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B i g  p i ct u r e
Trying to identify and display important amino acid 

residu es in protein families in-silico



T od a y’ s s n a p s h ot
C a n  i d en t i f y  f u n c t i on a lly  i m p ort a n t  res i d u es ,  ev en  i f  n ot  

c on s erv ed  a n d  d i s p la y  t h es e on  s t ru c t u re
U s i n g m u t u a l i n f orm a t i on  ( c o-ev olu t i on ,  c o-v a ri a t i on ,  i n -
s i li c o s ec on d -s i t e s u p p res s i on ,  i n -s i li c o t w o-h y b ri d  

a n a ly s i s )



Mutua l informa tion or co-v a ria tion 
s tud ies
� Chiu (1991) - M I  o f   N A  s e q ue n c e s  f o r  s t r uc t ur e  p r e d ic t io n
� K o r b e r  e t  a l  (1993 ) - M I  o f  t he  H I V  V 3  l o o p  
� Cl a r k e  (1995 ) - M I  o f ho m e o d o m a in s
� A t c hl e y  e t  a l  (2 0 0 0 ) - M I  o f b H L H
� V a l e n c ia  (2 0 0 2 ) - M I  a s  in s il ic o  t w o -hy b r id  s c r e e n



Meth od s  to id entify importa nt 
res id ues
� Mutagenesis 
( G enetic s/ Mo l ec ul ar  
B io l o gy )

� C h em ic al  al ter atio n 
( B io c h em istr y )

� Mul tip l e S eq uenc e 
al ignm ent 
( B io inf o r m atic s)

� S tr uc tur e D eter m inatio n 
( B io c h em istr y )



Muta g enes is  /  A ltera tion
� L ab o r  intensiv e
� O nl y  h it so m e sites
� R esul ts d ep end  up o n 
th e m eth o d  used



Muta g enes is  /  A ltera tion
� L ab o r  intensiv e
� O nl y  h it so m e sites
� R esul ts d ep end  up o n 
th e m eth o d  used

� B ut …  R esul ts p r o v id e 
f unc tio nal  d etail



P rotein s tructure

� G o l d  stand ar d  f o r  f ine 
d etail  ex am inatio n o f  
p r o tein str uc tur e 

� F eel ing is so m etim es th at 
th e str uc tur e is an end  
p o int

� B ut is o nl y  a snap sh o t



P rotein s tructure



P rotein s tructure



P rotein s tructure



B ioinforma tic:  Multiple s equence 
a lig nment
� T r eats eac h  p o sitio n 
ind ep end entl y

� C o nser v ed  r esid ue 
p o sitio ns - l o ts o f  inf o

� G ap p ed  p o sitio ns - l ittl e 
inf o

� V ar iab l e p o sitio ns -
o f ten h ar d  to  p ic k  o ut a 
p atter n



P rotein s tructure

� H o w  c an w e m ap  th e 
f unc tio nal  and  th e 
b io inf o r m atic  inf o r m atio n 
o nto  th is str uc tur e?

� I s th er e o th er  inf o r m atio n to  
b e m ap p ed ?



P rotein s tructure

� Really want to get at underlying 
relations h ip  b etween s eq uenc e 
and s truc ture

� Res idues  interac t with  eac h  
oth er with in and b etween 
p roteins

� W h ic h  res idues  interac t?
� H ow im p ortant are th es e 

interac tions ?



A noth er L a yer:  Mutua l I nforma tion
� E ntr o p y :  m easur es th e 
am o unt o f  d iso r d er  o f  a 
singl e c o l um n o r  at a 
p air  o f  c o l um ns.

� Max im um  w h en al l  2 0
aa at eq ual  f r eq uenc ies 
in a c o l um n,  m inim um  
w h en th e c o l um n is 
c o m p l etel y  c o nser v ed

� Mutual  I nf o r m atio n:  
m easur es th e 
unc er tainty  o f  a sec o nd  
p o sitio n giv en th at w e 
k no w  th e f ir st p o sitio n.

� Max im um  w h en th er e is 
o nl y  o ne aa2  p ar tner  f o r  
eac h  aa1  

� Minim um  w h en eac h  
aa1  h as al l  p o ssib l e 
p ar tner s at p o sitio n 2



W ork  flow  to find  MI
1. Determine all sequence h o mo lo g s ,  PSI-B L A ST
2 . G ath er sequences f o r M S A  f ro m B L A S T  o utp ut,  PSI_p a r s e . p l
3 . P ro d uce M S A  ,  M A F F T ,  C L U ST A L o r T -C o f f ee
4 . R emo v e id entical sequences f o r sequence sets, J a l v i e w
5 . G enerate co -v ariance matrix  and  Z  sco re , c o v a r y . p l , p e e r Z . p l ( sum,  p air,  

p ro d uct)
1. g enerates th e raw  M I  f ile
2 . calculates th e p eer Z  sco re f o r th e M I

6 . C alculate rand o m co -v ariance ( if  d esired ) ,  e n t r o p y _v s _c o v a r y . p l
1. calculates th e av erag e M I  d ue to  rand o m ch ance f o r th e M S A  g iv en th e

aa f requencies at each  p o sitio n.  T h is can th en b e f ed  into  th e co v ary . p l 
and p eerZ lp l p ro g rams.  ( T h is is L ind i' s id ea!  M y  imp lementatio n is in P erl 
so  is slo w . )

7 . M ak e b atch  f iles to  co lo r resid ues b y  max  M I  sco re,  c o l o r _r a s m o l . p l ,  and  
co nserv ed  resid ue p o sitio ns,  c o l o r _e n t . p l

8 . V isualiz e results b y  ch anneling  o utp ut to  R A SM O L



Mod el s ys tem:  A T P s ynth a s e eps ilon 
s ub unit

� U b iq uitous  m ulti-p rotein 
c om p lex

� C onv erts  p roton gradient into 
m ec h anic al m otion,  th en into 
A T P

� E p s ilon s ub unit ( gray)  
attac h es  gam m a ( b lue)  to 
m em b rane s ub unit ( a)

� V ariab le enough  to s h ow c o-
ev olution

� C ons erv ed b etween 
k ingdom s

QuickTime™ and a Video decompressor are needed to see this picture.

A side view of alpha3-beta3-gamma 
By Hongyun Wang & George Oster, U.C.Berkeley



Sources  of MI
� C h anc e
� S h ar ed  anc estr y
� S tr uc tur e-f unc tio n 
l ink age



MI  of eps ilon a a  pos itions  b y ra nd om 
ch a nce

� E a c h d o t  r e p r e s e n t s  t he  M I  
o f  a  p a ir  o f  a a  r e s id ue s

� P l o t  is  c a l c ul a t e d  r a n d o m  M I  
v s  s um  o f  e n t r o p y  o f  t he  t w o  
r e s id ue s

� N o  s ha r e d  a n c e s t r y
� N o  s t r uc t ur e -f un c t io n  

l in k a g e

� P l o t  is  r a t he r  s y m m e t r ic a l  a t  
a n y  g iv e n  e n t r o p y  s um 0
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R ea l MI  of eps ilon a a  pos itions
� M I v s  s um  o f  e n t r o p y  a t  

t w o  p o s it io n s

� S ha r e d  a n c e s t r y
� S t r uc t ur e -f un c t io n  l in k a g e

� P l o t  is  l e s s  s y m m e t r ic a l  a t  
a n y  g iv e n  e n t r o p y  s um ,  

� Ce r t a in  p a ir s  o f  r e s id ue s  
s t a n d  a b o v e  t he  c r o w d

� F e w e r  p a ir s  o f  r e s id ue s  
a r e  b e l o w  t he  c r o w d
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R a nd om a nd  rea l MI  of eps ilon a a  
pos itions
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D a ta  ma nipula tion ( 2 8 8  s equences  in 
MSA )

� F ind entrop y 
p eers  ( + / - 1 0 0 )

� C alc ulate 
m ean,  S D  f or 
entrop y 
window

� C alc ulate Z  
s c ore

� P lot Z  s c ores  
on s truc ture

� 1 4  res idue 
p airs  at or 
ab ov e Z  =  3



R es id ues  tes ted  in eps ilon-g a mma  
intera ctions  ( front)

� V ik  et al  h as 
m ap p ed  
so m e 
p o sitio ns 
im p o r tant f o r  
E  ac tiv ity  
( o r ange up ,  
r ed  d o w n,  
c y an no  
ef f ec t,  w h ite 
X-l ink )



R es id ue entropy v s  functiona l 
importa nce( front)

� R esid ues w ith  
f unc tio nal  
im p o r tanc e ar e 
o f ten no t 
c o nser v ed  ( i. e.  
m o d er ate to  
h igh  entr o p y



E ntropy v s  MI  v s  F unction ( front)
� MI able to 
p r ed i c t 
m u tag en es i s  
ou tc om e i n  
m os t c as es



P rox imity v s  entropy v s MI v s  
muta nts



S u m m a r y
� M I  req u ires lots of seq u ences to giv e information
� M I  is a poor meth od to find pairw ise residu e 
interactions
� M I  is w idespread in proteins
� M I  giv es ev idence ab ou t maj or fu nction( s)  of th e 
protein
� W e are ab le to identify and categoriz e almost all th e 
residu es in epsilon th at w ere prev iou sly mu tageniz ed



I nforma tion
� H av e

� E ntrop y ( c ons erv ation)
� M I  ( m ax )
� M utant ef f ec t
� S truc ture
� P rox im ity

� D o n’ t H av e
� P os s ib le res idues  ( M S A ,  
&  m utagenes is )

� B inding s ites  
� O th er inf orm ation



O p e n  P r ob l e m s
� W h i c h  M I  v a lu es  c a n  w e t ru s t ?

�Significance of the results is an ongoing problem
� W h a t  i s  t h e grou p i n g li m i t ?

� H ow  d o w e put interacting resid ues into netw ork s
� W h a t  d oes  t h i s  t ell u s  a b ou t  p rot ei n s ?

� E v olution,  function,  structure
� H ow  t o p u t  a ll of  t h e i n f orm a t i on  t oget h er

� T hree v iew s ( at least)  is clearly  not the best w ay
� w hat about proteins w ithout structures?


