
CHAPTER IV 

DISCUSSION

เก p re v io u s ly  s tu d y , P m V R P 1 5  w a s  id e n t if ie d  f r o m  SSH  lib ra r ie s  o f  wssv 
in fe c te d - s h r im p  (V a ta n a v ic h a rn  et at. 2014). H o w e v e r , P m V R P 1 5  h a d  n o  s ig n if ic a n t  

a m in o  a c id  s e q u e n c e  s im ila r ity  t o  a n y  p ro te in s  in t h e  NCBI G e n B a n k  d a ta b a s e  u s ing  

B L A S T X  se a rc h . F ro m  a p r o te in - s t ru c tu r a l a n a ly s is  (T M H M M  S e rv e r  V. 2.0) (K rogh  et at. 

2001), th is  p ro te in  c o n ta in e d  a t r a n s m e m b ra n e  h e l ix  o f  2 3  a m in o  a c id s . L o c a l iz a t io n  

s tu d y  s h o w e d  th a t  P m V R P 1 5  lo c a t e d  a t n u c le a r  m e m b ra n e  (V a ta n a v ic h a rn  et at. 

2014). B a se d  o n  th e s e  e v id e n c e s ,  P m V R P 1 5  m a y  fu n c t io n  a t  le a s t  in  p a r t  a s  a n u c le a r  

m e m b ra n e  o r  r e la t e d  w ith  m e m b r a n e  p ro te in .

เก p r im a ry  h e m o c y t e  c u ltu r e s ,  P m V R P 1 5  w a s  h ig h ly  u p - re g u la te d  a fte r  wssv 
in fe c t io n  (F ig u re  3.2). P m V R P 1 5 - s ile n c e d  h e m o c y t e s  a ls o  s h o w e d  a r e d u c t io n  o f  V P 2 8  

e x p re s s io n  a f te r  wssv in fe c t io n  c o m p a re d  t o  n o rm a l h e m o c y t e s  (F ig u re  3.5). เก 

a d d it io n ,  W S S V - in fe c te d  h e m o c y t e  c e l ls  w e re  f r a c t io n a te d  in to  c y to p la s m ic ,  

m e m b ra n e ,  s o lu b le  n u c le a r ,  c h r o m a t in - b o u n d  a n d  c y to s k e le t a l  f r a c t io n s  a n d  p r o b e d  

w ith  a n t i-P m V R P 1 5  a n t ib o d y .  T h e  r e s u lt  s h o w e d  th a t  P m V R P 1 5  w a s  f o u n d  in s o lu b le  

n u c le u s  a n d  c h r o m a t in - b o u n d  f ra c t io n s  (F ig u re  3.8). B a se d  o n  th e s e  re su lts , P m V R P 1 5  

is a n u c le a r  lo c a l iz e d  p ro te in  w h ic h  in v o lv e s  in  W S S V  p ro p a g a t io n .

P re v io u s  s tu d y  s h o w e d  th a t  P m V R P 1 5  t ra n s c r ip t  w a s  fo u n d  in h e a rt, 

h e p a to p a n c re a s ,  ly m p h o id ,  g il l a n d  in te s t in e  b u t  P m V R P 1 5  t ra n s c r ip t  w a s  m a in ly  

e x p re s s e d  in t h e  h e m o c y te s  in n o rm a l s h r im p  (V a ta n a v ic h a rn  et at. 2014). เก sh r im p , 

P m V R P 1 5  m R N A  e x p re s s io n  w a s  u p - re g u la te d  in h e m o c y t e s  a t  24, 48  a n d  72  h a f te r  

W S S V  c h a l le n g e .  P m V R P 1 5  t ra n s c r ip t  w a s  e x t r e m e ly  u p - re g u la te d  b y  9 ,410 .1  f o ld  a t  

48  h p o s t  W S S V  in fe c t io n  (V a ta n a v ic h a rn  et at. 2014). K n o c k d o w n  o f  P m V R P 1 5  

c a u s e d  a r e d u c t io n  o f  W S S V  p ro p a g a t io n  เก s h r im p  b y  4 .17  f o ld  (F ig u re  3.5). 

A d d it io n a l ly ,  h ig h e r a m o u n t  o f  P m V R P 1 5  p ro te in  w a s  fo u n d  in  W S S V - in fe c te d  

h e m o c y te s ,  in c o m p a r is o n  to  o n e  in  u n in fe c t e d  c e l ls .  T h e s e  r e s u lt s  im p ly  th a t  

P m V R P 1 5  is a n  im p o r ta n t  g e n e  in s h r im p  fo r  W S S V  in fe c t io n . เท th is  s tu d y , t h e  

s i le n c in g  o f  P m V R P 1 5  e x p re s s io n  in W S S V - in fe c te d  P. monodon  h e m o c y t e s  c e l l  

c u ltu r e  r e s u lt e d  in t h e  r e d u c t io n  o f  V P 2 8  g e n e  e x p re s s io n  as c o m p a re d  t o  c o n t r o l  

(GFP). T h is  r e s u lt  is in  a g re e m e n t  w ith  เท vivo s tu d y  (V a ta n a v ic h a rn  et at. 2014).

Many viruses (e.g. influenza and many animal viruses) have viral envelopes

covering their protective protein capsids. The envelopes typically are derived from

portions of the host cell membranes (phospholipids and proteins), but include
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s o m e  v ir a l g ly c o p ro te in s .  F u n c t io n a lly ,  v ir a l e n v e lo p e s  a re  f r e q u e n t ly  s t r u c tu ra l 

c o m p o n e n t s  o f  t h e  v iru s  t h a t  m e d ia te  t h e  c ru c ia l ta sk s  o f  r e c e p to r  re c o g n it io n  a n d  

m e m b ra n e  fu s io n . T h is  o c c u r s  b y  fu s io n  o f  t h e  e n v e lo p e  w ith  a c e l lu la r  m e m b ra n e .  

T h e  v ir a l e n v e lo p e  th e n  fu s e s  w ith  t h e  h o s t 's  m e m b ra n e ,  a l lo w in g  th e  c a p s id  a n d  

v ir a l g e n o m e  t o  e n te r  a n d  in fe c t  t h e  h o s t. V iru s e s  m u s t  d e l iv e r  t h e ir  g e n o m e  in to  th e  

h o s t  c e l ls  t o  in it ia te  r e p l ic a t io n .

V iru se s  t h a t  r e p l ic a t e  in t h e  n u c le u s  o f  n o n d iv id in g  c e l ls  w ith  an  in ta c t  

n u c le a r  m e m b r a n e  t ra n s fe r  th e ir  g e n o m e s  th ro u g h  th e  n u c le a r  p o re  c o m p le x  (NPC) 

in to  t h e  n u c le u s .  T h e  s tra te g ie s  t o  ta rg e t  t h e  N P C  d if fe r  a m o n g  v iru s e s  b u t  in v a r ia b ly  

in v o lv e  s p e c if ic  p a th w a y s  o f  s ig n a lin g , e n d o c y to s is ,  a c c e s s  t o  t h e  c y t o s o l  a n d  

c y to p la s m ic  t r a n s p o r t  (S o d e ik  2 000 , P lo u b id o u  et a i  2 001 , G re b e r  2 002 , P o ra n e n  et 

a i  2 002 , M e ie r  et a i  2003). N u c le a r  im p o r t  o f  in c o m in g  v ir a l g e n o m e s  a ls o  d e p e n d s  

o n  v ir a l u n c o a t in g  a n d  in s o m e  c a se s  in v o lv e s  a n  in c re a s e  o f  c a p s id  a f f in ity  fo r  th e  

N P C  (G re b e r  et a i  1994 , W h it ta k e r  2000).

T h e  f in a l s te p s  in t h e  a s s e m b ly  o f  e n v e lo p e d  v iru s e s  o c c u r  in t h e  c o n te x t  o f  a 

c e l lu la r  m e m b r a n e  w h e n  t h e  n a s c e n t  p a r t ic le  u n d e rg o e s  a b u d d in g  r e a c t io n  th a t  

s im u lt a n e o u s ly  g e n e ra te s  t h e  v ir a l e n v e lo p e  a n d  re le a s e s  t h e  f re e  v ir io n . T h e  c e l lu la r  

m e m b r a n e  c a n  b e  t h e  p la s m a  m e m b ra n e ,  le a d in g  to  v iru s  r e le a s e  d ir e c t ly  t o  t h e  

e x t r a c e l lu la r  s p a c e , o r  an  in t r a c e l lu la r  m e m b ra n e  (e.g. t h e  ER, go lg i a p p a ra tu s  o r 

e n d o s o m a l s y s te m ), in w h ic h  c a se  t h e  v ir io n s  a re  d e l iv e re d  in to  in t r a c e l lu la r  

v a c u o le s .  เท a d d it io n ,  c e r ta in  v iru s e s  a n d  v ir u s lik e  p a r t ic le s  (V LP s) u n d e rg o  e n g e n o u s  

r e p l ic a t io n  a n d  c a n  s h u t t le  th e ir  g e n o m e s  in a n d  o u t  o f  t h e  n u c le u s  w it h o u t  go ing  

th ro u g h  a c o m p le t e  v iru s  a s s e m b ly  p ro c e s s  f r o m  w h ic h  t h e y  a re  r e le a s e d  t o  t h e  

e x t r a c e l lu la r  s p a c e  b y  a s e c r e to ry - t y p e  m e c h a n is m .

T h e  e x p re s s io n  o f  P m V R P 1 5  t ra n s c r ip t s  a n d  p ro te in  w e re  u p - re g u la te d  in 

W S S V - in fe c te d  P. monodon  h e m o c y te s  (F ig u re  3.1 a n d  F ig u re  3.2). P m V R P 1 5  p ro te in  

w as  fo u n d  in a l l  th re e  t y p e s  o f  h e m o c y te s  in c lu d in g  g ra n u la r , s e m ig ra n u la r  a n d  

h y a lin e  c e l ls .  F le m o c y te s  a re  t h e  m a jo r  im m u n e  c e l ls  o f  s h r im p s  a n d  p la y  an  

e s s e n t ia l r o le  in b o th  t h e  c e l lu la r  a n d  h u m o ra l im m u n e  re s p o n s e s . T h e s e  su g g e s te d  

th a t  P m V R P 1 5  m a y  h a v e  a b ro a d  im m u n e  b a s e d  fu n c t io n  t o  r e s p o n s e  v iru s . F ro m  

im m u n o f lu o r e s c e n c e  re su lt ,  PrrNR P15  p ro te in  w a s  e x p re s s e d  in a l l  t h r e e  t y p e s  o f  

h e m o c y te s  a t 4 8  h p o s t  wssv in fe c t io n . T h e  e x p re s s io n  o f  P m V R P 1 5  p ro te in  w a s  

lo c a t e d  in n u c le a r  m e m b ra n e  o f  t h e  c e l l .  It c o r r e s p o n d s  t o  p ro te in  d o m a in  

p re d ic t io n  o f  P m V R P 1 5  w h ic h  c o n ta in e d  a t r a n s m e m b ra n e  h e lix . เท W S S V - in fe c te d  

h e m o c y te s ,  t h e  s i le n c in g  o f  P m V R P 1 5  s h o w e d  t h e  lo w e r  p ro te in  e x p re s s io n  o f  V P 2 8
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It has b e e n  re p o r te d  th a t  wssv m a in ly  o c c u r s  in  t h e  n u c le i  o f  in fe c te d  

ly m p h o id  c e l ls  (W ang  et at. 2000). T h e  G C s  a n d  SG Cs w e re  f o u n d  in h e m o ly m p h  as 

t h e  ta rg e ts  fo r  wssv in fe c t io n  b y  a T E M  s tu d y . H o w e v e r ,  c lu s te r s  o f  d e v e lo p in g  

v ir io n s  a n d  m a tu re  v ir io n s  w e re  o n ly  f o u n d  in t h e  n u c le u s  o f  SG C s (W ang  et at. 2002). 

E ve n  t h e  m o rp h o g e n e s is  o f  W S S V  in t h e  in fe c te d  n u c le u s  o f  h e a v i ly  in fe c te d  SG C s 

w as  o b s e r v e d .  T h e  n u c le u s  w a s  f i l le d  w ith  m a n y  e m p t y  p r e m a tu r e  n u c le o c a p s id s ,  

m o s t  o f  w h ic h  w e re  s u r ro u n d e d  lo o s e ly  w ith  a n  e n v e lo p e ,  w ith  b o th  t h e  s h e l l  a n d  

e n v e lo p e  o p e n  a t  t h e  s a m e  e n d  (W ang et at. 2002). M o re o v e r ,  P ro p a g a t io n  o f  W S S V  

w as  in v e s t ig a te d  in p r im a ry  o v a r ia n  c u ltu r e s  f ro m  th e  k u ru m a  s h r im p  Marsupenaeus 

japonicas  (M a e d a  et at. 2004). E le c t r o n  m ic ro s c o p e  o b s e r v a t io n s  c le a r ly  s h o w e d  th a t  

t h e  r e p l ic a t io n  o f  W S S V  o c c u r r e d  in n u c le i  o f  o v a r ia n  c e l ls .  B a se d  o n  th e s e  e v id e n c e ,  

W S S V  r e p l ic a t io n  a n d  a s s e m b ly  w ith in  t h e  n u c le u s  a re  c ru c ia l  s t e p  in wssv 
p ro p a g a t io n . It w a s  re p o r te d  th a t  V P 3 5  ( n u c le o c a p s id  p ro te in  o f  wssv) c o n ta in e d  a 

n u c le a r  t r a n s lo c a t io n  s ig n a l w h ic h  m e d ia te  t h e  v ir a l D N A  t o  n u c le u s  o f  W S S V - in fe c te d  

in s e c t  c e l ls  fo r  v ir a l r e p l ic a t io n  (C h e n  et at. 2002). It is p o s s ib le  t h a t  wssv u se  

P m V R P 1 5  fo r  e n te r  o r  e x it  f r o m  th e  n u c le u s .  It is c o m m o n  fo r  a v iru s  t o  u se  t h e  h o s t  

m a c h in e r y  fo r  its a d v a n ta g e . F o r  e x a m p le ,  P m R a b 7  is u s e d  in  so r t in g  a n d  e n d o c y t ic  

t ra ff ic k in g  o f  v iru s  in  t h e  h o s t  c e l ls  (S r itu n y a lu c k s a n a  et at. 2006).

P m V R P 1 5  m a y  fu n c t io n  in  n u c le a r  as a p a r t  o f  m e m b r a n e  p ro te in  o r  r e la te d  

w ith  m e m b r a n e  p ro te in .  It is p o s s ib le  th a t  P m V R P 1 5  in v o lv e s  in  n u c le a r  

im p o r t / e x p o r t  o f  wssv. T o  t e s t  th is  h y p o th e s is ,  ra t io  o f  wssv D N A  in n u c le a r  a n d  

c y to p la s m ic  f r a c t io n s  o f  n o rm a l a n d  P m V R P 1 5 - s ile n c e d  h e m o c y t e s  w e re  c o m p a re d .  

K n o c k d o w n  o f  P m V R P 1 5  r e s u lt e d  in a lo w e r  ra t io  o f  wssv c o p y  n u m b e r  in n u c le a r  to  

c y to p la s m ic  f r a c t io n s  b y  9.3 fo ld ,  c o m p a r is o n  t o  th a t  o f  c o n t r o l  (T a b le  3.1), in d ic a t in g  

th a t  P m V RP15 m a y  in v o lv e  in  n u c le a r  e n t ry  o f  wssv.

F o r  s t r u c tu ra l s tu d y , a la rg e  q u a n t it y  o f  p u r if ie d  p ro te in  is in  n e e d . A s  a re su lt ,  

rP m V R P 1 5  e x p re s s io n  w a s  t e s t e d  in b o th  ร. cerevisiae a n d  E. coti s y s te m . P m V R P 1 5  

g e n e  w a s  s u c c e s s fu l ly  c lo n e d  a n d  t ra n s fo rm e d  in to  5. cerevisiae (FG Y217 ). E x p re s s io n  

o f  rP m V R P 1 5  w a s  in d u c e d  b y  a d d it io n  o f  20%  g a la c to s e  ( f in a l c o n c e n t r a t io n  o f  2% ) 

fo r  2 2  h. H o w e v e r ,  n o  m a jo r  b a n d  o f  p ro te in  o f  15 kDa ( e x p e c te d  s iz e  o f  rP m V R P 1 5 ) 

w as  d e te c t e d  b y  SD S -PA G E  (F igu re  3.12). T h is  in d ic a te s  t h a t  th is  5. cerevisiae s y s te m  

w as  n o t  s u it a b le  fo r  rP m V R P 1 5  p ro d u c t io n .

than silencing of GFP (control). Thus, PmVRP15 is an essential protein for wssv
propagation.
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S in c e  a p ro te in  w ith  t r a n s m e m b ra n e  h e l ic e  d o m a in  is o f t e n  fo u n d  t o  b e  

d if f ic u lt  t o  c ry s ta l l iz e ,  s o lu b le  p a rts  o f  P m V R P 1 5  w e re  c lo n e d  a n d  e x p re s s e d  in  E. coli 

C 4 3  (DE3). N - te rm in a l t r u n c a te d  P m V R P 1 5  c o n ta in e d  re s id u e  1-112 , w h i le  C - te rm in a l 

t r u n c a t e d  P m V R P 1 5  c o n s is t e d  o f  r e s id u e  186 -414 . W e s te rn  b lo t  a n a ly s is  s h o w e d  th a t  

b o th  t r u n c a t e d  P m V R P 1 5  p ro te in s  w e re  e x p re s s e d  in in c lu s io n  b o d ie s  a t  37  °c (F ig u re

3 .16  a n d  F ig u re  3 .17A). A lth o u g h  IPTG in d u c t io n  w a s  c a r r ie d  o u t  a t  16 °c, C - te rm in a l 

t r u n c a te d  P m V R P 1 5  w a s  fo u n d  in in c lu s io n  b o d ie s  (F igu re  3.17B). T h is  in d ic a te d  th a t  

p ro te in  e x p re s s io n  a t lo w  te m p e ra tu r e  d id  n o t  h e lp  in c re a s e  t r u n c a te d  P m V R P 1 5  

s o lu b il it y .  S in c e  t h e  t r u n c a te d  P m V R P 1 5  p ro te in s  c a n n o t  b e  e x p re s s e d  in s o lu b le  

fo rm , w e  t h e n  fo c u s e d  o n  w o rk in g  w ith  f u l l- le n g th  rP m V R P 1 5 .

F u l l- le n g th  rP m V R P 1 5  w a s  e x p re s s e d  in E. coli C 4 3  (DE3). T h e  re s u lt  s h o w e d  

th a t  rP m V R P 1 5  w a s  e x p re s s e d  a t 1-3 h a f te r  IPTG in d u c t io n  a n d  e x p re s s e d  in t h e  

h ig h e s t  le v e l  a t  2 h p o s t-IPT G  in d u c t io n  (F ig u re  3.20). N o  P m V R P 1 5  b a n d  w a s  fo u n d  

a fte r  3 h in d u c t io n .  T h is  su g g e s te d  t h a t  P m V R P 1 5  m a y  b e  a t o x ic  p ro te in  o r  an  

u n s ta b le  p ro te in .  เท th is  re se a rch , D M  ( n - d e c y l- fT D -m a lto p y ra n o s id e )  w a s  u s e d  t o  

s o lu b i l iz e  rP m V R P 1 5  t o  e n s u re  it f o ld e d  c o r r e c t ly .  M e m b r a n e  p ro te in  c a n  b e  

s o lu b i l iz e  w ith  D M  d e te rg e n t  to  s tu d y  th e ir  s t ru c tu re  a n d  fu n c t io n .  P ro te in s  b o u n d  to  

c e l l  m e m b ra n e s  h a v e  h y d r o p h o b ic  s ite s  b u r ie d  w ith in  t h e  p h o s p h o l ip id  b ila y e r s  a n d  

h y d r o p h il ic  s ite s  fa c in g  to w a rd  th e  w a te r  la y e r . T h is  d e te rg e n t  c a n  in te ra c t  w ith  th e  

h y d r o p h o b ic  s ite s  o f  p ro te in s  w h ic h  a re  t h e n  s o lu b i l iz e d  in t h e  w a te r  la ye r. 

M o re o v e r ,  D M  d e te rg e n t  d o e s  n o t  in te r fe re  t h e  b io a c t iv it ie s  o f  ta rg e t  p ro te in s , 

d e n a tu re  o r  in a c t iv a te  ta rg e t  p ro te in s  (P r ive  2007). เท th is  s tu d y , rP m V R P 1 5  w a s  

p u r if ie d  b y  tw o  s tep s ; N i-N T A  S e p h a ro s e   ̂ 6 FF a n d  H iT ra p  D EAE  FF  c o lu m n s ,  in  o rd e r  

t o  o b ta in  fa ir ly  p u re  p ro te in  (F ig u re  3.24). M o le c u la r  m a s s  o f  p u r if ie d  rP m V R P 1 5  w a s  

d e te rm in e d  b y  M A LD I-T O F  M S. rP m V R P 1 5  h a s  a m o le c u la r  m a s s  o f  15 ,899 .9  Da 

(F ig u re  3.23), w h ic h  is s im ila r  t o  t h e  c a lc u la t e d  m o le c u la r  m ass.

F u r th e rm o re ,  C ir c u la r  D ic h ro ism  (CD) w a s  u s e d  t o  p r e d ic t  s e c o n d a r y  s t ru c tu re  

o f  rP m V R P 1 5 . C D  s p e c t r o s c o p y  is a p o w e r fu l m e th o d  in s t r u c tu r a l b io lo g y  t o  e x a m in e  

th e  s t r u c tu re  a n d  c o n fo rm a t io n a l c h a n g e s  o f  p ro te in s ,  p o ly p e p t id e s ,  a n d  p e p t id e  

s t ru c tu re s , w h ic h  b y  in fo rm in g  o n  b in d in g  a n d  fo ld in g  p ro p e r t ie s  p r o v id e s  in fo rm a t io n  

a b o u t  th e ir  b io lo g ic a l fu n c t io n s .  It is b a s e d  o n  th e  d e p e n d e n c e  o f  t h e  o p t ic a l  a c t iv it y  

o f  t h e  p ro te in  in t h e  fa r u lt r a v io le t  (UV) re g io n s  (1 7 0 -2 4 0  n m  w a v e le n g th )  w ith  th e  

b a c k b o n e  o r ie n ta t io n  o f  t h e  p e p t id e  b o n d s  w ith  m in o r  in f lu e n c e s  f ro m  t h e  s id e  

c h a in s  (F a rm a n , 1996). D if fe re n t  t y p e s  o f  s e c o n d a ry  s t ru c tu re  p ro d u c in g  c h a ra c te r is t ic  

sp e c tra , t h e  s p e c t r u m  o f  a g iven  p ro te in  c a n  b e  u s e d  t o  e s t im a t e  its p e rc e n ta g e  

c o n te n t  o n  t h e  m a jo r  s e c o n d a ry  s t ru c tu re  t y p e s  (G re e n f ie ld ,  2006 ; K e l ly  e t  a l., 2005).
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C D  s p e c t ra  o f  rP m V R P 1 5  r e v e a le d  th a t  t h e  m a jo r  s e c o n d a r y  s t r u c tu re  t y p e  o f  

rP m V R P 1 5  w a s  a lp h a -h e lix ,  c o m p a re d  to  s ta n d a rd  p ro te in  w h ic h  k n o w n  s e c o n d a r y  

s t ru c tu re . T h e  a m o u n t  o f  re g u la r  s e c o n d a ry  s t ru c tu re s  ( a -h e lix  a n d  p -s tra n d )  w e re  

e s t im a te d  b y  a n a ly s is  o f  t h e  C D  s p e c tra  u s ing  K2D 3  d e c o n v o lu t io n  s o f tw a re  (L o u is -  

J e u n e  et ai. 2011). T h e  re s u lt  s h o w e d  th a t  t h e  p r e d ic t e d  s e c o n d a r y  s t ru c tu re  

p e rc e n ta g e s  o f  rP m V R P 1 5  w a s  48 .45%  a -h e lix  a n d  13 .57%  p -s t ra n d  (F ig u re  3.25). T h e  

fa c t  t h a t  p u r if ie d  P m V R P 1 5  a d o p te d  s e c o n d a ry  s t ru c tu re  in d ic a te d  th a t  th e  

p u r if ic a t io n  p r o c e d u re  u s e d  in  th is  s tu d y  d id  n o t  d e s t ro y  p ro te in  s e c o n d a r y  s t ru c tu re .

P ro te in  c ry s ta l lo g ra p h y  is u s e d  t o  g e n e ra te  a t o m ic  r e s o lu t io n  s t ru c tu re s  o f  

p ro te in  m o le c u le s .  T h e s e  s t ru c tu re s  p ro v id e  in fo rm a t io n  a b o u t  b io lo g ic a l fu n c t io n ,  

m e c h a n is m  a n d  in te ra c t io n  o f  a p ro te in  w ith  s u b s t ra te s  o r  e f fe c to r s  in c lu d in g  D NA, 

RNA , c o fa c to r s  o r  o th e r  s m a ll  m o le c u le s ,  io n s  a n d  o th e r  p ro te in s .  T h is  t e c h n iq u e  c a n  

b e  a p p l ie d  t o  m e m b ra n e  p ro te in s  re s id e n t  in t h e  m e m b ra n e s  o f  c e l ls .  T o  a c c o m p l is h  

th is , m e m b r a n e  p ro te in s  f irs t n e e d  t o  b e  e ith e r  h e t e r o lo g o u s ly  e x p re s s e d  o r  p u r if ie d  

f r o m  a n a t iv e  so u rc e . T h e  p ro te in  h a s  t o  b e  e x t r a c te d  f r o m  th e  l ip id  m e m b r a n e  w ith  

a m i ld  d e te r g e n t  a n d  p u r if ie d  t o  a s ta b le ,  h o m o g e n e o u s  p o p u la t io n  t h a t  m a y  th e n  

b e  c r y s ta l l iz e d .  P ro te in  c ry s ta ls  a re  t h e n  u s e d  fo r  X - ra y  d if f r a c t io n  t o  y ie ld  a to m ic  

r e s o lu t io n  s t ru c tu re s  o f  t h e  d e s ire d  m e m b ra n e  p ro te in  ta rg e t  (N e w b y  et ai. 2009).

เท th is  s tu d y , a p p ro p r ia te  c o n c e n t r a t io n  o f  rP m V R P 1 5  fo r  c r y s ta l l iz a t io n  

s c re e n in g  w a s  d e te rm in e d  b y  P C T ™  k it (H a m p to n  re se a rch ) . U s in g  In d e x™ , 

M e m b F a c ™  a n d  C ry s ta l s c re e n  2 ™  c r y s ta l l iz a t io n  k it (H a m p to n  re se a rch ), c ry s ta ls  

a p p e a r e d  in  6 c o n d it io n s .  T h e y  w e re  (1) In d e x ™  D 12  (0.2 M  C a lc iu m  c h lo r id e  

d ih y d ra te ,  0.1 M  BIS-TRIS pH  5.5, 45%  v / v  (+ / - ) -2 -M e th y l-2 ,4 -p e n ta n e d io l) ;  (2) In d e x  M 

E l  (0.2 M  C a lc iu m  c h lo r id e  d e h y d ra te ,  0 .2 M  BIS-TRIS pH  6.5, 45%  v / v  (+ /-) -2 -M e th y l-

2 ,4 -p e n ta n e d io l) ;  (3) In d e x ™  E6 (0.05 M  C a lc iu m  c h lo r id e  d e h y d ra te ,  0.1 M  BIS-TRIS 

pH  6.5, 30%  v / v  P o ly e t h y le n e  g ly c o l m o n o m e th y l  e t h e r  550); (4) In d e x1, H9 

(0 .05 M  Z in c  a c e ta te  d e h y d ra te ,  20%  w / v  P o ly e t h y le n e  g ly c o l 3 ,350); (5) M e m b F a c  M 

A 2  (0.1 M  Z in c  a c e ta te  d e h y d ra te ,  0.1 M  S o d iu m  a c e ta te  t r ih y d ra te  pH  4.6, 12%  w / v  

P o ly e t h y le n e  g ly c o l 4,000); (6) C ry s ta l s c re e n  2  M H 3 (0 .2 M  M a g n e s iu m  c h lo r id e ,  0.1 

M  T R IS -H C l pH  8.5, 2 .6  M  1, 6 -H e x a n e  d io l)  (F ig u re  3.29).

C ry s ta ls  f ro m  In d e x ™  D12, H9 a n d  M e m b F a c ™  A 2  c o n d it io n s  w e r e  s u b je c te d  

t o  X -ra y  d if f r a c t io n  te s t . C ry s ta ls  f ro m  In d e x ™  H9 c o n d it io n  g a ve  s tro n g  s p o ts  in 

t h e  d if f r a c t io n  (F ig u re  3.28), in d ic a t in g  th a t  t h e  c ry s ta ls  a re  sa lt . M e a n w h ile ,  c ry s ta ls  

f ro m  M e m b F a c ™  A 2  c o n d it io n  d id  n o t  d if f r a c t  (F ig u re  3.29). T h is  m a y  b e  c a u s e d  b y
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s e v e ra l fa c to r s  in c lu d in g  s m a ll  c ry s ta ls , d is o rd e r  c r y s ta ls  a n d  in a p p ro p r ia te  

c ry o p ro te c ta n t s .

C ry s ta ls  a p p e a re d  in In d e x™  D 12  c o n d it io n  w e re  t h e  m o s t  p ro m is in g  o n e . 

T h e ir  d if f r a c t io n  p a t te rn s  s h o w e d  c lo s e  s p o ts  a t lo w  r e s o lu t io n  (~9 Â), su g g e s t in g  th e  

p r e s e n c e  o f  p ro te in s  (F ig u re  3.30). F u r th e r  o p t im iz a t io n  s h o u ld  b e  d o n e  a ro u n d  th is  

c o n d it io n ,  in c lu d in g  v a ry in g  p r e c ip ita n t  c o n c e n t r a t io n ,  a d d it iv e  s c re e n in g  a n d  

d e te rg e n t  s c re e n in g .
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