
3D-QSAR techniques, such as CoMFA and CoMSIA are valuable tools for 
discovering new drugs. As aforementioned in CHAPTER II, there were QSAR studies 
of several classes of HIV-1 IN inhibitors [59-64, 74, 100, 101], e.g. coumarins, quinones, 
hydrazides, dioxepinones, salicylpyrazolinones, compounds with catechol and without 
catechol moiety and mercaptobenzenesulfonamides. For calculations that included either 
one or a few classes of HIV-1 IN inhibitors [74, 100, 101], a single 3D-QSAR model 
could be achieved. However, in case of various classes of IN inhibitors [59, 61, 63], a 
single QSAR model describing the activities of all structurally diverse inhibitors could 
not be generated and all the compounds must be clustered into two groups to obtain the 
acceptable models. In that studies, we have to find the suitable models or equations to 
predict the activities of the given compounds and this is inconvenience. In this work, an 
attempt was made to construct a single 3D-QSAR model for variety of structural classes 
of HIV-1 IN inhibitors without clustering of compounds. Therefore, biological activities 
of any compound would be predicted by using this single model.

V . T

i. I
4.1 Computational Methods \

4.1.1 Biological data
An important prerequisite for the quantitative investigation of structure activity 

relationships (SARs) is a suitable data set. To reduce systematic errors, bioactivity data 
should be ideally determined in one laboratory and uses the same method. Nevertheless, 
for the present work a chemically heterogeneous data set consisting of 11 and 10 classes 
of compounds against 3’-processing and ST process, respectively, were taken from 
literatures [100, 102-116]. Although the biological activities of compounds were taken 
from different sources, most of them (> 70%) were evaluated from the same laboratory. 
Likewise the previous QSAR studies [59, 61], all compounds were combined together 
based on the assumption that methods and conditions of activity testing were similar. 
Moreover, compounds used in this study are structurally diverse and they were selected

CHAPTER IV
COMPARATIVE MOLECULAR FIELD ANALYSIS (CoMFA) AND

COMPARATIVE MOLECULAR SIMILARITY INDICES ANALYSIS (CoMSIA)
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to cover reasonably broad activity range and to display a good distribution of activity 
values (Figure 4.1). The data analysis works better when the biological data show good 
distribution i.e. fairly symmetrically distributed around their mean. An unbalanced and 
unrepresentative set of activities yield a poor quality of 3D-QSAR and the results are 
difficult to interpret. The biological activities were converted into the corresponding 
p ic 50 values.

p ic 50 = - lo g ic  5 0 (4.1)
For 3’-processing mechanism, the training and test sets contained 61 and 28 

compounds, respectively. For ST mechanism, the training set consisted of 64 compounds 
and the test set comprised of 20 compounds. The structures of compounds against 3’- 
processing and ST mechanisms of HIV-1 IN are listed in Schemes 4.1 and 4.2, 
respectively. The biological activities of all compounds are given in Tables 4.2 and 4.5 
for 3’-processing and ST activities, respectively.

Figure 4.1 Distribution plots of activity values of the training set compounds against (a) 
3’-processing and (b) ST mechanism.
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Scheme 4.1 Structures of compounds used in the training set (1-61) and test set (62-89) of 
3’-processing process. The labeled numbers correspond to atoms C1-C5 of 5CITEP 
(template) used in superposition process.
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Scheme 4.2 Structures of compounds used in the training set (1-64) and test set (65-84) of 
ST process. The labeled numbers correspond to atoms C1-C5 of 5CITEP (template) used 
in superposition process.
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15-17 (naphthyridines)
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4.1.2 Compound Generation
Id e a l ly , b io lo g ic a l ly  a c t iv e  fo rm s  o f  c o m p o u n d s  s h o u ld  b e  u se d  to  d e r iv e  3 D - 

Q S A R  m o d e ls .  H o w e v e r ,  b e c a u s e  o f  th e  fa c t  th a t  b io a c t iv e  c o n fo rm a tio n s  o f  th e  s tu d ie d  
m o le c u le s  a re  n o t  k n o w n , th e  lo w e s t  e n e rg y  c o n fo rm a tio n s  a re  r e a s o n a b le  in it ia l  s tru c tu re  
to  p e r fo rm  3 D -Q S A R  c a lc u la t io n s .

C o m p o u n d s  u n d e r  in v e s t ig a tio n  w e re  b u il t  a n d  th e  c o n fo rm a tio n a l  s e a rc h  w a s  
p e r fo rm e d  w ith  th e  s ta n d a rd  T R IP O S  fo rc e  f ie ld  [1 1 7 ] im p le m e n te d  in  S Y B Y L  6 .8  [1 1 8 ]. 
U s in g  th e  s y s te m a t ic  s e a rc h  p ro to c o l ,  ro ta ta b le  c h e m ic a l  b o n d s  in c o m p o u n d s  w e re  
s e a rc h e d  f ro m  0 to  3 6 0  d e g re e s  in  10 d e g re e s  in c re m e n ts .  T h e  lo w e s t  e n e rg y  
c o n fo rm a tio n  fo u n d  fo r  e a c h  s tru c tu re  w a s  s u b s e q u e n t ly  g e o m e try  o p tim iz e d  u s in g  th e  
H F /3 -2 1 G  le v e l o f  th e o r y  im p le m e n te d  in  G a u s s ia n 0 3  [1 1 9 ] a n d  c o n s e q u e n t ly  u s e d  in th e  
3 D -Q S A R  c a lc u la t io n s .

4.1.3 Template selection
In  th e  d e r iv a t io n  o f  3 D -Q S A R  m o d e ls ,  th e  c h o ic e  o f  th e  te m p la te  c o n fo rm a tio n  is 

im p o r ta n t  to  p ro v id e  th e  i l lu s tra tio n  o f  a  re l ia b le  m o d e l. In  p r in c ip le ,  th e  b io a c tiv e  
c o n fo rm a tio n  (e x i t in g  in  th e  p ro te in - l ig a n d  c o m p le x )  o f  l ig a n d s  is n o rm a l ly  u s e d  as a 
te m p la te . T h e re fo re ,  in  th is  s tu d y , 5 C IT E P  w h ic h  w a s  e x tra c te d  f ro m  th e  X - ra y  c o m p le x  
s tru c tu re  o f  H I V - 1 IN -5 C IT E P  (p d b  e n try  c o d e : 1 Q S 4  [3 9 ])  w a s  s e le c te d  a s  th e  te m p la te .

F ig u re  4 .2  S tru c tu re  o f  5 C IT E P  s h o w in g  th e  C 1 -C 5  a to m s  u s e d  fo r  s u p e r im p o s it io n .

4.1.4 Alignment Procedure
A lth o u g h  c o m p o u n d s  u s e d  in  th is  s tu d y  e x h ib i t  s ig n if ic a n t  s tru c tu ra l  d iv e rs ity , 

e a c h  o f  th e m  s h a re s  s im ila r  s u b s tru c tu re  (a s  la b e le d  b y  th e  n u m b e r s  1 - 5 in  S c h e m e  1
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a n d  2 )  c o r r e s p o n d in g  to  a to m  C 1 -C 5  o f  5 C IT E P  (F ig u re  4 .2 ) . T h e re fo re ,  th e s e  d e f in e d  
a to m s  o f  e a c h  m o le c u le  w e re  f i tte d  to  th o s e  c o r r e s p o n d in g  C l  - C 5  o f  5 C IT E P .

T h e  s u p e r im p o s i t io n  o f  m o le c u le s  is o n e  o f  th e  m o s t  c ru c ia l  s te p s  in  C o M F A  an d  
th e  re s u lts  o f  C o M F A  a n a ly s e s  d e p e n d  o n  th e  a l ig n m e n t  o f  m o le c u le s .  A lth o u g h  th e  
c o m p a r is o n s  o f  d if f e r e n t  a l ig n m e n t  te c h n iq u e s  w e re  re p o r te d  [1 2 0 , 121] th e re  is n o  
p re fe re n c e  fo r  c e r ta in  a l ig n m e n t  m e th o d s . T h e re fo re ,  th r e e  d if f e r e n t  a l ig n m e n t  te c h n iq u e s  
w e re  c o m p a re d  c a re fu l ly  in  th is  w o rk , in  o rd e r  to  f in d  th e  m o s t  e f f ic ie n t  o n e  fo r  th e  
p re s e n t  s y s te m . H o w e v e r ,  th e  a l ig n m e n t  m e th o d s  d o  n o t  s ig n if ic a n tly  a f f e c t  th e  C o M S IA  
re s u lts . T h e re fo re ,  o n ly  o n e  a l ig n m e n t  m e th o d  w a s  u s e d  in  C o M S IA  c a lc u la t io n s .

4.1.4.1 The atom-based Root Means Square (RMS) fit method.
In  th is  m e th o d , e a c h  m o le c u le  w a s  s u p e r im p o s e d  to  th e  te m p la te  b y  m in im iz in g  

th e  R M S  d is ta n c e s  b e tw e e n  e a c h  p a i r  o f  c o r re s p o n d in g  a to m s  o f  th e  te m p la te  a n d  th e  
c o m p o u n d  to  b e  a l ig n e d . T h e  s u p e r im p o s it io n  o f  b o th  t r a in in g  a n d  te s t  s e ts  b a s e d  o n  
R M S  f it  is  s h o w n  in  F ig u re  4 .3  ( a -  3 ’-p ro c e s s in g  a n d  b  =  S T ).

4.1.4.2 The flexible fitting (multi-fit) method.
H e re , a l ig n m e n ts  o f  m o le c u le s  w e re  p e r fo rm e d  b y  a  m u l t i- f i t  o p tio n  a l lo w in g  

f le x ib le  f i t t in g  o f  th e  m o le c u le s  to  th e  te m p la te .  T h e  s u p e r im p o s i t io n  o f  a ll c o m p o u n d s  is 
i l lu s tra te d  in  F ig u re  4 .3  (c  =  3 ’-p ro c e s s in g  an d  d  =  S T ).

4.1.4.3 The rigid body field fit method.
In  th is  m e th o d , th e  s te r ic  a n d  e le c tro s ta t ic  f ie ld s  o f  th e  te m p la te  w e re  f irs t 

c a lc u la te d  a s  re fe re n c e  f ie ld s , th e n  th e  f ie ld  f i t  p ro c e d u re  w a s  u s e d  to  c h a n g e  th e  
o r ie n ta t io n  o f  a ll  o th e r  m o le c u le  f ro m  th e ir  in it ia l  o r ie n ta t io n s  in  th e  f i r s t  a l ig n m e n t  su ch  
th a t  th e ir  f ie ld s  o v e r la p  th e  te m p la te  f ie ld s  a s  c lo s e ly  a s  p o s s ib le ,  d e m o n s tr a te d  in  F ig u re
4 .3  (e  =  3 ’- p ro c e s s in g  a n d  f  =  S T ).
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F ig u re  4 .3  3 D -v ie w  o f  a l ig n e d  m o le c u le s  ( t r a in in g  a n d  te s t  s e ts )  b a s e d  o n  R M S  f it  (a  =  
3 ’-p ro c e s s in g , b =  S T ), m u l t i- f i t  (c  =  3 ’-p ro c e s s in g , d  =  S T ), a n d  f ie ld  f it  (e  =  3 ’- 
p ro c e s s in g , f  =  S T ).
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4.1.5 Field calculation for CoMFA
C o M F A  c a lc u la t io n s  w e re  c a rr ie d  o u t  u s in g  th e  d e fa u l t  s e tu p . C o M F A  c a lc u la te s  

s te r ic  f ie ld s  u s in g  th e  L e n n a rd -J o n e s  p o te n tia ls ,  a n d  e le c tro s ta t ic  f ie ld s  u s in g  th e  
C o u lo m b  p o te n t ia ls .  T h e  C o M F A  re g io n  w a s  d e f in e d  b y  e x te n d in g  th e  v a n  d e r  W a a ls  
ra d ii o f  th e  a s s e m b ly  o f  s u p e r im p o s e d  m o le c u le s  b y  4  Â  a lo n g  th e  th r e e  a x e s  o f  th e  
C a r te s ia n  c o o rd in a te  s y s te m . T h e  g rid  s p a c in g  w a s  s e t  to  2 .0  Â . B o th  s te r ic  an d  
e le c tro s ta t ic  f ie ld s  w e re  c a lc u la te d  u s in g  a  c a rb o n  sp 3  p ro b e  a to m  w ith  a  c h a rg e  o f  + 1 , 
a n d  th e  e n e rg y  c u to f f  w a s  se t  to  3 0 .0  k c a l /m o l. T h e  p a r t ia l  a to m ic  c h a rg e s  fo r  e a c h  
c o m p o u n d  w e re  a s s ig n e d  b y  th e  G a s te ig e r -M a rs i l i  m e th o d , im p le m e n te d  in th e  S Y B Y L  
6 .8 . T h e  a n a ly s e s  w e re  p e r fo rm e d  w ith  a  s c a l in g  a c c o rd in g  to  C o M F A  s ta n d a rd  
d e v ia tio n s .

4.1.6 Field calculation for CoMSIA
In  th e  p re s e n t  C o M S IA  in v e s t ig a tio n s ,  f iv e  d if fe re n t  s im ila r i ty  f ie ld s  in c lu d in g  

s te r ic , e le c tro s ta t ic ,  h y d ro p h o b ic ,  h y d ro g e n  b o n d  d o n o r  a n d  h y d r o g e n  b o n d  a c c e p to r  
in te ra c tio n s  w e re  c a lc u la te d . T h e  p re v io u s  g r id  g e n e ra te d  fo r  th e  C o M F A  s tu d y  w a s  a lso  
u se d  fo r  C o M S IA  f ie ld  c a lc u la t io n s .  A n  sp3  c a rb o n  p ro b e  a to m  w ith  a  c h a rg e  o f  + 1 , a  
h y d r o p h o b ic i ty  v a lu e  + 1 , h y d ro g e n  b o n d  d o n o r  a n d  h y d r o g e n  b o n d  a c c e p to r  p ro p e r t ie s  
s e t  to  +1 w a s  p la c e d  a t  e v e ry  g r id  p o in t  to  m e a s u re  th e  e le c tro s ta t ic ,  s te r ic , h y d ro p h o b ic , 
h y d ro g e n  b o n d  d o n o r  a n d  h y d ro g e n  b o n d  a c c e p to r  f ie ld s ,  r e s p e c t iv e ly . G a u s s ia n  ty p e  
d is ta n c e  d e p e n d e n c e  a n d  th e  d e fa u l t  v a lu e  o f  th e  a t te n u a t io n  fa c to r  ( a = 0 .3 )  w e re  u se d .

4.1.7 Region Focusing
R e g io n  f o c u s in g  [1 2 2 ] is  th e  a p p lic a t io n  o f  w e ig h ts  to  th e  la t tic e  p o in ts  in a 

C o M F A /C o M S IA  re g io n  to  e n h a n c e  o r  a t te n u a te  th e  c o n tr ib u t io n  o f  th o s e  p o in ts  to  
s u b s e q u e n t  a n a ly s e s .  I t  is  u s u a lly  a p p lie d  in  o rd e r  to  e n h a n c e  th e  p r e d ic ta b i l i ty  o f  a  3 D - 
Q S A R  s tu d y . T h e  “ S tD e v  X C o e f f ic ie n t” v a lu e s  w e re  u s e d  a s  w e ig h ts ,  a n d  d if fe re n t  
w e ig h t in g  fa c to rs  w e re  a p p lie d  o f  w h ic h  0 .5  w a s  fo u n d  to  b e  m o s t  a p p ro p r ia te .
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4.1.8 Derivation of models
A f te r  a ll  C o M F A  a n d  C o M S IA  f ie ld s  w e re  c a lc u la te d , p a r t ia l  le a s t  s q u a re  (P L S ) 

a n a ly s e s  [1 2 3 ] w e re  c a r r ie d  o u t  to  d e r iv e  th e  m o d e ls . C r o s s -v a l id a t io n s  [1 2 4 , 125] in  P L S  
w e re  p re fo rm e d  b y  le a v e -o n e -o u t  (L O O ) p ro c e d u re . T h e  o v e ra l l  q u a li ty  o f  th e  a n a ly se s  
w a s  e x p re s s e d  b y  th e  c ro s s -v a lid a te d  r2 (r 2cv) v a lu e s .  T h e  o p tim u m  n u m b e r  o f  
c o m p o n e n ts  (O N C ) , w h ic h  y ie ld s  th e  h ig h e s t  r 2cv a n d  th e  lo w e s t  s ta n d a rd  e rro r  o f  
p re d ic tio n  (S E P ) , w e re  e v a lu a te d . T o  sp e e d  u p  th e  a n a ly s is  a n d  to  re d u c e  th e  a m o u n t o f  
n o is e , c o lu m n  f i l te r in g  w a s  se t  to  2 .0  k c a l /m o l. S u b s e q u e n tly ,  P L S  a n a ly se s  w e re  
p e r fo rm e d  w i th o u t  c ro s s -v a l id a t io n , u s in g  th e  O N C  o b ta in e d  f ro m  th e  fo rm e r  c ro s s -  
v a l id a t io n  p ro c e d u re . C o n v e n t io n a l  c o r re la t io n  c o e f f ic ie n ts  (r2) a n d  th e ir  s ta n d a rd  e rro rs  
o f  e s t im a te  (S E E )  w e re  c o m p u te d . T h e  C o M F A  a n d  C o M S IA  r e s u l ts  w e re  in te rp re te d  
g ra p h ic a lly  b y  f ie ld  c o n tr ib u t io n  m a p s  u s in g  th e  f ie ld  ty p e  “ S tD e v  x C o e f f ’.

4.2 Results and Discussion
4.2.1 3’-Processing activity
4.2.1.1 CoMFA Statistical Parameters
T h e  s ta tis t ic a l  v a lu e s  o f  C o M F A  re s u lts  a re  s u m m a r iz e d  in T a b le  4 .1 . T h e  

C o M F A  m o d e l  u s in g  th e  a to m -b a s e d  R M S  f it  m e th o d  h a s  r 2cv =  0 .6 7 8  w ith  6 
c o m p o n e n ts ,  r2 = 0 .9 5 7  a n d  r2pred =  0 .7 1 9 . T h e  s te r ic  a n d  e le c t ro s ta t ic  c o n tr ib u t io n s  a re  
7 0 .5 %  a n d  2 9 .5 % , r e s p e c t iv e ly . T h e  f le x ib le  m u lt i- f i t  a l ig n m e n t  y ie ld s  r 2cv =  0 .6 4 7  w ith  6 
c o m p o n e n ts ,  r2 = 0 .9 3 9  a n d  ^pred =  0 .4 1 2 . S te r ic  a n d  e le c tro s ta t ic  c o n tr ib u t io n s  a re  7 0 .0 %  
a n d  3 0 .0 % , r e s p e c t iv e ly . T h e  C o M F A  m o d e l  g e n e ra te d  f ro m  f ie ld  f i t  a l ig n m e n t  s h o w s  a 
p o o r  r2cv o f  0 .5 4 6  u s in g  6 c o m p o n e n ts ,  r  =  0 .9 5 3 , a n d  r2pred =  0 .4 9 5 , re s p e c tiv e ly . F ro m  
th is  a l ig n m e n t,  th e re  a re  7 0 .6  %  a n d  2 9 .4  %  fo r  s te r ic  a n d  e le c tro s ta t ic  c o n tr ib u tio n s , 
re s p e c tiv e ly . T h e  s te r ic  a n d  e le c tro s ta t ic  c o n tr ib u t io n s  o f  a ll  th r e e  m o d e ls  a re  a lm o s t  
s im ila r  ( - 7 0 :3 0 ) ,  in d ic a t in g  m o re  im p o r ta n t  ro le  o f  s te r ic  f ie ld s  in  l ig a n d - re c e p to r  
in te ra c tio n s . T o  im p ro v e  th e  r 2cv, th e  re g io n  fo c u s in g  te c h n iq u e  w a s  a p p lie d  o n  o n ly  th e  
a to m -b a s e d  R M S  fit  m o d e l ,  w h ic h  s h o w e d  th e  b e s t  s ta tis t ic a l  v a lu e s .  A f te r  re g io n  
fo c u s in g , th e  r 2cv o f  th is  p a r t ic u la r  C o M F A  m o d e l  w a s  in c re a s e d  fro m  0 .6 7 8  to  0 .6 9 8 , 
w h e re a s  r2 w a s  s l ig h tly  d ro p p e d  fro m  0 .9 5 7  to  0 .9 4 7 . T h e  s te r ic  a n d  e le c tro s ta t ic  
c o n tr ib u t io n s  a re  6 0 .8  %  a n d  3 9 .2  % , re s p e c tiv e ly . T h e  p re d ic t iv e  r2 o f  0 .7 0 4  w a s
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o b ta in e d . B a s e d  o n  r 2cv o f  a ll fo u r  m o d e ls , th e  re g io n  fo c u s in g  o f  th e  a to m -b a s e d  rm s  fit 
a l ig n m e n t  w i th  th e  h ig h e s t  r2cv w a s  s e le c te d  fo r  g e n e ra t in g  C o M F A  c o n to u r  p lo ts . T h e  
o b se rv e d  a n d  p re d ic te d  a c t iv i t ie s  o f  th e  b o th  t r a in in g  a n d  te s t  s e ts  g e n e ra te d  b y  a  re g io n  
fo c u s in g  o f  a to m -b a s e d  R M S  fit  (T a b le  4 .2 )  s h o w e d  g o o d  c o n s is te n c y . T h e  s a t is fa c to ry  
q u a li ty  o f  th e  b e s t  C o M F A  m o d e l is r e p re s e n te d  in  F ig u re  4 .4 , w h ic h  s h o w s  a  s c a t te r  p lo t 
o f  e x p e r im e n ta l  p IC 5 0  v a lu e s  v e rs u s  th e  p re d ic te d  p IC 5 0  fo r  th e  t r a in in g  se t  a n d  th e  te s t  
se t.

T a b le  4 .1  S u m m a ry  o f  C o M F A  re s u lts  o f  3 ’-p ro c e s s in g  a c t iv ity .

a l ig n m e n t > O N C d S E P 6 2r SEE* F  v a lu e r2pred s C o n tr ib u tio n s
ร 11 E 1

l a 0 .6 7 8 6 0 .3 5 6 0 .9 5 7 0 .1 3 0 2 0 1 .2 5 0 .7 1 9 0 .7 0 5 0 .2 9 5
2 b 0 .6 4 7 6 0 .3 7 3 0 .9 3 9 0 .1 5 5 1 3 8 .5 9 0 .4 1 2 0 .7 0 0 0 .3 0 0
3C 0 .5 4 6 6 0 .4 2 3 0 .9 5 3 0 .1 3 7 1 8 1 .0 6 0 .4 9 5 0 .7 0 6 0 .2 9 4
l a* 0.698 6 0.345 0.947 0.145 161.01 0.704 0.608 0.392

A l ig n m e n t  b y  R M S  fit;  bA lig n m e n t  b y  m u lti  f it; A l ig n m e n t  b y  f ie ld  fit; dO p tim u m  
n u m b e r  o f  c o m p o n e n ts ;  S t a n d a r d  e r ro r  o f  p re d ic tio n s ;  S t a n d a r d  e r ro r  o f  e s t im a te s ;  
gP re d ic t iv e  r2; h S te r ic ;  ‘E le c tro s ta t ic ;  * R eg io n  fo c u s in g .
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T a b le  4 .2  A c tu a l  a n d  c a lc u la te d  a c t iv it ie s  fo r  3 ’-p ro c e s s in g  m e c h a n is m  o f  c o m p o u n d s  
u se d  in  t r a in in g  a n d  te s t  s e ts , o b ta in e d  fro m  C o M F A  a n d  C o M S IA .

N o . 3 ’-p ro c e s s in g  a c t iv ity
A c tu a l  p i c  50 P re d ic te c pICso

C o M F A C o M S IA
1 4 .7 6 4 .7 5 4 .7 4
2 5 .1 6 5 .2 4 5 .1 5
3 5 .1 6 5 .2 3 5 .1 2
4 5 .0 0 5 .1 6 5 .01
5 4 .8 2 4 .9 4 4 .9 7
6 4 .7 0 4 .5 3 4 .71
7 4 .4 6 4 .5 4 4 .6 8
8 4 .3 7 4 .7 4 4 .7 0
9 4 .2 7 4 .3 0 4 .7 6
10 4 .6 2 4 .6 8 4 .9 2
11 5 .41 5 .1 4 4 .9 9
12 5 .5 9 5 .5 3 5 .2 8
13 5 .5 4 5 .5 5 5 .2 8
14 4 .9 8 4 .7 7 4 .7 0
15 5 .01 5 .1 4 5 .11
16 5 .0 0 5 .1 5 5 .2 0
17 5 .6 8 5 .8 6 5 .6 9
18 5 .1 7 5 .1 7 5 .1 9
19 5 .3 8 5 .3 8 5 .4 7
2 0 4 .9 6 5 .0 9 5 .0 5
21 5 .6 4 5 .4 0 5 .5 2
2 2 5 .0 4 4 .9 3 5 .3 3
2 3 5 .4 0 5 .3 7 5 .61
2 4 6 .4 6 6 .3 6 5 .7 7
2 5 6 .0 0 5 .9 4 5 .8 8
2 6 5 .7 0 5.61 5 .7 7
2 7 5 .5 7 5 .5 6 5 .7 4
2 8 5 .4 0 5 .21 5 .7 5
2 9 6 .0 5 5 .8 0 5 .8 0
3 0 6 .0 5 5 .7 2 5 .8 8
31 6 .1 6 6 .01 6 .0 7
3 2 6 .5 9 6 .21 6 .0 7
33 5 .4 7 5 .6 0 5 .3 8
3 4 5 .3 9 5 .5 6 5 .4 8
35 5 .4 6 5 .6 4 5 .6 6
3 6 5 .8 0 5 .6 6 5 .5 6



N o . 3 ’-p ro c e s s in g  a c t iv ity
A c tu a l /7/ C 50 P re d ic te c pICso

C o M F A C o M S IA
3 7 5 .4 3 5 .5 5 5 .8 5
38 5 .6 2 5 .6 8 5 .9 9
3 9 5 .5 5 5 .6 6 5 .5 8
4 0 4 .7 4 4 .7 2 4 .5 8
41 4 4 3 4 .4 0 4 .7 5
4 2 4 .7 0 4 .5 2 4 .6 9
43 4 .5 2 4 .4 0 4 .41
4 4 4 .5 2 4 .5 7 4 .6 4
4 5 5 .0 5 5 .1 0 4 7 6
4 6 6 .3 0 6.21 6 .2 9
4 7 6 .3 0 6.21 6 .3 0
4 8 5 .7 7 5 .7 0 5 .5 6
4 9 5 .2 2 5 .21 5 .2 6
5 0 6 .1 6 6 .2 7 6 .2 7
51 5 .8 0 5 .63 5 .4 9
5 2 5 .55 5.41 5 .6 8
53 6.22 6 .1 8 5 .9 7
5 4 6 .0 5 6 .1 7 6 .0 3
55 6 .10 6 .1 7 6 .0 7
5 6 5 .8 5 5 .9 7 6 .0 6
57 6.22 6.20 6 .0 5
58 6 .0 5 6 .2 6 6 .10

5 9 4 .6 2 4 .6 7 4 .3 9
6 0 4 .5 5 4 .61 4 .4 5
61 4 .4 6 4 .5 5 4  36
6 2 5 82 5 .1 2 5 .1 2
63 5 .0 0 4 .5 8 4 .5 7
6 4 4 .6 2 4 .9 3 4 .91
65 4 6 6 4 .71 5 .3 4
66 5 .6 0 5 .4 6 5 .4 9
6 7 5 .4 8 5 .1 2 5 .2 2
68 5 .6 8 5 .0 9 5 .3 4
6 9 5 .1 7 5 .2 9 4 .4 8
7 0 6 .5 2 6 .2 3 6 .0 4
71 6 .4 0 6 .3 4 6 .0 3
7 2 6 .3 0 6.21 6.00

73 6 .3 0 6 .12 5 .8 3
7 4 6 .3 0 6 .0 7 5 .9 0
75 5 .2 8 5 .5 4 5 .3 7
7 6 5 .4 9 5 .7 0 5 .8 5
7 7 6 .5 2 5 .7 2 5 .9 3
78 5 .2 2 4 .71 4 .5 0



N o . 3 ’-p ro c e s s in g  a c t iv ity
A c tu a l p i c 50 P re d ic te c p i c 50

C o M F A C o M S IA
7 9 5 .0 5 5 .0 4 4 .71
80 5 .0 5 5 .2 2 4 .8 0
81 6 .0 5 6 .2 6 6 .2 3
82 6 .7 0 6 .0 8 5 .7 6
83 5 .5 2 5 .0 5 4 .41
84 6 .5 2 6 .1 2 6 .0 4
85 5 .5 9 5 .6 2 6 .0 2
86 5 .7 0 5 .3 7 5 .0 8
8 7 5 .5 7 5 .51 5 .0 7
88 5 .7 7 5 .0 7 4 .8 9
89 5 .8 5 5 .6 2 5 .5 2
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F ig u re  4 .4  P lo t  o f  o b s e rv e d  a n d  c a lc u la te d  a c t iv it ie s  a g a in s t  3 ’- p ro c e s s in g  m e c h a n is m  o f  
(a ) t r a in in g  s e t  a n d  (b )  t e s t  s e t  u s in g  C o M F A .
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4.2.1.2 CoMFA Contour
C o M F A  s te r ic  a n d  e le c tro s ta t ic  c o n to u rs  a re  s h o w n  in  F ig u re  4 .5  a n d  4 .6 , 

r e s p e c tiv e ly . In  o rd e r  to  in v e s t ig a te  r e la t io n s h ip  b e tw e e n  c o n to u rs  a n d  l ig a n d - r e c e p to r  
in te ra c tio n , th e  c o n to u rs  w e re  m a p p e d  o n to  th e  s tru c tu re  o f  H IV -1  IN  c a ta ly tic  c o re  
d o m a in /5 C IT E P  c o m p le x , ta k e n  fro m  th e  P ro te in  D a ta  B a n k  (1 Q S 4 )  [3 9 ]. T h e  m a p p in g  
w a s  d o n e  b y  s u p e r im p o s in g  5 C IT E P  s tru c tu re  in  th e  C o M F A  c a lc u la t io n s  to  th a t  in  th e  
X -ra y  s tru c tu re .  T h e  s te r ic  in te ra c tio n  is  r e p re s e n te d  b y  g re e n  a n d  y e l lo w  c o n to u rs ,  w h ile  
e le c tro s ta t ic  in te r a c t io n  is d e n o te d  b y  re d  a n d  b lu e  c o n to u rs .

L a rg e  g re e n  c o n to u r  w a s  fo u n d  in  a  p la n e  o f  th e  in d o le  r in g  o f  5 C IT E P  in d ic a t in g  
th a t  b u lk y  s u b s t i tu e n ts  w e re  p re fe r re d  in  th is  re g io n  (F ig u re  4 .5 ) . T h is  m a y  b e  th e  re a so n  
w h y  c o m p o u n d s  w ith  la rg e  a ro m a tic  s u b s t i tu e n ts  in  th is  a re a , e .g . c o m p o u n d s  23-28 an d  
64-68, a re  m o re  p o te n t  th a n  m o le c u le s  w ith  sm a ll  s u b s t i tu e n ts ,  s u c h  a s  c o m p o u n d s  5-10, 
40-44, 63, a n d  73. T h is  s te r ic a l ly  p re fe r re d  a re a  is  lo c a te d  n e a r  h y d r o p h o b ic  a m in o  a c id s  
su c h  a s  P h e l2 1  a n d  P h e l3 9 .  H e n c e , m o re  b u lk y  a ro m a tic  s u b s t i tu t io n s  o f  th e  in h ib ito rs  
c a n  in te ra c t  b e t te r  w i th  th e  s id e  c h a in s  o f  th e s e  re s id u e s  v ia  h y d r o p h o b ic  ty p e  a ttra c tio n . 
A n o th e r  s te r ic  fa v o re d  re g io n  is c lo se  to  th e  c h lo r o in d o le  r in g  o f  5 C IT E P . T h e  c a te c h o l 
m o ie ty  o f  th e  m o s t  a c t iv e  c o m p o u n d , c o m p o u n d  32, is lo c a te d  n e a r  to  th is  g re e n  re g io n  
a n d  th e re fo re  it e x h ib i ts  h ig h e r  p o te n c y  th a n  c o m p o u n d s  w i th o u t  fu n c tio n a l  g ro u p s  
e x te n d e d  to  th is  a re a , e .g . c o m p o u n d  9. T h e  s id e  c h a in s  o f  P r o l4 2  a n d  T y r l4 3  a re  v e ry  
c lo se  to  th is  g re e n  c o n to u r .  T h is  is in  a g re e m e n t  w ith  a  p re v io u s  w o r k  in w h ic h  re s id u e  
T y r l4 3  w a s  p ro p o s e d  to  fo rm  71-71 s ta c k in g  o r  h y d r o p h o b ic  in te ra c t io n s  w ith  a ro m a tic  
p o r tio n  o f  l ig a n d s  [1 2 6 ] , T h re e  y e l lo w  c o n to u rs  a re  lo c a te d  a ro u n d  th e  te t ra z o le  r in g  o f  
5 C IT E P  s u g g e s t in g  th a t  sm a ll  b u lk y  g ro u p s  a re  r e q u ire d  to  in c re a s e  a c tiv ity . T h is  is 
p o s s ib ly  a  re a s o n  w h y  c o u m a r in s , c o m p o u n d s  1-14 a n d  62, a re  le s s  p o te n t  th a n  
s ty ry lq u in o l in e s .  T h e  b e n z o -2 -p y ro n e  r in g  s y s te m  o f  c o u m a r in s  o v e r la p p e d  w ith  o n e  o f  
th e s e  th r e e  y e l lo w  c o n to u rs  s u g g e s t in g  th e s e  r in g s  m ig h t  b e  e m b e d d e d  in  a  n a r ro w  p o c k e t  
o f  th e  e n z y m e , th e re fo re ,  la rg e r  s u b s t i tu e n ts  in  th e s e  r e g io n s  s h o u ld  re d u c e  th e  a c tiv ity . 
T h e s e  y e l lo w  c o n to u r s  a re  fo u n d  n e a r  k e y  re s id u e s  A s n l5 5 ,  L y s l 5 6  a n d  L y s l5 9 ,  w h ic h  
w e re  re p o r te d  to  b e  in v o lv e d  in  D N A  b in d in g  p ro c e s s  [1 2 7 ] . T h e  o th e r  s te r ic a lly  
d is fa v o re d  y e l lo w  re g io n s  a re  lo c a te d  n e a r  th e  n i tro g e n  a to m  o f  th e  in d o le  r in g  o f  
5 C IT E P , c lo s e  to  V a i l  13 a n d  T h r l l 5  re s id u e s . In  a d d it io n , th e  s te r ic a lly  u n fa v o re d  a re a
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w as also observed above the carbonyl group o f  5CITEP. This steric unfavorable contour
supports again the experim ental data that coum arins are less active than styrylquinolines.

Figure 4.5 CoMFA StDev X coeff steric contour map for 3’-processing activity.

The CoMFA electrostatic contour plot is displayed in Figure 4.6. Blue contours 
indicate that substituents should be electron deficient for high binding affinity. Since 
these contours were found close to indole ring of 5C1TFP and to hydroxyl groups of 
coumarins (compounds 11-14, and 62), in which both groups are electron rich 
functionalities, these compounds exhibit low activities. In contrast, compound 32, the 
most potent inhibitor, has no functional group with high electron density extended to 
these blue areas. These positively charged favored regions were observed near Glnl48 
and Glyl49 residues implying that electron deficient groups may interact with side chains 
of these residues and therefore increase the inhibitory potencies. Another blue contour 
lies in the region proximity to the nitrogen atom in the indole ring of 5CITEP. This
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c o n to u r  c a n  b e  u s e d  to  e x p la in  th e  t r e n d s  o f  th e  b io lo g ic a l  a c t iv i t ie s  o f  c o u m a r in  
d e r iv a tiv e s .  T h e  N O 2 a n d  th e  C ôH 5C O O  s u b s t i tu e n ts  o f  c o m p o u n d  9  a n d  c o m p o u n d  12, 
re s p e c t iv e ly , a re  lo c a te d  in  th is  b lu e  re g io n . T h e  N O 2 s u b s t i tu e n t  is a  s tro n g  e le c tro n  
w ith d ra w in g  g ro u p , w h e re a s  C 6H 5C O O  s u b s t i tu e n t  is a  w e a k e r  o n e . T h is  e x p la in s  w h y  
c o m p o u n d  9  h a s  a  lo w e r  a c t iv i ty  th a n  c o m p o u n d  12 . T h e  A s p l  16 r e s id u e  o f  th e  H IV -1  IN  
e n z y m e , w h ic h  p re fe r s  p o s i t iv e  c h a rg e  s u ita b le  fo r  l ig a n d -e n z y m e  in te ra c tio n s ,  w a s  a lso  
o b se rv e d  n e a r  th is  b lu e  c o n to u r .

R e d  c o n to u r s  w e re  fo u n d  n e a r  th e  C H  a d ja c e n t  to  th e  c a rb o n y l  c a rb o n  a n d  th e  
h y d ro x y l  g ro u p  c a rb o n  o f  5 C IT E P , in d ic a t in g  a  p r e fe r e n c e  fo r  n e g a t iv e ly  c h a rg e d  
s u b s t i tu e n ts  in  th e s e  a re a s . A s  e x p e c te d , re d  c o n to u rs  a re  c lo s e  to  th e  M g 2+, w h ic h  is 
lo c a te d  b e tw e e n  A s p 6 4  a n d  A s p l  16 o f  H IV -1  IN . T h e  a ro m a tic  m o ie ty  o f  IN  in h ib ito rs  
su c h  a s  c h ic o r ic  a c id s ,  h a s  b e e n  p ro p o s e d  to  in te ra c t  w ith  th is  d iv a le n t  c a t io n  v ia  a  c a t io n -  
7โ ty p e  in te ra c tio n  [1 1 0 , 1 15], o r  b y  a  c h a rg e -c h a rg e  in te ra c t io n  b e tw e e n  m e ta l io n  an d  
p a r t ia l  o r  io n ic  c h a rg e s  o f  in h ib ito rs  [1 1 5 ]. T h e re fo re ,  s u b s t i tu e n ts  w i th  h ig h  e le c tro n  
d e n s ity  w ill  s t r o n g ly  in te ra c t  w ith  M g 2+ le a d in g  to  an  e n h a n c e d  b io lo g ic a l  a c t iv ity  o f  
H IV -1  IN  in h ib ito r s .  A d d it io n a l ly ,  th e  p re s e n c e  o f  n e g a t iv e  c h a rg e  fa v o re d  re d  c o n to u rs  
s u r ro u n d in g  th e  t e t r a z o le  r in g  in d ic a te s  th a t  e le c tro n  r ic h  g ro u p s  m a y  in c re a s e  b in d in g  
a ff in ity . T h e s e  c o n to u r s  w e re  o b s e rv e d  n e a r  re s id u e s  A s n l5 5 ,  L y s l 5 6  a n d  L y s l5 9  w h ic h  
fa v o r  a  n e g a t iv e  c h a rg e .
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Figure 4.6. CoMFA StDev X coeff electrostatic contour map for 3’-processing 
activity.

4.2.13 CoMSIA Statistical Parameter
A total of 16 CoMSIA models were generated using either single or combined 

fields. The alignment giving the highest r 2cv in CoMFA, atom-based RMS fit method, 
was used. The statistical parameters are summarized in Table 4.3. Among the different 
field combinations, the CoMSIA model number 11 with three fields, steric, hydrogen 
bond donor and hydrogen bond acceptor, gave the highest statistical values, i.e. r 2ov =
0.693, ONC =5 , r2 = 0.872 and r2pred = 0.568. The steric, hydrogen bond donor and 
hydrogen bond acceptor contributions were 24.5%, 47.4% and 26.3%, respectively, 
reflecting the importance of steric, the hydrogen bond donor and the hydrogen bond 
acceptor interactions in the inhibition mechanism. The other CoMSIA models also 
showed significant internal (r2cv) and external predictions (r2pred) (except the CoMSIA 
model number 2 which was derived from only the electrostatic field). The region
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fo c u s in g  w a s  a p p lie d  to  C o M S IA  m o d e l n u m b e r  11. A f te r  re g io n  fo c u s in g  (m o d e l 
n u m b e r  12), th e  r2cv o f  th is  s p e c if ic  m o d e l w a s  in c re a s e d  fro m  0 .6 9 3  to  0 .7 2 4  (O N C  =  5). 
T h e  r2 =  0 .8 6 4  a n d  r 2pred =  0 .5 2 4  w e re  o b ta in e d . T h e  s te r ic , h y d ro g e n  b o n d  d o n o r  an d  
h y d ro g e n  b o n d  a c c e p to r  c o n tr ib u t io n s  a re  3 0 .3 % , 4 3 .4 %  a n d  2 6 .3 % , re s p e c tiv e ly . T h is  
C o M S IA  re s u l t  is in  g o o d  a c c o rd a n c e  w ith  a  re c e n t  p h a rm a c o p h o re  s tu d y  [1 2 8 ] ; w h ic h  
p ro p o s e d  th a t  h y d r o g e n  b o n d  d o n o r  a n d  a c c e p to r  fe a tu re s  w e re  n e c e s s a ry  d e s c r ip to r s  fo r  
H IV -1  IN  in h ib ito rs .  T h e  a c tu a l  a n d  p re d ic te d  p i c  so v a lu e s  o f  th e  t r a in in g  a n d  te s t  se ts  
o b ta in e d  fro m  C o M S IA  m o d e l n u m b e r  12 a re  g iv e n  in  T a b le  4 .2  a n d  F ig u re  4 .7 . T h e s e  
d e m o n s tra te  a  g o o d  p e r fo rm a n c e  o f  C o M S IA  m o d e l.



Table 4.3 Sum m ary o f  CoM SIA  results o f  3 ’-processing activity.

m odel fields r \  cv O N C  f S E P 8 S E E ' E v a lu e A J'  pred C ontribu tions
ร'1 E b H c D d A e

1 ร 0.582 5 0.402 0.879 0.216 79.99 nd 1.000 - - - -
2 E 0.004 1 0 .600 0.207 0.535 15.37 nd - 1.000 - - -
3 H 0.426 5 0 .392 0.846 0.244 60.52 nd - - 1.000 - -
4 D 0.611 6 0.501 0.794 0.285 34.69 nd - - - 1.000 -
5 A 0.330 3 0.471 0.601 0.386 28.59 nd - - - - 1.000
6 S+E 0.268 3 0.523 0.336 0.407 23.77 0.605 0.526 0 .474 - - -
7 S+E +H 0.449 6 0.466 0.922 0.175 106.33 0.591 0.265 0.272 0.464 - -
8 S+E+D 0.676 6 0.358 0.917 0.181 99.37 0.553 0 .276 0.234 - 0.490 -
9 S+E+A 0.446 6 0.460 0.882 0.216 66.97 0.588 0.408 0.326 - - 0.266
10 D +A 0.604 3 0.385 0.777 0 .289 66.18 0.407 - - - 0 .602 0.398
11 D +A +S 0.693 5 0.345 0.872 0.223 74.84 0.568 0.245 - - 0 .474 0.281
12 D+A+S* 0.724 5 0.327 0.864 0.231 69.59 0.524 0.303 - - 0.434 0.263
13 D + A +E 0.578 5 0 .404 0.850 0.241 62.46 0.207 - 0.225 - 0.482 0.294
14 D + A +H 0.664 6 0 .364 0.923 0.174 108.62 0.454 - - 0.353 0.356 0.291
15 S+E +D +A 0.645 5 0.371 0.896 0.201 94.35 0.574 0.182 0.183 - 0.399 0.236
16 All 0.648 6 0.373 0.936 0.158 132.51 0.566 0.143 0.154 0.234 0.283 0.186

aS te r ic ;  bE le c tro s ta t ic ;  cH y d ro p h o b ic ;  dH y d ro g e n  b o n d  d o n o r ;  eH y d ro g e n  b o n d  a c c e p to r ;  fO p t im u m  n u m b e r  o f  c o m p o n e n ts ;  gS ta n d a rd  
e r ro r  o f  p re d ic tio n s ;  'S ta n d a rd  e r r o r  o f  e s t im a te s ;  ^ P re d ic tiv e  r2] * R eg io n  fo c u s in g ;  n d  =  n o t  d e te rm in e .

89
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(a)

F ig u re  4 .7  P lo t  o f  o b s e rv e d  a n d  c a lc u la te d  a c t iv it ie s  a g a in s t  3 ’- p ro c e s s in g  m e c h a n is m  o f  
(a ) t r a in in g  a n d  (b )  t e s t  s e ts  u s in g  C o M S IA .
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4.2.1.4 CoMSIA Contour
The CoMSIA model number 12 was used to generate contour plots. Since the 

steric contours of CoMSIA are very similar to those of the CoMFA (Figure 4.8), only 
hydrogen bonding interaction fields will be described. As the hydrogen bond fields 
generally contain information about the position of hydrogen bond acceptor and 
hydrogen bond donor groups on receptor, the contours were mapped onto the 
experimental IN-5CITEP complex (1QS4) [39],

Figure 4.8 CoMSIA StDev X coeff steric contour map for 3’-processing activity

Figure 4.9 displays the hydrogen bond donor plot represented by cyan and purple 
contours. Cyan contours indicate regions where hydrogen bond donor substituents on 
ligands are favored and purple contours represent areas where hydrogen bond donor 
properties on inhibitors are disfavored. There are two cyan contours in the hydrogen bond 
donor maps. The first one is near the CH adjacent to the carbonyl carbon and to the 
hydroxyl carbon of 5C1TEP, indicating that hydrogen bond donor functionalities in this
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re g io n  w ill  e n h a n c e  th e  a c t iv ity . C o m p o u n d s  23-28 a n d  64-68 a re  m o re  a c t iv e  th a n  
5 C IT E P , b e c a u s e  th e y  h a v e  a  N H  m o ie ty  lo c a te d  n e a r  th is  c y a n  c o n to u r . T h is  c y a n  
c o n to u r  c o r re p o n d s  to  A s p 6 4  s u g g e s t in g  th a t  h y d ro g e n  b o n d  d o n o r  g ro u p  o f  l ig a n d s  m a y  
fo rm  a  s tro n g  h y d r o g e n  b o n d  w ith  th e  c a rb o n y l  o x y g e n  o f  th is  r e s id u e  a n d  h e n c e  
in c re a s e s  in h ib i to ry  p o te n c ie s .  T h is  h y d ro g e n  b o n d  d o n o r  fe a tu re  is c o n s is te n t  w ith  th e  
d a ta  o b ta in e d  f ro m  a  d y n a m ic  r e c e p to r  b a se d  p h a rm a c o p h o re  s tu d y  [1 2 9 ]. T h e  se c o n d  
c y a n  c o n to u r  w a s  o b s e rv e d  n e a r  th e  in d o le  r in g  o f  5 C IT E P . S ty ry lq u in o lin e  a n a lo g u e s , 
c o m p o u n d s  29-39 a n d  69-71 a re  m o re  p o te n t  th a n  5 C IT E P  b e c a u s e  o f  th e  p re s e n c e  o f  
h y d ro g e n  b o n d  d o n a tin g  g ro u p s  su c h  a s  h y d ro x y l  a n d  m e th o x y l  in  th is  c y a n  re g io n . 
G in  148 r e s id u e  is  lo c a te d  n e a r  to  th is  c y a n  c o n to u r . In  th is  c a s e , th e  c a rb o n y l  g ro u p  o f  
G in  148 is h y d r o g e n  b o n d  a c c e p to r  in te ra c tin g  w ith  h y d ro g e n  b o n d  d o n o r  s u b s t i tu e n ts  o f  
lig a n d s .

F o u r  p u rp le  c o n to u rs  w e re  fo u n d  a ro u n d  th e  te t r a z o le  r in g  o f  5 C IT E P  im p ly in g  
th a t  th e  e x is te n c e  o f  h y d ro g e n  b o n d  d o n o r  g ro u p s  in  th is  a re a  m ig h t  d e c re a s e  th e  a c tiv ity . 
T h e  lo w e r  a c t iv i t ie s  o f  c o u m a r in  a n a lo g u e s  ( c o m p o u n d s  1-14, a n d  62) c o m p a re d  to  
c o m p o u n d  3 2  c a n  b e  fu r th e r  e x p la in e d  b y  th e  h y d ro x y l  s u b s t i tu e n ts  o n  c o u m a r in s  w h ic h  
lie  c lo se  to  th e s e  p u rp le  re g io n s . T h e s e  c o n to u rs  c o r re s p o n d  to  T h r6 6 , L y s l5 9  an d  
L y s l5 6  re s id u e s .  A s  b o th  ly s in e s  e x is t  n o rm a l ly  in  p ro to n a te d  fo rm , th e s e  a m in o  a c id s  
a re  w e a k  p ro to n  a c c e p to rs ,  h e n c e , th e y  w ill  n o t  in te ra c t  w i th  h y d ro g e n  b o n d  d o n o r  g ro u p s  
o n  l ig a n d s . T h is  f in d in g  o f  u n fa v o ra b le  re g io n  o f  h y d ro g e n  b o n d  d o n o r  c o n to u r  is 
c o n c u r re n t  w i th  th e  p re v io u s  C o M S IA  s tu d y  o n  c in n a m o y ls  [1 0 1 ].
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Figure 4.9 Mapping of CoMSLA StDev X coeff hydrogen bond donor contour plots within 
the active site of the complex structure of HTV-1 EN/5CITEP for 3 ’-processing activity.

Figure 4.10 shows the CoMSIA hydrogen bond acceptor field, denoted by 
magenta and red contours. Magenta contours represent regions where hydrogen bond 
acceptors on ligands are favorable and red contours indicate regions where hydrogen 
bond acceptors on inhibitors are unfavorable for the activity.

There is one magenta contour near the keto-enol moiety of 5CITEP, which means 
that a hydrogen bond acceptor group in this region will enhance inhibition potency. For 
instance, salicylhydrazine analogues, compounds 53-58  and 76-77, are more potent than 
5CITEP, because these compounds have carbonyl oxygens, as hydrogen bond acceptor 
groups, close to this magenta contour. The high activity of compounds 23-28 and 64-68 

arises from the fact that oxygen atoms of SO3' substituents are near to this magenta area. 
The hydrogen bond acceptor feature on the keto-enol moiety of 5CITEP confirms the 
recent report on pharmacophore model of diketo acid analogues [130], The Glul52 
residue was found close to this magenta contour implying that hydrogen bond forming 
between ligands and this amino acid will increase binding affinities. A large red contour
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was found behind the NH moiety of the indole ring of 5CITEP suggesting that hydrogen 
bond acceptor features of ligands in this area may reduce the activity. This contour was 
located near Asp64 which contains 0=0 (hydrogen bond acceptor group), indicating 
unfavorable hydrogen bonding affinity. The contour that disfavors donors on the receptor 
site is attributed to low affinity of compounds that have hydrogen bond acceptor groups 
in the vicinity.

Figure 4.10 Mapping of CoMSIA StDev X coeff hydrogen bond acceptor contour plots 
within the active site of the complex structure of HIV-1 IN/5CITEP for 3’-processing 
activity.

4.2.2 ST activity
4.2.2.1 CoMFA Statistical Parameter
CoMFA statistical analyses are summarized in Table 4.4. The CoMFA model 

with atom-based RMS fit alignment gave r 2cv  — 0.625 with 5 components, r 2 = 0.920 and
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r 2pred =  0 .6 5 0 . T h e  s te r ic  a n d  e le c tro s ta t ic  c o n tr ib u t io n s  a re  6 3 .6 %  a n d  3 6 .4 % , 
re s p e c tiv e ly . U s in g  th e  m u lt i- f i t  a l ig n m e n t  m e th o d , C o M F A  y ie ld e d  r2cv =  0 .6 7 2 , 5 
c o m p o n e n ts ,  r2 =  0 .9 1 5  a n d  r2pred 0 .5 5 2 . S te r ic  a n d  e le c tro s ta t ic  c o n tr ib u t io n s  fo r  th is  
m o d e l w e re  6 2 .7 %  a n d  3 7 .3  % , re s p e c tiv e ly . C o M F A  m o d e l u s in g  r ig id  b o d y  f ie ld  fit 
s h o w e d  p o o r  r2cv = 0 .5 2 4  w ith  4  c o m p o n e n ts , r2 0 .8 4 9 , a n d  r2pred = 0 .2 8 3 . F ro m  th is  
a l ig n m e n t  p ro c e d u re ,  s te r ic  a n d  e le c tro s ta t ic  c o n tr ib u t io n s  w e re  6 5 .6  %  a n d  3 4 .4  % , 
re s p e c tiv e ly . L ik e w is e  3 ’-p ro c e s s in g , a ll o f  th e  th r e e  C o M F A  m o d e ls  s h o w  a  s im ila r  h ig h  
c o n tr ib u t io n  o f  s te r ic  (~  6 0 % ) th a n  th a t  o f  e le c tro s ta t ic  f ie ld  (~  4 0 % ). T h is  m e a n s  th a t  th e  
p re d o m in a n t  o f  s te r ic  in te ra c tio n s  is  re q u ire d  to  s ta b i l iz e  th e  p ro te in - l ig a n d  c o m p le x . T h e  
m u lt i- f i t  a l ig n m e n t  m e th o d  w h ic h  s h o w s  th e  h ig h e s t  r2cv w a s  fu r th e r  u s e d  to  p e r fo rm  
re g io n  fo c u s in g . A f te r  re g io n  fo c u s in g , th e  r2cv s ig n if ic a n tly  in c re a s e d  fro m  0 .6 7 2  to  
0 .7 2 0 . T h e  r2 a n d  Vpred w e re  0 .9 2 6  a n d  0 .5 7 0  r e s p e c tiv e ly . T h e  re g io n  fo c u s in g  o f  th e  
m u lt i- f i t  a l ig n m e n t  w a s  s e le c te d  to  g e n e ra te  th e  c o n to u r  p lo ts . T h e  v a lu e s  o f  th e  o b se rv e d  
a n d  c a lc u la te d  a c t iv i t ie s  o f  t r a in in g  a n d  te s t  s e ts  a re  s h o w n  in  T a b le  4 .5  a n d  th e  g ra p h  
b e tw e e n  th e  a c tu a l  a n d  p re d ic te d  p IC 5 0  v a lu e s  is s h o w n  in  F ig u re  4 .1 1 , in d ic a t in g  a  g o o d  
s ta tis tic a l  c o r r e la t io n  b e tw e e n  e s t im a te d  a n d  a c tu a l  b io lo g ic a l  a c t iv it ie s .
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T a b le  4 .4  C o M F A  s ta tis t ic a l  p a ra m e te r s  fo r  S T  a c t iv ity .

a l ig n m e n t  ̂ cv O N C d S E P 6 2r SEE* F  v a lu e r2 predg C o n tr ib u tio n s
ร h E 1

l a 0 .6 2 5 5 0 .4 9 2 0 .9 2 0 0 .2 2 8 132 .81 0 .6 5 0 0 .6 3 6 0 .3 6 4
2 b 0 .6 7 2 5 0 .4 6 0 0 .9 1 5 0 .2 3 4 124 .51 0 .5 5 2 0 .6 2 7 0 .3 7 3
3C 0 .5 2 4 4 0 .5 4 9 0 .8 4 9 0 .3 0 9 8 3 .2 0 0 .2 8 3 0 .6 5 6 0 .3 4 4
2a* 0.720 6 0.428 0.926 0.221 118.131 0.570 0.560 0.440

A l ig n m e n t  b y  R M S  fit;  bA lig n m e n t  b y  m u lti  fit; A l ig n m e n t  b y  f ie ld  fit; dO p tim u m  
n u m b e r  o f  c o m p o n e n ts ;  S t a n d a r d  e r ro r  o f  p re d ic tio n s ;  S t a n d a r d  e r ro r  o f  e s t im a te s ;  
8P re d ic t iv e  r2\ h S te r ic ;  'E le c tro s ta t ic ;  ^ R e g io n  fo c u s in g

T a b le  4 .5  A c tu a l  a n d  c a lc u la te d  a c t iv it ie s  fo r  S T  m e c h a n is m  o f  c o m p o u n d s  u s e d  in 
t r a in in g  a n d  te s t  s e ts , o b ta in e d  f ro m  C o M F A  a n d  C o M S IA .

N o . S T  a c t iv ity
A c tu a l  p i c  so P re d ic te d  p i c  so

C o M F A C o M S IA
1 4 .8 9 4 .7 5 4 .6 2
2 4 .1 2 4 .6 2 4 .5 5
3 4 .6 6 4 .5 6 4 .5 3
4 4 .6 8 4 .5 4 4 .5 2
5 6 .3 2 6 .2 6 6 .5 0
6 6 .6 9 6 .6 3 6 .2 4
7 6 .4 9 6 .5 0 6 2 8
8 5 .8 2 6 .01 6 .0 6
9 6 .4 6 6 .1 4 6 .4 0
10 7 .0 0 6 .8 6 7 .01
11 6 .8 2 7 .4 5 7 .2 8
12 6 .8 5 7 .0 2 7 .1 5
13 7 .0 0 6 .8 9 7 .1 3
14 8 .0 0 7 .4 5 7 .1 8
15 7 .4 0 7 .5 0 7 .3 5
16 6 .4 3 6 .5 3 6 .6 9



N o . S T  a c t iv ity
A c tu a l  p i c 50 P re d ic te d  p IC so

C o M F A C o M S IA
17 7 .3 0 7 .3 2 7 .2 8
18 4 .8 4 5 .1 0 5 .0 6
19 5 .5 7 5 .2 4 5 .4 4
2 0 4 .11 4 .0 8 4 .4 8
21 4 .6 3 4 .7 2 4 .5 3
2 2 5 .9 6 6 .0 2 5 .6 9
23 6 .2 4 6 .2 8 6 .4 6
2 4 6 .4 0 6 .3 5 6 .3 8
25 5 .5 2 5 .6 5 5 .3 8
2 6 6 .0 7 6 .0 2 6 .0 0
2 7 5 .7 2 5 .8 0 5 .6 5
2 8 6 .8 0 6 .4 8 6 .6 7
2 9 6 .7 7 6 .8 2 6 .5 4
3 0 5 .9 2 5 .9 7 5 .6 2
31 5 .51 5 .1 8 5 .3 2
3 2 5 .0 5 5 .1 6 5 .2 6
33 5 .4 0 5 .3 7 5 .6 6
3 4 5 .4 0 5 .4 4 5 .6 2
35 6 .3 0 6 .2 9 6 .0 5
3 6 6 .1 6 6 .2 6 6 .2 4
3 7 6 .1 6 6 .1 2 6 .21
38 6 .3 0 6 .1 5 6 .0 0
3 9 6 .0 0 5 .93 6 .0 4
4 0 6 .1 6 6 .1 2 6 .0 5
41 5 .4 0 5 .6 2 5 .8 3
4 2 5 .8 9 5 .7 9 6 .0 4
43 6 .2 2 6 .3 3 5 .9 9
4 4 5 .0 5 5 .0 7 5 .11
4 5 6 .0 5 5 .9 4 6 .0 5
4 6 5 .9 6 5 .9 2 6 .0 7
4 7 5 .6 6 5 .9 5 5 .9 0
48 5 .6 4 5 .7 8 6 .01
4 9 5 .05 5 .6 3 4 .9 8
50 6 .3 0 6 .0 2 5 .8 3
51 6 .0 5 5 .9 8 6 .21
52 5 .4 0 5.41 5 .6 9
53 5 .8 0 5 .4 2 5 .5 2
54 6 .5 2 6 .2 4 6 .2 8
55 6 .5 2 6 .5 5 6 .0 5
5 6 6 .7 0 6 .7 8 6 .6 7
57 6 .2 2 6 .3 0 5 .91
58 6 .2 2 6 .1 3 6 .2 5



N o . S T  a c t iv ity
A c tu a l  p /C jo P re d ic te d  p IC so

C o M F A C o M S IA
5 9 5 .7 0 5 .6 7 5 .9 7
6 0 4 .8 5 4 .7 3 4 .7 9
61 6 .0 0 6 .1 3 6 .2 9
62 5 .5 5 5 .93 5 .8 3
63 6 .5 2 6 .2 9 6 .7 0
6 4 6 .1 9 6 .2 0 6 .2 4
65 4 .6 7 5 .6 5 4 .7 6
6 6 5 .6 7 5 .7 8 5 .0 3
67 7 .0 0 6 .3 2 6 .4 8
68 7 .0 0 7 .0 3 7 .0 8
69 8 .0 5 6 .5 8 7 .7 9
7 0 7 .51 6 .4 7 6 .11
71 5 .0 6 5 .9 9 5 .1 7
72 6 .5 3 6 .0 9 5 .5 8
73 4 .21 5 .2 5 5 .4 6
7 4 6.1 6 .3 9 6 .4 5
75 6 .4 8 6 .1 3 6 .2 0
7 6 6 .1 6 5 .9 8 5 .9 8
7 7 6 .3 0 5 .8 8 5 .3 5
78 5 .5 5 5 .9 4 6 .0 8
79 5 .5 9 5 .9 6 5 .8 4
80 6 .0 5 6 .0 3 5 .8 3
81 5 .1 3 5 .9 2 5 .9 0
82 6 .3 0 6 .1 5 6 .1 2
83 6 .0 0 5 .3 5 4 .8 9
84 5 .9 6 6 .1 7 6 .8 2
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F ig u re  4 .1 1  P lo t  o f  o b s e rv e d  a n d  c a lc u la te d  a c t iv i t ie s  a g a in s t  S T  m e c h a n is m  o f  (a ) 
t r a in in g  a n d  (b )  t e s t  s e ts  u s in g  C o M F A .
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4.2.2.2 CoMFA contours
T h e  C o M F A  c o n to u rs  p lo ts  o f  s te r ic  a n d  e le c t ro s ta t ic  in te ra c tio n s  m a p p e d  to  th e  

X - ra y  c o -c ry s ta l  s tr u c tu re  o f  H IV -1  IN -5 C IT E P  a re  d is p la y e d  in  F ig u re  4 .1 2  a n d  4 .1 3 , 
r e s p e c tiv e ly .

I t  is  a p p a re n t  th a t  th e  p a t te rn  o f  s te r ic  f ie ld  o f  S T  p ro c e s s  is  s o m e w h a t  s im ila r  to  
th a t  o f  3 ’-p ro c e s s s in g . S te r ic a l ly  fa v o re d  g re e n  a re a  is n o tic e d  a ro u n d  c h lo r o in d o le  r in g  
w h ile  s te r ic a l ly  d is fa v o re d  y e l lo w  re g io n  is o b s e rv e d  n e a r  to  t e t r a z o le  r in g  o f  5 C IT E P . In  
F ig u re  4 .1 2 , th e  b ig  g re e n  c o n to u r  b e y o n d  th e  c h lo r o in d o le  r in g  o f  5 C IT E P  s u g g e s ts  th a t  
m o re  b u lk ie r  g ro u p  in  th is  a r e a  is e x p e c te d  to  e n h a n c e  th e  a c t iv ity .  T h is  c o n c lu s io n  is 
c o n s is te n t  w e ll  w i th  th e  e x p e r im e n t  d a ta  th a t  th e  D K A  d e r iv a t iv e s  (c o m p o u n d s  5-17 and 
67-70) a re  g e n e ra l ly  m o re  a c t iv e  th a n  5 C IT E P  ( e x c e p t  c o m p o u n d  8 ). C o n s id e r in g  D K A  
a n a lo g u e  ( c o m p o u n d s  5-17 a n d  67-70), c o m p o u n d  8 h a s  le s s  a c t iv i ty  th a n  th e  o th e rs  a s  it 
d o e s  n o t  c o n ta in  a n y  s u b s t i tu t io n  p o in t in g  to w a rd  th is  g re e n  a re a . In  a d d it io n , th e  lo w  
in h ib ito ry  p o te n c ie s  o f  c a te c h o l  (c o m p o u n d s  1-4 a n d  65-66) a re  p ro b a b ly  b e c a u s e  th is  
c la s s  o f  c o m p o u n d s  h a s  n o  fu n c tio n a l  g ro u p  e x te n d e d  to  th is  a re a . T h is  s te r ic  fa v o ra b le  
re g io n  c o u ld  b e  re la te d  to  th e  h y d ro p h o b ic  o r  ท-ท s ta c k in g  in te ra c t io n  b e tw e e n  a l ip h a tic  
o r  a ro m a tic  p a r ts  o f  l ig a n d s  a n d  h y d ro p h o b ic  a m in o  a c id  re s id u e s  I l e l 4 1 ,  P r o l4 2  an d  
T y r l4 3  a s  a fo re m e n t io n e d  in  th e  c a s e  o f  3 ’-p ro c e s s in g . T h e  o th e r  tw o  g re e n  c o n to u rs  
w e re  n o tic e d  a t  th e  C l a n d  c lo se  to  th e  N  o f  c h lo r o in d o le  r in g  o f  5 C IT E P . T h e  la t te r  
c o n to u r  c a n  b e  u s e d  to  e x p la in  th e  a c t iv it ie s  o f  c y c lo h e x a n o n e  a n a lo g u e s  (c o m p o u n d s  44- 
56 a n d  76-77). C o m p o u n d s  54, 55, a n d  56 o r ie n te d  th e  C O O C H 2C H 3, C O O ' an d  
C H 2C O O ", re s p e c t iv e ly ,  a t ta c h e d  a t  th e ir  c e n tra l  a l ip h a t ic  r in g  to w a rd  to  th is  g re e n  z o n e , 
th u s , th e s e  3 c o m p o u n d s  e x h ib i t  h ig h e r  p o te n c y  th a n  o th e r  c o m p o u n d s  ( c o m p o u n d s  44-53 
a n d  76-77) in  th e  s a m e  g ro u p . O n  th e  o th e r  h a n d , c o m p o u n d  44 h a s  n o  fu n c tio n a l  g ro u p  
p o in t in g  to  th is  p o s i t io n ,  it th e re fo re  sh o w s  p o o r  a c t iv ity . M o re o v e r ,  a l th o u g h  c o m p o u n d  
47 h a s  m e th y lp h e n y l  s u b s t i tu t io n  a t  th e  c e n tra l  a l ip h a t ic  r in g , th is  p a r t ic u la r ly  p a r t  o f  
l ig a n d  is q u ite  fa r  f ro m  th is  g re e n  a re a . T h u s , it s h o w s  th e  lo w e r  a c t iv i ty  in  c o m p a r is o n  
w ith  c o m p o u n d  56.

'T w o  y e l lo w  c o n to u rs  w e re  o b se rv e d  n e a r  th e  c h lo r o in d o le  r in g  o f  5 C IT E P  
im p ly in g  th a t  b u lk y  s u b s t i tu e n ts  th e re  m a y  d e c re a s e  th e  in h ib i to r  a c t iv i ty  o f  lig a n d s . 
H o w e v e r , th e s e  s te r ic a l ly  d is fa v o re d  re g io n s  w e re  p o s i t io n e d  c lo s e  to  s te r ic  fa v o re d  g re e n
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a re a  im p ly in g  th a t  th e  s iz e  o f  th e  s u b s t i tu e n t  s h o u ld  n o t  b e  to o  la rg e  a n d  c o u ld  h a v e  a n  
a p p ro p r ia te  s iz e  e x te n d in g  to  th is  p o s i t io n . A n o th e r  la rg e  y e l lo w  c o n to u r  w a s  n o tic e d  
n e a r  th e  te t r a z o le  r in g  o f  5 C IT E P . T h e  a ro m a tic  s u lfo n a m id e s  c o n ta in in g  c o m p o u n d s  
( c o m p o u n d s  1 8 -2 1 )  g e n e ra l ly  e x h ib i t  a c t iv i t ie s  lo w e r  th a n  D K A  b e c a u s e  th e ir  
p h e n y ls u lf o n e  s u b s t i tu e n ts  e m b e d d e d  th is  y e l lo w  re g io n . In  th e  m e a n  tim e , th is  
o b s e rv a tio n  e x p la in e d  w h y  th e  a c t iv it ie s  o f  c a rb o n y l  J  d e r iv a t iv e s  ( c o m p o u n d s  3 4 -4 3 )  
w h o s e  n a p h th a le n e  s o lfo n ic  a c id  s u b s t i tu e n t  o v e r la p p e d  th is  s te r ic a l ly  d is fa v o ra b le  a re a  
a r e  s l ig h tly  lo w e r  th a n  D K A  a n a lo g u e s . L ik e w is e  3 ’-p ro c e s s in g , a m in o  a c id  re s id u e s  
A s n l5 5 ,  L y s l 5 6  a n d  L y s l 5 9  w e re  lo c a te d  c lo s e  to  th is  s te r ic a lly  d is fa v o re d  c o n to u r .

F ig u r e  4 .1 2  C o M F A  S tD e v  X  c o e f f  s te r ic  c o n to u r  m a p  fo r  S T  a c tiv ity .
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E le c tr o s ta t ic  c o n to u rs  m e rg e d  to  th e  H IV -1  IN -5 C I T E P  c o m p le x  a re  s h o w n  in 
F ig u re  4 .1 3 . L a rg e  b lu e  a re a s  a re  s p re a d  a b o v e  th e  p la n e  o f  5 C IT E P . T h is  re q u ire m e n t  o f  
e le c tro p o s i t iv e  c h a rg e  g ro u p  e x p la in e d  w h y  m a n y  o f  D K A  a n a lo g u e s  g e n e ra l ly  e x h ib i t  
h ig h e r  p o te n c y  th a n  s a l ic y lh y d ra z in e  (c o m p o u n d s  5 7 -5 9 ) . T h e  c e n tra l  p y ro z o lo n e  rin g , 
an  e le c tro n  r ic h  m o ie ty , o f  s a l ic y lh y d ra z in e  is lo c a te d  in  th is  b lu e  a r e a  w h ile  n o  h ig h  
e le c tro n  d e n s i ty  fu n c t io n s  o f  D K A  w a s  fo u n d  in  th is  b lu e  z o n e . M o r e o v e r ,  th e  N O 2, O H , 
a n d  O C H 3 s u b s t i tu e n ts  in  th e  b e n z e n e  r in g  o f  c o m p o u n d s  5 7  a n d  5 8 , a re  in  th e  v ic in i ty  o f  
th e  s m a ll  b lu e  c o n to u rs  in  th e  le f t h a n d  s id e  so  th e y  e x h ib i t  lo w  in h ib ito ry  p o te n c y . 
A d d it io n a l  la rg e  b lu e  a re a s  w e re  fo u n d  n e a r  th e  k e to -e n o l  m o ie ty  o f  5 C IT E P  an d  
s u g g e s te d  th a t  lo w  e le c tro n  d e n s ity  in  th is  a re a  is  e x p e c te d  to  in c re a s e  th e  a c tiv ity . 
G lu l5 2 ,  a  n e g a t iv e ly  c h a rg e d  a m in o  a c id , is lo c a te d  c lo s e  to  th is  c o n to u r . T h u s , 
s u b s t i tu e n ts  w i th  lo w  e le c tro n  d e n s ity  in  th is  re g io n  a re  re q u ire d  a s  th e y  m a y  s tro n g e r  
in te ra c t  w i th  th e  c a rb o x y la te  o f  G lu l5 2 .  T h e  o th e r  b lu e  z o n e s  w e re  n o tic e d  b e y o n d  th e  
te ra z o le  r in g  o f  5 C IT E P . T h is  p ro f i le  e x p la in s  th e  p o o r  a c t iv i ty  o f  c o m p o u n d s  1 8 -2 1  in 
c o m p a r is o n  w ith  D K A  as  th e y  o r ie n t  th e  p h e n y ls u lfo n e , th e  h ig h  e le c tro n  d e n s ity  m o ie ty , 
to w a rd  th is  lo c a t io n .

T h e  p re s e n c e  o f  s e v e ra l  re d  c o n to u rs  a ro u n d  te t r a z o le  r in g  o f  5 C IT E P  in d ic a te s  
th a t  th e  e le c tro n  r ic h  g ro u p s  w o u ld  b e  b e n e f ic ia l  to  th e  b in d in g  a f f in i ty .  C o m p o u n d s  w ith  
h ig h e r  H IV -1  IN  in h ib ito ry  a c t iv it ie s ,  fo r  in s ta n c e , D K A  a n a lo g u e s , g e n e ra l ly  b e a r  a  h ig h  
e le c tro n  d e n s i ty  g ro u p , i.e . c a rb o x y la te  in  th is  p o s i t io n . S im ila r  to  th e  c a s e  o f  3 ’- 
p ro c e s s in g , p o s i t iv e  c h a rg e  re s id u e s  L y s l5 6  a n d  L y s l 5 9  lo c a te  c lo s e  to  th is  re d  re g io n . 
T h e re fo re ,  a n  in c re a s e  in  n e g a tiv e  c h a rg e  o f  l ig a n d s  w o u ld  in c re a s e  a c t iv ity  a n d  s u p p o rts  
th e  b e t te r  in te ra c t io n  o f  in h ib ito rs  w i th  e le c tro n  d e f ic ie n t  a m in o  a c id s  o f  H I V - 1 IN .
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F ig u r e  4 .1 3  C o M F A  S tD e v  X  c o e f f  e le c t ro s ta t ic  c o n to u r  m a p  fo r  S T  a c t iv ity .

4.2.23  CoMSIA Statistical Parameter
T a b le  4 .6  l is ts  th e  s ta tis t ic a l  p a ra m e te r s  o f  C o M S IA  m o d e ls  u s in g  m u lt i- f i t  

a l ig n m e n t  m e th o d , th e  h ig h e s t  r 2CV in  C o M F A . A s  in  th e  3 ’-p ro c e s s in g , th e  C o M S IA  
m o d e l  n u m b e r  11  w i th  s te r ic , h y d r o g e n  b o n d  d o n o r  a n d  h y d r o g e n  a c c e p to r  f ie ld s  s h o w e d  
th e  h ig h e s t  r 2cv =  0 .5 9 1  w ith  3 O N C , r 2 = 0 .8 2 9  a n d  r 2pred =  0 .4 4 5 . T h e  s te r ic ,  h y d r o g e n  
b o n d  d o n o r  a n d  h y d r o g e n  b o n d  a c c e p to r  c o n tr ib u t io n s  w e re  2 4 .9 % , 3 7 .1 %  a n d  3 7 .9 % , 
r e s p e c t iv e ly , in d ic a t in g  th a t  s te r ic  f ie ld  to g e th e r  w i th  th e  h y d r o g e n  b o n d  d o n o r  a n d  th e  
h y d r o g e n  b o n d  a c c e p to r  in te ra c t io n s  in  p ro te in - l ig a n d  c o m p le x . T h e  o th e r  C o M S IA  
m o d e ls  a ls o  s h o w  a c c e p ta b le  in te rn a l  a n d  e x te rn a l  p re d ic t iv e  a b i l i ty  ( e x c e p t  C o M S IA  
m o d e l  n u m b e r  2  w h ic h  w a s  g e n e ra te d  b y  e le c t ro s ta t ic  f ie ld  o n ly ) . T h e  C o M S IA  m o d e l  
n u m b e r  11 w a s  fu r th e r  p e r fo rm e d  re g io n  fo c u s in g . A f te r  r e g io n  fo c u s in g  (m o d e l  12 ), th e  
r^cv, O N C , r 2, a n d  Spred w a s  0 .6 5 6 , 5 , 0 .8 9 0 , a n d  0 .4 6 1 , re s p e c tiv e ly . S te r ic ,  h y d r o g e n  
b o n d  d o n o r  a n d  h y d r o g e n  b o n d  a c c e p to r  c o n tr ib u t io n s  a re  3 4 .2 % , 3 1 .5 %  a n d  3 4 .1 % ,
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r e s p e c tiv e ly , in d ic a t in g  th a t  s te r ic  f ie ld s  to g e th e r  w i th  th e  h y d ro g e n  b o n d  d o n o r  an d  
h y d ro g e n  b o n d  a c c e p to r  f ie ld s  in te ra c tio n  e q u a lly  d o m in a te  th e  b in d in g  b e tw e e n  H IV -1  
IN  a n d  its  in h ib ito rs .  T h e  e x p e r im e n ta l  v e r s u s  p re d ic te d  b io lo g ic a l  a c t iv ity  a re  g iv e n  in 
T a b le  4 .5 . T h e  p lo t  o f  p re d ic t io n  o f  t r a in in g  a n d  te s t  s e t  a s  d e p ic te d  in  F ig u re  4 .1 4  
in d ic a te s  an  a c c e p ta b le  C o M S IA  m o d e l.



Table 4.6 CoM SIA statistical param eters for ST m echanism .

m odel fields r2 cv O N C  ‘ S E P 8 S E E ' F  value r̂ pred J C ontribu tions
ร3 E b H c D d A e

1 ร 0.555 5 0.536 0 .842 0.320 61.70 nd 1.000 - - - -
2 E -0.001 2 0.784 0.368 0.622 17.79 nd - 1.000 - - -
3 H 0.448 6 0.602 0.875 0.286 66.70 nd - - 1.000 - -
4 D 0.489 6 0.579 0.783 0.378 34.21 nd - - - 1.000 -
5 A 0.364 2 0.625 0.581 0.507 42 .30 nd - - - - 1.000
6 S+E 0.578 6 0.526 0.874 0.288 65.62 0.376 0 .484 0.516
7 S+E +H 0.488 6 0.580 0.908 0.246 93.69 0.395 0.273 0.351 0.375 - -
8 S+E +D 0.457 6 0.597 0.920 0.229 109.63 0 .412 0 .269 0.328 - 0.403 -
9 S+E +A 0.490 5 0.490 0.889 0.267 93.17 0 .302 0.255 0.359 - - 0.386
10 D +A 0.492 3 0.563 0.752 0.394 60.53 0.380 - - - 0 .499 0.501
11 D +A +S 0.591 3 0.505 0.829 0.326 97 .29 0.445 0.249 - - 0.371 0 .379
12 D+A+S* 0.656 5 0.471 0.890 0.266 93.79 0.461 0.342 - - 0.315 0.343
13 D + A + E 0.381 5 0.632 0.861 0 .299 72 .14 0.392 - 0.355 - 0 .327 0.318
14 D + A + H 0.577 5 0.522 0.897 0.258 101.16 0.412 - - 0.373 0.318 0.308
15 S+E +D +A 0.486 5 0.576 0.902 0.252 106.35 0.388 0.183 0.281 - 0 .272 0 .264
16 A ll 0 .539 6 0.550 0.934 0.208 134.86 0.400 0.125 0.217 0.230 0 .219 0 .209

aS te r ic ;  bE le c tr o s ta t ic ;  cH y d ro p h o b ic ;  dH y d ro g e n  b o n d  d o n o r ;  eH y d ro g e n  b o n d  a c c e p to r ;  fO p tim u m  n u m b e r  o f  c o m p o n e n ts ;  gS ta n d a rd  
e r ro r  o f  p re d ic tio n s ;  'S ta n d a rd  e r r o r  o f  e s t im a te s ;  ^ P re d ic tiv e  r2\ ^ R e g io n  fo c u s in g , n d  =  n o t  d e te rm in e .
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F ig u re  4 .1 4  P lo t  o f  o b s e rv e d  a n d  c a lc u la te d  a c t iv i t ie s  a g a in s t  S T  m e c h a n is m  o f  (a ) 
t r a in in g  a n d  (b )  t e s t  s e ts  u s in g  C o M S IA .
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4 .2 .2 A  CoMSIA Contour
T h e  C o M S IA  m o d e l  n u m b e r  1 2  w a s  u s e d  to  p ro d u c e  th e  c o n to u r  m a p s . A s  

C o M S IA  s te r ic  c o n to u r  p lo ts  s h a re  s im i la r  p a t te rn  t o  th a t  o f  C o M F A , o n ly  h y d r o g e n  b o n d  
d o n o r  a n d  a c c e p to r  f ie ld s  a re  s h o w n . T o  g a in  b e t te r  u n d e r s ta n d in g  o f  t h e  in te ra c t io n  
b e tw e e n  e n z y m e  a n d  in h ib ito r ,  a m in o  a c id s  s u r ro u n d in g  5 C IT E P  in  th e  b in d in g  p o c k e t  
w e re  m e rg e d  in to  th e  C o M S IA  c o n to u r s  (F ig u re  4 .1 5 ) .

F ig u r e  4 .1 5  C o M S IA  S tD e v  X  co efif s te r ic  c o n to u r  m a p  f o r  S T  a c t iv ity .

C o M S IA  h y d r o g e n  b o n d  d o n o r  p lo ts  a re  d e p ic te d  in  F ig u re  4 .1 6 . T w o  c y a n  
c o n to u rs  w e re  o b se rv e d . S im ila r  to  3 ’-p ro c e s s in g  re s u lts ,  o n e  c y a n  m a p s  is  fo u n d  n e a r  th e  
C H  a d jo in in g  to  th e  c a rb o n y l  c a rb o n  a n d  to  th e  h y d r o x y l  c a rb o n  o f  5 C IT E P . T h is  
s u g g e s ts  th a t  h y d r o g e n  b o n d  d o n o r  p ro p e r ty  o f  l ig a n d  is  r e q u ire d  a s  i t  c a n  fo rm  h y d r o g e n  
b o n d in g  in te ra c t io n  w ith  th e  c a rb o n y l  o x y g e n  o f  A s p 6 4  w h ic h  is  in  th e  p ro x im ity  o f  th e  
c y a n  c o n to u r . A n o th e r  c y a n  c o n to u r  w a s  f o u n d  b e y o n d  th e  te t r a z o le  r in g  o f  5C 1T K P . I t 
c a n  b e  u s e d  to  e x p la in  th e  t r e n d s  o f  b io lo g ic a l  d a ta  o f  c y c lo h e x a n o n e  d e r iv a tiv e s . T h e
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in h ib ito ry  p o te n c y  o f  c o m p o u n d  56 is h ig h e r  th a n  th a t  o f  c o m p o u n d  44, b e c a u s e  th e  
h y d r o x y l  s u b s t i tu e n ts  o f  t h e  b e n z e n e  r in g  o f  t h e  fo rm e r  c o m p o u n d  o r ie n te d  to w a rd  th is  
c y a n  a re a . O n  th e  c o n tra ry , c o m p o u n d  44 h a s  n o  h y d r o g e n  b o n d  d o n o r  g ro u p , h e n c e  its  
in h ib i to ry  a c t iv i ty  is  v e ry  p o o r . T w o  p u rp le  c o n to u rs  w e re  n o tic e d  a t  th e  o p p o s i te  s ite , i.e . 
th e  c h lo r o in d o le  a n d  te t r a z o le  r in g , o f  5 C IT E P . T h e  lo w  in h ib ito ry  p o te n c y  o f  c u rc u m in  
( c o m p o u n d s  3 1 -3 3 )  r e la t iv e  to  D K A  a n a lo g u e s  is  d u e  to  th e  e x is t in g  o f  t h e  O H  o f  
c a te c h o l  m o ie ty  e m b e d d e d  in  th e s e  a re a s . M o re o v e r ,  t h e  c a te c h o l  g ro u p  o f  c o m p o u n d s  1 - 
4 o r ie n te d  to w a rd  th e  p u rp le  re g io n  c lo s e  to  te t r a z o le  r in g  le a d in g  to  th e i r  lo w  in h ib ito ry  
a c t iv it ie s .

F ig u r e  4 .1 6  M a p p in g  o f  C o M S IA  S tD e v * c o e f f  h y d r o g e n  b o n d  d o n o r  c o n to u r  p lo ts  w i th in  
th e  a c t iv e  s i te  o f  t h e  c o m p le x  s tr u c tu re  o f  H IV -1  IN /5 C IT E P  fo r  S T  a c tiv ity .

C o M S IA  h y d r o g e n  b o n d  a c c e p to r  f ie ld  i l lu s tr a te d  in  F ig u r e  4 .1 7  is  q u ite  s im ila r  
to  th a t  o f  3 ’-p ro c e s s in g . O n ly  o n e  m a g e n ta  c o n to u r  is  p r e s e n t  in  th e  v ic in i ty  o f  k e to - e n o l  
g r o u p  o f  5 C IT E P . T h is  in d ic a te s  th a t  th e  p re s e n c e  o f  h y d r o g e n  b o n d  a c c e p to r  g ro u p s  o f
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l ig a n d  is  p re fe r a b le  in  th is  p o s i t io n . T h e  h ig h  in h ib ito ry  a c t iv i ty  o f  D K A  (c o m p o u n d s  5- 
14) o r  n a p h th y r id in e s  d e r iv a t iv e s  (c o m p o u n d s  15-17) is  b e c a u s e  th e  p re s e n c e  o f  th e ir  
c a rb o n y l  o x y g e n  n e a r  to  th is  m a g e n ta  m a p . M e a n w h ile ,  th e re  is n o  h y d ro g e n  b o n d  
a c c e p to r  g ro u p  o f  c a te c h o l  (c o m p o u n d s  1-4) o r  p h e n y ls u lf o n e  c o n ta in in g  c o m p o u n d s  
(c o m p o u n d s  18-21) in  th is  a re a , th e re fo re ,  th is  c la s s  o f  in h ib ito r s  s h o w  lo w e r  b io lo g ic a l  
a c t iv it ie s  in  c o m p a r is o n  w ith  th e  D K A  o r  D K A -l ik e  c o m p o u n d s . T h e  G lu l5 2  w h ic h  
lo c a te s  n e a r  to  th e  m a g e n ta  c o n to u r  m a y  fo rm  h y d r o g e n  b o n d  w i th  th e  a c c e p to r  g ro u p  o f  
l ig a n d s , th e re b y , e n h a n c e s  th e  b in d in g  b e tw e e n  th e m . T h e  la rg e  re d  z o n e  n e a r  th e  N H  o f  
in d o le  r in g  o f  5 C IT E P  in d ic a te s  th a t  h y d ro g e n  b o n d  a c c e p to r  g ro u p s  o n  l ig a n d  sh o u ld  n o t  
b e  p re s e n te d . T h is  is  w e ll  c o n s is te n t  w i th  th e  b io lo g ic a l  d a ta  o f  te t r a c y c l in e s  (c o m p o u n d s  
60-63). A m o n g  th is  g ro u p  o f  c o m p o u n d s , c o m p o u n d  60, h a s  th e  w o rs e  a c t iv ity  a s  its  
N = N , h y d r o g e n  a c c e p to r  fu n c tio n a lity ,  is p o s i t io n e d  in  th is  re d  a re a . O n  th e  o th e r  h a n d , 
c o m p o u n d  63, th e  m o s t  p o te n t  in h ib ito r  o f  th is  c la s s , h a s  n o  h y d r o g e n  b o n d  a c c e p to r  
g ro u p  in  th is  lo c a t io n . R e s id u e  A s p 6 4  fo u n d  n e a r  to  th is  c o n to u r  c a n  a c t  a s  an  a c c e p to r  to  
fo rm  a  h y d r o g e n  b o n d  w ith  th e  d o n o r  g ro u p  o f  l ig a n d s  a n d  th is  in c re a s e s  th e  b in d in g  
a ff in ity .
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F ig u r e  4 .1 7  M a p p in g  o f  C o M S IA  S tD e v * c o e f f  h y d r o g e n  b o n d  a c c e p to r  c o n to u r  p lo ts  
w i th in  th e  a c t iv e  s i te  o f  t h e  c o m p le x  s t r u c tu re  o f  H IV -1  I N /5 C IT E P  f o r  S T  a c tiv ity .

4.3 Conclusion
I n  th i s  s tu d y , a  s in g le  C o M F A  m o d e l  a n d  a  s in g le  C o M S IA  m o d e l  t h a t  c a n  w e l l  

d e s c r ib e  a c t iv i t ie s  o f  d iv e r s e  s tru c tu ra l  c la s s e s  f o r  e a c h  3 ’-p ro c e s s in g  (8 9  c o m p o u n d s )  
a n d  S T  (8 4  c o m p o u n d s )  a c t iv i t ie s  w e re  s u c c e s s fu l ly  d e r iv e d . C o M F A  in v e s t ig a t io n s  w e re  
p e r fo rm e d  u s in g  th r e e  d if f e r e n t  f i t t in g  m e th o d s  fo r  a l ig n m e n t  p ro c e s s . T h e re  is  n o  
s ig n i f ic a n t  d if f e r e n c e  b e tw e e n  th e  C o M F A  m o d e ls  d e r iv e d  b y  R M S  f i t  a n d  m u lt i- f i t  
a l ig n m e n t  m e th o d s , w h e re a s  th e  m o d e l  g e n e ra te d  f ro m  th e  f ie ld  f i t  m e th o d  g a v e  a  p o o r  
T^cv ( 3 ’- p ro c e s s in g  = 0 .5 4 6 , S T  = 0 .5 2 4 ) . T h e  a l ig n m e n t  m e th o d  s h o w in g  th e  h ig h e s t  r^cv o f  
e a c h  a c t iv i ty  (R M S  f i t  fo r  3 ’- p ro c e s s in g  a n d  m u lti  f i t  f o r  S T  a c t iv i t ie s )  w a s  fu r th e r  u s e d  
to  d e r iv e  C o M S IA  m o d e l . F o r  c o m p o u n d s  in h ib i t in g  3 ’- p ro c e s s in g  r e a c t io n  o f  H IV -1  IN , 
th e  b e s t  C o M F A  a n d  C o M S IA  m o d e ls  s h o w  r 2cv o f  0 .6 9 8  a n d  o f  0 .7 2 4 , re s p e c tiv e ly , 
w h ic h  in d ic a te  a  g o o d  c o r re la t io n  b e tw e e n  p re d ic te d  a n d  o b s e rv e d  in h ib i to ry  p o te n c ie s .
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F o r  c o m p o u n d s  S T  a c t iv i t ie s ,  th e  h ig h e s t  r2cv o f  0 .7 2 0  a n d  0 .6 5 6  w e re  o b ta in e d  fro m  
C o M F A  a n d  C o M S IA , r e s p e c tiv e ly . T h e  C o M F A  re s u l ts  o f  b o th  re a c tio n s  s u g g e s t  th e  
m o re  r e q u i r e m e n t  o f  s te r ic  f ie ld  (~  6 0 % ) th a n  e le c tro s ta t ic  f ie ld  (~  4 0 % ) o n  lig a n d -  
r e c e p to r  in te ra c tio n .

T h e  C o M F A  c o n to u r  m a p s  o f  3 ’-p ro c e s s in g  a n d  S T  in h ib i to ry  a c t iv it ie s  a re  
s o m e w h a t  s im ila r  to  e a c h  o th e r . F ro m  th e  c o n to u r  a n a ly s e s ,  it  c a n  b e  c o n c lu d e d  th a t 
la rg e r  s u b s t i tu e n ts  in  a  p la n e  o f  th e  in d o le  r in g  a n d  sm a ll  b u lk y  g ro u p s  a t  th e  te tra z o le  
r in g  o f  5 C IT E P  a re  re q u ire d  to  in c re a s e  th e  in h ib ito ry  p o te n c y . M o r e o v e r ,  fu n c tio n a l 
g ro u p s  w ith  h ig h  e le c tro n  d e n s i ty  in th e  l ig a n d  a re  n e c e s s a ry  fo r  a  b e t te r  in te ra c tio n  w ith  
th e  m e ta l io n  o r  th e  p o s i t iv e  c h a rg e  a m in o  a c id s  s u c h  a s  L y s l 5 6  a n d  L y s l 5 9  in  th e  a c tiv e  
s ite  o f  e n z y m e . T h e  h y d ro g e n  b o n d  d o n o r  a n d  th e  h y d ro g e n  b o n d  a c c e p to r  f ie ld s  o b ta in e d  
b y  C o M S IA  s h o w  th e  s ig n if ic a n c e  o f  h y d ro g e n  b o n d  in te ra c t io n s  b e tw e e n  lig a n d s  an d  
H IV -1  IN  e n z y m e . T h e  h y d r o g e n  b o n d  d o n o r  a n d  a c c e p to r  f ie ld s  w e re  m a p p e d  b a c k  to  
th e  s tru c tu re  o f  th e  e n z y m e  a n d  th e y  a re  c o n s is te n t  w i th  th e  e x p e r im e n ta l ly  o b se rv e d  
h y d ro g e n  b o n d  b e tw e e n  A s n l5 5 ,  L y s l5 6  a n d  L y s l 5 9  w ith  th e  s id e  c h a in s  o f  in h ib ito rs . 
T h is  p ro v id e s  u n d e r s ta n d in g  o n  th e  in f lu e n c e  o f  h y d ro g e n  b o n d  in te ra c tio n s  b e tw e e n  
e n z y m e  a n d  in h ib i to r  m o le c u le s . T h e  in fo rm a tio n  o b ta in e d  f ro m  C o M F A  a n d  C o M S IA  
c o u ld  le a d  to  a  b e t te r  d e s ig n  o f  su ita b le  s e le c t iv e  a n d  h ig h e r  p o te n t  H IV -1  IN  in h ib ito rs .
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