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APPENDIX A
Restriction map of pGem®-T Easy vector
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Restriction map of pUC18

u n tie  t»piTcrg เท»พ ;-2ะ* !7-«r JM Hiitdiii (‘act scat fiv<el Xmil Xll.v RflrlMI Snial Kpnl S.k! Xapl «ร
ร ํ' c TAA AAC GAC CGC CAC TGC cAA GCT TGC ATG CCT GCA GGT CGA CTC TAG AGG ATC ccc GGG TAC CGA GCT CGA ATT CCT AAT CAT- CCT CAT ACC TOT TTC CTG 3*
y  c ATT TTG CTG CCS GTC ACG gTT CGA ACG TAC GGA CGT CCA GCT GAG ATC TCC TAG GGG CCC ATG GCT CGA GCT TAA Gca TTA GTA CCA GTA TCC ACA AA5 GAC y
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Restriction map of pGem®-3Zf (+) vector
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Restriction map of pTrcHis2c

pTrcHis forward priming site
RBS r Mini cist roll ๆ .พพ I

3 S 1 AAAATTAAAG AGGTATATAT TA ATG TAT CGA TTA AAT AAG GAG GAA TAA ACC
Met Tyr Al-g Leu Asn Lys Glu Glu ***

4 1 3

I Xho  I พ  I /bj/ Il f i l  I .'b//718 I Kjm  I I
ATG GAT c c GAG CT CGAGATCTGC AGCTGGTACC ATATGGGAAT 
Met

JÏ.V/B I ///jfd i 11 
TCGAAGCTfrb GGCCCl

4 6 1

IIIน, epitope tag
GAA CAA AAA CTC ATC TCA GAA GAG GAT CTG AAT AGC 
Glu Gin Lys Leu Ile Ser Glu Glu Asp Leu Asn Ser

.พ! ___
GCC GTC GAC 1 CAT 
Ale Val Asp His

ProBond1'1 binding domain
CAT CAT CAT CAT c a t ' TGA GTTTA 
His His His His His ***

5 1 0
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Restriction map of pET17b
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Restriction map of pCAMBIA1301
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Restriction map of pCAMBIA2301
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APPENDIX B

Table 1 Characterization o f transformed plants transformed with pCAMBIA2301-
GBSS-AcMRJPl-Nos

Line Kihk GUS AcMRJP
gene

AcMRJP
niRNA

AcMRJP
protein

2301G-A1 + + + ND ND
2301G-B2 + + + ND ND
2301G-C3 + - + ND ND
2301G-D4 + + + + ND
2301G-E5 + - - - ND
2301G-H6 + + + + +
2301G-I7 + + + + ND
2301G-J8 + + + + ND
2301G-N9 + + + + ND

Table 2 Characterization of transformed plants transformed with pCAMBIA2301-
B33-AcMRJPl-Nos

Line KmR GUS AcMRJP
gene

AcMRJP
niRNA

AcMRJP
protein

2301B-A1 + - - ND ND
2301B-B2 + - - ND ND
2301B-E3 + + + ND ND
2301B-F4 + + + ND ND
2301B-G5 + + + + ND
2301B-H6 + + + + +
2301B-I7 + + + + ND

2301B-L18 + - + + ND
2301B-M19 + + + + ND
2301B-N10 + + + + ND

Table 3 Characterization of transformed plants transformed with pCAMBIA2301-
35S-AcMRJPl-Nos

Line KmR GUS AcMRJP
gene

AcMRJP 
m R NA

AcMRJP
protein

2301C-A1 + - - - ND
2301C-B2 + + + + +
2301C-C3 + + - - ND
2301C-D4 + + + + ND
2301C-E5 + + + ND ND
2301C-F6 + + + + ND



238
Table 4 Characterization o f transformed plants transformed with pCAMBIA1301-
35S-AcMRJP 1 -Nos

Line HygK GUS AcMR.JP
gene

AcMRJP
mRNA

AcMRJP
protein

1301C-A1 + + + + ND
1301C-B2 + + + + ND
1301C-C3 + + + + +
1301C-D4 + + + + +
1301C-E5 + + + + +
1301C-F6 + + + + ND

ND: Not determined; Not detected; +: detected

KmR : Transformed potato plants were regenerated on medium containing kanamycin.

HygR : Transformed rice plants were regenerated on medium containing hygromycin.

GUS : A fresh leaf lamina of transformed plants was analyzed the P-glucuronidase 
activity using GUS histochemical staining.

AcMRJPl ะ The AcMRJPl gene integration in transformed plant was detected using 
PCR analysis.

AcMRJPl mRNA ะ The transcription of AcMRJPl gene in transformed plant was 
detected using RT-PCR.

AcMRJPl protein : The AcMRJPl protein in transformed plant was detected using 
immunoblot analysis.
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APPENDIX c

The composition of rice tissue culture and Agrobacterium tumefaciens medium
Table 5. The composition of 2NB medium (callus induction medium) (Li et al. 1993)
S o lu tio n C h e m ic a ls C o n c e n tra t io n  (m g/1)
N 6  M a c ro n u tr ie n ts k n o 3 2 ,8 3 0

(N H 4)2s o 4 4 6 3

C a C l2 .2 H 20 16 6

M g S 0 4 .7 H 20 1 8 5

k h 2p o 4 4 6 0

B 5  m icro n u trie n ts K I 0 .7 5

H 3B O 3 3

C oC 1 2 .6 H 20 0 .0 2 5

M n S 0 4 .7 H 20 1 0

Z n S 0 4 .7 H 20 2

N a 2M o 0 4 .7 H 20 0 .2 5

C u S 0 4 .5 H 20 0 .0 2 5

F e E D T A F e S 0 4 .7 H 20 2 7 .8

N a 2E D T A .2 H 20 3 7 .8

B 5  v ita m in s M y o - in o s ito l 1 0 0

N ic o t in ic  a c id 1

P y r id o x in e  H C 1 1

T h ia m in e  H C 1 1 0

2 ,4 -D 2

C a s e in  h y d ro ly s a te 3 0 0

L -P ro lin e 5 0 0

L -G lu ta m in e 5 0 0

S u c ro s e 3 0 ,0 0 0

A g a r 8 , 0 0 0

p H  5 .8
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Table 6. The composition o f MS medium (Murashige and Skoog, 1962)
S o lu t io n C h e m ic a ls C o n c e n t r a t io n  (m g/1 )
M a c ro n u tr ie n ts N H 4N O 3 1 ,6 5 0

K N O 3 1 ,9 0 0

C a C l2 .2 H 20 4 4 0

K H 2P 0 4 1 7 0

M g S 0 4 .7 H 20 3 7 0

M ic ro n u tr ie n ts K I 0 .8 3

H 3B O 3 6 . 2

C oC 1 2 .6 H 20 0 .0 2 5

M n S 0 4 .H 20 16 .9

Z n S 0 4 .7 H 20 8 . 6

N a 2M o 0 4 .2 H 20 0 .2 5

C u S 0 4 .5 H 20 0 .0 2 5

F e E D T A F e S 0 4 .7 H 20 2 7 .8

N a 2E D T A .2 H 20 3 7 .8

M S  v ita m in s M y o - in o s ito l 1 0 0

N ic o t in ic  a c id 0 .5

P y r id o x in e  H C 1 0 .5

T h ia m in e  H C 1 0 .1

G ly c in e 2

S u c ro s e 3 0 ,0 0 0

A g a r 8 , 0 0 0

p H  5 .8
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Table 7. The composition of AB medium (Chilton et a i, 1974)
S o lu t io n C h e m ic a ls C o n c e n t r a t io n  (m g/1 )
A B  b u ffe r k 2h p o 4 1 ,5 0 0

N a H 2P 0 4 2 0 0

A B  sa lt N H 4C 1 10 0 0

M g S 0 4.7 H 20 3 0 0

K C 1 1 5 0

C a C l2.2 H 20 1 5 0

F e S 0 4.7 H 20 2 .5

G lu c o s e 5 ,0 0 0

A g a r 15 ,0 0 0
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Table 8. The composition o f AAM medium (Toriyama and Hinata, 1985)
S o lu t io n C h e m ic a ls C o n c e n t r a t io n  (m g/1 )
A A  m a c ro n u tr ie n ts N a 2H P 0 4.2 H 20 16 9 .6

M g S 0 4.7 H 20 5 0 0

K C 1 1 5 0

C a C l2.2 H 20 1 5 0

A A  m ic ro n u tr ie n ts M n S 0 4.4 H 20 1 0

N a 2M o 0 4.2 H 20 0 .2 5

H 3B O 3 3 .0

Z n S 0 4.7 H 20 2 .0

C u S 0 4.5 H 20 0 .0 3 8 7

C oC 1 2.6 H 20 0 .0 2 5

K 1 0 .7 5

A A  iron F e S 0 4.7 H 20 2 8

M S  v ita m in In o sito l 10 0

N ic o t in ic  a c id 0 .5

P y r id o x in e  H C 1 0 .5

T h ia m in e  H C 1 0 .5

A A  a m in o  a c id G ly c in e 7 .5

A rg in in e 1 7 4

G lu ta m in e 8 7 6

C a s a m in o  a c id 5 0 0

S u c ro s e 6 8 ,5 0 0

G lu c o s e 3 5 ,0 0 0

A c e to s y r in g o n e  10 0  u M  (a d d  a fte r  a u to c la v e )
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T e c h n o lo g y  D e v e lo p m e n t  A g e n c y  (N S T D A ) , 113 P a h o ly o th in  R d ., K lo n g  1, K lo n g  L u a n g , P a th u m th an i 1 2 1 2 0 , T h a ila n d

R e c e iv e d  31 J a n u a r y  2 0 0 4 , A c c e p te d  2 4  J u ly  2 0 0 4

-M a jo r  R o y a l  J e l ly  P r o t e in  c D N A s  o f  A p is  ce ra n a  ( A c M R J P )  
w e r e  c lo n e d  a n d  c h a r a c t e r i z e d .  T h e  o p e n  r e a d in g  f r a m e s  
( O R F s )  o f  t h e  A c M R J P l  a n d  A c M R J P 2  g e n e s  w e r e  1 3 0 2  
a n d  1 3 9 2  n u c l e o t i d e s ,  e n c o d i n g  4 3 3  a n d  4 6 3  a m i n o  a c id  
r e s i d u e s ,  r e s p e c t i v e l y .  T h e  s e q u e n c e  d i v e r g e n c e s  b e t w e e n  
A c M R J P l  a n d  A c M R J P 2  a n d  t h e i r  c o r r e s p o n d i n g  p r o t e in  
f a m i l i e s  in  A . in e llife r a  w e r e  0 .0 6 1 8  a n d  0 .0 9 3 4  a t  t h e  
n u c l e o t i d e  l e v e l  a n d  0 .0 9 1 2  a n d  0 .1 4 3 8  a t  t h e  p r o t e in  l e v e l ,  
r e s p e c t i v e l y .  P h y l o g e n e t i c  a n a l y s i s  s u p p o r t s  t h e  o r t h o l o g o u s  
s i m i l a r i t y  b e t w e e n  t h e s e  p r o t e i n s .  T h e  d e d u c e d  a n i i n o  a c id s  
i n d i c a t e d  h ig h  e s s e n t i a l  a m i n o  a c id  c o n t e n t s  o f  A c M R J P l  
a n d  A c M R J P 2  ( 4 7 .5  a n d  4 4 . 8 % ,  r e s p e c t i v e l y ) .  T h e  g e n o m i c  
o r g a n i z a t i o n  o f  b o t h  A c M R J P l  a n d  A c M R J P 2  w a s  
d e t e r m i n e d .  B o t h  t h e  A c M R J P l  ( 3 6 6 3  b p )  a n d  A c M R J P 2  
( 3 9 6 3  b p )  g e n e s  c o n t a i n e d  s ix  e x o n s  a n d  f iv e  i n t r o n s ,  w h e r e  
a l l  b o u n d a r i e s  c o n f o r m e d  t o  t h e  G T /A G  r u l e .  A c M R J P l  
a n d  A c M R J P 2  c D N A s  w e r e  c l o n e d  i n t o  p E T 1 7 b ,  a n d  b o t h  
t h e  r e c o m b i n a n t  ( r )  A c M R J P l  ( 4 7 .9  k D a )  a n d  r A c M R J P 2  
( 5 1 .7  k D a )  w e r e  e x p r e s s e d  in  t h e  i n s o l u b l e  f o r m .  W e s t e r n  
b l o t  a n a l y s i s  a n d  ^ - t e r m i n a l  s e q u e n c i n g  o f  t h e  s o l u b i l i z e d  
p r o t e i n s  r e v e a le d  s u c c e s s f u l  e x p r e s s i o n  o f  r A c M R J P l  a n d  
r A c M R J P 2  in  v itro .  T h e  y i e l d s  o f  t h e  p u r i f i e d  r A c M R J P l  
a n d  r A c M R J P 2  w e r e  a p p r o x i m a t e l y  2 0  a n d  8  m g  p r o t e in  
p e r  l i t e r  o f  t h e  f l a s k  c u l t u r e ,  r e s p e c t iv e ly .

K e y w o r d s :  A p is  ce ra n a , C lo n in g , E x p r e s s io n , G e n e  o r g a n iza tio n , 
H o n e y b e e ,  M a j o r  r o y a l  j e l l y  p r o t e in s

*T o w h o m  co rr esp o n d e n c e  sh o u ld  b e  add ressed . 
T el: 6 6 -2 2 1 8 5 4 1 6 ;  Fax: 6 6 -2 2 1 8 5 4 3 6  
E -m a il: ss ir ip o r@ n etserv .ch u la .a c .th

Introduction
R o y a l  j e l l y  (R J )  i s  s e c r e t e d  f r o m  t h e  h y p o p h a r y n g e a l  a n d  
m a n d ib u la r  g la n d s  o f  5 - 1 5  d a y s  o l d  n u r s e  b e e s  a n d  p la y s  an  
im p o r ta n t  r o le  in  la r v a l  d e v e l o p m e n t  ( L e n s k y  a n d  R a k o v e r ,  
1 9 8 3 ;  K n e c h t  a n d  K a a t z ,  1 9 9 0 ;  K u b o  e t  a l . ,  1 9 9 6 ) .  N e w l y  
e m e r g e d  b e e  la r v a e  a r e  f e d  R J  f o r  3  d a y s .  O n l y  la r v a e  th a t are  
d e v e lo p e d  in to  q u e e n  b e e s  a r e  c o n t i n u a l l y  f e d  t h r o u g h o u t  th e ir  
l iv e s  ( S c h m i t z o v a  e t  a l . ,  1 9 9 8 ) .

T h e  R J o f  A . m e l l if e r a  i s  c o m p r i s e d  o f  1 2 .7  ± 0 . 8 %  
p r o t e in s ,  1 1 .9  ± 0 . 7 %  c a r b o h y d r a t e s ,  6 .1  ± 0 . 4 %  l ip id s  a n d  
6 8 .3  ± 1 . 4 %  m o is t u r e  c o n t e n t s  ( T a k e n a k a  a n d  T a k e n a k a ,  
1 9 9 6 ) .  M a jo r  r o y a l  j e l l y  p r o t e in s  ( M R J P s )  r e p r e s e n t  8 2 - 9 0 %  
o f  th e  to ta l  p r o t e in s  in  th e  R J  o f  A . m e llife r a .  F iv e  f a m i l i e s  o f  
M R J P s  o f  A . m e llife r a  ( A m M R J P l - 5 ) ,  w i t h  th e  m o le c u la r  
w e i g h t s  f r o m  4 9  t o  8 7  k D a  w e r e  id e n t i f ie d  b a s e d  o n  th e  N - 
t e r m in a l  s e q u e n c e s  o f  th e  p u r i f i e d  p r o t e in s  a n d  c D N A  
s e q u e n c e s  ( K la u d i n y  e t  a l ,  1 9 9 4 ;  S c h m i t z o v a  e t  a l . ,  1 9 9 8 ;  
A lb e r t  e t  a l ,  1 9 9 9 b ;  S im u t h  e t  a l ,  2 0 0 1 ) .

R e c e n t ly ,  O k a m o t o  e t  a l  ( 2 0 0 3 )  r e p o r te d  th a t A m M R J P 3  
h a s  p o t e n t  a n t ia l le r g ic  a c t iv i t y  b y  th e  in h ib i t io n  o f  in te r le u k in -  
4  ( I L - 4 ) ,  I L -2  a n d  I F N - y  p r o d u c t io n .  I n tr a p e r ito n e a l  
a d m in is t r a t io n  o f  A m M R J P 3  i n h ib i t e d  t h e  a n t iO V A  I g E  a n d  
I g G l  l e v e l s  in  th e  s e r u m  o f  i m m u n i z e d  m i c e ,  i n d ic a t in g  th e  
c l i n i c a l  s i g n i f i c a n c e  o f  t h e  p o t e n t  i m m u n o r e g u la t o r y  efT . t s  o f  
A m M R J P 3 .

T h e  fu ll  l e n g t h s  o f  A m M R J P 3  ( R J P 5 7 - 1 )  a n d  A m M R J P 4  
( R J P 5 7 - 2 )  c D N A  w e r e  i s o l a t e d  a n d  c h a r a c t e r iz e d  f r o m  a 
c D N A  lib r a r y  e s t a b l i s h e d  f r o m  h e a d s  o f  A . m e llife r a  c a r n ic a  
n u r s e  b e e s  ( K la u d i n y  e t  a l ,  1 9 9 4 ) .  S u b s e q u e n t ly ,  c o m p l e t e  
s e q u e n c e s  o f  a b u n d a n t ly  e x p r e s s e d  tr a n s c r ip t s  e n c o d i n g  
A m M R J P l  ( J u d o v a  e t  a i ,  1 9 9 8 ;  S c h m i t z o v a  e t  a l . ,  1 9 9 8 )  a n d  
A m M R J P 2  ( B i l i k o v a  e t  a l ,  1 9 9 9 )  w e r e  c h a r a c t e r iz e d  a n d  
e x p r e s s e d  in vitro.

In  T h a i la n d ,  a n  a l t e r n a t iv e  h o n e y  b e e ,  A . c e ra n a ,  is  
i n d ig e n o u s l y  f o u n d  a n d  w i d e l y  u s e d  fo r  c o m m e r c ia l  
b e e k e e p in g ,  p r im a r i ly  o w i n g  t o  i t s  r e s i s t a n c e  to  th e  b e e  m ite
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( l'a r m a  ja c o b s o n i) .  T h e  c o m p o s i t i o n  o f  A . c e ra n a  R J  is  
1 6 .4  ± 2 . 5 %  p r o t e in s ,  9 .4  ±  0 .6 %  c a r b o h y d r a t e s ,  7 .4  ± 0 . 6 %  
l ip id s  a n d  6 5 .3  ±  2 .5 %  m o is t u r e  c o n t e n t ,  r e s p e c t iv e ly  
(T a k e n a k a  a n d  T a k e n a k a ,  1 9 9 6 ) .  R e a r in g  e x p e r im e n t s  h a v e  
i l lu s tr a te d  th a t  A. m e llife r a  q u e e n s  w e r e  n o t  s u c c e s s f u l l y  
r e a r e d  w i t h  A. c e ra n a  R J , a n d  v ic e  v e r s a  ( P o t h ic h o t  a n d  
W o n g s ir i ,  1 9 9 3 ) .  T h i s  i m p l ie d  p o s s i b l e  d i f f e r e n c e s  o f  th e  
p o t e n t ia l  c o m p o s i t i o n s  o f  th e  R J f r o m  A. m e llife r a  a n d  A. 
c e ra n a .

T a k e n a k a  a n d  T a k e n a k a  ( 1 9 9 6 )  a n a ly z e d  th e  w a te r  s o l u b l e  
p r o t e in s  in  th e  RJ o f  A . m e llife ra  a n d  A. ce ra n a  b y  
e le c t r o p h o r e s i s  a n d  fo u r t e e n  o f  t w e n t y  u n e  p r o te in  b a n d s  w e r e  
s h a r e d  b e t w e e n  th e  R J p r o t e in s  o f  t h e s e  b e e s .  A  h ig h ly  
a g g r e g a t e d  p r o t e in  w a s  f o u n d  in  A. ce ra n a ,  b u t n o t  in  A. 
m e llife r a .  T w o  m a jo r  p r o t e in  b a n d s  ( b a n d s  1 0  a n d  1 1 ; 4 2 .7 -  
6 6 .2  k D a )  w e r e  o n l y  f o u n d  in  A. m e llife r a  R J.

R e c e n t ly ,  S r is u p a r b h  e t  a l.  ( 2 0 0 3 )  c o n s t r u c t e d  a n  e x p r e s s e d  
s e q u e n c e  ta g  ( E S T )  lib r a r y  f r o m  h y p o p h a r y n g e a l  g la n d s  o f  A. 
c e ra n a .  F o r t y - t w o  o f  s i x t y - s i x  s e q u e n c e d  E S T s  w e r e  
h o m o l o g u e s  o f  A m M R J P s  ( f a m i l i e s  1, 2 ,  3  a n d  4 ) .  T h e  O R F  
o f  A c M R J P l  d e d u c e d  f r o m  3 s e p a r a te  c lo n e s ;  p C U A C 1 4 7 ,  
p C U A C 1 7 1  a n d  p C U A C 3 2 2 ,  w a s  1 3 0 2  n u c l e o t id e s  e n c o d i n g  
4 3 3  a m in o  a c id s .  In  a d d i t io n ,  A c M R J P l ,  2  a n d  3 w e r e  
c h r o m a t o g r a p h ic a l ly  p u r i f ie d  u s in g  Q - S e p h a r o s e  a n d  
S e p h a d e x  G 2 0 0 ,  a n d  fu r th e r  c h a r a c t e r iz e d  b y  /V -ter m in a l a n d  
in te r n a l p e p t id e  s e q u e n c i n g .

T h e  o b j e c t iv e s  o f  t h is  s t u d y  w e r e  to  i s o la t e  a n d  e x p r e s s  
A c M R J P l  a n d  A c M R J P 2  c D N A s  in v itro  a n d  to  e x a m in e  th e  
o r g a n iz a t io n  o f  t h e s e  g e n e s  in  g e n o m i c  D N A  o f  A. ce ra n a .  
T h e  m o le c u la r  a n d  p h y s i o l o g i c a l  p r o p e r t ie s  ( e .g .  a n t io x id a t iv e ,  
a n t i in f la m m a r y  a n d  a n t ih y p c r c h o lc s t c r o le m ic  a c t iv i t i e s )  o f  
r e c o m b in a n t  (r )  A c M R J P l  a n d  r A c M R J P 2  c a n  b e  fu r th e r  
c h a r a c t e r iz e d .  In  a d d i t io n ,  th e  g e n o m i c  s tr u c tu r e  o f  g e n e s  
e n c o d i n g  A c M R J P l  a n d  A c M R J P 2  p r o v id e s  b a s ic  k n o w le d g e  
o n  th e  r e g u la to r y  r e g i o n s  o f  th e  A c M R J P  g e n e s  in  A. ce ra n a .

Materials and Methods
B io lo g ic a l  s p e c im e n s  N u r s e  b e e s  o f  A  ceran a  ( <  10 d a y s)  from  a 
s in g le  c o lo n y  (B a n g k o k , cen tra l T h a ila n d ) w e r e  c o lle c te d  w h ile  
fe e d in g  th e ir  b r o o d . T h e  h e a d  o f  e a c h  b e e  w a s  d is s e c te d  ou t, 
im m e d ia te ly  p la c e d  in liq u id  n itr o g en  an d  sto r e d  at -80°c until 
n e e d e d .

T o ta l R N A  a n d  g e n o m ic  D N A  e x tr a c t io n  T otal R N A  w a s  
ex tra c ted  from  the h e a d s o f  A. ceran a  u s in g  T R Iz o l (In v itrogen , S an  
D ie g o ,  U S A ) , and further treated w ith  D N a se  I (P ro m e g a , M a d iso n , 
U S A ; 2  u n its /p g  o f  total R N A ) at 3 7 ’C  for 2 0  m in . G e n o m ic  D N A  
w a s  ex tracted  from  the th orax  o f  ea ch  b e e  u s in g  a  p h en o l-  
c h lo r o fo r m -S D S  m eth o d  d e scr ib ed  b y  S m ith  an d  H a g en  (1 9 9 7 ).

I s o la t io n  o f  A c M R J P l  a n d  A c M R J P 2  c D N A s  T w o  m icro g ra m s  
o f  to ta l R N A  w e r e  reverse  tran scr ib ed  u s in g  an  O m n isc r ip t R T  K it 
(Q ia g e n , C h a tsw o rth , U S A ) . F iv e  m icr o lite rs  o f  th e  first strand  
c D N A  w e r e  su b je c te d  to  P C R  in a  2 5  p i rea c tio n  v o lu m e ,

c o n ta in in g  2 0  m M  T r is -H C l, p H  8 .ร , 10  m M  K C I, 10 m M  
( N H ,) 2S 0 4, 2  m M  M g S 0 4, 2 0 0  m M  o f  e a c h  d N T P  an d  0 .6  p M  o f  
F M J: 5 '-T A G G A A T T C T A A  A T G A C A  A G G T G G T T G T T C  A T G ไ' 
w ith  the in tro d u ced  in it ia t io n  c o d o n  A T G  a n d  £ c o R I  s ite  an d  R M J: 
5 '-G G G G T A C C C lT T .A - 3 '  w ith  an  in tr o d u c e d  K pn \  s ite  (K la u d in y  
e t a l., 1994; S c h m itz o v a  e t a l., 1 9 9 8 ; A lb e r t  e t a l., 1 9 9 9 b ) an d  1 บ  
o f  P  f i t  D N A  p o l y m e r a s e  (P r o m e g a , U S A ) .  T ire a m p lif ic a tio n  
rea c tio n  w a s  c o m p o s e d  o f  d é n a tu ra tio n  at 92°c for  3  m in , fo l lo w e d  
b y  5 c y c le s  o f  d é n a tu ra tio n  at 92°c fo r  1 m in , a n n e a lin g  at 50"C for  
1.5 m in  and e x te n s io n  at 68"C  for 4  m in , w ith  a n  a d d itio n a l 35  
c y c le s  at 94°c for  1 m in . 60"C  for 1.5 m in  an d  7 2 °  c  for 4  m in . A  
fina l e x te n s io n  w a s  c a rr ie d  o u t  at 72" C  fo r  10 m in .

T h e  a m p lif ic a t io n  p r o d u c ts  (1 ,4 2 1  b p  a n d  1 ,5 6 5  bp in  s iz e )  w e r e  
treated  w ith  p r o te in a se  K  ( 5 0  p g /m l  in  d ie  p r e se n c e  o f  0 .5 %  S D S )  
at 6 5 “C  for 1 h , an d  p u r if ie d  u s in g  a  N u c le o s p in  P C R  P u r ific a tio n  
K it (M A C H E R E Y -N A G E L , G e r m a n y ) , p r ior  to  d ig e s t io n  w ith  
£ c o R I  an d  K pn \. D N A  fr a g m e n ts  w e r e  th en  p u r if ied  u s in g  a 
Q IA q u ic k  G el E x tr a c t io n  K it  (Q ia g e n ) , l ig a te d  w ith  E coK V K pn l 
d ig e s te d  p U C 1 8  an d  e le c tr o tr a n sfo r m e d  in to  E. co li  X L  1- B lu e . T h e  
r ec o m b in a n t c lo n e s  w e r e  s e le c te d  b y  a  la c  z  s y s te m  (M a n ia tis  et 
a l., 1 9 8 2 ). T h e  s i z e s  o f  th e  in se r ts  w e r e  v e r if ie d  b y  c o lo n y  P C R  
u s in g  p U C  1: 5 '-C C G G C T C G T A T G T T G T G T G G A -3 ' an d  p U C 2 :  
5 '-G T G C T G C A A G G C G A T T A A G T T G G -3 ', a s  prim ers. T h e  restriction  
c le a v a g e  s ite s  o f  th e  in se r ts  w e r e  e x a m in e d  b y  s in g le  an d  d o u b le  
d ig e s t io n  w ith  S sp \. S u m H I , £ c o R I ,  C la \  a n d  P vitl.

I s o la t io n  a n d  c h a r a c t e r iz a t io n  o f  A c M R J P l  a n d  A c M R J P 2
g e n e s  T h e  A c M R J P l a n d  A c M R J P 2  g e n e s  w e r e  o b ta in ed  from  
a m p lif ic a tio n  o f  th ree  o v e r la p p in g  r e g io n s  (F ig . 1 an d  T ab le  1). 
In itia lly , g e n o m ic  D N A  w a s  a m p lif ie d  u s in g  F M R J P  an d  R M R J P  
p rim ers u n d er th e  id e n t ic a l  c o n d it io n s  d e sc r ib e d  fo r  th e  R T -P C R . 
S e m i-n e s te d  P C R  l e M I F  +  R M R J P  an d  n M 2 F  +  R M R J P ) w a s  
carried  ou t u s in g  th e  g e l- e lu te d  P C R  p ro d u c t fro m  th e  pr im ary  
am p lifica tio n . T h e  r esu lt in g  p rod u ct w a s  l ig a te d  to  d ep h o sp h o ry la ted /  
S m a l-d ig e s te d  p G E M -3 Z f (+ ) ,  e le c tr o tr a n sfo r m e d  to  F  co li X L 1 -  
B lu e  an d  se q u e n c e d .

T h e  s e c o n d  o v e r la p p in g  r e g io n  o f  M R J P 1  a n d  M R J P 2  w e r e  
a m p lif ie d  u s in g  3 M L 2 F  (p o s it io n s  6 6 0 lh- 6 8 7 lh n u c le o t id e )  +  3 M 1R  
( I ,3 6 4 u’- l , 3 8 7 ü> nt) a n d  3 M I / 2 F  ( 6 5 4 “’- 6 7 8 ,h n t) +  3 M 2 R  (1 ,4 2 5  - 
1 ,4 4 9 “ n t), r e sp e c t iv e ly . T h e  g e l- e lu te d  P C R  p r o d u c t w a s  then  
su b je c te d  to s e m i-n e s te d  P C R  u s in g  3 r tM lF  (6 8 5 “’-7 1 0 'h n t) +  
3 M 1 R  and 3 n M 2 F  ( 6 8 2 “’-7 0 6 lh n t) +  3 M 2 R , resp ectively . T h e  
am p lifica tio n  p r o d u c ts  w e r e  p r o c e s s e d  a s  a b o v e .

T h e  up stream  5' r e g io n  o f  A c M R J P l  a n d  A c M R J P 2  w e r e  
a m p lif ie d  from  g e n o m ic  D N A  o f  A. ceren a  u s in g  5 M 1 F  (6 0 4  b p  
u p stream  r eg io n , a c c e s s io n  n u m b e r  A F 3 8 8 2 0 3 )  +  5 M 1 R  ( 3 7 4 “'- 
3 9 5 “' nt o f  A c M R J P l ) an d  5 M 2 F  ( 8 5 9  b p  u p stream  reg io n , a c c e ss io n  
n u m b er  A Y 0 7 S 3 9 9 )  -r 5 M 2 R  (352" “- 3 7 8 “' nt o f  A c M R J P 2 ) . S e m i-  
n e ste d  P C R  w a s  ca rr ie d  o u t  fo r  A c M J R P 2  u s in g  th e  o r ig in a l  
forw ard  p rim er an d  5 n M 2 R - l  ( 1 3 3 rJ- 1 6 0 “1 nt). T h e  resu ltin g  
p r o d u c ts  w e r e  c lo n e d  a n d  se q u e n c e d .

D N A  s e q u e n c in g  a n d  d a t a  a n a ly s i s  P la s m id  D N A  w a s  ex tracted  
from  ea ch  r ec o m b in a n t c lo n e  a n d  d o u b le -s tr a n d  s e q u e n c e d  u s in g  an  
a u to m a te d  se q u e n c e r  fL i-C o r , L in c o ln , U S A ) .  T h e  D N A  se q u e n c e s  
w e r e  further e d ited  w ith  G E N E T Y X  (S o f tw a r e  D e v e lo p m e n t  In c., 
A u stin , U S A )  an d  b la s te d  a g a in s t  d a ta  in  th e  G e n B a n k  u s in g  B la s tN  
an d  B lastA ' (h t tp : / /w w w .n c b i .n lm .n ih .g o v ). T h e  p u ta tiv e  c le a v a g e

http://www.ncbi.nlm.nih.gov
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F.M RJP p G E .Y I - .\ lK J P l - l  R M R jrf ......-  ...rt.MIK r
3/I.M IF

3M1/2F p G E M - M R J P l - 2  3 M IR

r 3MI/2F
T3/I.M2F

PGF.M-MRJP2-2

F ig . 1. S c h e m a tic  d ia g r a m s o f  A. ceran a  M R JP 1  (A )  an d  M R J P 2  (B )  e D N A s  an d  th e ir  g e n e s . C o m p le te  c D N A s  w e r e  o b ta in e d  b y  RT- 
P C R , w h e r e a s  g e n o m ic  D N A  fra g m en ts  o f  A c M R J P l an d  A c M R J P 2  w e r e  o b ta in ed  fro m  th e  o v e r la p p in g  P C R  a m p lif ic a t io n  p ro d u cts .  
N o n -c o d in g  r e g io n s  are r ep resen ted  b y  s o lid  b ars. In tron s (w ith  n u m b e rs)  are g r a y -sh a d e d . T h e  p r im er s  u s e d  fo r  a m p lif ic a t io n  o f  
g e n o m ic  A c M R J P l an d  A c M R J P 2  an d  th e ir  c o r r e sp o n d in g  c lo n e s  are illustrated .

s i te  o f  th e  s ig n a l p e p t id e , th e  T A TA  b o x  an d  th e  u ltrasp iracle  
tran scr ip tion a l factor  (U S P -T F )  b in d in g  s ite s  w e r e  p red icted  b y  
S ig n a lP  (h t tp : //w w w .c b s .d tu .d k /se r v ic e s /S ig n a lP /), N e u r a l n e tw o rk  
P ro m o te r  P re d ic tio n , N N P P 2 .1  (h ttp : //w w w .fr u it f ly .o r g /se q -to o ls /  
p r o m o ter .h tm l) an d  G e n o m a t ix s u ite  ( h t tp : //w w w .g e n o m e t ix .d e ), 
resp e c tiv e ly .

M u lt ip le  s e q u e n c e  a lig n m e n ts  o f  th e  n u c le o t id e  an d  tran sla ted  
a m in o  a c id s  w e r e  p e r fo rm e d  u s in g  C lu sta l พ  (T h o m p so n  el a l., 
1 9 9 4 ) . T h e  a lig n e d  se q u e n c e s  w e r e  b o o tstra p p ed  1 0 0 0  t im e s  u s in g  
S e q b o o t . T h e  s e q u e n c e  d iv e r g e n c e  b e tw e e n  d iffe re n t fa m ilie s  o f  
M R J P s w a s  c a lc u la te d  b a se d  o n  th e  tw o  p aram eter  m eth o d  
(K im u ra , 1 9 8 0 )  u s in g  D n a d ist . B o o str a p p e d  n e ig h b o r -jo in in g  trees  
w e r e  c o n str u c te d  u s in g  S e q b o o t , N e ig h b o r  an d  C o n se n s e . A ll  
p h y lo g e n e t ic  rec o n stru ctio n  p ro g ra m s w e r e  r o u tin e  in  P H Y L IP  
(F e ls e n s te in , 1 9 9 3 ). T h e  trees w e r e  a p p ro p r ia te ly  illu stra ted  u s in g  
T R E E V IE W  (h ttp ://ta x o n o m y .z o o lo g y .g la .a c .u k /r o d .h tm l).

C o n s t r u c t io n  o f  A c M R J P l  a n d  A c M R J P 2  e x p r e s s io n  v e c to r s
F ra g m e n ts c o d in g  m a tu re  A c M R J P l an d  A c M R J P 2  w e r e  a m p lif ie d  
u s in g  p rim ers; E x p  IF  (5 '-C A T G C C A T G G C T A G C C A T C A T C A T C  
A T  CAkTCXTAGCA TTC TTC G A G G A  G A A T C -V )  an d  E x p l R  ( 5 - C G  
G G G JA Ç C TTA C A G A  TGTATTGAAA TTT T G A A A G G -y), an d  E x p 2 F  
i 5 '-G A A G A T C T G G C T A G C C A T C A T  C A T C A T C A T C A T  GC.C.AT 
T A TT C G A C A A A A TT C -y)  an d  E x p 2 R  (5 '-C G G G G T A C C 7 T /i/f7 T G  
TTAGTATTCTGATTGTTATT-3'), respectively . A  M ie l site (u n d ed in ed )  
an d  s ix  H is  e n c o d e d  n u c le o t id e s  (b o ld fa c e )  and  a  K pn \ s ite  
(u n d e r lin e d ) w e r e  in tr o d u ce d  to  th e  fo rw a rd  an d  rev e rse  p r im ers, 
resp e ctiv e ly .

P C R  w a s  ca rr ied  o u t  a s  d e sc r ib e d  p r e v io u s ly . T h e  a m p lif ic a t io n  
p rod u ct w a s  d ig e s te d  w ith  N h eI a n d  K p n l,  lig a te d  to  c o m p a tib le  
s ite s  o f  p E T I7 b  (N o v a g e n , M a d iso n , U S A )  an d  tran sform ed  in to  E. 
co il X L  1-B lu e . P la s m id  D N A  w a s  e x tr a c te d  from  rec o m b in a n t  
c lo n e s  (p C U A c M R J P I  an d  p C U A c M R J P 2 )  an d  su b se q u e n tly

http://www.cbs.dtu.dk/services/SignalP/
http://www.fruitfly.org/seq-tools/
http://www.genometix.de
http://taxonomy.zoology.gla.ac.uk/rod.html
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T a b le  1 . P r im ers and  p r im er  s e q u e n c e s  u s e d  fo r  a m p lif ic a tio n  o f  tile  A e M R J P l an d  A c M R J P 2  g e n e s  

P rim er  S e q u e n c e  ^5'-3')

5 M 1 F
5 M 1 R
F M R J P
RMRJP
«M1F
3M1/2F
3M1R
3 n M lF
5M2F
5M2R
5 f lM 2 R -l
«M2F
3M2R
3/iM2F

AC A TP  A C T A T T C T C  A T T P P  ATP A n  AS S S S T
T G C C T Y G G Y A T A G Y T T G T C A A  
T C A Y G G G A C T R A G W G C M A T T C  
A A A C T G C A G C T A G C A A T T C T T C G A G G A G A A T C  
T G A T T C Y T T C C A T C G A W T G A C T T C C  
P P .A A A A P A  a t  a t t t a t t t t a t a  p  a t t p  a

T G A G A A T G A A T T G C A G A A T A T G G T C G C T  
G A A A G C G C T C A C G A T T C C A G A G C A A T C  
C A G C T T  G T  C T T  C T T T C T T  C G C T A C C G  A A  
A A A C T G C A G C T G C C A T T A T T C G A C A A A A T T C T G C A A  
T A  A T T T G G T T T A T T G  A T T T T A A T  G C  
A C T T T C G A T T A C G A T C C C A G A T A T G

tr a n sfo r m ed  in to  E. co li  R o s e tta  (D E 3 )p L y sS  (N o v a g e n , M a d iso n ,  
U S A ) fo r  in v i liv  e x p r e s s io n .

E x p r e s s io n  a n d  p u r if ic a t io n  o f  r A c M R J P l  a n d  r A c M R J P 2  A
s in g le  c o lo n y  o f  r ec o m b in a n t E. co li  R o se tta  (D E 3 )p L y sS  carry in g  
e ith er  p C U A c M R J P l or  p C U A c M R J P 2  w a s  in o c u la ted  in to  2  m l 
o f  L B  m e d iu m , c o n ta in in g  5 0  p g /m l a m p ic il l in  an d  3 4  p g /m l  
c h lo r a m p h e n ic o l at 37°c. T h e  o v e r n ig h t  c u ltu re  w a s  then  
tran sferred  to  5 0  m l o f  L B  m e d iu m  an d  further in cu b a ted  to  an  
ODtoo o f  0 .6 . A fte r  IP T G  in d u c t io n  (0 .4  m M  fin a l c o n c en tra tio n ), a 
1 m l a liq u o t  w a s  taken  at v a r io u s  t im e  p o in ts  (1 , 2 ,  3 , 4  and 5 h ) and  
c e n tr ifu g e d  at 1 0 0 0 0  X  g  fo r  10 m in  at 4°c. T h e  p e lle t  w a s  
r e su sp e n d e d  in  1 X  S D S  g e l- lo a d in g  b u ffer  an d  e x a m in e d  b y  S D S -  
P A G E  (L a e m m li ,  1 9 7 0 ).

F or p u r if ica tio n  o f  r A c M R J P l an d  r A c M R J P 2 , 100  m l a liq u o ts  
o f  IP T G -in d u c e d  cu ltu re  w e r e  h a r v ested  b y  cen tr ifu g a tio n . T h e  
p e lle t  w a s  r e su sp e n d e d  in  th e  b in d in g  b u ffer  ( 2 0  m M  so d iu m  
p h o sp h a te , 5 0 0  m M  N a C I, 5 m M  im id a z o le , 1 m M  P M S F , p H  7 .4 ) ,  
so n ic a te d  a n d  c en tr ifu g e d . T h e  s o lu b le  an d  in so lu b le  fr a c tio n s w e r e  
a n a ly z e d  b y  S D S -P A G E . T h e  A c M R J P s  in  th e  in so lu b le  fraction  
w e r e  p u r if ied  u n d er  d e n a tu r in g  c o n d it io n s  (2 0  m M  so d iu m  
p h o sp h a te , 5 0 0  m M  N a C I, 1 m M  P M S F , 8  M  u rea  and  2 5 0  m M  
im id a zo le , p H  7 .4 )  u s in g  H iT rap  C h ela tin g  H P  affin ity  chrom atograp hy  
(A m e r s h a m  B io s c ie n c e s ,  U p p s a la , S w e d e n )  an d  the p u rified  
p r o te in s  w e r e  sto r e d  at -20°c.
S D S - P A G E  a n d  W e s te r n  b lo t  a n a ly s is  P u r ified  r A c M R J P l and  
r A c M R J P 2  w e r e  a n a ly z ed  in  12%  S D S -P A G E . T h e  e lectro p h o resed  
p r o te in s w e r e  transferred  to  a  P V D F  m e m b r a n e  (H y b o n d -P , 
A m e r sh a m  B io s c ie n c e s ,  U p p s a la , S w e d e n ;  T o w b in , 1 9 7 9 ) an d  
in c u b a ted  w ith  5%  d ried  sk im m e d  m ilk -P B S  for 1 h at ro o m  
tem p eratu re . T h e  m e m b r a n e  w a s  w a s h e d  t w ic e  in  P B S -T w e e n 2 0  
and in c u b a ted  w ith  d ilu te d  A n ti-H is -F fR P  C o n ju g a te  (1 : 1 ,0 0 0 ,  
P e n ta -H is , Q ia g e n , U S A )  in  5 %  d r f r j  sk im m e d  m ilk -P B S  for  1 h. 
T h e  p e r o x id a s e  a c tiv ity  w a s  d e te c te d  b y  a d d in g  H 20 2 an d  a  
d ia m in o b e n z id in e  (D A B )  c h r o m o g e n ic  su bstrate .

A G e r m in a l  a m in o  a c id  s e q u e n c i n g  P u r ified  r A c M R J P l and  
r A c M R J P 2  w e r e  r e s o lv e d  in  12%  S D S -P A G E  an d  e le c tr o b lo tte d

o n to  a P V D F  m e m b r a n e . T h e  /V -term inal s e q u e n c e s  o f  th e se  
p r o te in s  w e r e  e x a m in e d  u s in g  a n  A B I  4 9 4  p r o te in  se q u e n c e r  
(A p p lie d  B io s y s te m s , U S A  a t D e p a r tm e n t  o f  B io lo g ic a l  S c ie n c e ,  
N a tio n a l U n iv e r s ity  o f  S in g a p o r e , S in g a p o r e ).

Results and Discussion

I s o l a t i o n ,  c l o n i n g  a n d  c h a r a c t e r i z a t i o n  o f  A e M R J P l  a n d  
A c M R J P 2  c D iN A s  T h e  P C R  p r o d u c t s  ( 1 ,4 2 1  b p ,  p R T -  
A c M R J P l  a n d  1 5 6 5  b p ,  p R T - A c M R J P 2 )  r e p r e s e n t in g  th e  
c o m p l e t e  O R F s  o f  A e M R J P l  ( 1 , 3 0 2  n u c l e o t id e s  e n c o d i n g  a 
p o l y p e p t id e  o f  4 3 3  a m i n o  a c id  r e s id u e s ,  a c c e s s i o n  n u m b e r  
A F 5 2 5 7 7 6 )  a n d  A c M R J P 2  ( 1 , 3 9 2  n u c l e o t id e s  e n c o d i n g  a 
p o l y p e p t id e  o f  4 6 3  a m i n o  a c id  r e s id u e s ,  A F 5 2 5 7 7 7 )  w e r e  
s u c c e s s f u l l y  c l o n e d  a n d  s e q u e n c e d  ( F ig .  2  a n d  3 ) .  T h e  
p u ta t iv e  s i n g l e  ( A A T A A A )  a n d  m u l t ip le  ( A A T A A A T A A A A T  
A A A )  p o l y a d e n y la t i o n  s i g n a l s  w e r e  f o u n d  a t  1 4  n u c l e o t id e s  
u p s tr e a m  fr o m  th e  p o l y  ( A )  t a i l  o f  A e M R J P l  a n d  A c M R J P 2  
c D N A s .  T h e  la tte r  a l s o  c o n t a i n e d  a  c o n s e n s u s  A A T A A A  at 
7 3  b p  u p s tr e a m  f r o m  t h e  m u l t i p l e  p o l y a d e n y la t i o n  s ig n a l  
s e q u e n c e .  T h e  s e q u e n c e  a n d  p o s i t i o n  o f  o v e r la p p in g  
p o l y a d e n y la t i o n  s i g n a l s  in  A c M R J P 2  w e r e  id e n t ic a l  w i t h  
t h o s e  in  À m M R J P 3  ( K J a u d in y  e t  a l . ,  1 9 9 4 ) .

T il., s im i la r i t ie s  o f  A e M R J P l  a n d  A c M R J P 2 ,  a n d  th e ir  
h o m o l o g u e s ,  in  A. m e llife r a  w e r e  9 3  a n d  9 2 %  ( n u c l e o t id e s ) ,  
a n d  9 0  a n d  8 6 %  ( d e d u c e d  a m i n o  a c id s ) ,  r e s p e c t iv e ly .  T h e  
p u t a t iv e  c le a v a g e  s i t e  o f  t h e  s i g n a l  p e p t id a s e  w a s  lo c a t e d  
b e t w e e n  ร 20- ร 2, a n d  G | 7- A | 8. T h r e e  ( 2 9 ' \  14 5 th a n d  1 7 8 “' a m in o  
a c id  r e s id u e s )  a n d  t w o  ( 1 4 5 lh a n d  1 7 8 lh a m i n e  a c id  r e s id u e s )  
p r e d ic t e d  /V -lin k e d  g l y c o s y l a t i o n  s i t e s  ( N X S / T )  w e r e  o b s e r v e d  
in  t h e  d e d u c e d  A e M R J P l  a n d  A c M R J P 2  p r o t e in s  a n d  th e ir  
h o m o l o g u e s  in  A . m e l life r a .  T h e  c a lc u l a t e d  p i  o f  A e M R J P l  
a n d  A c M R J P 2  w e r e  5 . 4 0  a n d  7 .8 8 ,  w h ic h  w e r e  c o n c o r d a n t  
w i t h  th e  p i  v a l u e s  o f  5 . 2 - 5 . 7  a n d  7 . 0 - 8 . 0  e x a m in e d  f r o m  
c h r o m a t o g r a p h ic a l ly  p u r i f i e d  A e M R J P l  a n d  A c M R J P 2 ,  
r e s p e c t i v e l y  ( S r is u p a r b h  e t  a l . ,  2 0 0 3 ) .
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ACATCACTA TTCT c  ATTOCATCACACCTGCAAAAGAAATrGAATTTT r  rGGATTTTTGTA f  0
TCTACATCTTTTTTTTTAATTGC AAT AATTTCCAAATAAATTAAATAAACATAAT ATTTT 1 ะ c
TCAATATAA TTATTCTAATTTTTAAAAAATTACACTACATATTTTTTTTTrnTJAATTAA 180
TCATTATCTCAATTAACATTTCTCCAGAACTATAGATGAAGCGAGACACAAAAAAAATAG ะ 4 0
TGTGACATAATAGATÀAACAAAATTTTGTAAAATTTCTACTCAAACAATATCTTTTTAGG 300
0AA7 A7AAATTA7 ACACCTG TC AC ATTCTAATTCTTTACAACAT ATCTACAAGAT AAATA 3G0
AG AT AATTTCAAG AATTT CAAA3G AATTTTAAAAT ACAATTTACTTTATCTCT AT AAAGT 4 20
ATACGTCA rTACCGCCy j t r j l r i i t t TGACCQATCYrrrCGTGAAAATTCAACAGCTCCTGCA 4 8 0
GTrCACGTACAATATCCATTGCTTCGTTACTCGCAGCCTAGGTAACTGTTCCAAATATCT ร 4 c
CAA*i*lUTAA'fAC;'CCTATACGAAACACCTrA'l*rAm*l'Ci\àACA/WGACGAAATA'J*rrrGT t o o
AGAAAAjBfiiExcAAGOTGGTTGTTT atggtggtatgccttggcat agtttgtcaaggtacg 66C

M T R W L F H V V C L C I V C Q C T
ACAAGCAGCATTCTTCGAGC-AGAATCTTTAAACAAATCATTAAGCGTCCTTCACGAATGG 720
r s ü i i . K G f c . S U N K S u S V ù M f c ; W
AAATT CTTTG ATTATGATTTCGATAGCGATGAAAGAAGACAAGATGCAATTCT ATCTOGC 760
K F F O Y D F D S D E R R Q D A I  L 3  0
GAAT ACXÎACTACAGC AAAAA T ? AT c c  ATCCG ACGTT GATCAATGGCATGgt a a a  11 a  g  a  c 54 0
R Y O Y H K K Y P ร D V D Q K H G
c a t a a a a c a c r c t a a t a t t g c a t t t t a c C Y g t c c â A a a t t c t t a a c a T c c a a t g a t t a c a  yCO
a tttaaaaaa-a t-ta a a c a c c c L L c a L tL c tta L t-c a a g G T A A G A T T T T T G T C A C C A T G C  9£C

K I P V T M r.

TAAGATACAA TGGCGT ACCTTC CT CTTTGAACXJTCiAT ATCTAAAAAGATCGGTG ATCÎGTG 1020
R Ï K G V P S S L N V I S K K I G C G C

r.ACCrrCTTCTTCAAGCTTATCCCr,ATTGGTCGTTTGCTAAATATGACGATTGGTCTGGAA ไ .7 ร 0
F L L C P Y P D W S F A X Y C D C S O I  

T T G T C A G C G C C À C A A A A C T T G C G g ta a c tg a a c a ttg tc tt ta tg a tc a c a tc t tc a o a a  1140  
V ร A V  K L A

t t a a t t t t c c a a a g a a a a a g a o g a t t c a t t t g t t a t g tg a t a t t t a g A T C G A C A A A T G C G  ะ ro c
r D K C ช

ACAGATTGTGCCTTCTGGACTCAGGTCTTGrCAATAATACTCAACCCATCTGTTCTCCAA 1260
R L K V L D S C L V N N T Q P M C S P K

AA C“ GCTCACCTTTG ATCTG A c T A c  CTCGCAATTGCTCAAGC AAGTCGAAATACCCÎCATCÏ ’.320
L L T f D L T T S O L L X O V E I P H D

ATGTTGCCGTAAATGCCACCACACGAAACGGAAGACTATCATCTCTAGCTGTrCAACCTT 13 80
V A  V M A T T G K G R L S S L A V Ç P I ,

TAGATTGCAATATAAATGGTGATACT A T G gtgag  a g g ç a a c t  t  a  1 4 4 0
D C  K Z N G D T M

c t t t t c t t ç ç a a t c . t t c a t t c a c t t t g c g t a t t t c t a g c ç a t g < ; t a a g c g B t g a a t a a t c  2 500
c a t a t g g a â a z a c a a c c c a a a t c a g a a a a g c . a a c a t c g c a g a a t g a t a a a a t : a t c c a a a a  1560
t a a t a c c c c c o t a a a t a a t t c t a o ’c t q a a a t c t t a a g a c a a a g a a t t a g a a t q t c t c o t a  ไ. 620
c g t a t t a c c c c g c t c t t a t a r a a a a a a a a a t g c a t c t c g c a a C t t t t c c c t g a t g t t c c c  16 6C
C t t g g c a a a a a g a t a  t a a a a  ะ a  t  a a a g t  t e t  e t e t e t a ï a t a t a t û t g t g a t a t t a g a c c  174 0
c t c t c a a t a a a c c g t t a a t c t t t g a a a c t a a a a t t g a a a a a t a t t a g c a a a a a t g a a t g c  1600
a c t t t c a a t a i c . t t t t c a c c o a a a t a t a c o t a t a a c c a o a c a t t g a g a g a a a t a a a a t c c  1660
t c c t c a a c o c a t t a g g a t t c a c a a a a a a a a a a a c a t . c t . a c g a a a g c t a c a a a a t c a a a a a  Ï 9 2 0
a a a o a g t t g a a a c t t a t c g g a c a a t a t t a w t a a t t a c a a c o t a a t c a t a c c a t g a c a a c g  I9 6 0
a t a t a a c a g C  TAT AC AT AG CAG ACG AO AAAGGTG AAGGTTTAATCGTGTATCATGATTCT 2 04 0

V Y I A O B K G B C L I V Y H S S

GATAATTCTTTCCATC'CATTtîACTTrCAAAACTTTOCATTAeGATCrTAAATTTAc’rAAA 2 100 
S N S F K R L T S K T F O Y S P K  F T K

ATaNCGATCAATGGAGAAAGTTTCACAACGCAAAGTGGAATTTCTGGAATGGCTCTrAUT 2 1 0 0  
M T I N G E S F T T O S G  I  S G  M A L  s

CCCATG ACT AACAATOT CT ATT ACACTCCTCTTAGCTT CT ACvlAGT 77GTÀTT A TT.TTAAr 2 2 20
P M T N N L Y Y S P V A S T S  1 Y Y V N
ACGGAACAATTCAGAACATCCAATTATGAACAAAATCCCÜTACATTATCAACCgt a  a  a t  * 2 2 6 0
T E Q F H T 5 N Y E 0 N A V H Y  K G  
t a a a a t t a a g t t t a c C t t t a a a r a a t g t t a c t a t a t L t c a g t ç g a g a a t t g a t t c t a a a a t  2 1 4 0  
a t a a c g t l t t c c a a c t L g L c t g a a t c g U g a t t a a g a t a a t t t t a a g t a t t L c o a a L c a a a  2 4 0 0  
a a t a c c c a a a c .a c c g a a â c a c c g c C a a a E g a a a c a a g g c c ç a a a a c a t a g a « c t g c a tc c  2 4 0 c 
c t g c t a a c q c a a a c c c a a a t t a c c c a c a a t t t a a c a â a t a â a a c t t g a a a c c a c c a t a c a  2620 
a c o a t a t t t c c t o c o g c t t t t a g a a t c g a t a t c a c o g o t t t g c t g c a t t t t t o a g t c a o a  2 580 
tCCacattttCCacCgattCCagAGTrCAAAATATTTTGGATACCCAATCGTCTGCTAAA 2o4C 

V Ç M I L D T w S S A  K

V V S K  ร * G V L F  F G L V c  ว* s A L G *  c

TGGAACGAACATCGATCACTTGAAACACACAATATCg L t a  g c a a c t g c g a a t g a t c t t t g  2 7  o c

a t c t t c g t t a c a t c c c c g t g t c a c a t c t c t t c c c a c c a t a t g t t a t g a c t a c t à a g c a t g  2 3 2 0  
a a c c  c c  c c g c a g g g a c a a a a c a a t  c c a c t  a c t a g a t  t g a c a ç g g a  a  c a  a g t  c a  c g t  g a  t  g  2330
c g a a g c c g c t c g g g c c a g t g a c g c a c c c t g t g c a c g t a g t g ç g a t a a t g t g g a t a t c a t t  ะ 94 0 
t c a g g c t c a g g c a g g a a t t g a a T a c a a t g t t a g t a a t a a a g g a a g a a a L g t c i c t a c g a t  3000  

t o y t â c a t c t t t L e t e r a t a t a t a t a c t a a t a a t â t  t £ t c g t t t t c « t c t t a a t  3060 
c t t c a a a a t t a i g i c c a t c t w c a a c c a c c t c t t a a t g g c c c a a c c g a a a t g t c a c a a c c g  3 1 2 0  
c c a t c a a t t g a c T a g c a t t t g c a c c t t t c g t t a a C t a a t a a ç a a a t a c c t c g a t c t g a t c  3 1 3 0  
g a a a t c c g a t a a c c g a a c t a a a a a t t a t t t a a t a t g a a t g c ç g - c t c t g t a a a c a a g t t g  3 2 4 0  
â c c a t a t a t a t t o c c C a a a a a a g g a t a t a a a t a a a a a g & a a & c z a t t t t g a a a t t & c a g C  33-30

GTACCGTCCCTCAAAGTGATCAGACACTTCAAATGA7CGTTGCCA7CAAGATTAAGGAAC 3 3 6 c  
T V A G S D S T L Q N  :  V G y  K I K E A

CCCTITCCACACGT 3CC  CAT ATTC GATAGATATATAAACCGTG;vAT ACA t  ATT GG TTTTAA 3 4 20
l p h v ? t f d r y i n r e y : l v :. ร

GTAACAGAATGCAAAAAATGGCGAATAATGACTATAACTTCAACC ATGTAAACTTCAGAA 34 8 0 
N R M Q K M A N H D Y N F N D V N  F R I

TTATGGACGCTAATGTAAATGACTTGATATTGAACACTCGTTGCGAAAATCCTAATAATG 3 54  0 
M D A N V N D u I L N T R C E N  p n n d

ATAAC ACCCCTTT CAAAATTTCAATACATCTG{f j ^ AAT CTGTTTT T T T c  G ATAT A T ATT A 3600
N T F F K I S 1 H L .

AATATTGTTCGAAATTTCTTATGrtATUTATTATGAATGTATAAAATAAATATTOTTTTCG 3 0 6 0  
CAT 3 6 6  »

F ig . 2 . O rg a n iz a tio n  o f  th e  A c M R J P l g e n e . C o d in g  n u c le o t id e s  an d  d e d u c e d  a m in o  a c id s  o f  e a c h  e x o n  are  c a p ita liz e d . In tron s are  
sh a d e d , an d  illu stra ted  w ith  lo w e r  letters . T h e  T A T A  b o x  an d  start a n d  sto p  c o d o n s  are sh a d e d  an d  b o ld - ita l ic iz e d . T h e  s ig n a l p e p tid e  
s e q u e n c e  an d  th e  p o ly  A  a d d itio n a l s ig n a l s ite  are  u n d er lin ed .

H a n e s  a n d  S im u t h  ( 1 9 9 8 )  s h o w e d  th a t  A m M R J P l  ( 5 5  k D a )  
w a s  s e p a r a t e d ,  b y  a n  i s o e le c t r i c f o c u s in g  t e c h n iq u e ,  in to  e ig h t  
p r o te in  b a n d s  w i t h  a  p i  o f  4 .5 - 5 . 0 .  S e q u e n c e  c o m p a r is o n s  
s h o w e d  14  m i s m a t c h e s  b e t w e e n  th e  A c M R J P l  in  th e  p r e s e n t  
s t u d y  a n d  th a t  p r e v io u s l y  d e p o s i t e d  in  th e  G e n B a n k  
(S r is u p a r p h  e t  a l ,  2 0 0 3 ) .  T e n  o f  t h e s e  d id  n o t  c a u s e  a m in o  
a c id  r e p la c e m e n t .  N e v e r t h e l e s s ,  n o n - s y n o n y m o u s  m u t a t io n s  
w e r e  f o u n d  f r o m  Pux, to  Q ,  A , | 2  t o  ร ,  G |jg  t o  V  a n d  L |50 t o  M  
b y  s u b s t i t u t io n s  o f  C3 |7, G3J4, G413 a n d  C448 to  A ,  T , T  a n d  A ,  
r e s p e c t iv e ly .  T h e  in te r n a l p e p t i d e  s e q u e n c i n g  o f  th e  p u r i f ie d  
A c M R J P l  in  t h is  s t u d y  s u p p o r t e d  th e  e x i s t e n c e  o f  Q ,06 a n d  
ร , , 2 f o r  A c M R J P l .  N e v e r t h e l e s s ,  th e  N 29 o f  A c M R J P l  f o u n d  
in  b o th  s t u d i e s  w a s  D ,  a s  r e v e a le d  b y  in te r n a l p e p t i d e  
s e q u e n c i n g  ( S r is u p a r b h  e t  a l ,  2 0 0 3 ) ,  s u g g e s t in g  p o s s i b l e  
a l l e l i c  v a r ia n t s  o f  A c M R J P l .  T h e  c D N A  a n d  g e n o m i c  
s e q u e n c e s  o f  A c M R J P 2  a r e  r e p o r te d  fo r  th e  f ir s t  t im e  in  t h is  
s tu d y . N o  d i f f e r e n c e s  w e r e  o b s e r v e d  b e t w e e n  e it h e r  th e  
g e n o m i c  D N A  s e q u e n c e s  o f  A c M R J P l  a n d  A c M R J P 2  o r  
th e ir  c o r r e s p o n d i n g  c D N A  s e q u e n c e s .  T h e  e s s e n t ia l  a m in o  
a c id  c o n t e n t s  o f  t h e  d e d u c e d  A c M R J P l  a n d  A c M R J P 2  w e r e  
r e la t iv e ly  h ig h  ( 4 8 .5  a n d  4 5 .4 % ,  r e s p e c t i v e l y ) ,  w h ic h  w e r e  
c o m p a r a b le  to  t h o s e  o f  A m M R J P l  ( 4 8 % )  a n d  A m M R J P 2  
( 4 7 % )  ( S c h m i t z o v a  e t  a l ,  1 9 9 8 ) .

M u l t ip le  a l ig n m e n t s  r e v e a le d  f o u r  c o n s e r v e d  c y s t e in e s  
t y p i c a l l y  f o u n d  a c r o s s  d i f f e r e n t  f a m i l i e s  o f  M R J P s  (d a ta  n o t  
s h o w n ) .  N o  r e p e a t e d  u n i t s  o f  a m i n o  a c id s  w e r e  f o u n d  in  
A c M R J P l ,  A m M R J P l  a n d  A m M R J P 4 ,  b u t  r e p e t i t iv e  r e g io n s  
w it h  d i f f e r e n t  s e q u e n c e s  a n d  l o c a l i z a t i o n  w e r e  f o u n d  in  th e  
r e m a in in g  p r o t e in  f a m i l i e s .  A c M R J P 2  c o n t a i n s  s i x  c o m p l e t e  
r e p e a te d  u n i ts ;  N Q K N N  e n c o d e d  b y  A A T C A G A A ( A 7 G ) A A T  
A A C ,  a t  t h e  C - t e r m in u s  ( 4 2 3 rd t o  4 5 7 lh r e s id u e s ) .  A p p a r e n t ly ,  
p e n t a m e r ic  a m i n o  a c id  r e p e a t s  w i t h  Q ( N / K ) ( D / N / T / A / G ) ( N /  
G / D ) ( I / N / K / R )  s e q u e n c e s  w e r e  f o u n d  in  t h e  C -te r m in u -:  o f  
A c M R J P 2 ,  A m M R J P 2  a n d  A m M R J P 3 .  In  a d d i t io n  D R M  
a n d  its  v a r ia n t s  ( D R 1 , D R T  a n d  D T M )  w e r e  f o u n d  a t th e  c  
te r m in u s  o f  A m M R J P 5  ( S c h m i t z o v a  e t  a l ,  1 9 9 8 ) .

G e n e s  c o d i n g  f o r  A m M R J P s  a r e  p r e s e n t  a s  th e  s i n g l e  c o p y  
g e n e  p e r  h a p l o id  g e n o m e  ( M a l e c o v a  e t  a l . ,  2 0 0 3 ) .  B i l i k o v a  et 
a l  ( 1 9 9 9 )  i l lu s t r a t e d  th a t th e  s i n g l e  p r o t e in  b a n d  o f  p u r if ie d  
A m M R J P 2 ,  a s  a n a l y z e d  b y  S D S - P A G E ,  w a s  c o m p o s e d  o f  at 
l e a s t  8  d i f f e r e n t  i s o e le c t r i c  f o c u s i n g  v a r ia n t s  o f  p i  7 .5 - 8 .5 .  
S c h m i t z o v a  e t  a t. ( 1 9 9 8 )  e x a m in e d  t h e  n u c l e o t id e  d i f f e r e n c e s  
o f  4  a n d  2  i s o f o n n s  o f  A m M R J P 3  a n d  A m M R J P S ,  
r e s p e c t iv e ly ,  a n d  in d ic a t e d  th a t  p o l y m o r p h is m  o f  t h e s e  
p r o t e in s  w a s  r e la t e d  w i t h  t h e  l e n g t h  v a r ia b i l i t y  o f  r e p e t i t iv e  
r e g io n s  a m o n g  in d iv id u a l  h o n e y  b e e s  w i t h i n  th e  c o lo n y .



54 Chanprapa Imjongjirak ๙  al.

7 'iAG AATOX ATTOCAG U T  ATO'JT-.-'G*.' T AAT ÀÀT AAGACTTTTCAAATT ATT AOTTCTÀC 60
AATT kx  G ATTTPJCA ATfTTAATTCCC T ATTTAACTCATC AT ATCTÜÀA TAT AT AT AT XT I 2 Ü
TGATTTTGAATAGAAAATA'TTACAA.UTGTTUATGGOAATTTAAATCTCGATAACATCA 180
ATCCCTAAATTTTCAATCAC-AATATAAAAACATTAACATATAATTA rTCTATTrr TAAAA 240
AATTGCTCTTC AT ATTTTTTTTOGA ACTAAATATTATCTCTCTTAATAGTTTTTT AGA AC 300
7CCGTA7 GA AGO T AA ACAC AC ACGC AA A AAT AG AGGTGTGOC A AAGC ATTT TTAGOGA AT 3 00
ATAAATT ATAACCCGTCAC ATTCTA ATCCTTTAAOAAATAT'CTACAAOATAAACGAAA AT 120
JTTC AA AATTC1AAAAAAC AATTT ACTTTATCTC T3T AA ACT ACGTAC c  ATT AjC c  ACC 5 9  480
JDUÂnfC-ACCAACCGTAGTCAAAATTC AAC AGTTTOTACAGTTCAOTTACATTCTGCAOT 540
ATCCTAAvT AAGTT7CTTG ATT ATCTTCATT AT A AT ATTT ATT7 GC AATCTTTC ATTTÀT 600
CI'GvAAAATGAAATATTTTATTTTAGAAAjJiaBACAAAGTGGTTC-TTTATCGTCGCATGC 660

ท T K V L r  ท V A___ Ç
CTTGvC ATAO 7TTGTC AAOCC occ ATT ATTCGÀC AAAATTCTGCAAAAAACTTGGAAAAT 720
1. 0  :  A C 0  0 A I  I R Q N S A K N L E H
7CG7 TC1 ÀCGTAATTC ACGAATGCÀÀÀTATATCGATTATCATTTCGGTAGCGAAGAAAGA 780
3 L .ร V 1 K E V y. Y I » •/ จ i  G ร  L L H
AGAC ex  .KTGCG A TTC AATCFGGC V AA T AC G ATC AT ACG AAA AATTAT c  CCTT'.'G ATGTC 840
R G A A I O S G E Y D H T K N Y P r D V
G ATC A»7CGCAT0 g t * a a a t . t t t c t t a i C . t t t a a a c c o c t o a C t t g c a t t t t a a t c g t c g a a  SCO
D 0  H H D
a c e t f c c a a c a c t c a a t c î i a t c t c c a c c g c î c g t a c t t c t t c a t t t t c g a a c a f t t c a a a a a g  360
a t  a t  I C C  a c a c t t c g t  a t t  t c t  t a t  t  taaqATAAGAC IT โ TGTCACCATACTAAAGTAC«3 1020

K T F V T I L V. Y t-
ATCGTG7GCCTTCTAC TTTCAACATGATATCTAÀCAAAATOCGTAAGGGTOCACGCCTTC 1080

G V P s  7 L N n 1 S N K I G K G G R L L
TAC AAi7 7 ATATCCTCAT7GGTCGT0 GGCAGAGAATAAAGATTGCTCTGGAATCGTGAGCG 1140

O F Y P D W S W A E K K D C S G I V S A
CTTTCAA AATTG< ะ■ ไ̂ r t a a t t ^ a a c a t t t t t t t c t a t a t t t a t c t c t a a a a t t a a c t t t c c  1200

r  >: I A
t  c t t c  ac a y a a  w a a g a sg a t t c a t t  t  g t  c g ta tg a ta tt ta g A T T G A C  A AA TTC G AC AGA 12 60

I D K F D R
7TCTCC JTTTTCGATTO.GGTCTTATC AATACAACTGAACCTATÀTCTCCTCCAAAGTTG 1320
L พ V L D ร G L I N ท T E P I  c  A P K L
C ATGTC TTTGÂTCTCA AA A AC ACAAAGC AC C TT AAGC AAATCGAAATACCGC. ATC. A TATT 1380
H V F  D L K N T K H L K Q I E I P H P I
GCCGTA A ATGCC AC c  ACAGC-A A AGGGAGGGCTAGTC TCTCTAGTTGTTC ÀÀGCCATGGAT 1440
À V ร A T T G K G G L V ร L V V 0  A M P
COTATC-AATA 'T T T A g t a a g t . c t a a s . t t a c a t t a a a a t t t a a a t t a a a g a t t a a a t t a g a  1500
P R N T L
c a t t g c a t a t g a t a a a a a t o a a a t c c a t a a c t t t c a a a a t a g t a a a a t a g t t a a a t t t a g  1560
at-U iac jaaa t. t g a u a t  LLucoat_at.ataL:UaaLtyLacUaUl:CtLtUgt_aLaat»aao& aL 1620
g a t t t t a c a a c t t t e t c t g a t g t t t t a c t t t a g a â a a a t t g a t c a t a t t a a a t c a g a t t t  1660
t t t t a c c a t t s a t t t t t a t a a â a t t t t t a a a a t a a c t a t a t t t t t q a t q t t t t f c t t a t t t  1740
g a a c t a t t  a r c  ta a g c  a t a t  t e  a a a c a t t t a t a a t c a a t t t t a t t a t g a t c g a g t g a g t  t  1000
a a c c  1 1  a a a j a a c a a c  c g a a tg a c t  a t t  a t t t c a a a a g c t a t g t a t t c t a g a a â a a a â a g  1360
a t c t c c : a g a a t c t g g g c a a a a t t t a C « a a g c a t a c a t t t a a t g a a a g t t a t a a a a t c a a g  1920
a a o a a c t t a a a a c t t a t c g a a c a a t a t t a t t a t g a t a t g a t a t a a t g a t  t a a t c a t o t a e  I 960
t  ag o  1-a7 AC A T AG O . G AC c AT A AG GGTG ATGCTTTG ATCGTCT ATC AA A ATTCCG ATG AT 2040

V Y 1 A P แ K G P A L I  V Y พั K 3  c D

TCCTTCC1TCGAÀT0ACTTCCAÀCACTTTCGATTACCATCCCAGATÂTGCCAAAATCACG 2 1 0 0  
S F H P R T S N T F D Y P P R Y A K K T
ATC A ATGGAGAAAGTTTC AC ATTG A AAA ATGGA A TTTGT GG A A TÇ-GCTC TT AGTC cc GTG 2 160
I M G E 5 F T L K N G I c G H A L s  P V
ACG A AC A ATCTTTATT AC AGTC-TTV TCGC7TCTC ACGGTTTGT ATT ATGTC A AC ACOJ AA 2 2 2 0
T H N L Y Y S P L A S H G L Y Y V N T E
CCATTTATXJÀAATCAC AA7TTGGAG AC AÀTÀ AT AACGTG-.’ AA T A T G A A G G g ta a a ta ta a  2 2 0 0
r r  H K S O r C I ' N N N V O Y E C -  
a a a t a a t t t c t t a a a t t t t a c g a a a t a g a a t a a t g t t a a a c a a t a t g t t a a t o t g t t c g t  234C  
g a a a t t t t t t t g t a a a g t t a a t t c a a g a a t a g c g t t t c a a t t t a t t t a t t c t t g c a c a g c  2 4 0 0  
â t c t t g c a c a t t c t t a g c t a g t t g c c c a t c c c t t a t t a a t t c c a j À T C C C A A G A T A C T T T  ะ 4 6 0

S  0  D T L
G AAC AC G<: A A T>: ATTGG-: TAAACC AGTATCCÀA A G A TC-3 ;  GTC CTC TTC CTC 0 0  ACTTCT 2 520

ผ  T  C 3  L À K A V 3  K 0  G V •_ F V G L y

GCGTAAnCACCTCTTOGATCCTTCAACCÀCCATCÀACC ACTT CACAO ACA A AA TTT Ag t  2 5 8 0
G S A L G C L N E H O F  L O R E  N L 

t a a t a q t t t t t t a t t a t q t c t c t t t t t c t t c a c a t t t t t t q t . t a t a t t t t c t t q q t a c « t  2 640  
t t c t t c c t a t c a g a c a c t a c t a t c a c t a t a a c c a a a c c t g a a t c c c c a c a c g a a a a i g c a c  .7 0 0  
a c a t c q a c t q t a q a t t t q a c a q a a a c a q a a a t c q a r q c a â c a t e a c a c a a a c t t a c t t t Q  2 7 6 0  
c t g t a g a t c a c g t y a c a t , a t a a t t . a t g t a g t . 0C t < i g t a g t g y g a t a a t g t g & t g a c a t a t  2 8 20  
c c c g t c c g t g a a t t g c g a g c g t g g t a t t a g t a c a g â t g â c g t a g t c a a g t c c c t t c t a g a  2 eeo 
t t t a t g a g o â a t t t t t c t t a â a w i t a t a t a a c t a c a a t t c g t t t a c t t c a t t a t t t t t û :  2 9 4 0
c t t t a a a a a t c t t a a a t t t t a a a t t a a t a a a a t t t t a o c g 9 r a a c g e ^ a a a c c t g â a a ô g  30CÜ 
t a g a t a t a t a a t t a a a t t t a t a a c a g t g c c g t a g t t a a a c t t t t c t g c t t t t g c g t t t t t  3 0 6 0  
t c t c t c t a a a a a t a a t c a t a a t a t t a a t c a t c t c g t t t c a t t t c t a c c g t t t t t t t c c t t  3 1 2 0  
t c a t a a a a t c t g t t c t t t t t t t t a a a a g c t t a t a t t t a a g a t c t t t t a t c g a c a a t c g a a  31E0  
a t a t & a c t t t g o a t a a g t t a g a a t t a t t a g t t a a c t t a g â a i a t t c c t a a t t a a c t t a g t a  3 2 4 0  
a a c q c t t c a a t t t q a q t t c c r a q t t a a c a q t t a a t c a a a a a t t a t t c a a c a t a a a c c c a a e  3 3CO 
t t c c t c t g t a a a c a c a c g g ç a a c a a t t t a t a g t a t g t t g a a a a r a c t t a a t t a a a t a a t c  33eO  
g a a t t t a t g t c a a t c t a t y t t c t c a a a g c a a c a a a t g t t t t a t a c g a t g a a e t a t a a a t a  3 420  
a a a a t g a a a c t a t t t c g a a a t  ta c a g C  AACIGCTCGCCC AAAATGAAÀAA ACACTrCAAA 3 480

TCATCCCAGG7àTGAAAA7TAA0GAàGàCCTTCCA<3ATT7Cv TAG GâÀo TAACAAACCTG 3 5 4 0
I A C R K I K E E L P H F V O  S N K P V

T AA AGGACGA AT ATATGT7 AGTTT7 A AC. T A ÀCA A AA TOC AC.A A AA T  AG T AA ATA ATT,ATT 3 600
K D E Y M L V L S H K H C K  I V  N M D F

TT A A TTT'CA ACG ACGT AA ACTTCCC AATTTTOGG TOC •ะ-A A 70  T AA A GG A ATT AA TG AG AA 3 660
M F N P V N F R I  L c  A ผ  V F. E L M fc N

ATACTCA7TCCGCAAATT7TAACAATAÀAAATAATC AGAAOAATAAOAATC AGAAGAATA 3 7 2 0
T M •ะ À M F ผ  N K H N 0  K ร  N M Q K N N

ACA AT* AC.A AC A ATA.».-. A ATC AGA AC.A ATA A>'A AT.: AGA A AAATA AOA ATVT AGA AGA ATA ใ 7P. 0  
N 0  N N น N Q K N N N 0  Z  î i  K N Q K N N

ACAATCACAAOÀATAAGAATCAOAATACTAACAAlÎBkÎÀA7GATÀATC AAGTTCCTCGTT 3 0 4 0
N Q K N N N 0  N T M N

CTTC AA A A. T CGC ATT À AA JkAIAiAC c A A ATF ATTT TTT A AA A TA TTTTTTC GATGTA 3 9 0 0
AACAAAA7TT7TTÀA>.ArATT7CA7TATA7TATAAAT AaATaAAATa AAT ATCCT7T7CO 3 9 6 0
CAT 3 9 6 3

F ig . 3 . O rg a n iz a tio n  o f  the A c M R J P 2  g e n e . C o d in g  n u c le o t id e s  an d  d e d u c e d  a m in o  a c id s  o f  e a c h  e x o n  are c a p ita liz e d . In tron s are  
sh a d e d , an d  illu stra ted  w ith  lo w e r  letters. T h e  T A TA  b o x  an d  start an d  s to p  c o d o n s  are sh a d e d  an d  b o ld - ita l ic iz e d . T h e  s ig n a l p e p tid e  
s e q u e n c e  an d  th e  p o ly  A  a d d itio n a l s ig n a l s ite  are u n d er lin ed . P en ta m er ic  a m in o  a c id  rep ea ts  (N Q K .N N ) are fo u n d  at th e  C -te rm in u s  o f  
th is d e d u c e d  p ro te in .

T h e r e f o r e ,  th e  in tr a - a n d  in t e r - c o lo n ia l  v a r ia b i l i t ie s  o f  a n  
A c M R J P 2  g e n e  in  d i f f e r e n t  p o p u la t io n s  o f  A . c e ra n a  in  
T h a i la n d  s h o u ld  b e  fu r th e r  e x a m in e d .

G e n e  o r g a n i z a t i o n  o f  A c M R J P l  a n d  A c M R J P 2  C o m p le t e  
g e n e  s e q u e n c e s  o f  A c M R J P l  a n d  A c M R J P 2  w e r e  d e d u c e d  
f r o m  t h e  n u c l e o t id e  s e q u e n c e s  o f  th e  o v e r la p p in g  c l o n e s  o f  
e a c h  p r o te in  fa m i ly .  L ik e  A m M R J P l  a n d  A m M R J P 2 ,  b o th  
A c M R J P l  a n d  A c M R J P 2  g e n e s  a r e  c o m p o s e d  o f  6  e x o n s  a n d  
5  in tr o n s  ( 3 ,6 6 3  b p  a n d  3 ,9 6 3  b p  in  le n g th ;  a c c e s s io n  n u m b e r s  
A Y 5 1 5 6 8 8  a n d  A Y 5 1 5 6 8 9 ;  F ig .  2  a n d  3 ) .  T h e  le n g t h  o f  e a c h  
e x o n  v a r ie s  f r o m  1 3 3  b p  ( e x o n  5 ) - 2 8 4  b p  ( e x o n  4 )  a n d  1 3 3  b p  
( e x o n  5 ) - 3 7 2  b p  f e x o n  6 )  fo r  th e  A c M R J P l  a n d  A c M R J P 2  
g e n e s ,  r e s p e c t iv e ly .  T h e  G C  c o n t e n t  r e f l e c t s  a  s l i g h t l y  g r e a te r  
th e r m a l  s t a b i l i t y  in  e x o n s  ( 3 4 - 4 2 %  a n d  2 8 - 4 2 % )  th a n  in  
in tr o n s  ( 1 5 - 2 9 %  a n d  1 6 - 2 4 % )  o f  b o ’h  A c M R J P l  a n d  
A c M R J P 2  g e n e s  (T a b le  2 ) .

T h e  e x o n / in t r o n  b o u n d a r y  s i t e s  d e t e r m in e d  b y  th e  
c o r r e s p o n d in g  c D N A  s e q u e n c e s  w e r e  c o n s i s t e n t  w i t h  th e  G T /  
A G  r u le . I n tr o n s  2 ,  3 ,  a n d  5  o f  A c M R J P l  a n d  A c M R J P 2  
in te r r u p t  th e  O R F s  b e t w e e n  t w o  c o d o n s  ( t y p e  0  in tr o n ) ,

w h e r e a s  th e  r e m a in in g  in tr o n s  in te r r u p t  th e  O R F s  a f t e r  th e  1” 
o r  2 nd c o d o n  ( t y p e  1 in tr o n ) .

M a le c o v a  e t a l.  ( 2 0 0 3 )  r e p o r te d  t w o  u ltr a s p ir a c le  
t r a n s c r ip t io n a l  fa c to r  ( U S P - T F ,  G G T C A )  b i n d i n g  s i t e s  in  
A m M R J P l ,  b u t o n l y  o n e  b i n d i n g  s i t e  in  A m M R J P 2 - 5  
i m m e d ia t e l y  d o w n s t r e a m  fr o m  th e  p r e d ic t e d  T A T A  b o x .  T h e  
p r e d ic t e d  C A A T  r e g u la t o r y  b o x  ( C C A A T )  i s  lo c a t e d  b e t w e e n  
6 9 - 6 5  n u c l e o t id e s  d o w n s t r e a m  fr o m  th e  t r a n s c r ip t io n  s ta r t in g  
p o in t  in  A m M l O P l ,  b u t i s  a b s e n t  f r o m  A m M R J P 2 - A m M R J 5 .  
U S P - T F  is  a m e m b e r  o f  t h e  l ig a n d - m o d u l a t e d  t r a n s c r ip t io n  
fa c to r s  that r e g u la te  c e l l  h o m e o s t a s i s ,  r e p r o d u c t io n , d if fe r e n tia tio n  
a n d  d e v e lo p m e n t  (S e r g a v e s ,  1 9 9 1 ) .  เท D ro so p h ila  m ela n o g a ster1 
U S P - T F  s p e c i f i c a l l y  b in d s  to  a c t iv e  j u v e n i l e  h o r m o n e s  ( J o n e s  
a n d  S h a r p , 1 9 9 7 ) .

T h e  p u ta t iv e  T A T A  b o x e s  o f  A c M R J P l  a n d  A c M R J P 2  
w e r e  f o u n d  at - 3 1  a n d  - 3 2  n t  u p s t r e a m  fr o m  t h e  tr a n s c r ip t io n  
in i t ia t io n  s i t e s ,  r e s p e c t iv e ly .  T h e  p u t a t iv e  C A A T  b o x  w a s  a l s o  
f o u n d  in  A c M R J P l  ( C A A A T )  at a n  id e n t ic a l  p o s i t i o n  to  th e  
C C A A T  r e p o r te d  in  A m M R J P l  ( M a le c o v a  e t  a l . ,  2 0 0 3 ) ,  b u t  
th e  c o n s e n s u s  s e q u e n c e  w a s  n o t  f o u n d  in  A c M R J P 2 .  B o t h  
A c M R J P l  a n d  A c M R J P 2  c o n t a i n e d  a s i n g l e  U S P - T F  b in d in g
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T a b le  2 . G C  c o n te n t  an d  len g th  o f  e x o n s  an d  in tron s in th e  A c M R J P l an d  A c M R J P 2  g e n e s

E x o n G e n o m ic  D N A  
(N o .  o f  n u c le o t id e s ) G C  c o n te n t  (% ) Intron G e n o m ic  D N A  

( N o .  o f  n u c le o t id e s ) G C  c o n te n t  (% )

A c M R J P l
1 1 -2 2 3  ( 2 2 3  bp ) 3 7 1 2 2 4 - 3 3 3  ( 1 1 0  b p ) 15
2 3 3 4 - 4 9 7  (1 6 4  b p ) 4 0 2 4 9 8 - 5 8 1  (8 4  b p ) 2 0
3 5 8 2 - 8 0 3  (2 2 2  b p ) 41 3 8 0 4 - 1 3 8 3  ( 5 S 0  b p ) 21
4 1 3 8 4 - 1 6 6 7  ( 2 8 4  b p ) 3 5 4 1 6 6 8 - 1 9 9 7  ( 3 3 0  lop) 2 0
5 1 9 9 8 - 2 1 3 0  ( 1 3 3  bp ) 4 2 5 2 1 3 1 - 2 6 9 3  ( 5 6 3  b p ) 2 9
6 2 6 9 4 - 2 9 6 9  ( 2 7 6  b p ) 3 4

\ c M R J P 2
1 1 -2 2 3  ( 2 2 3  b p ) 3 7 1 2 2 4 - 3 6 0  ( 1 3 7  b p ) 2 0
2 3 6 1 - 5 2 4  ( 1 6 4  bp ) 4 0 2 5 2 5 - 6 1 2  (8 8  b p ) 18
3 6 1 3 - 8 2 5  ( 2 1 3  bp ) 3 9 3 8 2 6 - 1 3 5 3  ( 5 2 8  b p ) 16
4 1 3 5 4 - 1 6 4 0  ( 2 8 7  b p ) 3 7 4 1 6 4 1 - 1 8 1 5  (1 7 5  b p ) 2 0
5 1 8 1 6 - 1 6 4 8  (1 3 3  bp ) 4 2 5 1 9 4 9 - 2 8 1 6  ( 8 6 8  b p ) 2 4
6 2 8 1 7 - 3 1 8 8  ( 3 7 2  b p ) 2 8

vs
66

--------------AmM R.IP2

tool100
-------------- ACMIUP2

A  111 .VIRJP3

I------------Aiii.VIR.IP1
100 j 100

-------  A c M R J P l

_32_
69 AmMRJP4

__________________________________________________A m M  RJ P5_____ÜJ____
F ig . 4 . A  b o o t ;  a p p ed  n e ig h b o r -jo in in g  tree  illu stra tin g  the  
r e la t io n sh ip s  b e tw e e n  d iffe re n t fa m ilie s  o f  A m M R J P s  (1 -5 )  and  
A c M R J P l an d  A c M R J P 2 . V a lu e s at th e  n o d e  (n u c le o t id e s , a b o v e  
a n d  d e d u c e d  a m in o  a c id , b e lo w )  in d ic a te  th e  p erce n ta g e  o f  t im e s  
th a t th e  p articu lar  n o d e  o ccu rr ed  in 1 ,0 0 0  trees g en e ra te d  b y  
b ootstra p p in g  th e  or ig in a l n u c le o tid e  o r  d ed u c ed  protein  se q u e n c e s .

s i t e  a t  th e  5' U T R  im m e d ia t e l y  f o l l o w i n g  th e  T A T A  b o x .

Genetic distance and phylogenetic relationships of AciVlRJPs
T h e  in te r s p e c if ic  s e q u e n c e  d iv e r g e n c e s  b e t w e e n  M R J P 1  a n d  
M R J P 2  o f  A . ce ra n a  a n d  A. m ellifera  w e r e  0 .0 6 1 8 - 0 .0 9 3 4  a n d

( A )
kl)a

M 1 2 3 4 ร 6  7

• f f § w m * ' ฟ ้p p l l
t o o - พ ''.' ร--.-- " ะ ^

fe&fe 3Ê »»G .
50 — '*”"*•* i~~3f CSX « w r พ » « V

^  M
à  'ท ç -  é ท B it  ü 1

น ;ร  เร ่1i
—

Ü___ — .M i. ร ะ i»LsL
( B)
k Da

M 1 2 3 4 5  6  7

t oo

sir

'ะะะ:- ; >- :
—  ~  ฟ ้^รร์รM. . . — ๗*! ' -■ .■ พ ‘ 1

«é*----- •น * -^  «***■ ■ »* HMU*.

F ig . ร . S D S -P A G E  a n a ly s is  to  e x a m in e  th e  e x p r e s s io n s  o f  
p C U A c M R J P l ( A )  an d  p C U A c M R J P 2  ( B )  u n d er  n o n -in d u c e d  
( la n e s  1 -2 , p a n e ls  A  an d  B )  a n d  in d u c e d  w ith  0 .4  m M  IP T G  for  
1-5 h o u rs  ( la n e s  3 - 7 ,  A  an d  B )  in  th e  c ru d e  ex tra c ts  o f  E. coli 
R o se tta  (D E 3 )p L y sS . L a n e s  M  is  th e  p ro te in  stan d ard  ladder.

0 .0 9 1 2 - 0 .1 4 3 8 ,  w h e r e a s  th o s e  b e t w e e n  d if fe r e n t  fa m i lie s  o f  
M R J P s  in  A. ท:.!Ilfera  w e r e  0 .2 4 1 9  ( A m M R J P 2 - A m M R J P 3 ) -  
0 .4 4 9 0  ( A m M R J P 3 - A m M R J P 5 )  a n d  0 .4 2 5 2 - 0 .8 4 3 9  a t th e  
n u c le o t id e  a n d  d e d u c e d  p r o te in  le v e ls ,  r e s p e c t iv e ly .

A  b o o t s t r a p p e d  N J  t r e e  c o n s t r u c t e d  f r o m  th e  s e q u e n c e  
d iv e r g e n c e  o f  n u c l e o t id e s  a n d  d e d u c e d  a m i n o  a c id s  ( F ig .  4 )  
r e v e a le d  c l o s e  r e la t io n s h ip s  b e t w e e n  A c M R J P l - A m M R J P l
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F ig .  6 . S D S -P A G E  a n d  W ester n  b lo t  a n a ly s e s  to  e x a m in e  th e  e x p r e s s io n s  o f  r A c M R J P l (A  an d  B )  an d  r A c M R J P 2  (C  an d  D )  in n o n -  
•r.cuced ( la n e s  1, A - D )  a n d  IP T G  in d u c ed  ( la n e  2 , A -D )  cru d e  e x tra c ts , so lu b le  ( la n e  3 , A - D )  a n d  in s o lu b le  ( la n e s  4 ,  A - D )  fra ctio n s  
a r .c  p u rified  r A c M R J P l ( la n e s  5 p a n e ls  A  an d  B )  an d  r A c M R J P 2  ( la n e s  5, p a n e ls  c  an d  D )  o f  r e c o m b in a n t  E. co li  R o setta  
(D E J )p L y s S  c lo n e s . B o th  r ec o m b in a n t p r o te in s  are e x p r e s se d  in th e  in so lu b le  form s.

a r .u  A c M R J P 2 - A m M R J P 2  f r o m  d i f f e r e n t  b e e  s p e c i e s  
t y p i c a l l y  f o u n d  in  th e  g e n e s  b o m  f r o m  a  g e n e  d u p l i c a t io n  
p r o c e s s  ( M it s u o  e t a i ,  2 0 0 1 ) .  A lb e r t  e t  a l.  ( 1 9 9 9 a )  d e t e r m in e d  
t h e  e v o lu t io n a r y  r e la t io n s h ip s  o f  A m M R J P  f a m i l i e s ,  a n d  
r e p o r t e d  th a t f a m i ly  v a r ia n t s  o f  M R J P  g e n e s  r e s u l t e d  f r o m  
r .e a r s im u l t a n e o u s  g e n e  d u p l i c a t io n ,  w i t h  M R J P 4  p o s s i b l y  
b e i n g  th e  e a r l ie s t  d i v e r g e n c e  w it h in  t h e s e  g e n e  f a m i l i e s .

E x p r e s s i o n ,  c h a r a c t e r i z a t io n  a n d  p u r i f i c a t i o n  o f  r A c M R J P l  
a n d  r A c M R J P 2  p r o t e i n s  O v e r e x p r e s s i o n s  o f  r A c M R J P l  
a n d  r A c M R J P 2  w e r e  i n d u c e d  a f t e r  th e  a d d i t io n  o f  I P T G  
( 0 . 4  m M  fin a l c o n c e n t r a t io n )  fo r  1 h , a n d  r e a c h e d  sa tu r a te d  
e x p r e s s i o n  l e v e l s  a f t e r  4  h  ( F ig .  5 ) .  B o t h  p r o t e in s  w e r e  
e x p r e s s e d  a s  th e  i n s o l u b l e  f o r m s  a n d  d id  n o t  d e g r a d e  d u r in g  
l o n g e r  in c u b a t io n  p e r io d s  (d a ta  n o t  s h o w n ) .  T h e  s i z e s  o f  th e  
p u r i f i e d  r A c M R J P l  a n d  r A c M R J P 2  w e r e  4 7 . 9  a n d  5 1 .7  k D a ,  
a s  d e t e r m in e d  b y  S D S - P A G E ,  a n d  p o s i t i v e l y  id e n t i f ie d  b y  
w e s t e r n  b lo t  a n a l y s i s  ( F ig .  6 ) .  / 7 - t e r m in a l  a m i n o  a c id  
s e q u e n c i n g  r e v e a le d  th a t  t h e  A S H H H H H H S I L R G E S L N K .S L

(r A cM R J P l) an d  A S H H H H H H A J IR Q N (S T J X S /A )K N L  (rA cM R JP 2)  
m a t c h e d  t h o s e  o f  t h e  e x p e c t e d  s e q u e n c e s ,  w i t h  t h e  e x c e p t i o n  
o f  a  la c k  o f  a n  / / - t e r m i n a l  m e t h i o n i n e  ( M ) ,  w h i c h  i s  o f t e n  
r e m o v e d  f r o m  e x p r e s s e d  p r o t e in s  in  t h e  E . c o l i  e x p r e s s i o n  
s y s t e m  ( H ir e l  e t a i ,  1 9 8 9 ) .  T h e  y i e l d s  o f  t h e  p u r if ie d  
r A c M R J P l  a n d  r A c M R J P 2  f r o m  th e  1 liter  f la s k  c u ltu r e s  
w e r e  2 0  a n d  8  m g ,  r e s p e c t iv e ly .

J u d o v a  e t a i ,  ( 1 9 9 8 )  a n d  B i l i x o v a  e t  a i ,  ( 1 9 9 9 )  c lo n e d  
A m M R J P l  a n d  A m M R J P 2  c D N A s  in t o  p Q E 3 2  a n d  p Q E 3 0  
v e c t o r s ,  a n d  e x p r e s s e d  r e c o m b i n a n t  c o n s t r u c t s  in  E. c o li  
M 1 5 [ p R E P 4 ] ,  T h e  h i g h e s t  p r o d u c t io n s  o f  r e c o m b in a n t  
p r o t e in s  w e r e  o b s e r v e d  a t  l h  ( r A m M R J P l )  a n d  5 h  
( r A m M R J P 2 )  a f t e r  I P T G  i n d u c t io n ,  r e s p e c t iv e ly .  B o th  
p r o t e in s  w e r e  d o m i n a n t l y  e x p r e s s e d  in  t h e  in s o l u b l e  fo r m s .  
O n l y  0 .6  m g  o f  p u r i f i e d  r A m M R J P l  a n d  a  l o w e r  a m o u n t  o f  
r A m M R J P 2  w e r e  o b t a in e d  f r o m  1 l ite r  c u l t u r e s .  U n lik e  
r A c M R J P 2 ,  r A m M R J P 2  w a s  d e g r a d e d  b y  p r o t e a s e s  o f  th e  
h o s t  c e l l s  o v e r  p r o l o n g e d  c u l t u r e  p e r io d s .

O u r  r e s u l t s  in d ic a t e d  t h e  s u c c e s s f u l  i s o la t io n  a n d  in vitro
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expressions o f AcM RJPl and AcMRJP2 in the E. c o l i  
expression system. Relatively high amounts o f recombinant 
proteins were obtained from small scale cultures. Larger 
quantity o f rAcM RJPl and rAcMRJP2 can be obtained using 
scaled up batch or continuous culture systems and used for 
further studies on the antiallergic, antioxidative and/or 
antitumor activities o f these recombinant proteins.
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