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2 5 6  P r o te in s  c a n  fu n c t io n  a s  s im p le  s ig n a l in g  d e v ic e s  2 7 9

IN T E G R A T IN G  M U L T IP L E  S I G N A L I N G  I N P U T S  281

2 5 7  l o g i c  g a t e s  p ro c e s s  in fo rm a tio n  fro m  m u l t ip le  in p u t s  281

S im p le  p e p t id e  m o tifs  c a n  in t e g r a t e  m u l t ip le
2 5 7  p o s t - t r a n s l a t i o n a l  m o d if ic a tio n  in p u t s  282

2 5 8  C y c l in -d e p e n d e n t  k in a s e  is  a n  a l lo s te r ic
2 5 8  s ig n a l - in te g r a t in g  d e v ic e  2 8 3

M o d u la r  s ig n a l in g  p r o te in s  c a n  in t e g r a t e  m u l t ip le
2 5 9  in p u t s  284

T r a n s c r ip t io n a l  p r o m o te r s  c a n  in t e g r a t e  in p u t  fro m
m u lt ip le  s ig n a l in g  p a th w a y s  285

2 6 0
R E S P O N D I N G  T O  T H E  S T R E N G T H  O R  

2 6 0  D U R A T IO N  O F  A N  I N P U T  2 8 6

S ig n a l in g  s y s te m s  c o n  r e s p o n d  to  s ig n a l  a m p l i t u d e  
2 ( j i  in  a  g r a d e d  o r  a  d ig i t a l  m a n n e r  2 8 8

2 0 2  A n  e n z y m e  c a n  b e h a v e  a s  a  s w i tc h  th r o u g h
c o o p e ra t iv i ty  2 8 9

N e tw o rk s  c a n  a ls o  y ie ld  s w i tc h l ik e  a c t iv a t io n  290

2 *'2  S ig n a l in g  s y s te m s  c a n  d is t i n g u is h  b e tw e e n
2 6 2  t r a n s i e n t  a n d  s u s t a in e d  in p u t  2 9 2

M O D IF Y IN G  T H E  S T R E N G T H  O R  D U R A T IO N  O F

2 6 3  O U T P U T  2 9 4
S ig n a l in g  p a th w a y s  o f te n  a m p lif y  s ig n a l s  a s  th e y

a r e  t r a n s m i t t e d  294

2 6 4  N e g a t iv e  fe e d b a c k  a l lo w s  f in e - tu n in g  o f  o u t p u t  294

A d a p ta t io n  a l lo w s  c e l ls  to  c o n tro l  o u tp u t  d u r a t io n  2 9 6

2 6 5  F e e d b a c k  c a n  c a u s e  o u tp u t  le v e ls  to  o s c il la te
b e tw e e n  tw o  s ta b l e  s t a t e s  2 9 9

B is ta b le  r e s p o n s e s  a ls o  u n d e r l ie  m o re  p e r m a n e n t  

2 0 0  o u tp u t s  301

2 6 0  S u m m a r y  3 0 3

Q u e s t io n s  3 0 3

2 6 7  R e f e r e n c e s  3 0 3



D etailed C o n te n ts

C h a p te r  12
How C ells  M ake D ecisions 305

V E R T E B R A T E  V IS IO N 3 0 7

O rg a n :  v e r t e b r a t e  ey e 3 0 8

C e ll: p h o to re c e p to r  ce ll 3 0 8

M o le c u la r  N e tw o rk : v is u a l  t r a n s d u c t io n  c a sc a d e 3 0 9

H ow  d o e s  t h e  p h o to re c e p to r  ce ll d e t e c t  l ig h t  
a n d  c o n v e r t  i t  to  a  b io c h e m ic a l s ig n a l? 3 1 0

H o w  i s  th e  p h o to re c e p to r  ce ll a b le  to  d e t e c t  low  
lig h t ,  e v e n  a  s in g le  p h o to n ? 311

H o w  c a n  th e  r e s p o n s e  b e  so  ra p id ? 3 1 2

H o w  d o e s  th e  p h o to re c e p to r  c e ll  r e s e t  i t s e l f  to  
e n a b le  d e te c t io n  o f  f u r th e r  c h a n g e s  i n  l ig h t? 312

S u m m a r y 3 1 4

R e fe re n c e s 3 1 4

P D G F  S I G N A L I N G 3 1 5

T is s u e :  p ro c e s s  o f  w o u n d  h e a l in g 3 1 6

C e ll: f ib ro b la s t  r e s p o n s e  to  w o u n d in g  
&  p la te l e t  a c tiv a t io n 3 1 6

M o le c u la r  N e tw o rk : c o n tro l o f  f ib ro b la s t  p ro li f e ra tio n 317

H o w  d o  f ib ro b la s ts  d e t e c t  th e  local o c c u rre n c e  
o f  a  w o u n d ? 3 1 8

H o w  a r e  P D G F  s ig n a l s  p r o p a g a t e d  w i t h i n  t h e  c e ll  
t o  g e n e r a t e  o u t p u t s  s u c h  a s  c e ll  p ro l i f e r a t i o n ? 3 1 9

H o w  i s  m i s a c t i v a t i o n  o f  t h e  p r o l i f e r a t i o n  
r e s p o n s e  p r e v e n te d ? 3 2 0

H o w  i s  t h e  p r o l i f e r a t i v e  r e s p o n s e  t e r m in a t e d ? 3 2 1

S u m m a r y 3 2 2

R e f e re n c e s 3 2 2

T H E  C E L L  C Y C L E 3 2 3
C e ll: d i s t i n c t  p h a s e s  o f  t h e  ce ll cyc le 324

M o le c u la r  N e tw o rk : c y c lin -d e p e n d e n t k in a s e  (C d k ) 
i s  a  c e n t r a l  s w itc h  w h o se  a c t iv i ty  is  m o d u la te d  
b y  th e  d if f e re n t  cy c lin s 32 5

Mow a r e  s h a r p  a n d  c o m m ite d  t r a n s i t io n s  b e tw e e n  
ce ll cyc le  p h a s e s  a c h ie v e d ? 32 6

H ow  d o e s  th e  ce ll cyc le  e n s u r e  t h a t  e a c h  t r a n s i t io n  
p ro c e e d s  o n ly  u n d e r  a p p r o p r i a te  c o n d itio n s? 32 9

S u m m a r y 3 3 1
R e fe re n c e s 3 3 1

T  C E L L  S I G N A L IN G 3 3 3
O r g a n is m : la u n c h in g  th e  a d a p t iv e  im m u n e  re s p o n s e 334
C e ll: e n g a g e m e n t o f  T  ce ll a n d  a n t ig e n  p r e s e n t in g  ce ll 335
M o le c u la r  N e tw o rk : 'Г ce ll r e c e p to r  (T C R ) 

s ig n a l in g  n e tw o rk 3 3 6
H ow  d o e s  t h e  T  ce ll r e c e p to r  t r a n s m i t  s ig n a ls  

a f t e r  p e p tid e /М Н С  reco g n itio n ? 3 3 8
H o w  d o e s  t h e  T  ce ll p r e v e n t  m isa c tiv a tio n ? 339
I lo w  d o e s  t h e  T  ce ll la u n c h  a  ro b u s t  re s p o n s e  

w h e n  s t im u la t e d  b y  a s  few  a s  t e n  a n t ig e n ic  
p e p t id e  co m p lex es? 3 4 0

H ow  m ig h t  th e  T  ce ll d is c r im in a te  b e tw e e n  
a n t ig e n ic  a n d  n o n -a n t ig e n ic  p e p tid e s ? 342

S u m m a r y 3 4 4
R e f e re n c e s 3 4 4

C h a p te r  13 
M ethods fo r S tudying  S ignaling  P ro te in s  
an d  N etw orks
B IO C H E M IC A L  A N D  B IO P H Y S IC A L  A N A L Y S IS  

O F  P R O T E I N S

A n a ly t ic a l  m e th o d s  c a n  d e t e r m in e  q u a n t i t a t iv e  

b in d in g  p a r a m e te r s  

M ic h a e l i s - M e n te n  a n a ly s is  p ro v id e s  a  w a y  to  
m e a s u r e  th e  c a ta ly t ic  p o w e r  o f  e n z y m e s  

M e th o d s  t o  d e t e r m in e  a n d  a n a ly z e  p ro te in  
c o n fo rm a tio n  a r e  c e n t r a l  to  th e  s tu d y  
o f  s ig n a l in g  

X -ra y  c ry s ta l lo g r a p h y  p ro v id e s  h ig h - re s o lu t io n  
p r o te in  s t r u c t u r e s  

N u c le a r  m a g n e tic  r e s o n a n c e  (N M R ) c a n  re v e a l 
t h e  d y n a m ic  s t r u c t u r e  o f  s m a l l  p ro te in s  

E le c t ro n  m ic ro sc o p y  c a n  m a p  th e  s h a p e  o f  v e ry  
l a r g e  p ro te in  co m p lex es  

S p e c ia liz e d  s p e c tro sc o p ic  m e th o d s  c a n  b e  u s e d  to  
s tu d y  p r o te in  d y n a m ic s  

M A P P IN G  P R O T E I N  IN T E R A C T I O N S  
A N D  L O C A L IZ A T IO N

I n te r a c t in g  p r o te in s  c a n  b e  id e n tif ie d  by
is o la t in g  p ro te in  c o m p le x e s  fro m  ce ll e x t r a c ts  

B in d in g  p a r t n e r s  c a n  b e  id e n tif ie d  b y  s c re e n in g  
la r g e  l ib r a r ie s  o f  g e n e s  

D ire c t p r o te in - p r o tc in  in t e r a c t io n s  c a n  b e  d e te c te d  
b y  s o l id -p h a s e  s c re e n in g  

F lu o r e s c e n t  p ro te in  t a g s  a r e  u s e d  to  lo c a te  a n d  
t r a c k  p r o te in s  in  l iv in g  ce lls  

P r o te in - p r o te in  in t e r a c t io n s  c a n  b e  v is u a l iz e d  
d i r e c t ly  in  l iv in g  ce lls

M E T H O D S  T O  P E R T U R B  C E L L  S IG N A L IN G  

N E T W O R K S  A N D  M O N IT O R  C E L L U L A R  

R E S P O N S E S

G e n e t ic  a n d  p h a rm a c o lo g ic a l m e th o d s  c a n  b e  u s e d  
to  p e r t u r b  n e tw o rk s  

C h e m ic a l d i in e r iz e r s  a n d  o p to g e n e tic  p r o te in s  p ro v id e  a  
d y n a m ic  w a y  to  a r t i f ic ia l ly  a c t iv a te  p a th w a y s  

cD N A  m ic r o a r r a y s  a n d  h ig h - th ro u g h p u t
s e q u e n c in g  a r e  u s e d  to  m o n i to r  th e  t r a n s c r ip t i o n a l  
s t a t e  o f  a  ce ll 

M o d if ic a tio n -sp ec ific  a n t ib o d ie s  p ro v id e  a  m e th o d  
to  t r a c k  p o s t - t r a n s la t io n a l  c h a n g e s  

M a s s  s p e c t ro m e try  is  t h e  w o rk h o rs e  fo r  id e n tif ic a tio n  
o f  p r o te in s  a n d  t h e i r  m o d if ic a tio n s  

L iv e-ce ll t im e - la p s e  m ic ro sc o p y  p ro v id e s  a  w a y  to  
t r a c k  th e  d y n a m ic s  o f  s in g le -c e ll  re s p o n s e s  

B io s e n s o rs  a llo w  s ig n a l in g  a c t iv i ty  t o  b e  m o n ito re d  

in  l iv in g  ce lls
F low  c y to m e try  p ro v id e s  a  m e th o d  to  a n a ly z e  r a p id ly  

s in g le -c e ll re s p o n s e s  

Q u e s t io n s  

R e fe re n c e s

G lossary
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