:;,F#9%:F#F%*(#,L8%*H,"K#.l-.B;&.l .

=EG.3? +,:,'89$#9$C$,$#_C#9'#,%K:%,K:$,98%,I##9,E#F8E%#(,*9,P#E%#IE:%#$,]!4^0,OK#&,

(8+,K8Q#P#E+,$K:E#,;*L*%#(,$#_C#9'#,$*L*;:E*%&,M:FFE8\0,!4nN,%8,%K#,P#E%#IE:%#,

%:'K&R*9*9, H:L*;&+, :FF#:E*9G,L8E#, $*L*;:E, %8,T$K, :9(, :LFK*I*:9, %:'K&R*9*9$,

MCF,%8,/XnN,%K:9,%8,L:LL:;*:9,L#LI#E$,]!4+,!/^0,389#%K#;#$$+,E#'#F%8E,(:%:,

*9(*':%#,L:J8E,FK:EL:'8;8G*':;,(*HH#E#9'#$,I#%Q##9,O7"$, HE8L, *9P#E%#IE:%#$,

:9(,P#E%#IE:%#$,%K:%,:E#,L:*9;&,:%%E*IC%:I;#,%8,(*HH#E#9'#$,*9,%K#,>.%#EL*9:;,:L*98,

:'*(,M=EG,P$,@#%N,;*R#;&,E#$C;%*9G,HE8L,;*G:9(.E#'#F%8E,'8#P8;C%*89,]!4^0,OK#$#,

(*HH#E#9'#$,'8C;(,I#,#\F;8E#(,H8E,(#$*G9,8H,*9$#'%.$F#'*T',;*G:9($0,

@#LI#E$, 8H, %K#,O7", H:L*;&, :E#, K&(E8;&k#(+, :9(, %K#E#H8E#, *9:'%*P:%#(+,

I&, %*$$C#.I8C9(, F#F%*(:$#$, 8H, *9$#'%$0,OQ8, $C$'#F%*I;#, K&(E8;&$*$, $*%#$, *9,

O7"$,K:P#,I##9,E#F8E%#(,*9,%K#,>.%#EL*9:;,:'%*P#,'8E#,E#G*89,$#_C#9'#,B;&-.

"K# .O&E!.B;&/.d:;X.=EG6.3? 0,OK#,FE*L:E&,$*%#,*$,I#%Q##9,B;&/,:9(,%K#,d:;X 

E#$*(C#+,Q*%K,:,$#'89(:E&,$*%#,I#%Q##9,%K#,B;&-,:9(,"K# ,E#$*(C#$0,1%,K:$,I##9,

(#L89$%E:%#(,#\F#E*L#9%:;;&,%K:%,%K#,FE*L:E&,K&(E8;&$*$,$*%#,*$,$C$'#F%*I;#,%8,

';#:P:G#,I&, :9G*8%#9$*9, '89P#E%*9G, #9k&L#, M=3>DN, HE8L, %K#, K8C$#S&, :9(,

I8%K,%K#,FE*L:E&,:9(,$#'89(:E&,K&(E8;&$*$,$*%#$,':9,I#,';#:P#(,I&,9#FE*;&$*9,

M3D"N,]!X^0,OK#,3.%#EL*9:;,E#G*89,8H,O7"$,:E#,$C$'#F%*I;#,%8,(#GE:(:%*89,98%,

89;&,I&,:L*98F#F%*(:$#$,IC%,I&,%K#,#9k&L#,(*F#F%*(&;,F#F%*(:$#,1d,Mb"",1dNV,

%K#,;:%%#E,K:$,I##9,$K8Q9,%8,K&(E8;&k#,%K#,I89(,I#%Q##9,"E8,:9(,2#E,8H, %K#,

;8'C$%,O7",$#_C#9'#,W8L.Oc.-,M8E,L'4A59>MI9"NMB"2BjeBd7:L*(#N,:9(,

L$%A59>MI,,]!X^0,

O8, #9K:9'#, E#$*$%:9'#, %8, F#F%*(:$#, K&(E8;&$*$+, I*8$%:I;#, :9:;8G$,Q#E#,

(#P#;8F#(,via, *9'8EF8E:%*89,8H,IC;R&,=*I,E#$*(C#$,%8,989.'E*%*':;,:L*98,:'*(,

F8$*%*89$,:(J:'#9%,%8,%K#,FE*L:E&,:9(,$#'89(:E&,K&(E8;&$*$,$C$'#F%*I;#,F#F%*(#,

I89($, ]!Y^0,OK#, H8;;8Q*9G, %Q8,LC;%*.=*I,O7", :9:;8G$,Q#E#, $&9%K#$*k#(+,

L$%A59>MI9/*:9".D(NA[Aib]SGFL[Aib]d7.3? N,:9(,L$%A59>MI9/*:9 .

M(NA[Aib]2]Aib^jW[Aib]d7.3? N0,`8%K,I*8$%:I;#,=*I,O7",:9:;8G$,$K8Q#(,

'8LF;#%#, E#$*$%:9'#, %8,Drosophila,=>D,M=3>DN,:9(,#9K:9'#(, E#$*$%:9'#, %8,

3D",8P#E,:, ,K,F#E*8(+,QK#E#:$,9:%CE:;,L$%A59>MI9".(#GE:(#(,%8,%K#,#\%#9%,

8H,f5.ffn0,389#%K#;#$$+,%K#,P*E%C:;;&,'8LF;#%#,FE8%#'%*89,:HH8E(#(,%8,L$%A59

>MI9/*:9 ,M404n,K&(E8;&$*$N,Q:$,LC'K,GE#:%#E,%K:9,%K:%,%8,L$%A59>MI9/*:9" 

M/6n,K&(E8;&$*$N,(CE*9G,#\F8$CE#,%8,3D",]Y^0,OK*$,(*HH#E#9'#,*$,;*R#;&,(C#,%8,

%K#,FE#$#9'#,*9,L$%A59>MI9/*:9 ,8H,%K#,#\%E:,=*I,E#$*(C#,QK*'K,FE8%#'%$,%K#,

$#'89(:E&,3D",K&(E8;&$*$,$*%#,I#%Q##9,%K#,B;&-,:9(,"K# ,E#$*(C#$,8H,%K#,O7",

>.%#EL*9:;,K#\:F#F%*(#,'8E#,$#_C#9'#0,
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=;%K8CGK,(:%:,89,%K#,:'%*P*%&,8H,9:%CE:;,:9()8E,L8(*T#(,O7",:9:;8G$,K:P#,

98%,I##9,FE#P*8C$;&,'8;;#'%#(,89, in vitro,I*8:$$:&$,8H,%K#,F#:,:FK*(+,(:%:,89,

%K#, #P:;C:%*89$, 8H, %K#, 9:%CE:;, :9(,I*8$%:I;#,O7", :9:;8G$, C$#(, *9, %K*$, $%C(&,

K:P#, I##9, 8I%:*9#(, H8E, %K#, *$8;:%#(, '8'RE8:'K, K*9(GC%,L&8%E8F*', I*8:$$:&,

%8,(#%#EL*9#,:9(,'8LF:E#,%K#,#\%#9%,8H,E#%#9%*89,8H,I*8;8G*':;,:'%*P*%&0,`8%K,

O7",=*I, :9:;8G$, E#%:*9#(, $*G9*T':9%,L&8$%*LC;:%8E&, :'%*P*%&, *9, %K#,K*9(GC%,

I*8:$$:&+,:;%K8CGK,%K#,#\%#9%,8H,%K*$,:'%*P*%&,E#%#9%*89,Q:$,(*HH#E#9%0,OK#,K*9(GC%,

L&8$%*LC;:%8E&,:'%*P*%&,8H,:9:;8G,L$%A59>MI9/*:9 ,Q:$,LC'K,GE#:%#E,%K:9,

%K:%,8H,L$%A59>MI9/*:9"0,OK#,D>X4 of L$%A59>MI9/*:9", H8E,$%*LC;:%*89,

8H,K*9(GC%,'89%E:'%*;*%&,Q:$,-40X,9@,MY0f.-Y04N,:$,'8LF:E#(,Q*%K,:9,D>X4,of 

60 ,9@,MX0-.-40!N,H8E,%K#,F:E#9%,9:%CE:;,'8'RE8:'K,O7"+,L$%A59>MI9".]Y^0,OK#,

(*HH#E#9'#,*9,:'%*P*%&,*$,98%,$%:%*$%*':;;&,$*G9*T':9%+,$8,%K#,%Q8,:E#,#$$#9%*:;;&,

#_C*P:;#9%,*9,L&8$%*LC;:%8E&,:'%*P*%&+,:9(,I8%K,:'K*#P#,:,L:\*L:;,E#$F89$#0,

L$%A59>MI9/*:9 ,Q:$,'89$*(#E:I;&,;#$$,F8%#9%+,IC%,(*(,(#L89$%E:%#,$*G9*T':9%,

:'%*P*%&,:%,-,Z@+,:'K*#P*9G,/5,r, -n,8H,%K#,L:\*L:;,E#$F89$#,8H,%K#,F:E#9%,

9:%CE:;,O7"0,mK*;#,%K#,:((*%*89:;,=*I,E#$*(C#,*9,L$%A59>MI9/*:9",'89H#E$,

:9,:(P:9%:G#,8P#E,L$%A59>MI9/*:9 ,*9,E#$*$%:9'#,%8,%K#,#9k&L#,3D"+,*%,:;$8,

;#:($,%8,:,'89$*(#E:I;#,(E8F,*9,:'%*P*%&,*9,%K#,K*9(GC%,L&8%E8F*',:$$:&,]Y^0,

OK#,I*8$%:I*;*%&,:HH8E(#(,%K#,%Q8,=*I,:9:;8G$,Q8C;(,:;$8,:FF#:E,%8,GE#:%;&,

#9K:9'#,%K#,FK&$*8;8G*':;,#HH#'%$,8H,O7",F#F%*(#$,QK#9,H#(,%8,%K#,F#:,:FK*(,

A. pisum0,mK*;#,%K#,9:%CE:;,O7",F#F%*(#$+,*9';C(*9G,%Q8,%K:%,:E#,9:%*P#,%8,%K#,

:FK*(+,$K8Q#(,;*%%;#,8E,98,:FK*'*(:;,:'%*P*%&+,K*GK,L8E%:;*%&,:FF#:E#(,Q*%K*9,%K#,

TE$%, /,K,H8E,%K8$#,%E#:%L#9%,GE8CF$,%K:%,E#'#*P#(,%K#,%Q8,I*8$%:I;#,:9:;8G$0,OK#,

8I$#EP:%*89,8H,K*GK,L8E%:;*%&,Q*%K*9,%K#,TE$%, /,K,:H%#E,#\F8$CE#,%8,%K#,$CG:E,

Q:%#E, $8;C%*89$, '89%:*9*9G, %K#, I*8$%:I;#,O7",:9:;8G$, $%E89G;&, $CGG#$%$, %K:%,

H##(*9G,*$,%:R*9G,F;:'#+,:$,(#:%K,(C#,89;&,%8,$%:EP:%*89,Q8C;(,I#,#\F#'%#(,%8,

E#_C*E#,:,;89G#E,%*L#,HE:L#0,=H%#E,H##(*9G,H8E,!,(:&$+,:9,W>X4,P:;C#,8H,40445X,

M4044!6.404-fYN,9L8;)o;,:9(,:9,WOX4,8H,-0-,(:&$,M:%,40X,9L8;#)Z;N,Q:$,':;'C;:%#(,

for L$%A59>MI9/*:9", MO:I;#, N, ]Y^+,L:%'K*9G,8E,#\'##(*9G, %K#,F8%#9'&,8H,

'8LL#E'*:;;&, :P:*;:I;#, :FK*'*(#$0,`&, '8LF:E*$89+, %K#,W>X4, 8H, '8LL#E'*:;,

:FK*'*(#$,S89*':L*(#, :9(,F&L#%E8k*9#, *9%E8(C'#(, *9, %K#,TE$%, $#'%*89, :I8P#,

Q#E#,(#%#EL*9#(,%8,I#,40-//,9L8;#)Z;,:9(,404-,ZG)Z;+,E#$F#'%*P#;&0,j8E,%K#,8%K#E,

I*8$%:I;#,L$%A59>MI9/*:9 +,:'%*P*%&,Q:$,:;$8,8I$#EP#(,IC%,Q:$,;8Q#E,%K:9,

L$%A59>MI9/*:9"V, *%$,W>X4,Q:$, ':;'C;:%#(, :%, 40-YX, M4045-.40!!6N, 9L8;)o;,

MO:I;#, N,]X+, f^0,1%,*$,8H,*9%#E#$%,%8,98%#,%K:%,%K#,:I$8;C%#,8E(#E,8H,:'%*P*%&,8H,%K#,

%Q8,:'%*P#,I*8$%:I;#,O7",:9:;8G$,*9,%K#,:FK*(,:$$:&,'8EE#;:%#$,Q*%K,%K:%,8H,%K#,

8E(#E,8H,:'%*P*%&,*9,%K#,L&8%E8F*',K*9(GC%,I*8:$$:&,]Y^+,QK*'K,FE8P*(#$,#P*(#9'#,

%K:%,%K#,L8(#,8H,:'%*89+,:;%K8CGK,98%,*(#9%*T#(+,L:&,I#,P*:,*9%#E:'%*89,Q*%K,O7",

E#'#F%8E$0,
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>5:3$. ?. =FK*(,L8E%:;*%&,W>X4,P:;C#$+,#\FE#$$#(,:$,oG)o;,:9(,9L8;)o;,

M[,L@N+,*9,%K#,:E%*T'*:;,(*#%,H8E,%Q8,I*8$%:I;#,O7",:9:;8G$,:9(,%Q8,

9:%CE:;,*9$#'%,O7",:G:*9$%,%K#,F#:,:FK*(,Acyrthosiphon pisum ]Y^.

3:L# 2#_C#9'#
LCX4,*9,(*#%,]Y^,

oG)o; 9L8;)o;,M[,L@N

L$%A59
>MI9/*:9"

(NA[Aib]SGFL[Aib]VR.3? 404456, 40445X,

L$%A59
>MI9/*:9 

(NA[Aib]S[Aib]FL[Aib]VR.3? 40-6/, 40-YX,

W#CL:.
O7".-

APSGFLGVR.3? 
19:'%*P# 19:'%*P#

M! n)40X,L@NA

/48(*9
>MI9"

ASMGFMGMR.3? 
19:'%*P# 19:'%*P#

M-/n)40X,L@NA

A,n,%8\*'*%&,Q*%K,K*GK#$%,'89'#9%E:%*89,%#$%#(,MG*P#9,I#%Q##9,IE:'R#%$N

O)6$&.P#,$4).I$()*+$.Q35,,$,

=9%*H##(:9%,#HH#'%$,:9(,*9'E#:$#(,L8E%:;*%&,K:P#,I##9,8I$#EP#(,:$,Q#;;,H8E,

L#LI#E$,8H,%Q8,8%K#E,*9$#'%,9#CE8F#F%*(#,H:L*;*#$,%K:%,K:P#,I##9,H#(,%8,%K#,F#:,

:FK*(,*9,:E%*T'*:;,(*#%$0,=,I*8$%:I;#,:9:;8G,8H,%K#,>.%&F#,:;;:%8$%:%*9,@:9$#.=2,

M@:9$#,(#98%#$,%K:%,%K#,F#F%*(#,*$,9:%*P#,%8,%K#,;#F*(8F%#E:9,Manduca sextaN,

'89%:*9*9G,D.:L*98,:'*($,%K:%,Q:$,*9%E8(C'#(,*9,:9,:E%*T'*:;,(*#%,;#(,%8,:FK*(,

L8E%:;*%&,:%,:9,W>X4,8H,40-5,ZG)Z;+,:%,;#:$%,/,%*L#$,L8E#,F8%#9%,%K:9,%K#,F:E#9%,

C9L8(*T#(,:;;:%8$%:%*9,F#F%*(#,]!6^+,IC%, 4.H8;(,;#$$,F8%#9%,%K:9,%K#,I*8$%:I;#,

*9$#'%:%:'K&R*9*9,:9:;8G,L$%A59>MI9/*:9",]Y^0,=,(*#%,'89%:*9*9G,='&F*.@2,

8E,W@2,M:%,40X,ZG)Z;N+,C9L8(*T#(,L#LI#E$,8H,%K#,L&8$CFFE#$$*9$+,H#(,%8,:FK*($,

:;$8,;#(,%8,*9'E#:$#(,L8E%:;*%&,8P#E,:,;89G#E,-4.(:&,F#E*8(,]!5^0,OQ8,L8(*T#(,

L&8$CFFE#$$*9,:9:;8G$,FE8P#(,%8,I#,*9:'%*P#0

SUMMARY

mK*;#, 9:%CE:;, :9(, C9L8(*H*#(, 9#CE8F#F%*(#$, 8H, %K#, *9$#'%, R*9*9, :9(,

*9$#'%:%:'K&R*9*9, MO7"N, ';:$$#$, (#L89$%E:%#, ;*%%;#, 8E, 98, :'%*P*%&,QK#9, H#(,

%8, %K#, F#:, :FK*(,A. pisum+, I*8$%:I;#, :9:;8G$,Q*%K, #9K:9'#(, E#$*$%:9'#, %8,

(#GE:(:%*89,I&,F#F%*(:$#$,(#L89$%E:%#,F8%#9%,:9%*.H##(:9%,:9(,:FK*'*(:;,#HH#'%$,

%K:%,L:%'K,8E, #\'##(, %K#,F8%#9'&,8H, $8L#,'8LL#E'*:;;&, :P:*;:I;#, :FK*'*(#$,

]X+,Y^0,OK#,L#'K:9*$L,8H,%K#,:FK*(,:9%*H##(:9%,:'%*P*%&,:9(,K*GK,*9(C'%*89,8H,

L8E%:;*%&,(#L89$%E:%#(,I&,%K#$#,I*8$%:I;#,*9$#'%,9#CE8F#F%*(#,:9:;8G$,':998%,
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I#,';#:E;&,*(#9%*T#(,:%,%K*$,F8*9%+,IC%,*%,L:&,I#,:$$8'*:%#(,Q*%K,(*$ECF%*89,8H,

%K#,FK&$*8;8G*':;,FE8'#$$#$,%K:%, %K*$, *LF8E%:9%,9#CE8F#F%*(#,H:L*;&,E#GC;:%#$,

*9,*9$#'%$0,OK#,O7"$+,;*R#,%K#,*9$#'%,R*9*9$,]X+,- +,-!+,-X^+,K:P#,I##9,$K8Q9,%8,

$%*LC;:%#,I8%K,'89%E:'%*89$,8H,%K#,K*9(GC%,]!4+,!/^,:$,Q#;;,:$,in vitro,@:;F*GK*:9,

%CIC;#,QE*%K*9G,]!f^,:9(,SC*(,$#'E#%*89,*9,*9$#'%$,]! ^0,OK#,:FK*'*(:;,:'%*P*%&,8H,

%K#,I*8$%:I;#,*9$#'%,R*9*9,8E,O7",:9:;8G$,L:&,%K#E#H8E#,E#$C;%,HE8L,:,(*$ECF%*89,

8H,%K#,(*G#$%*P#,FE8'#$$,I&,*9%#EH#E*9G,Q*%K,98EL:;,GC%,L8%*;*%&,F:%%#E9$,:9()8E,

*9%#EH#E#9'#,Q*%K,98EL:;,SC*(,'&';*9G,*9,%K#,GC%0,OK#,8$L8%*',FE#$$CE#,8H,F;:9%,

FK;8#L,$:F,*$,G#9#E:;;&,K*GK#E,%K:9,%K:%,8H,*9$#'%,I8(&,SC*($,]/4^0,"#:,:FK*($,

H#:%CE#,98,@:;F*GK*:9,%CIC;#$0,389#%K#;#$$+,Q:%#E,'&';*9G,:;89G,%K#,;#9G%K,8H,

%K#,GC%,;CL#9,*$,I#;*#P#(,%8,'89%E*IC%#,%8,%K#,8$L8E#GC;:%*890,

OK#,:'%*P#,I*8$%:I;#,9#CE8F#F%*(#,:9:;8G$,(#$'E*I#(,*9,%K*$,E#P*#Q,:9()8E, 9(,

G#9#E:%*89,:9:;8G$+,#*%K#E,*9,*$8;:%*89,8E,*9,'8LI*9:%*89,Q*%K,I*8$%:I;#,:9:;8G$,

8H,8%K#E,9#CE8F#F%*(#,';:$$#$,%K:%,:;$8,E#GC;:%#,:$F#'%$,8H,(*CE#%*'+,:9%*(*CE#%*'+,

(*G#$%*P#+,E#FE8(C'%*P#,:9()8E,(#P#;8FL#9%:;,FE8'#$$#$+,E#FE#$#9%,F8%#9%*:;,;#:($,

*9, %K#,(#P#;8FL#9%,8H, $#;#'%*P#+, #9P*E89L#9%:;;&, HE*#9(;&,F#$%, :FK*(,'89%E8;,

:G#9%$,':F:I;#,8H,(*$ECF%*9G,%K8$#,'E*%*':;,FE8'#$$#$0,

/4R#'13$+S$A$#),

OK*$, E#$#:E'K, Q:$, $CFF8E%#(, I&, %K#, s2b=)bgb,bmj", 19*%*:%*P#,

Mt4X44.! 444.44-.4-7NM7<3N0,
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