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To determine the amino acid residues required for the signa;-transducing activity of the human c-Ha-Ras protein, we introduced point mutalions 
at residues 45 54 near th¢ "¢ffcctor region" (rcsiducs 32 40). Wc transfected P¢~'i 2 cells with t h ~  mutant genes and also micro-injected the mutant 
prot,:ins, t~ound with an unhydroly~ble GTP analog, into PCI 2 oclls, Both prot,~'dures show~l that Vai¢s--*Glu and Gly~--~Cys mutations impaired 
the abiiity of the Ras protein to induce morlphological change of PCI 2 cells. These mutations did not affect the guanine nucleotid¢-binding activity 
or GTPase activity in the absence or presence of bovine GTPase-activatin 8 protein (GAP). Therefore. the Val 4~ and G!y 4s residues should be included 
by definition in the effector region responsible for the signal tra~tsduction, white only a subset of the effector-region residues is requirc<l for 

enhancement of the GTPase activity by GAP. 

c-Ha-rag; Krev-I- Effector region; GTPasc acttvating protein; Mutagenesis 

!.  I N T R O D U C T I O N  

T h e  R a g  p r o t e i n  is a g u a n i n e  n u c l e o t i d e - b i n d i n g  p r o -  
t e i n .  " A c t i v a t e d "  R a s  p r o t e i n s ,  w h i c h  h a v e  m u c h  l o w e r  
G T P a s e  a c t i v i t y  t h a n  t h a t  o f  t h e  n o r m a l  R a g  p r o t e i n ,  
p r o m o t e  t r a n s f o r m a t i o n  o f  N I H  3 T 3  ce l l s  [ ! ] ,  t e r m i n a l  
d i f f e r e n t i a t i o n  o f  r a t  p h e o c h r o m o c y t o m a  ( P C  ! 2)  ce l l s  
[2,3] a n d  m a t u r a t i o n  o f  X e n o p u s  o o c y t e s  [4]. T h e  G T P -  
b o u n d  f o r m  o f t h e  R a s  p r o t e i n  h a s  b e e n  s h o w n  t o  b e  the  
a c t i v e  f o r m  f o r  t h e s e  s i g n a l  t r a n s d u c e r s  [5]. T h e  s i g n a l -  
t r a n s d u c i n g  a c t i v i t i e s  a r e  i m p a i r e d  b y  m u t a t i o n s  a t  
a m i n o  a c i d  r e s i d u e s  32--40 [6]. M u t a t i o n s  a t  r e s i d u e s  
3 2 - 4 0  d o  n o t  i n f l u e n c e  the  g u a n i n e  n u c l e o t i d e - b i n d i n g  
a c t i v i t y  o r  t h e  G T P a s e  a c t i v i t y ,  so  t h e s e  a m i n o  a c i d  
r e s i d u e s  a r e  c o n s i d e r e d  t o  c o n s t i t u t e  a r e g i o n  t h a t  is 
i n v o l v e d  i n  i n t e r a c t i o n  w i t h  t h e  t a r g e t  e f f e c t o r  o f  the  
g a s  p r o t e i n  ( t h e  "e f fec to r  r e g i o n "  o r  " e f f e c t o r - b i n d i n g  
r e g i o n ' )  [6l- 

T h e  K r e v - !  g e n e  [7], w h i c h  is i d e n t i o a l  t o  t h e  stag21 
g e n e  [8] a n d  t he  r a p l A  g e n ¢  [9], h a s  b e e n  f o u n d  t o  be  
a s u p p r e s s e r  g e n e  o f  t r a n s f o r m a t i o n  b y  a n  a c t i v a t e d  
K - r a s  g e n e .  T h e  a m i n o  a c i d  s e q u e n c e  o f  t h e  K r e v - I  
p r o t e i n  is v e r y  s i m i l a r  t o  t h a t  o f  t h e  Ram p r o t e i n .  I n  
p a r t i c u l a r ,  r e s i d u e s  32--40 o f  t h e  K r e v - I  p r o t e i n  a r e  
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i d e n t i c a l  w i t h  t h e  c o r r e s p o n d i n g  e f f e c t o r - r e g i o n  res i -  
d u e s  3 2 - 4 0  o f  t h e  R a s  p r o t e i n .  H o w e v e r ,  m u t a t i o n s  
c o r r e s p o n d i n g  to  the  "ac t iva t ing"  m u t a t i o n s  o f  t he  ras  
g e n e s  d i d  n o t  r e s u l t  i n  t r a n s f o r m i n g  a c t i v i t y  o f  t h e  K r e v -  
! g e n e  [113]. T h e r e f o r e ,  a m i n o  a c i d  r e s i d u e s  o t h e r  t h a n  
t h o s e  a t  p o s i t i o n s  3 2 - 4 0  a r e  r e q u i r e d  fo r  the  s i g n a l -  
t r a n s d u c i n g  a c t i v i t y  o f  t he  R a s  p r o t e i n .  Z h a n g  e t  al .  
s h o w e d  t h a t  a c h i m e r i c  p r o t e i n  c o n s i s t i n g  o f  r e s i d u e s  
4 1 - 6 0  o f  t h e  K r e v - !  p r o t e i n  a n d  t h e  o t h e r  r e s i d u e s  f r o m  
t h e  R a s  p r o t e i n  h a v e  n o  t r a n s f o r m i n g  a c t i v i t y  [11]. 
T h e r e f o r e ,  s o m e  o f  t h e  r e s i d u e s  a t  p o s i t i o n s  4 1 - 6 0  o f  t he  
R a g  p r o t e i n  m u s t  b e  e s s e n t i a l  f o r  t h e  s i g , ; a l - t r a n s d u c i n g  
a c t i v i t y ,  a n d  m a y  b e l o n g  t o  the  e f f e c t o r  r e g i o n ,  

T h e  G T P a s e  a c t i v i t y  o f  t he  R a s  p r o t e i n  is e n h a n c e d  
b y  t h e  G T P a s e - a c t i v a t i n g  p r o t e i n  ( G A P )  [12,13].  T h e  
e n h a n c e m e n t  o f  t h e  G T P a s e  a c t i v i t y  r e q u i r e s  r e s i d u e s  
3 2 - 4 0  [14,15].  H o w e v e r ,  it  is n o t  ye t  c l e a r  w h e t h e r  G A P  
is a t a r g e t  e f f e c t o r  o r  a n e g a t i v e  r e g u l a t o r  o f  t h e  R a s  
p r o t e i n  [! 6]. G A P  f o r  t h e  R a s  p r o t e i n  h a s  h i g h e r  a f f i n i t y  
t o  t he  K r e v - i  p r o t e i n  t h a n  t o  t h e  R a s  p r o t e i n ,  b u t  d o e s  
n o t  e n h a n c e  t h e  G T P a s e  a c t i v i t y  o f  t he  K r e v - I  p r o t e i n  
[17,18] .  T h i s  i n d i c a t e s  t h a t  s o m e  r e s i d u e s  o t h e r  t h a n  
r e s i d u e s  3 2 - 4 0  a r e  r e q u i r e d  f o r  " G A P  sens i t i v i t y"  ( t h e  
a b i l i t y  t o  u n d e r g o  e n h a n c e m e n t  o f  t h e  G T P a s e  a c t i v i t y  
o f  t h e  R a s  p r o t e i n  b y  G A P ) .  

T h e  a m i n o  a c i d  r e s i d u e s  a t  p o s i t i o n s  45 ,  46,  48,  49,  
50, 52 a n d  54,  n e a r  t he  p r e v i o u s l y  i d e n t i f i e d  ¢ f f e c t o r  
r e g i o n ,  d i f f e r  i n  t he  R a s  a n d  K r e v - I  p r o t e i n s  [7]. T h e r e -  
fo re ,  i n  t h e  p r e s e n t  s t u d y ,  we  c o n s t r u c t e d  a se r ies  o f  
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I~ig. I M o r p h o l o g i c a l  c h a n g e  o f  ! ~ 1 2  ce i l s  i n d u c e d  b y  m u t a n t  ras g e n e s  (Val t=- type) .  T h e  p h o t o g r a p h s  w~re  t a k e n  24  h a f t e r  t he  a d d i t i o n  o f  
d e ~ a m e t h a s o n e .  I~CI 2 ce l l s  were  t r a n s f e c t e d  w i t h  t h e  o r i g i n a l  g e n e  (a) ,  o r  t he  g e n e  c a r r y i n  8 t he  s e c o n d  m u t a t i o n ( s t ,  V a l 4 S - - ~ l u  (b),  Gly4S--44~ys 

(c),  Glu4~---~GIn (d) ,  ThrS°*-~GIn (e) o r  LeuS=---~Met / Asp~-- -~Glu  (f). 

m u t a n t  R a s  prote ins  by  s i te-directed m u t a g e n e s i s  at o n e  
or  t w o  o f  these  pos i t i ons  (except  p o s i t i o n  46  o c c u p i e d  
by  l ie in R a s  and b y  Val  in Krev-1);  the  res idue o f  the 
Ras  prote in  was  replaced b y  the  c o r r e s p o n d i n g  res idue 
o f  the Krev+! prole in .  T h e n ,  we  a n a l y z e d  the  s ignal-  
t ransduc ing  act ivit ies  o f  these  m u t a n t  R a s  prote ins  in 
P C I 2  cells  a n d  a l so  their G A P  sensi t iv i ty  in v i tro .  

2. M A T E R I A L S  A N D  M E T H O D S  

2.1. Preparations o f  normal  and mutant  Ras proteins 
M u t a t i o n s  w e r e  i n t r o d u c e d  i n t o  a s y n t h e t i c  h u m a n  c-Ha-ras  g e n e  

[18] b y  o l i g o n u e l e o t i d e - d i r e c t e d  m u t a g e n e s i s  us in  8 a M u t a - G e n e  k i t  
¢Bio -Rad) .  M u t a n t  R a s  p r o t e i n s  were  o v e r p r o d u c e d  in  E. coli a n d  
pur i f i ed  a s  d e s c r i b e d  [191 w i t h  t h e  m o d i f i c a t i o n s  t h a t  t he  bu f fe r  A 
c o n t a i n e d  5 m M  MgCI2  a n d  n o  n -oc ty l  g lucos ide .  

2.2. Measurements  o f  dissociation rates o f  guanine nucleotides and 
GTP-as¢  activities o f  Ros  proteins i~ the absence and  presence o f  
G A P  

T h e  d i s s o c i a t i o n  r a t e s  o f  G D P  a n d  G T P  f r o m  each  m u t a n t  R a s  
p r o t e i n  (Gly l2 - type)  w e r e  m e a s u r e d  a s  d e s c r i b e d  p r e v i o u s l y  [20]. T h e  
i n t r i n s i c  ¢ JTPas¢  a c t i v i t y  a n d  t he  G A P  s e n s i t i v i t y  o f  e a c h  m u t a n t  
p r o t e i n  were a n a l y z e d  a s  descril~¢~ p r e v i o u s l y  [27]. 

2.3. Transfecti, ,n o f  P C I 2  cells with mutant  r a s  genes  
A n  one, ogen t¢  r a s  8 e n e  (GlylZ--+Val) a d d i t i o n a l l y  c a r r y i n g  o n e  o f  t h e  

m u t a t i o n s  d e s c r i b e d  a b o v e  w a s  s u b e l o n e d  i n t o  t he  m a m m a l i a n  expres -  
s ion  v e c t o r  p M A M - n e o  ( C l o n t e c h ) .  P C I  2 ce l l s  w e r e  t t a n s f e c t e d  wi th  

D N A  (5 p g )  by  t he  c a l c i u m  p h o s p h a t e  p r e c i p i t a t i o n  m e t h o d  a n d  
G 4 1 8 - r e s i s t a n t  c l o n e s  w e r e  o b t a i n e d .  E x p r e s s i o n  o f  t he  m u t a n t  r a s  
g e n e  w a s  i n d u c e d  by  d e x a m c t h a s o n e ,  a n d  a e u r i t e  o u t g r o w t h  o f  P C  12 
ce l l s  w a s  m e a s u r e d .  

2.4. Mi¢'ro-inje~'tion o f  the G M P P N P - b o u ~ J d  Ras  proteins into P C I 2  
¢~'ti.s 

T h e  pu r i f i ed  R a s  p r o t e i n  (Gly~2-type)  in  the  G O P - b o u n d  for-:n (I 
m r )  w a s  i n c u b a t e d  w i l h  G M P P N  P, a n  u n h y d r o l y z a b l e  a n a l o g  o f  G T P ,  
( 0 . 2 ~ m o l )  a n d  I m M  E D T A  for  5 r a i n  a t  37°C.  T h e n  f rec  n u c l e o t i d e s  
w e r e  r e m o v e d  by  u l t r a f i l t r a t i o n  in  a C e n t r i c o n - 1 0  ( A m i c o n ) .  T h i s  cyc l e  
w a s  r e p e a t e d  t h r e e  t imes .  H P L C  a n a l y s i s  c o n f i r m e d  t h a t  9 5 ~  o f  t h e  
p r o t e i n - b o u n d  n u d e o t i d e s  w e r e  c o n v e r t e d  f r o m  G D P  t o  G M P P N P .  
P C I 2  ce l l s  w e r e  r e - p l a t c d  24 h b e f o r e  m i e r o - i n j e c t i o ~  a t  ce l l  d e n s i t i e s  
o f  I × 10 ~ ce l l s /d i sh .  M u t a n t  R a s  p r o t e i n s  in  t h e  G M P P N P - b o u n d  
f o r m  ( IO m r / r o D  w e r e  i n j e c t e d  i n l o  100 -200  ce l l s  w i t h  a n  injectos~cope 
[ M F - 2  ( O l y m p u s ) .  

3. R E S U L T S  

3. i .  S i g n a l - t r a n s d u c i n g  ac t i v i t i e s  o f  m u t a n t  ras e e n e s  
W e  inves t igated  th~ : , ignai- transdu¢ing act iv i t ies  o f  

the  m u t a n t  ras  g e n e s  to  p r o m o t e  neurite  o u t g r o w t h  o f  
P C I 2  cel ls  (Fig .  1). Al l  the m u t a n t  g e n e s  tested had  a 
m u t a t i o n  in the  reg ion  o f  res idues  4 5 - 5 4  in a d d i t i o n  to  
the  "activating' Gly~2--~Val m u t a t i o n  ( 'Va|12-type ' m u -  
tants) .  The  presence  o f  these  m u t a n t  prote ins  in the  
transfected  P C I 2  cel ls  w a s  c o n f i r m e d  by  W e s t e r n  blot -  
t ing ana lys i s  us ing  an  a n t i - R a s  m o n o c l o n a l  a n t i b o d y ,  
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Table I 
Signal-transducing activities of Ras proteins 

Mut,~tion between 
positiona 45 and 54 

N e u r i t e  o u t g r o w t h  (~)~ 

Gene expres- 
sion 
(VaP~-type) 

Microinjection 
with GMPPNP 
(Gly ~ "-type) 

None 97 67 
V a l * ~ l u  0 4 
Gly~- -~ys  0 5 
GIu4*-~Gln 91 N D" 
Thr~°---~ln 84 ND 
LeuS:--~Met I Asp~---~lu 82 ND 

* T h e  n u m b e r s  o f  P C I  2 ce l l s  t h a t  e x t e n d e d  n e u r i t e s  w e r e  c o u n t e d  a n d  
a r e  s h o w n  a s  p e r c e n t a g e s  o f  t h e  t o t a l  n u m b e r  o f  t h e  ce l l s  t r a n s f e c t e d  
w i t h  t h e  m u t a n t  r a s  g e n e  o r  m i c r o - i n j e c t e d  w i t h  t h e  G M P P N P - b o u n d  
m u t a n t  R a s  p r o t e i n .  
~ N o t  d e t e r m i n e d .  

N C C - R A S - 0 0 4  [22]. O n  e x p r e s s i o n  o f  t he  V a l ' 2 - t y p e  , a s  
g e n e  w i t h  a s e c o n d  m u t a t i o n  o f G l u a g - - - ~ G l n ,  Thr~°---~Gin 
o r  LeuS~----)Met/AspS~---~Glu in  P C 1 2  cel ls ,  t he  n e u r i t e -  
o u t g r o w t h  e f f i c i e n c y  w a s  a s  h i g h  a s  t h a t  o n  e x p r e s s i o n  
o f  t h e  o r i g i n a l  V a P 2 - t y p e  ras  g e n e  ( m o r e  t h a n  80%  o f  
t h e  ce l l s  e x t e n d e d  n e u r i t e s )  ( T a b l e  ! a n d  F i g .  1), I n  
c o n t r a s t ,  P C I 2  ce l l s  e x p r e s s i n g  t h e  V a P  2- t y p e  ras  g e n e  
w i t h  a Val*~---~Glu o r  Gly4S---~Cys m u t a t i o n  e x t e n d e d  n o  
n e u r i t e s  ( T a b l e  I a n d  F i g .  i ). T h u s ,  o f  t h e  f ive  m u t a t i o n s  
t e s t e d ,  Val~5---~Giu a n d  Gly~----~Cys m u t a t i o n s  w e r e  
f o u n d  t o  i m p a i r  t h e  s i g n a l - t r a n s d u c i n g  a c t i v i t y .  

3.2.  S i g n a l - t r a n s d u c i n g  a c t i v ' t i e s  o f  m i c r o i n j e c t e d  
G M P P S P - b o u n d  ~ a s  proterzJS i~t P C I 2  cel ls  

W e  t h e n  u s e d  R a s  p r o t e i n s  w i t h  L | y c i n e  a t  p o s i t i o n  12 
( G l y l 2 ° t y p e  m u t a n t s ) .  A s  w i t h  t h e  w i l d - t y p e ,  Val4S-->Glu 
m u t a n t  a n d  Gly4~--->fys  m u t a n t  R a s  p r o t e i n s ,  we  ex -  
c h a n g e d  b o u n d  G D P  f o r  G M P P N P ,  a n d  m i c r o i n j e c t e d  
t h e  G M P P N P - b o u n d  R a s  p r o t e i n s  i n t o  P C I 2  cel ls .  T h e  
Va145---~Glu a n d  Gly4a--->Cys m u t a n t  R a s  p r o t e i n s  i n -  
d u c e d  n e u r i t e  o u t g r o w t h  in  o n l y  a s m a l l  f r a c t i o n  ( 4 - 5 % )  
o f  the  m i c r o - i n j e c t e d  P C  ! 2 cel ls ,  w h e r e a s  t h e  w i l d - t y p e  
R a s  p r o t e i n  i n d u c e d  n e u r i t e  o u t g r o w t h  in  6 7 %  o f  t h e  
i n j e c t e d  ce l l s  ( T a b l e  I).  

3.3.  G u a n i n e  n u c l e o t i d e - b i n d i n g  a c t i v i t i e s  a n d  G T P a s e  
a c t i v i t i e s  in t h e  a b s e n c e  a n d  p r e s e n c e  o f  G A P  

N e x t ,  we  e x a m i n e d  t h e  b i o c h e m i c a l  a c t i v i t i e s  o f  t h e s e  
m u t a n t  R a s  p r o t e i n s  ( G l y t 2 - t y p e ) .  W e  m e a s u r e d  t h e  
r a t e s  o f  d i s s o c i a t i o n  o f  t h e  b o u n d  G D P  a n d  G T P  f r o m  
t h e  R a s  p r o t e i n s  b y  c o u n t i n g  t h e  r a d i o a c t i v i t i e s  o f  [8,5"- 
S H ] G T P  o r  [ 8 , 5 " - S H ] G D P  r e m a i n i n g  b o u n d  to  t he  R a s  
p r o t e i n s  a f t e r  i n c u b a t i o n  i n  t h e  p r e s e n c e  o f  M g  2", a n d  
e s t i m a t i n g  t h e  d i s s o c i a t i o n  r a t e s  o f  G D P  a n d  G T P  f r o m  
s e m i l o g a r i t h m i e  p l o t s  ( T a b l e  II) .  R e s u l t s  s h o w e d  t h a t  
t h e  m u t a t i o n s  h a d  l i t t l e  e f fec t  o n  t he  d i s s o c i a t i o n  r a t e .  
W e  a l s o  m e a s u r e d  t h e  G T P a s e  a c t i v i t i e s  o f  t h e  m u t a n t  

Table I I 
Dissociation rales of GI)P and GTP. and (TTPase activitie~ in the 

absence and presence ot" (~AI' of the R~ts protein~ 

M u t a t i o n  b l 2 | w c e n  I ) i s s t~c la t ion  r:l le" ( iTPase a c t i v i l y  
positions 45 and 54 (ha× 10~/min *) (~×10~/.nin ~) 

GDP GTP - G A P  4 GAP 

N o n e  5 5 4 .4  ! .7 4 8  
Val4~-~Glu 7,6 5,8 1,4 4.8 
Gly~--~Cys 4.6 4. ! 1.9 5.1 
GI u49---~GIn 5.3 4.8 1.8 5.3 
Thr~P---~GI n 5.8 4_6 2. i 4.1g 
LeuS:--~Me! / Asp54----~Glu 6.4 5.3 3.0 5.8 

"Rates of Oissociation of protein-bound I8,5"-~H]GDPor [8.5"-'i-IIGTP 
in the presence of I,~0 mM MgCI~ and 20 mM GTP. 

R a s  p r o t e i n s  in  t h e  a b s e n c e  a n d  p r e s e n c e  o f  G A P .  T h e  
i n t r i n s i c  6 1 P a s e  a c t i v i t i e s  o f  all  t h e  m u t a n t  R a s  p r o -  
t e i n s  w e r e  s i m i l a r  t o  t h a t  o f  the  w i l d - t y p e  R a s  p r o t e i n ,  
e x c e p t  f o r  t h a t  o f  t he  L e u ~ ' - - ~ M e t  / AspS4--~Glu  m u t a n t  
p r o t e i n ,  w h i c h  h a s  a 2 - f o l d  h i g h e r  G T P a s e  a c t i v i t y  
( T a b l e  !1). T h e  G T P a s e  a c t i v i t i e s  o f  t he se  m u t a n t  R a s  
p r o t e i n s  i n  t he  p r e s e n c e  o f  G A P  w e r e  prac t . ica! ly  the  
s a m ~  ( T a b l e  I l L  T h e  r a t i o s  o f  t he  GTP-hyc i ro l~cs i s  ,-ate 
i n  t he  p r e s e n c e  o f  G A P  to  t h a t  in  i ts  a b s e n c e  w e r e  a l so  
s im;. lar  ( 6 7 - 1 2 0 % L  i h e r e f o r e ,  t h i s  r e g i o n  d o e s  n o t  a p -  
p e a r  t o  b e  r e l a t e d  to  t h e  i n t e r a c t i o n  w i t h  G A P .  

4. D I S C U S S I O N  

I n  t he  p r e s e n t  s t u d y ,  we  h a v e  i d e n t i f i e d  t w o  r e s i d u e s  
(Va145 a n d  G l y  4~) t h a t  w e r e  r e q u i r e d  f o r  the  s igna l  
t r a n s d u c t i o n ,  a n d  t h a t  a r e  l o c a t e d  o u t s i d e  t he  p r e v i o u s -  
ly i d e n t i f i e d  e f f e c t o r  r e g i o n  ( r e s i d u e s  32 4 0 ) .  T h e  p r e s -  
e n c e  o f  s u c h  f u n c t i o n a l  r e s i d u e s  in the  r e g i o n  o f  r e s i d u e s  
4 1 - 6 0  h a s  b e e n  p r e d i c t e d  f r o m  t h e  f i n d i n g  t h a t  a c h i m e -  
r ic  R a s  p r o t e i n  c o n t a i n i n g  t h e s e  20  r e s i d u e s  f r o m  the  
K r e v - 1  p r o t e i n  d i d  n o t  h a v e  t r a n s f o r m i n g  a c t i v i t y  [13]. 
T h e  Val~5---~Glu a n d  G l y ~ - - ~ C y s  m u t a t i o n s  i m p a i r  the  
s i g n a l - t r a n s d u c i n g  a c t i v i t y  o f  b o t h  t h e  n o r m a l  R a s  p r o -  
t e i n  ( G l y l Z - t y p e )  a n d  t h e  a c t i v a t e d  R a t  p r o t e i n  (Val  *2- 
type ) ,  l~ut  t h e s e  m u t a t i o n s  d i d  n o t  a f fec t  t h e  g u a n i n e  
n u c l e o t i d e - b i n d i n g  a c t i v i t y  o r  t h e  i n t r i n s i c  G T P a s e  ac-  
t i v i t y  ( T a b l e  ! I ) .  

T h e r e  w a s  a p o s s i b i l i t y  t h a t  Va145 a n d  G i y  4~ were  
r e q u i r e d  f o r  i n t e r a c t i o n  o f  t h e  R a s  p r o t e i n  ,vith t~e  
g u a n i n e  n u c l e o t i d e - e x c h a n g e  f a c t o r  [23,24].  H o w e v e r ,  
m i c r o - i n j e c t i o n s  o f  t h e  Vat45----)Glu a n d  G l y ~ - - ~ C y s  
m u t a n t  R a s  p r o t e i n s  i n  t he  G M P P N P - i J o u n d  f o r m  d id  
n o t  i n d u c e  m o r p h o l o g i c a l  c h a n g e  o f  P C  12 ce l l s ,  i n d i c a -  
t i n g  t h a t  t h e s e  t w o  r e s i d u e s  a r e  p r o b a b l y  r e q u i r e d  for  
i n t e r a c t i o n  w i t h  t h e  t a r g e t  e f f ec to r .  T h e r e f o r e ,  t h e  effee-  
t o r  r e g i o n  o r  e f f e c t o r - b i n d i n g  r e g i o n  s h o u l d  b e  e x t e n d e d  
b y  d e f i n i t i o n  t o  c o v e r  t he  Va l  4-~ a n d  G l y  ~ r e s idues .  T h e  
G l y  ~ r e s i d u e  is l o c a t e d  a t  t h e  t u r n  b e t w e e n  the  t w o  
s t r a n d s  ( r e s i d u e s  3 8 - 4 6  a n d  49  57) c o n s t i t u t i n g  t h e  a n -  
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t i p a r a l l e l  f l - s h e e t  [ 2 5 , 2 6 ] ,  s u g g e s t i n g  t h a t  ~he  G l y 4 S - - > C y s  
m u t a t i o n  m a y  a f f e c t  t h e  c o n f o r m a t i o n  o f  t h i s  a n t i p a r a l -  
lc l  E - s h e e t .  

R e s i d u e s  3 2 - 4 0  o f  t h e  R a ~  p r o t e i n  a r e  a l s o  r e q u i r e d  
f o r  G A P  s e n s i t i v i t y  [ 1 4 , 1 5 ] ,  a l t h o u g h  t h e  p r o b l e m  o f  
w h e t h e r  G A P  is t h e  t a r g e t  c f f c c t o r  o r  a n e g a t i v e  r e g u l a -  
t o r  o f  t h e  R a s  p r o t e i n  h a s  n o t  y e t  b e e n  r e s o l v e d .  S o m e  
r e s i d u e s  o t h e r  t h a n  r e s i d u e s  3 2 - 4 0  h a v e  b e e n  a n t i c i p a -  
t e d  a l s o  t o  b e  r e q u i r e d  f o r  G A P  s e n s / t i v i t y  [ 1 7 , 1 8 ] .  I n  
f a c t ,  r e s i d u e s  2 1 - 3 1  ( o r  s o m e  o f  t h e m )  at,= r e q u i r e d  f o r  
t h e  s i g n a l - t r a n s d u c i n g  a c t i v i t y  a n d / o r  G A P  s e n s i t i v i t y  
o f  t h e  R a s  p r o t e i n  ( { i l ] ,  u n p u b l i s h e d  r e s u l t s  b y  M .  
S h i r o u z u ,  J .  F u j i t a - Y o s h i g a k i  a n d  S .  Y o k o y a m a ) .  H o w -  
e v e r ,  t h e  p r e s e n t  a n a l y s e s  s h o w e d  t h a t  t h e  r e g i o n  o f  
r e s i d u e s  4 5 - 5 4  d o ~ s  ~tot  ~t,~,te, i n  a n y  r e s i d u e  t h a t  i s  i m -  
p o r t a n t  f o r  t h e  G A P  s e n s i t i v i t y  o f  g a s .  

Va145--->Glu a n d  (31y4S- -~Cys  m u t a t i ( , n s  o f  t h e  R a s  
p r o t e i n  d i d  n o t  a f f e c t  t h e  G A P  s e n s i t i v i t y ,  b u t  r e s u l t e d  
i n  l o s s  o f  s i g n a l - t r a n s d u c i n g  a c t i v i t y .  G A P  s e n s i t i v i t y  
h a s  b e e n  s h o w n  n o t  t o  b e  c o r r e l a t e d  w i t h  ~ , i g n a l - t r a n s -  
d u c i n g  a c t i v i t y  i n  s o m e  m u t a n t s  a t  p o s i t i o n  3 5  o r  4 0  
[16] .  T h e r e f o r e ,  t h e  e f f e c t o r  r e g i o n  i s  l o n g e r  t h a n  t h e  
p r e v i o u s l y  d e f i n e d  r e g i o n  o f  r e s i d u e s  3 2 - 4 0 ,  a n d  a s u b -  
s e t  o f  r e s i d u e s  i n  t h e  e x t e n d e d  e f f e c t o r  r e g i o n  c o n s t i t u t e s  
t h e  d e t e r m i n a n t  f o r  G A P  s e n s i t i v i t y .  
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