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I l l

A bstrac t

THEORETICAL STUDIES OF ANTICANCER DRUGS. LEXITROPSINS

by

SHAHRZAD KABIR

Adviser: Dr A M Sapse

The pu rp o se  of  this research  s tudy  was to  ga ther  in form ation about the s t ru c tu re  

and activity  of som e anticancer d ru g s ,  leading eventually to be tte r  d r u g  designs. The 

following studies were undertaken:

1) The investigation via geom etry  optimization of the s t ru c tu re  o f  one small 

lexitropsin , amidinomycin, which is an oligopeptide that binds to  the m inor g roove  of 

B-DNA.

2) Proton affinities of som e hydrogen  accep to r r ings  that are presen t in some 

lexitropsin  were studied in o rd e r  to  es tim ate the ir  capacities to  bind to  GC sequences of 

DNA

3) Binding pow er of one o f  the DNA bases , thymine, to  e i ther  guanidinium ion 

as presen t in ne trops in  o r  am inopyrro lid in ium  ion moiety as is presen t in Anthelvencin 

was com pared  in o rd e r  to  dete rm ine  how much these two g ro u p s  con tr ibu ted  to  the overall 

binding of ne trops in  and Anthelvencin to  the base sequences of  DNA. It was found that ah 

initio calculations on Amidinomycin agree  well with the experim ental re su lts  and the p ro to n  

affinities o f  imidazole is much higher than the one of oxazole which in tu rn  is much higher 

than the one of  thiazole and a methyl g ro u p  substi tuen t  increases the p ro to n  of  imidazole, 

while a peptidic g ro u p  decreases  it. Also, it was found that the binding o f guanidinium and 

am inopyrro lid in ium  ions to  uracil as a model fo r  thym ine is very  similar.
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1) INTRODUCTION:

Cancer is one of the m ost se r ious  illnesses that kills millions of  people around  the 

w orld each year. The m ajor approaches  to cancer t rea tm en t  include su rg e ry ,  radiation, 

chem otherapy ,  im m uno therapy , o r  a com bination of  the fo u r .  C h em o th erap y  is one of the 

m ethods  that is used often to t rea t  cancer H owever, the developm ent of  a logical plan fo r  

cancer chem o th e rap y  requ ires  that several a ssum ptions  be m ade *

” 1) New d ru g s  with possib le  an t i tu m o r  effectiveness should  be selected rationally 

f rom  the widest possible base am ong  synthetic  chemicals and na tura l p ro d u c ts

2) D rugs  should be found with sufficient capacity to kill tu m o r  cells and p roduce  perm anent,  

complete rem ission within the limits of acceptable m orb id ity  to  the patient.

3) Both tu m o r-ce l l  kill capacity and toxic effects  of d ru g s  in patient can be predicted from  

the d ru g s  effect in animal models

4) Animal models based on tu m o r-ce l l  kinetics can predict d r u g  effects  in patients  with a 

h igher probability  fo r  success than is possible with nonkinetic  m odels

5) D rug  effects  in vivo can be assessed  adequately only when the ex p o su re  time of cells to  

specific am o u n ts  of d ru g s  can be established

6) Animal models, having helped s tu d y  known effective d ru g s ,  will help predic t new effective 

d ru g s  "

All highly effective and cu ra t ive  t rea tm en ts  with c h em o th e rap y  today  a re  in the form  

of com bina tion  chem otherapy  . All effective com bination ch em otherap ies  a re  derived from

biochemical and d ru g - re s i s ta n c e  ra tional. These include prim arily  evidence fo r  activity  of the 

individual agent against the disease and evidence tha t toxicity  is n o n -ad d i t iv e ,  so that the 

dosage of the  individual ag en ts  are  not seriously dam aging  when  em ployed in com bination.

One o f  the b iggest p rob lem s  w ith  the use of  chem otherapeu tic  agen ts  has always been 

the side effec ts  that these d ru g s  m ay have. Many ex per im en ts  have show n th a t  the principle 

target of m any anticancer d ru g s  is DNA T here fo re ,  in o r d e r  to  reduce the side effects  of 

these d ru g s  which a rc  due mostly  to  the ir  lack of selectivity in killing cells, one m ust get
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in fo rm a tio n  ab o u t  w ays to  inc rease  th e  ability  to  d is t in g u ish  b e tw e e n  n o rm a l  cells and  cancer  

cells. A c a te g o ry  o f  d r u g s  w hich  fo rm  th e  object o f  th is  s tu d y  a re  o l ig o p ep t id es  te rm ed  

"L e x i t ro p s in s " .  The le x i t ro p s in s '  a n t ic a n c e r  ac t iv i ty  is based  o n  th e i r  ab ili ty  to  bind to  the  

D N A  m in o r  g ro o v e  and th is  w ay  p re v e n t  th e  DNA replica tion . T h e  seq u en ce  se lectiv ity  of  

th e se  d r u g s  shou ld  play an im p o r ta n t  ro le  in the ir  ability  to  b in d  p re fe re n t ia l ly  to  cancer 

cells ' DNA. It is no t  k n o w n  a s  y e t  in w ha t w av  the  can ce r  ce lls ' D N A  d i f f e r s  as f a r  as base 

seq u en ces  a re  concerned  f ro m  the  n o rm a l  cells ' DNA bu t  it will p ro b a b ly  be know n in the  

f u tu re .  A m ong  the  m o s t  im p o r ta n t  c o m p o u n d s  o f  th is  ty p e  a re :  1) k ikum ycin , 2) 

an the lvenc in . 3) d is tam y c in .  4) n e t ro p s in ,  5) am id inom ycin  and 6)  n o fo rm v c in ,  f i g ( l - 6 ) .

Fig. (1 )

2cr

Kikumycin (4S)-(+)-a, (4R)-(-)-b

Fig. (2 )

H H II
o ■(,x

Anthelvencin (4S)-(+)-s 
(4R)-(-)-b

2CI"
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Distam ycin

N e tro p s in

Amidinomycin

N o fo rm y c in
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E v id en ce  f r o m  b iochem ical p h a rm a c o lo g y  ind ica tes  th a t  th e s e  o l ig o p e p t id e  antib io tics ^ " 7 act

to  b lock  th e  tem p la te  fu n c t io n  o f  DNA by  b ind ing  p r im a r i ly  to  (A T )n  sequences  in the m in o r  

g ro o v e .  W hile  th e se  n a tu ra l  p r o d u c t s  (1 -6 )  s h o w  o n ly  m o d e r a t e  an tiv ira l  and an ticancer 

ac t iv i ty ,  sy n th e t ic  " le x i t ro p s in s "  to  w hich  th e y  gave r i s e  a r e  capable  of  recognizing

ac t iv i ty  o f  th e se  c o m p o u n d s  h a s  n o t  y e t  been e s ta b l ish e d .  T h e  r e s e a r c h  is concen tra t ing  on  

th e  im p ro v e m e n t  o f  th e  se lec tiv i ty  fo r  DNA b ind ing .  F o r  e x a m p le ,  L ow n  and c o w o rk e rs  

sy n th e s iz e d  a se r ie s  o f  m o n o ca t io n ic  le x i t ro p s in s  th a t  d i s p la y e d  h igh  specificity fo r  GC 

seq u en ces .  T hese  c o m p o u n d s  have an N - f o r m y l  g r o u p  in p lace  o f  guanidinium m oeity  

n o rm a l ly  p r e s e n t  in n e t ro p s in .  By replacing the  N - m e th y l  p y r r o l e  g ro u p s  of  the d ipeptide 

w i th  N - m e th y l  im idazole , a h ig h  d eg re e  o f  sequence  spec if ic i ty  w a s  seen  in the sense that the  

p re fe re n c e  f o r  GC v e r s u s  AT b ind ing  increases . T h e  s t r u c t u r e  o f  th e se  d ru g s  are  show n in

a l te rn a t iv e  seq u en ces  and  s h o w  h ig h e r  an tiv ira l  and a n t i c a n c e r  activ ity .®  The chemical

fig -(7) .

HCONH

CONH

c o n h c h 2 c h 2 c

c h 3

Z - C H ,  Y=CH 

Z =  N , Y -C H  

Z = CH< Y=N 

Z - N ( Y=N

fig (7)

H e te ro a to m ic  L e x i t ro p s in s
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Several fac to rs  effect m olecu 'a r  recognition  and the b inding o f  these  d ru g s  to  DNA

1) S i/e  of the lexitropsins  effect the  binding of  the  d ru g s  to  B -D N A . Lex itrops ins  that have 

g rea te r  length show g rea te r  biological p o te n c y .9 On the o th e r  hand . s h o r te r  oligopeptides 

are m o re  sensitive  in te rm s  of sequence prefe rence  than longer  ligands F o r  example, this 

effect can be seen in case o f  D a n sy l-D is ta m y c in -2  and D a n sy l-D is ta m y c in -3  Dansyl-  

D is tam yc in -2  is smaller with respect to siz.e than D a n sy l-D is ta m y c in -3  in the sense that it 

has two N -m e th v lp y r ro le  r ings  while D ansy l-D is tam y c in -3  has th ree  N -m e th y lp y r ro le  rings 

It was show n that D a n sy l-D is tam v c in -2  would bind to po lv (d A -d T ) .  Po lv (dA -dT ) of DNA 

is about ten times weaker than Di s t a myc i n - 3 . The binding fo r  D an sv l-D is tam v c in -3  and 

Dansvl D is tam yc in -2  to p o lv (dA -dT )  Polv (dA -dT ) arc 1.7 x 10^ M~* and 2 0 x 10ft M~ * 

respectively.

2) Chirality also plays an im portan t role. Chiral ligands should be isohelical with the minor 

groove of  DNA. F o r  example, a great difference was seen in the  binding capacities of 4S 

( + )-an thelvencin  and 4 R - ( - ) -e n a n t io m e rs *  * as show n in fig(8a) and (8b). NMR studies  show 

that bo th  enantiom eric  fo rm s  of anthelvencin bind to  the sequence  5 -A A T T -3  of the DNA 

NOF. s tud ies  show  that the (4S) en an tiom er  is twisted between the  tw o p y rro le  mocities which 

provides the s t ru c tu ra l  flexibility fo r  the d ru g  to bind along the 5 -A A T T  sequence in the 

m inor g ro o v e  o f  DNA. The con fo rm atio n  of  the (4R) en an tiom er  is c loser  to  p lanar when it 

is bound  to  DNA. The chirality  o f  the (4S) enan tiom er w ith  its  (4S) p ro to n  pointing out of 

the m in o r  g ro o v e  p rov ides  favorable  e lec tros ta t ic  in te rac t ions  betw een  the positively charged

2 -a m in o -  1 -py rro lin ium  g ro u p  and the DNA On the o th e r  hand , the (4R) enantiom er 

behaves like an achiral lexitropsin  and binds centrally  between the  5 -A A T T  sequence The 

steric in te rac tion  between the  (4R) port ion  and the DNA in terfaces  with the e lectrostatic  

a t trac t ion  between the positively charged  2 -a m in o -1 -p y r ro l in iu m  g r o u p  and the DNA

3) The rela tive position and d is tances  between hydogen  b o n d -a c c e p t in g  and dona ting  sites is 

very im p o r tan t  fo r  effective recognition  and binding of ligands. This  effect can be observed  

in a se r ies  of  m onocationic  lex itrops in s  which contain  an N - fo rm v l  g ro u p  in place of



fig (Sa)
Anthelvencin (4S )-(  + ) -a

$

y - O

fig (Sb) 

Anthelvencin  ( 4 R ) - ( - ) - h
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guanidinium m oeity  norm ally  p resen t  in n e tro p s in ,  f ig(7)*2 g y  replacing one o r  two 

N -m e th y lp y r ro le  r ings by N -m ethylim idazole  moeities, the  b inding of these  d ipeptides  are 

altered significantly  in the sense  tha t these  co m p o u n d s  are able to recogn ize  AT as well as GC 

sequences of DNA. The reason fo r  th is  a ltered  specificity is d ue  to  hyd rogen  bonding 

between the n itrogen  of imidazole and the h y d ro g en  of the 2 -am in o  g ro u p  guanine located in 

the m inor  g roove  of DNA. Also, the relative position  of the  imidazole and p y rro le  moieties 

a re  found to be im po r tan t .  W hen the p y r ro le  moeity is located between the charged 

propylam idinium  moiety abd the N -m ethylim diazolc .  electostatic  effec ts  associated with the 

amidimum and the h y d ro g en  bonding between the  imidazole and guanine help the contact 

between the p y rro le  and DNA. However, when the p y rro le  m oiety  is placed on the amino 

te rm inus  o f  the ligand, the  p y rro le -D N A  con tac t is insufficient and the b inding is reduced

4) C harge  influences the selectivity of the b inding ligand. Pullman and c o w o rk e rs  have shown 

that the binding of these d ru g s  is not only due to  hyd rogen  bond ing  but also to  e lec trosta tic  

effects such as the in terac tion  of a positively charged  ligand with the  great negative potential 

p resen t in the m inor  g ro o v e  of B-D N A  13 This can be seen from  the fact that B -D N A  has 

an overall negative charge  due to  its phospha te  g ro u p s .  T he  negative ch a rg e  d is tr ibu tion  of 

double s tranded  DNA is uneven because m ajor  and m inor g ro u p s  places the phospha te  at 

uneven dis tances, with the negative charge  in m inor g ro o v e  m o re  concen tra ted  due  to 

n a r ro w n ess  of m inor  g rooves .

M any theoretical s tud ies  have been p e r fo rm ed  in o rd e r  to  inves t iga te  the s t ru c tu re  and 

binding o f  lex itropsins . Som e of these  s tud ies  a re  rep o r ted  by Pullman.

One of  his re sea rch  s tud ies  is cen tered  on the b inding to  B - D N A  of a se r ies  of 

lex itropsins .  These a re  ne trops in  deriv it ive  in which one o r  both  o f  the p y r ro le  r ings  have 

been replaced by i m i d a z o l e ^  These  are  te rm ed  Lex "A", "B” and "AB", fig (9).  In lex "A", 

N -m e th y lp y r ro le  residue is located between the charged  p ropylam idin ium  m oiety  and the  N -  

methylimidazole while in lex "B", the  rela tive position o f  the imidazole and p y rro le  are  

reversed  . Lex "AB" con ta ins  two N -m ethy lim idazo le  residues. The details o f  the hyd rogen
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b o n d in g  f o r  n e t ro p s in  w ith  p o ly (d G ).p o ly (d C )  sh o w  th a t  th e  p e p t id e  g r o u p s  fo rm  hydrogen  

b o n d s  w i th  C y to s in e  0 2  o r  G uan ine  N 3 a to m s  as s h o w n  in fig  10(a). Pullm an found that 

w h e n  a p y r r o l e  m o ie ty  w as rep laced  b y  im idazole, th e  f o r m a t io n  o f  a new  h y d ro g en  bond 

be tw een  th e  n i t ro g e n  a to m  of imidazole and h y d ro g e n  o f  am in o  g r o u p  o f  guan ine  is observed  

as  s h o w n  in fig (1 0 b ) - ( 1 0 d ) .  He d e te rm in e d  th a t  th is  new  h y d r o g e n  b o n d  stabilizes the 

le x i t ro p s in s  co m p lex  by an increase  in th e  o l ig o n u c le o t id e - l ig a n d  in te ra c t io n  e n e rg y  term  and 

b y  the  r e d u c t io n  o f  the  ligand d i s to r t io n  e n e rg y .  H o w e v e r ,  he co n c lu d e d  th a t  these charges 

w e re  n o t  su ff ic ien t  to  p ro d u c e  a p re fe re n c e  o f  le x i t ro p s in s  f o r  GC sequence . F rom  his 

ca lcu la t ion  o n  the  d if fe rence  in com p lex a t io n  e n e rg y  o f  th e se  ligands  f o r  AT and GC 

se q u e n c e s ,  he  d re w  tw o  conc lus ions .  F i r s t ,  the  p re fe re n c e  fo r  A T  seq u en ces  was conserved  

f o r  all t h e s e  l igands,  in a g re e m e n t  w ith  the e x p e r im e n ta l  re s u l t s .  T h is  p re fe re n ce  originated 

f ro m  the  d if f e re n c e  in the  D N A -lig an d  in te ra c t io n  e n e rg y  and  espec ia l ly  f r o m  its electostatic  

c o m p o n e n t .  T h e se  r e s u l t s  sh o w ed  th a t  th e  o r ig in  o f  th e  AT s e q u e n c e  p re fe re n ce  fo r  these 

ca t ion ic  l ig a n d s  w as re la ted  to  the  d i s t r ib u t io n  o f  the  e le c t ro s ta t ic  p o te n t ia l  which was m ost 

n eg a t iv e  in th e  m in o r  g ro o v e  of  AT se q u e n c e s* 4 - 15. S eco n d ,  t h e  AT p re fe re n ce  decreased 

w h en  p y r r o l e  r in g s  w e re  su b s t i tu te d  b y  im idazole  w h ich  w as  d u e  to  the  stabilization  of GC 

c o m p le x e s  t h r o u g h  th e  fo rm a t io n  of  th e  add it iona l  h y d r o g e n  b o n d s .

N H t

Fig. ( 9 )
N etro p s in  x  = c h  , y  = c w

L ** A X = N . T s  CM

L *x B X s  C H ,  Y s  N

I® *  A 8  X s  N , Y 3  w
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Pullman and co w o rk e rs  also showed that there  w ere  s t ru c tu ra l  fa c to rs  that affected the 

binding of n e tro p s in  and d istam ycin  A *6 fig (4) and fig (11),  to  d iffe ren t  types o f  double 

s t ran d ed  nucleic acid. The re su l ts  of the ir  investigation  show ed that the  affinity of B-D N A  

and A -D N A  to w ard s  ne trops in  and d is tam ycin  A w ere  co rre la ted  with the location of the 

negative potentia l in the ir  m inor  g ro o v e  Also, as a com p lem en ta ry  condition , hyd rogen  

bond ing  sites N3 of the purine  and 0 2  o f the pyrim id ines should  be available to these d ru g s  

The im portance  of  these  fac to rs  can be seen from  the m olecular  e lec tros ta t ic  potential 

calculation that were perfo rm ed  by Pullman on d ifferent types  of  DNA. related to  their 

in terac tion  with n e trops in  and distam ycin  A. 1'or example, in po ly(dG ).po lv(dC ) of DNA. the 

most negative potential was -632kca l/m o le  which was co n cen tra ted  in the m ajor g roove  while 

in the m inor  g ro o v e ,  the  potential was only -6 0 3  kcal/m ole . In po ly (dA ).po lv(dT) of B- 

DNA. the most negative potential was -625kca l/m o le  in the m in o r  g ro o v e  while the potential 

in the m ajor g ro o v e  is -5 9 8  kcal/mole. F ro m  his re su l ts ,  Pullamn concluded that the 

specificity of n e trops in  and d is tam ycin  A fo r  po ly (dA ).po ly (dT ) o r  fo r  AT sequences o f  B- 

DNA was related to  the  location o f  the potential which was s t ro n g e s t  in the m inor g ro o v e s  of 

B -D N A  The potentia l as well as the steric  fa c to rs  do not allow the  lex itropsin  to bind tightly 

to  the m ajor g roove . Also, the reduced affin ity  of  these  an tib io tics  fo r  the a lte rnating  

copo lm er  p o ly (d A -d T ) .p o ly (d A -d T )  with respect to  the h o m o p o ly m er  polv(dA) poly(dT) was 

explained as before . In the a l te rna ting  B - fo rm .  the potentia l  m inim um  in the m inor g roove  

was only  - 6 0 5  kcal/m ole while in the  case o f  com p lem en ta ry  h o m opo lym er  was -6 2 5  

kcal/mole. The potential at the "anchoring" s ites .  N3 (A) and 0 2  (T) in d ifferent types  of 

DNA show ed tha t the ir  values in the  a l te rna ting  -B  fo rm  o f  p o ly (d A -d T ) .p o lv (d A -d T )  were 

sm aller than in po ly (dA ).po ly (dT ) while they w ere  g re a te r  than  the  la tte r  in the B - fo rm  of 

p o ly (d A -d T ) .p o ly (d A -d T ) .  The accessibilities to  N3 (A) and 0 2  (T) w ere  sa t is fac to ry  in all 

these  helices and s lightly  g rea te r  fo r  the a l te rna ting  -B  fo rm  o f  p o ly (d A -d T )  po ly (dA -dT ) 

than po ly (dA ).po ly (dT ),  how ever  tha  accessibility  fac to r  played a secondary  fac to r  in 

d e te rm in ing  the o rd e r  of affinities. F o r  p o ly (d G -d C ) .p o ly (d G -d C ) ,  only the B-DNA
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c o n fo rm a t io n  w as  r e p o r t e d .  The re su l ts  show ed  th a t  th e  lo ca t io n  o f  m in im um  poten tia l  was in 

the m a jo r  g r o o v e  o f  th is  a l te rn a t in g  co p o ly m er  and  it  a lso  h ad  a v e ry  low accessibility  to  the 

"an ch o r in g "  s i te s ,  N 3  (G) and  0 2  (C), th e re fo re ,  th is  c o p o ly m e r  w ou ld  n o t  in te rac t with 

n e t ro p s in  an d  d is ta m y c in  A.

In a d d i t io n ,  th e se  an tib io t ic s  did no t  reac t  w i th  s ing le  s t r a n d e d  DNA (no  g ro o v es)  o r  

with  A - D N A  w h ich  had  a high accessib ility  to  the  m e n t io n e d  h y d r o g e n  bon d in g  sites bu t the 

nega tive  p o te n t ia l  w as  in the m a jo r  g ro o v e s .  T h is  w as  d u e  to  th e  fac t  th a t  the  base pairs  in 

A -D N A  w e re  aw ay  f r o m  the  helical axis , to w a rd  the  m in o r  g r o o v e ,  so  th is  g ro o v e  became 

ex t re m e ly  sh a l lo w  w hile  the  m a jo r  g ro o v e  was n a r r o w  a n d  d eep .

A d d it io n a l  s tu d ie s  w e re  d o n e  by Pullman and  h is  te am  o n  th e  b in d in g  o f  m in o r  g ro o v e  

base re a d in g  p o ly m e r ic  l igands, called " I s o l e x i n s " ^  as s h o w n  in f ig  (1 2 a -1 2 f ) .  They were  

co m p o sed  o f  th e  f u r a n - p y r r o l e - f u r a n  sequence  and  w e re  jo in ed  by  a p p ro p r ia te  l inkers such 

as C = 0  and  N - H .  S o m e  iso lex ins  had positive ly  c h a rg e d  l igands  s u c h  as prop ioam id in ium  

g ro u p s  a t  b o t h  e n d s  w hile  the  neu tra l  o n es  had e i th e r  m e th y l ,  a m in o  o r  ca rbony l g ro u p  at 

b o th  e n d s .

Pu llm an  d is c o v e re d  tha t  the  fo rm a tio n  o f  h y d r o g e n  b o n d s  be tw een  a ligand and the 

nucleic acid b a s e s  w as  n o t  suffic ient to e n su re  its b in d in g  spec if ic i ty  which w ere  de te rm ined  

largely  by th e  e le c t ro s ta t ic  f a c to rs .  The im p o r tan ce  o f  th is  f ind ing  w as  show n fo r  two

H

C H , o
C H ,

f i g  ( 1 1 )
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fig (12d)

fig (12e)
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dicationic isolexins. These were com posed  o f the fu ra : i -p y r ro le - fu ra n  sequence that w ere  

joined by e i ther  C = 0  o r  tw o  N -H  linkers Their term inals  consis ted  o f  two positively  charged  

g ro u p s  (R=CH2 -C =N H 2 )* which were similar to the charged  ends o f  n e tro p s in ,  fig 12a-12b  

From  his com puta tional re su lts  on the binding of these  two dicationic isolexins with various 

sequences of  DNA. he concluded that these isolexins p re fe r  to  bind mainly to  AT sequences 

despite  the ir  s t ru c tu ra l  design  to bind to GAG sequences via h y d ro g en  bonding . In the case 

of neutra l  isolexins. the na tu re  of  the g ro u p s  fo rm ing  the linkers  was a m ajor fac to r  in 

defining the specificity, a lthough these  g ro u p s  did not partic ipate  d irec tly  in the interaction 

with DNA. These facts could be observed  for two neutral isolexins. one with two C = 0  linkers 

and two HC=() term inals , fig (12c), which prefered  to bind to  AT sequences while the  o the r  

neutral isolexin with two N -H  linkers and two NH2 term inals  only showed binding preference  

for  GAG sequences of DNA. fig (12d).

F u r th e r  s tud ies  w ere  done on neutral m ethylated isolexins in o rd e r  to  d is tinguish

between the effects  of the ligand terminal g ro u p s  and that of the linkers. He considered  two

neutral isolexins with methyl g ro u p s  at both  ends  but the f irs t  one had two C = 0  linkers while 

the second one had two N -H  linkers, fig (12e-12 f) .  His re su lts  showed that isolexin with 

C = 0  linkers p re fe r red  AT sequences a l though the d ifference in com plexation  energy  was 

smaller fo r  this isolexin than its deriva tive , fig (12c), while the o th e r  one with two N -H  

linkers p re fe r red  GC sequences. He concluded that the binding specificity o f  these ligands to 

DNA depends  on the e lec tros ta t ic  com ponen t of the in teraction  en erg y  as well as g ro u p s  o r  

p a r ts  o f  the ligands ( the linkers ).

Pullman also studied isolexin-like p ro to ty p e s  which w ere  designed fo r  specific binding

to the m inor  g ro o v es  of GC sequences of  B -D N A  The s t r u c tu r e  o f  this com pound

com posed  o f  th ree  fu ran  r ing ,  connected  by tw o  NH linkers w ith  tw o  neu tra l  methyl g ro u p s  

a t bo th  ends, fig (13a). He showed that only a ve ry  limited im provem en t could be obtained 

by increasing the p ro to n  accepting capabilities o f  the he te ro a ro m atic  r ing  sy s tem s of the 

p ro to ty p e  even th ough  these  r ings  would in te rac t  directly  with the  p ro to n  dona ting  N H 2
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fig (13a)

fig (1 3 b )

fig  (13c)

m,c

CH, V1*
N

/ / CM,

H|C



15

g ro u p  o f  guanine In o rd e r  to increase GC specificity o f  th is  iso lex in-like  p ro to ty p e ,  the 

furan r ings  were  replaced my methylimidazole. f ig(13b) o r  cyclopen tad ienones,  fig(13c) 

H ow ever, only a m o d era te  increase in GC binding was ob ta ined

F u r th e r  a t te m p ts  were  m ade to  increase GC binding o f these  isolexins to  DNA by 

replacing their  N -H  linkers by C=C bonds These m o d if iH  ligands were  term ed  "vinylexins". 

They consis ted  of c i ther  th ree  furan r ings  connected by C=C l inkers, fig( 13d) o r  th ree  

imidazole r ings connected  by C=C linkers, fig(13e) The re su l ts  showed an increase in the 

GC specificity of these  ligands. F rom  these re su lts  he concluded that "specificity" depended 

on all the s .eric  and energetic  com ponen ts  o f  complex fo rm a tio n  Also. Pullman studied the 

effects o f  in troduc ing  cationic end g ro u p s  on the b inding o f  vinylexins. These w ere  

d e r iva tives  of  neutra l  vinvlcxins. fig (13d&e) in which one m ethvl end g roup  had been 

replaced by a cationic C H 2 -C H 2 - C = NH2 + g ro u p  Mis re su l ts  fo r  imidazole and furan 

vinylexins. fig(l.3f&g) indicated an increase in the complexion e n e rg y  o f these ligands with 

DNA as well as a m odera te  reduction  in the GC specificity. H ow ever,  in the  case of the 

m onocationic  cyclopentadienone derivative , fig(13h). there  was a g rea t  decrease  in GC binding 

which resu lted  in p roduc ing  a com pound which showed no specificity and no binding at all 

S tren g th  of  binding to  GC v e rsu s  AT is specificity A ccord ing  to  Pullman, this was due to  

the  p resence  of the exocyclic oxygen of the cyclopentad ienone r ing  which caused the ligand to  

be fu r th e r  away from  the m inor  g ro o v e  than fu ran  o r  imidazole v inylexins and the  charged  

end of the  ligand could not go deeply into the m ino r  g roove . The effect o f  in troducing  two 

charged  end g ro u p s ,  CH2 -C H 2 -C = N H 2+ , on cyc lopentad ienone deriva tive ,  fig(13i), was 

examined. The resu lts  showed an increase in the com plex ion  en e rg y  but a lso  a great 

reduction  in the GC binding. He concluded tha t m onocationic  v inylex ins  with n o n -d ip o la r  

vinylic l inkers  were the  best choice in p e rse rv in g  GC specificity.

Pullman also showed the significance of  the vinylic linkers  tha t p roduced  GC m inor 

g ro o v e  binding ligands He replaced the vinylic linkers of  m onocation ic  fu ran  vinylexins, 

fig(13f). bv peptidic bonds to p roduce  a new ligand called "peptilexin" , fig(13j). This
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co mp oun d was composed  of  th ree  furan  r ings  that were  connected  in -be tween  by peptidic
,  NfU

bonds  and a cationic C H 2 - C H 2 -C = N l l2+ gr o u p  at one end.  His resul ts  showed a comple te  

d isappearance of  specificity which was due  to a great  increase in binding energy wi th AT 

sequences.

Next.  Pullman reversed  in the calculation the or ien ta t ion of the pept ide l inkers so that 

their  ca rbonyl bonds  would be directed to w ard s  the DNA receptor  and their  N - H  bonds  

toward  the ex te r io r  of  the complex while before the N -H  bonds  were directed toward the 

bases The two new ligands of  this type were called "isopepti lexins" They were  composed  

of  e i ther  furan r ings connected in-be tween  by peptidic bo nds  or  imidazoles connected in-  

between by peptidic bonds .  fig(13k&l).  His resu l t s  indicated that  they bound "normal ly” to 

the min or  groove  of  the GC sequence and they also refused to  remain in the minor  g roov e  of 

the AT sequence and prefe r r ed  to bind non-specif ical ly to the backbone  s t ra nd s  by forming  

hydro gen  bonds  between their  pept ide NH g ro u p s  and anionic oxyge ns  of  the phosphates.

In addi t ion,  com pu ta t io ns  were  per fo rme d on two monocat ionic  vinylexins.  The f ir st  

com pound.  f ig(13m) , was composed  of three py r ro le  that were connected  by C=C and a 

cationic group ,  CH2~CH2 -C = N H 2 +. at one end.  The or ien ta t ion  of  the py r ro le  r ings for  this 

ligand was  such that  its py r ro l e  r ings  could part icipate in hydrogen  bonding with DNA 

recepto rs  while the or ienta t ion  of  the pyrro le  r ings  of  the second com pound.  f ig(13n),  was 

similar to ne t rops in o r  dis tamycin A that were unable to form hydrogen  bonding.  These  

resul ts  showed a " remarkable" AT specificity fo r  bo th c o m p o u n d s  but  som ewha t  gr ea te r  in 

the case of  the f irst  com pound hich could par ticipate in hyd ro ge n  bonding.  He concluded

that  the presence  of  hy dr og en  bo nd s  was not  necessary fo r  binding these cationic l igands

a l though it would increase the complexion energy  as well as AT specificity.  In addi tion .

Pullman and c o w o rk e r s  studied five ant ibiot ics  which would bind selectively to  AT sequences

of B- D N A  and he calculated the ir  binding energy  to B - D N A . l ^  These ligands were  

S N -1 8 0 7 1 .  NSC -1 013 27 ,  d i s ta m yc in -2 .  d i s ta m yc in -3  and ne t rops in .  fig( 14 a - d ) and fig(4).
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S N - 18071 ans  N S C - 101327 are  composed  of  benzene r ings linked to ge t her  by vinvlic 

C=C g ro u p  and peptidic bonds  respectively.  Dis tamyc in-2 ,  d i s ta m y c in -3  and ne t rops in  were 

consis ted of  N -m e th y l  pyr ro le  r ings  that a re  connected by peptidic bonds .  Pullman observed  

several  fea ture s  regard in g  these l igands.  F i r s t ,  in te rm s  of h y d ro g e n  bonding ,  SN-1 807 1 is 

unable to form any hydr oge n  bonds  with DNA while N S C - 101327 can fo rm  hy dr og en  bonds  

t h ro u g h  its peptidic g ro u p s  and the res t  o f  the l igands such as d i s ta m yc in -2 ,  d i s tamvc in -3  

and ne t ro ps i n  can part icipate in hyd rogen  bonding t h rou gh  thei r  peptidic g r o u p s  as well as 

thei r  t erminal  g r ou ps .  Second,  in te rm s  of  ligand charge ,  th ree  l igands,  (S N -1 8 0 7 1 .  N S ( - 

101327 and ne trops in)  a rc  dicationic while d i s ta m yc in -2  and d i s t a m y c in -3  are monocationn. 

Thi rd,  in te rm s  of  geom et ry  of  l igand. SN-18071  and N S C - 101327 have linear conformat ions  

due  to para subs t i tu t ions  of  their  r ings while d i s t am vcin- 2 ,  d i s ta m y c in -3  and netropsin 

formed curved  con fo rm at i ons  which would fit bet te r  to the shape  of  the g ro oves  of  DNA 

His compula t ion  on DNA-l igand  interact ion energies cor re la ted  wi th  the p ro p er t i e s  of these 

antibiot ics.  Fo r  example,  fo r  SN-180 71  and NSC-1 01327,  which could not  easily bend to fit 

the shape  of DNA g roov es  and little chance of  engaging in hy d ro gen  bonding  and none in the 

case of  S N - 1 8 0 7 1 ,  the  l igand-d is tor t ion  energy  with poly(dA) and poly(dT) were  - 4 9  3 and - 

69.1 kcal/mole respectively.  However ,  in the case of  the remaining  ant ibiot ics,  d is tamvein-  

2, d i s t a m y c in -3  and ne trops in ,  the ir  value ( - 7 0 . 7 . - 8 5 . 2 ,  and - 8 7 . 2  kcal/mole)  were  slightly 

g re a te r  due  to the ge om e t ry  of  l igands which could easily bend to fit into the  minor  groove  

of  DNA and thei r  abili ty to hy drogen  bond.

Cons ider ing  all o f  the comp on en ts  of  the interact ion energy  such  as Le nna rd -J on es .  

e lec tros ta t ic  and polarizat ion,  he concluded that  the final o r d e r  of  the  opt imal  complexat ion 

energ ies  wi th  the m ino r  g r oo ve  of poly(dA) , poly(dT) was.  S N - 1 8 0 7 1 < <  d i s tamycin-2< 

N S C - 1 0 1 3 2 7 < <  ne t rops in< d is t am yc in- 3 .  F u r t h e r  theoret ical  s tud ies  were done by Sapse 

and co w o r k e r s  on two p r o to ty p e  lex it ropsins ,  using the  method  of  ab  initio calculation 

(Hart ree-fockJ^O.  These  DNA mino r  g r oo ve  binding agents  were  related to the antibiotic 

d ru g ,  ne trops in .  in which each of  the two N - m e t h y l - p y r r o l e  moiet ies of  ne t rops in was
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su c c e ss iv e ly  replaced in turn by 1-m ethylim idazole and th erefore could  recognize AT as well 

as GC seq u en ces o f DNA because o f  the introduction o f an additional n itrogen in the ring, 

w hich cou ld  accept an h ydrogen  from  the NH2  group o f  guanine. fig ( 15a) and fig(15b).

fig  (1 5 a )
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fig  (15b )
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T he calculation was on ly  done for one o f  the p ro to typ e  lex itropsin  as shown in 

fig (1 5 a ). F or the second prototyp e lexotrop sin , the resu lts  fo r  the first prototype  

lex o tro p sin  w ere used by reversing  the p osition s o f  the pyrrole  and im idazole rings. Due to 

large s iz e s  o f  these m olecules separate fragm ents o f  these lex itro p sin s w ere used for 

calcu lation . The dihedral angles betw een the fragm ents and w ithin  the fragm ents were 

obtained by optim izing the com plete m olecules at the ST O -3G  level, while all the bond 

len g th s and angles w ere maintained at the 6 -3 1 G  values obtained by fragem ent optimization. 

T h ese d ihedral angles w ere N 3C 2C 3N 4, C 10C 9N 7C 8, C 16C 15N 9C 14, C17C16C15N9, 

N 10C 17C 16C 15.
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The opt imized s t r u c t u r e  cor r e spond ed  to con fo rm a t io n  "a", fig{16a) F o r  compa r i son  

pur po se s ,  two o t h e r  con fo rm at i ons  were  taken into cons idera t ion  by calculat ing thei r  energy 

as a single point  at the ST O -3 G  level. They called this  total ly coplanar  conformat ion  "3".  

f i g ( l6 b) In this con format ion ,  all of  the dihedral  angles were  set  at 180 .0* .  The third 

conformat ion  was  cor re sp on de d  to in which the value of  the  dihedral  angle,  C10C9N7C8.  

that defined the dihedral  angle between the two r ings  was  63* and all o t h e r  dihedral  angles 

were set at 18 0 .0 * .  f ig ( lhc )  These  con fo rm at ion s  were  chosen  to de te r mi ne  the effects of 

the molecular  bending on the binding.  Sapse and her g r o u p  conc luded that  the most  stable 

conforma t ion  was "a". They also studied d r u g - D N A  inte ract ion.  F o r  this purpose ,  thc\  

used a B -DNA  segmen t  (GCGAATTCGC) j -  The site t a rge ted  fo r  the inser tion of the d ru g s  

was the AATT sequence.  They found  that conf orm at ion  "a" bound relatively poor ly due  to 

steric h inderance  caused by the guanidinium and amidinium moiet ies.  Conformat ion  " 0 ” was 

found to insert  wi th the grea test  facility into the mino r  g ro o v e  of  DNA closely followed by 

conformat ion  "3" .  The  reason for  the greatest  facility of  co nf or ma t io n  was found to be 

related to its dihedral  angle between the he tercycles ,  0 = 6 3  which assi sted in isohelical 

matching of  the r ight  handed helix receptor  as well as  the lack of  steric fac to rs  within the 

inter ior of  the  m in o r  gro ove  wi th the  terminal  guanidinium and amidinium group  in this 

conformat ion .  The  energies of  the s t r u c tu re s  a re  e lect rostat ic .
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Additional s t u d i o  were done In Sapsc and her  g r o u p  on an amide isosieie ot the 

antibiotic d i s tamvem.  Ih io f o n m  IdiMaim cm .3 as shown 111 f i g ( H ) - '

\V1K exper iments  on the l ice  drug  showed the exis tancc ol two conformation* at the 

formvl  g r o u p  In the X conformat ion  the sul fur  a tom was di rec ted  awa\ f rom the minor

groove  while in the F conformat ion  it was directed toward  the mino r  groove  ol DNA. as 

shown m f i g ( l 8a&b) The F - con fo rm a t io n  predomina ted  in f r e sh  solut ion while the X 

confo rma t io n  predomina ted  when the solution was maintained at room tem pera tu re  tor  

several  h o u r s

The method  of quantum chemical ah initio calculation at H a r t r ee - fo ck  level was used 

to s tudy  the prefer red  conformat ion  of  this d rug .  F o r  this  p u r p o s e ,  ( i a uss ia n -86  computer  

p ro g ra m  applying a 3-21G* basis set  which added d orbi ta l s  on the  sul fur  was used Since it 

was difficult to do  an ab initio calculation with a valence-spl it  basis  set including polarization 

for  the  whole  molecule,  a model .  3 - ( t h i o f o r m y l a m i n o ) - N - m c t h y l p v r r o l e .  in the T and X 

con fo rm a t io ns  was used.  All the p a rameters  of  the molecule were opt imized while keeping the 

o the r  p a ram e te rs  at the values obtained hv the opt imiza tion  of  the F s t ruc tur e .  The start ing 

value for  this angle was  set at 100° Af te r  pe r for m in g  opt imizat ion,  the angle adopted a 

value of  180° .  The F conformat ion  showed a g rea te r  stabili ty than the X conformat ion h\ 

17 3 kcal/mole
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fig (17)

fig (18a)

fig (18b)
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N ext in ord er to  estim ate a possib le rotational b arrier to the conversion  o f E to Z, 

the SC 1N 1C 2 angle w as set at 9 0 ’ and all other p aram eters o f  the m olecule were optim ized.

From  the ca lcu la tion , they concluded that the tw o  co n fo rm a tio n s o f  th ioform yl distam ycin  

were separated by a rotational barrier of m ore than 26  k ca l/m o le . T herefore two different 

types o f  binding w ere  expected  assum ing that each con form ation  w ould bind separately to

E xperim entally  it was found that regardless o f  the initial conform ation  of this drug  

upon approach to the D N A  , the m olecule w ould adopt the Z conform ation  in the m inor  

groove o f  B -D N A  in the com plex. A lso, foo tp r in tin g  stu d ies  show ed  that both the parent 

m olecule, d istam ycin  and thioform yl distam ycin had sim ilar b inding stren gth  and affinities for

Sapse and her group  studied the guanidinium  ion C (N H 2 )3 + which is a part o f  the

The H a rtree -F o ck  approxim ation, using the G a u ss ia n -7 0  com puter program with an 

S T O -6 -3 1 G  basis se t w as used.

The low est en erg y  conform ation for the guanidinium  ion corresponded  to the planar 

geom etry o f  sy m m etry  D 3 h w ith a total energy o f  - 2 0 4 .4 5  au, as show n in fig (19). A value

DNA.

D N A s.

antibiotic, n e tr o p s in .22

of 1 .33  X w as found fo r  the CN bond length w hich lies betw een  the values o f  1 .29 and 1 .47  

X resp ectively  fo r  s in g le  and double CN bond d istan ces.

P la n e r  D3 h
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They determined that the ion in a planar geome t ry  was stabilized by delocalized TT 

bonds  associated with the p - t y p e  atomic orbi ta ls  o r thogona l  to the plane at ca rbon  and the 

n i t rogens .  Therefore ,  it was energetical ly favorable for  guanidine to accept  a p ro to n  due to 

this  delocalization.

Next ,  they de te rmined the rotat ional  bar r ie r  associated with the single, double  and 

triple ro tat ion of NH2 g ro u p s  about  the  cor r e spon di ng  CN bond lines. To  obtain these 

values,  the energy  dif ference for  the molecule 's  planar geome t ry  and that cor re sp on di ng  to a 

90* rota t ion of  one ( two or  three)  of  the NH2 g ro u p s  about  the CN bonds  were taken. The 

calculated rota tiona l ba r r ie r s  for  single, double and triple rota t ion were  found to be 14.73. 

45 .3 4  and 111.63 kcal/mole respectively.  F rom  their  resul ts ,  they concluded that  the first 

bar r ie r  was a measure of  the energy  required to break the T I  bonding in the CN gr o u p  about  

which the ro tat ion was made  and the remain ing CN bo nd s  not  involved in rota t ion  became 

m o re  s t rong ly  TT bonded than before.  Also,  a second ro ta t ion  was energetical ly m o re  cost ly 

than a f irst  rota t ion due  to the fact that it involved twist ing about  a TT bond whose s t rength  

had been increased as a react ion to the f irst  twist ing.  Also,  this was the case for  the third 

rotat ion.

Next,  they also studied the geomet r ies of  the guanidinium ion associated with the 

ro tated conformat ions .  The ir  resul ts  showed that  ro ta t ing  a NH2 gr o u p  about  a CN bond line 

by 90°  resul ted in the elongat ion of  CN bond distance f rom 1.33 to 1.38 A and at the same 

time it shor tened  the CN bonds  with NH2 g r o u p s  that  remained in the plane of  the molecule 

to a value of  1.31 A. They found that  twist ing about  any two CN bonds  had the effect of  

lengthening these  bonds  but  shor ten ing  the remaining CN bond even f u r t h e r  than before.
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Su m m ary  of  Research

In this research  s tudy ,  the me thod  of  quantum chemical ab initio calculat ions using  the 

Mar t r ee -Fo ck  method with 6 - 3 I G  basis set o r  3 - 2 1 G  basis set as implemented by the 

G au ss ia n -9 0  and Gauss ian -8 6  p r o g r a m  are  used

In the f irst  part  of this research  wor k ,  6 - 3 1 G  basis set  implemented by the G au ss i a n -9 0  

pr o g ram  is used to do  ab initio calculat ions of  the ge om e t ry  and energy of  a small 

lexi t ropsin.  called "amidinomycin” . The  second par t  conta ins pr o to n  affinit ies calculat ions on 

he te roa tomic  r ings  such as imidazole,  oxazole and thiazole in o r d e r  to est imate thei r  ability 

to unde rgo  hydrog en  bonding wi th the  amino gr o u p  of guanine o r  cytosine.  The last part  of 

this w o rk  co m pa re s  the binding energ ies  of  uracil which was  taken as a model for  thyaminc  

to e i ther  guanidinium ion presen t  in some lex it ropsins  such as ne t rops in  o r  to the 

aminopyrro l idium ion moiety as p re se n t  in o th er  lex i t ropsins  such as Anthelvencin,  

Kikumycin and Noformycin .
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U) METHOD

Molecular  quantum calculat ions can he classified into two g ro u p s  : 1) semiempirical 

calculation 2) ah initio calculation. Both semiempirical  and ah initio calculation use the Bo rn -  

Oppenheimer  approximat ion that  the electronic wave funct ion is unaffected by nuclear 

motion.  However ,  in semiempirical  calculations,  one uses a s impler  Hamiltonian r a the r  than 

"correct" molecular  Hamiltonian and include the experimenta l data o r  p a rameters  that can he 

adjusted to experimenta l data into the calculation. An example  of  this type of  calculation is 

the Huckel molecular  orhi tal  t rea tment  of conjugated h y d ro c a rh o n s  which uses  a one electron 

Hamiltonian and takes the hond integrals  as adjustable paramete rs  ra ther  than quant i t ies  to 

he calculated. In an ah initio calculation, one uses the "cor rec t" Hamiltonian and seeks a 

solution wi thout  using experimental  data o th e r  than the geom et ry  of  the molecule.  The 

theory  involves expanding the atomic o r  molecular  orhi ta ls  as  a linear combina tion  of  basis 

func t ion .^3
K

IPi = E CMi <t>n . = 1. 2 .................. K e q . ( l )
/ ■ - I

W here  "0" is a molecular  o r  a tomic  orbi tal  and " 0 ^ ” are selected slater  type,  Gaussian o r

some o th er  func tions that a re  re fe r red  to as a basis set.

The c loscd-subshe ll  H a r t r e e - F o c k  molecular  o rbi tals  sat isfy :

A

f ( r 1 )0 j ( r | ) = Ejtp j f r i ) eq ( 2 )

W here  "Ej" is the orbital  energy,  "tpj" is the unknown molecular  o rbi tals  and "f" is the

H a r t r e e - F o c k  opera tor .  Subs t i tu t ion of  this expression,  e q . ( l )  into the H ar t r ee -F o ck  

equat ion,  eq (2 ) and using index "v ” gives :
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f ( l ) E  C vi <DV(1) = EjE C vi <DV( 1) eq (3)

Multiplication by <|)|j( I ) on the left and integrat ing gives :

E C v i 5d r i  I )f( I )<DV( 1) = Ej E Cv i Sdr ,<fM(l)(Dv( l )  cq .(4)

Where  "Su v " is the overlap mar ix which has elements  Suv = Jdr|<(>p( 1 )(t>v( 1) eq (5)
*

and ”F UV" is the fock matr ix which has e lements  F uv = 5dr|<J)|j( 1 )f( 1 )<t>v( I ) eq . (6 )

Both over lap  matr ix "Su v " and fock matr ix ”F UV". a re  K x K Hermit ian (real and 

symmetr ic )  mat r ix  Using the defini t ion of  "F u v " and "Su v " leads to Roothaan e q u a t i o n s ^ :

^  p uv^v i  _ e i^  SuvCv j cq (7) i -

F uv is the fock mat r ix  which can be wr i t ten  as :

fc.C
F uv = H uv + E P ^ p ( ( u v  /  At) -  Vi ( uA /  v£.)] e q . ( 8 )

'\C

W here  "Pa.6 ' s *^e densi ty  matr ix :

p A6  = 2 ?  c Aic i eq (9)

arc
» u v  is the mat rix  of  the core  Flamiltonian (Kinetic energy  and potential  in the  field of  fixed

nuclei), and (uv /  A^) is the tw o- e le c t ro n  integral :

(uv /  Ai) = I S<Dp(l)<Dv 0 ) _ L  <DA(2)<t>'(2)dr,dr2 eq .(10)

Using the Gaussian expans ions ,  all the integral s can be evaluated by the m e th ods  due  to 

B o y s . 25 F.quation (7) for  LCAO coefficients "Cv j” can then be solved in an i terat ive manner .
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leading to calculated energies ,  dens i ty  matr ices ,  atom popula tions and electric dipole 

mo me n ts

The calculat ions a rc  pe r fo rm ed  on compu te r ,  using the Gaussian p r o g r a m s  as ment ioned 

before.  The  input  consis t s  of  specification of  the requi red  basis  set ,  the charge  and 

multiplicity of  the molecule,  as well as its initial geome t ry .  The p ro g ram  uses this 

in format ion to  calculate the car tesian (x.y.z)  coord ina tes  of  the a to m s ,  total n u m b e r  of 

e lec t rons  and the orbital  occupancies .  Then,  it calculates the various  one  and two e lectron 

integrals.  Next ,  an initial gues s  is p roduced  and the p r o g ra m  uses this initial guess  and d o  an 

i terat ive SCF calculation. The  solut ion to the SCF equat ions  is improved by going f rom cycle 

to cycle until the electronic en ergy  is at min imum and the  dens i ty  mat rix  does  not  change.  At 

this point ,  the calculation is defined to be converged .  Next,  fo r  a geome t ry  opt imizat ion,  the 

gradient  method  is used to es t imate geomet ry  c o r r e sp o n d in g  to  minimum en ergy  When  the 

minimum of  energy  is obta ined,  the opt imizat ion is complete and the p ro g ram  calculates the 

Mullikan Populat ion Analysis o f  the optimized molecule.  F o r  a single point calculation, af ter  

ob ta ining the  solution to the SCF equa tion,  the pr o g ra m  mo ves  to  populat ion analysis which 

calculates the atomic charges ,  dipole momen ts ,  e tc . . .

The Mullikan Populat ion Analysi s can be ob ta ined by using  the charge  dens i ty  express ion 

for  each occupied molecular  orbi tal ,  Va , containing two e lect rons ,
U/X

p (r )=  2Z j d r | V a ( r ) | 2
OL

By inser t ing equat ion (1) into the  cha rge  dens i ty  express ion ,  one  can obtain the fol lowing 

expressions:

= 2 EEcva ( M O E c p a O j j l r )

~ £ [2^cuacva 1 * u f ) 0  vC)mjr <L

= £P uv<J>u(r)<J)*v(r)
U-V

W here  Puv = 2 £ c uac*va is the cha rg e -d en s i ty  bond o r d e r  matr ix 
a
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-  E E P u A w  _
u .  V tX -

and where  S uv is the overlap  mat r ix

(PS)uv can be inte rpreted as the nu m b e r  of e lec trons  to be associated with This is called 

the Mulliken Populat ion analysis.  The  net charge  associated with an a tom is then given bv:

q A = Z A -Z(PS)UU

where  ZA is the charge of  atomic nucleus A. The  index of  summat ion  indicates that only the 

basis funct ion cente red on A are summed.
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There  a re  many types of basis se ts  that can be used depending  on the type of  calculation The 

mos t  co m m on  type of  basis se t s  used in an ab initio calculation are Gaussian type orbital  

basis sets.  (GTO)^6 . In these basis set ,  each atomic orbi tal  cons is t s  of  a n u m b e r  of  Gaussian 

probabi l i ty func tions that have advantages  ove r  o th er  types  of  basis set.  The ir  integrals a re  

much faster  computa tiona lly than Slater orbi tals .  The simplest  level o f  basis is the minimal 

which c o r r e s p o n d s  to one Slater  funct ion per atomic orbital .  This type of  basis set is called 

S TO-N G which s tands  for  S l a te r - ty pe  o r b i t a l s ^  defined by "N" Gaussian func tions each. 

This means  that  each atomic orbi tal  cons is ts  of  "N" Gaussian func t ions that  are added 

toge ther.  The  coefficients of  the Gaussian func tions are selected so that it gives as good a fit 

as possible to the cor re spo nd ing  S l a t e r - ty pe  orbi tals .  One  example of  a minimal basis set is 

STO -3G .  This basis set is very economical  since it has one  basis funct ion or  atomic orbital  

per  hy drogen  atom ( the I s  ), five per  a tom f rom Li to Ne : ( I s , 2 s , 2 p x , 2 p y ,2 p z ) and nine 

per  a tom fo r  the s e c o n d - r o w  e lements  Na to Argon  ( l s , 2 s , 2 p x , 2 p y ,2 p z , 3 s , 3 p x ,3py,and  3 p z ) 

The grea tes t  problem with this type of  basis set  is its inability to  expand o r  cont ract  its 

orbital  to fit the molecular  envi ronment  since its exponent  is fixed. The next  level is split - 

valence in which two Slater  funct ion a re  used fo r  each valence atomic orbital .  The spl it -

valence basis sets  are cont rac ted  which means each is a linear combina t ion of  a num ber  of

primi tive Gauss ian funct ions.  A computa t iona l  efficiency can be obtained if the exponents  of  

the Gaussian primi tives a re  shared between different  basis funct ions.  At the spl i t -va lence 

level, the primit ive exponents  between "S" and "P" func tions a r e  shared for  the valence 

funct ions.  A series of  basis sets  a re  defined and are named as K - L M G  w here  K. L. M are 

integers.  Such a basis set fo r  a f i r st  ro w  element ( Li to Ne ) consis t  of  an s - t y p e  inner-shel l

function with K Gauss ians ,  an inner set o f  valence s -  and p - t y p e  func tions with "L"

Gauss ians  and anoth er  o u t e r  sp set with " M ” Gauss ians.  Both valence sets  have shared 

exponents .  F o r  hydrogen ,  only two s - t y p e  valence func tions with ”L" and "M" Gauss ians  are

used.  F or  a to m s  H and He, the basis func tions are  defined as :
✓ L  /  /

Os ( r ) = E d s ,k 8 s (a k- r )
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-/ M // ii
Os (r) = Z  d s k g s ( a k .r)

K-i

Fo r  a to ms I.i to Ne. I . - I .MG basis funct ions a re  defined as :

<
O l s  ( r)  = £ ( d 1s.k 8s <a l k r )

<t>2s (r)  = £ d 2s.k 8s (<*2k r )

*$2p ( r ) = ̂ ( d 2p,k 8p (a 2k ’r )

<t>2s (r)  = £  d 2s,k 8s (a 2k - r )

0 2 p ( r ) -  ̂ ( d 2p.k 8p (a 2k-r )

W here  "gs " and "g p” a re  normalized s -  and p - t y p e  Gaussian funct ions,  respectively.

One example  of a spl i t -va lence basis set is 4 - 3 I G ^  which uses inner-she l l  expans ions  

of  four  Gaussian  funct ion and two valence shells cons ist ing of  th ree  and one  Gaussians  

Ano ther  larger  basis set  is 6 - 3 1 G ^ 9 . In this basis set,  the inner -she ll  func tions  a re  wr i t ten  in 

te rm s  of  a linear combinat ion of  six Gaussians  and two valence shells a re  represen ted  by

three and one  Gaussian pr imit ives A spl i t -va lence basis set wi th fewer primit ive  Gaussians

than the 4 - 3 1 G  basis set is 3 - 2 1 G ^ ^  which uses three  pr imit ive Gaussians  fo r  the core  

orbi tals  and a two/one  split fo r  the valence funct ions.  The next  s tep in improv ing  a basis set

is addit ion of  d -o rb i t a l s  for  all heavy (n o n -h y d r o g e n  a toms) .  The  mos t  co m m on  polarizat ion

basis set is 6 - 3 1 G * ^  which uses  six pr imit ive Gaussians fo r  the core  orbi ta ls ,  a th ree /one

split fo r  s -  and p-va lence  orbi ta ls  and a single set o f  d - f u n c t i o n s  which is equivalent  to five

d -  and one  s -o rb i ta l s .  A f u r th e r  im provement  can be obtained by using a 6-31G**31 basis 

set in which a set o f  p -o rb i t a l s  a re  added to each hydrogen  in the 6-31G*ba s is  set.

When per form ing  an ab initio calculation,  it is desirable to opt imize the ge om e t ry  with 

the largest  basis set possible.  F o r  la rger  sys tems ,  smaller  basis se t s  have to  be used and one  

can increase the accuracy  by p e r for m in g  single point  calculat ions with be t te r  basis sets
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TABLE 1

OPTIMIZED BOND LENGTHS (A) AND ANGLES (DEGREES)  FOR AMIDINOMYCIN 

PARAMETERS CALCULATED EXPERIMENTAL36

Bond lengths

f ' | ( 2 1.538 1 53

( '2 < 3 1 544 1.57

c 3( 4 1.557 1.52

r 5( 4 1 5 5 5 1.56

N i C | I 546 1.51

C6C 3 1.358 1 53

N 2( '6 1.340 1.34

O C6 1.247 1.24

c 7n 2 1.457 1.47

C 8C 7 1.555 1 54

C9^'8 1.514 1.50

N 3C9 1.309 1.31

N4C9 1.317 1.33

UN 1 1.009 ----

HC, 1.081 ----

h c 2 1.080 ----

h c 3 1.082 ----

h c 4 1 0 8 1 ----

h c 5 1.081 ----
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TABLE I (continued)

OPTIMIZED BOND LENGTHS (A) AND ANGLES (DEGREES) FOR AMIDINOMYCIN

PARAMETERS CALCULATIONS EXPERIMENTAL36

Angles:

C 3 C 2 C |  108.3 105.0

C 4 C 3 C 2  107 6  106.0

O 5 C 4 C 3  107 9 107.0

N jC 1C 5  109 9 111.0

C5 C 3 C4  109 3 109.0

N 2 C6 C 3  117 5 115.0

OC 6 C 3  120 7 121.0

C 7 N 2 C 6  122.9 123.0

C 8 C 7 N 2  112.9 110.0

C g C 'g  C 7  113.4 1 1 1 . 0

N 3 C 9 C 8  119.3 118.0

N 4 C 9 C8  119 3 119.0

H N | ( ' i  111.5

N 4 C9 N 3  - - -  122.0

Dihedral Angles:

C 5 C4 C 3 C2  - 3 . 5

N 1 C 1 C5 C4  114.2

C6 C 3 C4 C 2  119.7

N2C6C3C4 1 0 3 5



3 8

TABLE 1 (continued)

OPTIMIZED BOND LENGTHS (A) AND ANGLES (DEGREES)  FOR AMIDINOMYCIN 

PARAMETERS CALCULATIONS EXPER IMENTAL36

Dihedral Angles:

OC6 C 3 N 2 180 0 -----

7̂N2C6('3 180.0 -----

c 8r 7N 2( 6 73.6 -----

C9C8C7N2 290 3 -----

n3c9 8̂̂ 7 57.4 -----

N 3 C 9 C 8 N 3 180.0 -----

UN | C | ( '2 134.5 -----

" C , C 5  C 2 124 3 -----

nc3c 2c6 10 9 . 6 -----
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TABLE 2 ATOMIC CHARGES WITH HYDROGENS SUMMED INTO HEAVY ATOMS (eu)

EOR NONCHARGED AMIDINOMYCIN

AMIDINOMYCIN 5

Cl 0 .2 58

C2 0 057

C3 -0 .091

C4 0.03 6

C5 0.00 7

N 1 -0 . 2 3 9

C6 0.77 4

N2 - 0  481

0 - 0 . 6 5 0

C7 0.372

/"S 00 - 0 . 0 1 2

C9 0 576

N3 - 0  434

N4 - 0  173
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OPTIMIZED BOND LENGTHS (A)

TABLE 3

AND ANGLES (DEGREES)  FOR STRUCTL

PARAMETERS

1 2

STRUCTURES 

3 4 5 6

C l - N l 1 382 1 392 - - - -

C2-N1 1.309 1.303 - - - -

C 2 - N 2 1 373 1 313 1 3 1 5 1.261 1.272 1 260

N2-C3 1.377 1.405 1.384 1 432 1.396 1 442

C1 -C 3 1.347 1.351 1 340 1.326 1.336 1 343

C l - O  I - - 1 390 1.463 - -

C 2 -O I - - 1 390 1 463 - -

C l - S I - - - - 1 806 1.786

C2-S1 - - - - 1.807 1.830

N I - H 5 - 0 . 9 9 6 - - - -

O I - H 5 - - - 0.961 - -

S 1 -H 5 - - - - - 1 3 4 6

C1N IC 2 106 1 1 10.0 - - - -

N1C2N2 110.7 110.0 - - - -

C2N2C3 106.1 107 0 105.8 107.6 112.1 114.5

C 1 0 I C 2 - - 104.9 106.3 - -

O IC 2 N 2 - - 1 1 1 5 109.6 - -

C1S IC2 - - - - 85 .4 92 .4

S1C2N2 - - - - 115.9 109.3

C1N1H5 - 125.3 - - - -

C 1 0 1 H 5 - - - 126.7 - -

C1S1H5 _ _ _



TARI.F. 3 (cont inued)

Optimized bond lengths (A) and angles (degrees)  fo r  s t r u c tu r e s  7 -1 0

Parame te rs  S t r uc tu re s

7 8 9 10

C l - N l 1.378 1.395 1.377 1.388

C 2 - N I 1.277 1.324 1.316 1.308

C 2 - N 2 1 329 1 3 1 5 1.375 1 3 1 6

N2 -C 3 1.384 1.384 1.372 1.407

C 1 - C 3 1.373 1.349 1.370 1.355

N 2 - C 5 - - 1.450 1.451

C 2 -C 4 1.470 1.503 - -

C 4 - N 3 1.340 1.335 - -

C 4 - 0 2 1.232 1.220 - -

N 1 - H 5 - 0 .9 97 - 0 .9 9 7

C1N1C2 107.6 109.0 106.9 110 0

N1C2N2 1 1 1 4 109.0 110 7 110.0

C1N1H5 - 124.4 - 125.2

C2N2C5 - - 137.3 126 2

N2C2C4 121.9 119.2 - -

C2C4N3 115 4 118.8 - -

C 2 C 4 0 2 120.3 115.3 _
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TABLE 4 

Total  Energies  (au)

S t ruc tu re  Basis set

6 - 3  lg 6 - 3 1 g*

1 - 2 2 4 . 7 0 9 6 -2 2 4  8129

2 -2 2 5  1023 - 2 2 5  1945

3 - 2 4 4  5003 - 2 2 4  6246

4 -2 4 4 .7 7 5 8 -2 4 4 . 8 8 6 7

5 - 5 6 7  1631 - 5 6 7 . 2 8 2 9

6 - 5 6 7  3816 -567 . 5131

7 - 3 9 2 . 8 0 1 4 - 3 9 2  9716

8 - 3 9 2  4331 -3 9 2 . 6 0 8 5

9 - 2 6 3 . 2 3 2 7 - 2 6 3  8434

10 -2 6 4  1206 -2 6 4 . 2 3 2 7



4 3

TABLE 5 

Pro to n  Affinities (kcals/molc)

S t ruc t u re  Basis set

6 - 3 lg  6 - 3 lg*

1 2 4 5 .9 2  239  45

3 172.87 164.47

5 137.11 144 45

7 231.11 2 2 7 . 85

9 2 5 0 .9 4  244  29
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TABLE 6

Total a tomic charges  on S t ru c tu re s  1 -6  (eu), as obtained by the use o f  the 

set.

A tom  S tru c tu re s

1 2  3 4 5

C l - 0  05 4 0  0 .0 2 7 6  0 .0 8 6 6  0  115 - 0  436

C2 0  266 0 .4 2 3  0 .3 4 4  0.411 - 0 .1 1 0

C3 - 0 .0 0 0  0 .0 2 5  - 0  054 - 0  0 1 2  0  051

C4 _ _ _ _ _

115 -  0 .4 7 0  -  0 .5 7 2

N 1 - 0 .5 2 0  -0 .6 8 6

N 2 - 0  725 - 0 .6 9 2  -0 .5 0 4  - 0 .3 9 8  -0 .4 3 6

0 1  -  -  - 0 .5 7 2  - 0  707

SI -  0 234

-31g* basis

6

-0 .3 7 8  

-0  0121 

0 .0 7 0

0  294

-0 .3 5 4

0 .3 7
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TABLE 6 (continued)

Total a tom ic charges  on S tru c tu re s  7 -1 0  (eu). as obtained by the use of  the 6 -31g*  basis 

set.

Atom

7

Cl -0 .0 5 5

C2 0 .495

C3 0 .004

C4 0 .764

N 1 -0 .5 9 0

N2 -0 .7 4 4

N3 -0 .9 2 0

0 2  -0 .6 5 4

H5

S tru c tu re

8 9 10

0 .0 2 8 -0 .051 0  022

0 .6 2 2 0 .2 6 4 0 .4 2 7

0 .0 3 9 0  000 0.031

0 .8 3 3 -0 .281 -0 .331

- 0 .7 8 3 - 0 .5 3 6 - 0 .7 0 3

-0 .6 9 4 -0 .5 8 8 - 0 .5 8 0

- 0 .9 1 9 - -

- 0 .5 7 7 - -

0 .4 9 0 _ 0 .4 6 5
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TABLE 7

Bond length (A) used fo r  complex (1) and (2) in i

Bond lengths Complex (2) Complex

N1H1 0 993 0 .993

CIN1 1.374 1 374

C101 1.222 1 222

C1N2 1 371 1.371

N2H2 0 996 0 .9 9 6

C2N2 1.392 1 392

C 2 0 2 1 221 1 221

C2C3 1.454 1 454

C3H3 1.067 1 067

C3C4 1.334 1 334

C4H4 1.07 1.07

02H 5* 2 0054 ----

N3U5 0 .9 9 3 8 0 .9938

N3C5 1.32 1.3263

C5C6 1.504 ----

C6C7 1.542 ----

C7C8 1.554 ----

C5N4 1.307 ----

N4H6 0 .9 9 7 ----

N4H7 0 .9 9 7 ----

C6H8 1.083



TABLE 7 (continued)

Bond length (A) used fo r  complex (1) and (2) in f

Bond lengths Complex (2) Complex

C6H9 1.083 —

C8H12 1.083 —

C8H13 1.083 —

02H 6* 1.9786 —

01H 5* ----------- 1.9849

N3H6 ----------- 0 .9 9 3 8

0 2 H 10* ----------- 6 .5 3 4 8

N5H2 _______ 5 .0 9 3 0

* Bond length optimized in the complex at 3 - 2 IG level
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TABLE 7 (continued)

Angles : Complex (1) Complex (2)

C1N1HI 115.781° 115 781*

0 1 C 1 N I 122.595° 12 2 .5 9 5 ”

N1C1N2 114.042° 11 4 .0 4 2 ”

C1N2H2 116.061° 1 1 6 .0 6 1 ”

C1N2C2 127.177° 12 7 .1 7 7 ”

N 2 C 2 0 2 120.393° 1 2 0 .3 9 3 ”

C3C2N2 114.395° 1 1 4 .3 9 5 ”

C2C3H3 118.027° 1 1 8 .0 2 7 ”

C2C3C4 119.503° 1 1 9 .5 0 3 ”

C3C4H4 122.734° 1 2 2 .7 3 4 ”

H5N3H6 116.777° ------

C5N3H5 121.835° 1 2 0 .0 ”

C5N4H8 121.835° ------

N4C5N5 119.856° ------

N3C5N5 119.856° 1 2 5 .0 ”

C101H 5* 140.021° ------

N 3 H 5 0 1 * 141.771° ------

C5N4H7 121.835° 12 3 .3 ”

C5N5H10 121.835° ------

C5N5H9 121.835° _ _ _



TABLE 7 (cont inued)

Angles : Complex (1) Complex (2)

C 202H 5*   139 272

N 3H 502*    138 461

N3C5C6   110 6

C5C6C7   103 6

C6C7C8   104 9

C5N4H6   123 3

C5C6M8   110 1

C5C6H9   110 1

C6C7H10   110 7

C6C7H11   110 7

N3C8H12   110 0

N3C8H13   110 0

* Angles optimized in the complex at 3 -2 1 G  level



TABLE 7 (cont inued)

edral Angles: Complex (1)

H 1 N IC I0 1 0°

C 1N IC 2C 3 0°

N2C2C3C4 0°

N 2C 101H 5 0°

N5C5N3M5 0°

N3C5N4H8 0°

N 3C 5N 5H I0 0°

H IN IC 1 N 2 180°

H 2 N 2C 1N 1 i s o -

0 1 C IN 2 C 2 i s o 0

C 1N 2C 202 180°

N2C2C3H3 180°

C2C3C4H4 180°

C 1 0 IH 5 N 3 180°

0 1 H 5 N 3 H 6 00 O 0

C5N3H5H6 180°

N3C5N4N5 180°

N3C5N4H7 180°

N3C5N5H9

0o00
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Dihedral Angles: 

H IN 1 C 1 0 I  

C1N2C2C3 

N2C2C3C4 

N 2C 202H 5  

C 5 N 3 H 5 0 2  

N6N4C5H5 

N7N4C5H5 

H 1N 1C IN 2 

H2N2C1NI 

0 1 C IN 2 C 2  

C 1N 2C 202  

H3C3C2N2 

C2C3C4H4 

C 2 0 2 H 5 N 3  

C6C5N3H5 

C7C6C5N3 

C5C6C7C8 

C6C5N4N3 

C5C6C7H8 

C5C6C7H9 

C 6C 7C 8H 10 

C 6C 7C 8H 11 

C7C8N3H12 

C7C8N3H13

TABLE 7 (continued) 

Complex (2)

0°

0 °

0 °

0°

0 °

0°

180*

180°

180°

180°

180°

180°

180°

180°

180°

-1 2 .7 °

1 9 .6 3 '

180°

120.5°

-1 2 0 .5 °

1 2 1 °

- 1 2 1 °

120°

-120°
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TABLE 8

Total a tomic cha rges  (eu) fo r  complex #(1) and complex #(2) in 3 -21  g basis set 

Atom # Complex ( I ) Complex (2)

N 1 -1 01 -1 .01

111 0 .4 0 2 0 .4 2 2

Cl 1.30 1.24

O l -0 .7 1 7 -0 .5 9 7

N 2 -1 .0 5 -1 .0 6

112 0 .4 0 7 0 .4 0 7

C2 0.921 0 .9 8 9

0 2 -0 .5 8 4 -0 .7 1 6

C3 - 0 .4 - 0 .4 7 0

H3 0 .3 1 4 0 .2 8 9

C4 0 .2 2 8 0 .2 6 9

H4 0 .3 2 3 0 .3 3 0

H5 0.431 0.421

N3 - 0 .9 6 2 -0 .8 9 2

H6 0 .3 8 9 0 .4 3 3

C5 1.32 0.961

N5 -0 .9 6 4 ------

N4 -0 .9 4 5 -0 .9 6 8

H8 0 .4 0 2 0 .3 0 3

H7 0 .4 0 2 0 .3 9 6

H 10 0 .4 3 3 0 .2 7 6

H9 0 .3 8 7 0 .2 9 2
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TABLE 8 (Continued)

Total atomic charges  (eu) for  complex #( I ) and complex #(2) in 3 - 2 1 g  basis set

Atom # Complex ( I ) Complex (2)

C6   -0 .511

C7   - 0  461

C8   - 0  169

M il    0  274

1112   0 .2 7 3

Ml 3   0  270
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TABLE 9

Energ ies  and bond ing  energ ies  fo r  complex (1) and (2) in 3 -2 1 G  basis set

Complex # E nergy  (au)* E binding in kcal/mole

1 - 6 1 3 .6 0 5 0  -2 6 .0 3 5

2 -6 7 4 .1 6 8 0  -2 7 .7 9 8

* E nerg ies  a re  obtained by using the 6 - 3 1G 

optimized geom etry  of  the su b sy s tem s
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fig (23a^ B IN D IN G  OF IM ID A Z O L E -C O N T A IN IN G  L E X IT R O P S IN S  
TO AGAA DNA FRAGMENT

CH. CH .

fig (23b)
B IN D IN G  OF IM ID A Z O L E -C O N T A IN IN G  L E X IT R O P S IN S  

TO AGGA DNA FRAGMENT
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B IN D IN G  o f  ANTHELVENCIN t o  AATT o f  DNA

fig (25)
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PI Results and Discussion

S tru c tu re  of  Amidinomycin :

Amidinomvcin is isolated from  the  cu ltu re  fil tra te  os S trep to m y ces  f lavochrom ogenes

3-V The p roduc t  o f  acid hyd ro lys is  o f  A m idinomycin is 3 -a m in o -1 -c a rb o x v c y c lo p e n ta n e  and

2-am id inoe thy lam ine  The s t ru c tu re  o f  Amidinomycin is show n in f ig .(5) Amidinomycin

conta ins  a cyclopentane r ing  with the  amino g ro u p  at one end and amidinium g ro u p  at the

o th e r  end U nder physiological conditions ,  it show s pKa values of 9 .6  and > 12 .0  fo r  its two

basic sites , so it will exist in biscationic fo rm . Also, this antibiotic  has two chiral cen te rs .  C l

and C3 The fou r  isom ers  of  Amidinomycin a re  show n in fig (21). The optimized isom er is

the n a tu ra l-o ccu r in g  one, (1R -3S). F rom  the calculated resu lts ,  Table (1), one can see that

the cyclopentane r ing  is close to  coplanar. The side chain contain ing the amide g ro u p  is

approx im ate ly  120® with respect to  the ring , and the re s t  o f  the side chain is alm ost

perpendicu lar  to  the plane of the  amide g ro u p .  The experim eta l parameters-^6 fo r

Amidinomycin which were  obtained by analyzing an x - r a y  c rys ta l lograph ic  analysis o f

Amidinomycin sulfate, a re  in good agreem ent with  the calculated values. F ro m  the ir

experim ental resu lts ,  N akam ura  and c o w o rk e rs  concluded tha t the cyclopentane  r ing  has an

envelope con fo rm ation , C2. C3, C4 and C5 are  a lm ost coplanar within 0 .05A  and C l .  the

flap, devia tes  by 0 .55A  from  this plane in such a d irection th a t  the am ino g ro u p  at C l can

form  an in term olecular  hyd rogen  bond to O l  of the  carbonyl g roup . The two bonds  of the

amidinium g roup ,  C9N3 and C9N4, have a lm ost the same bond length and a to m s C9, N3, N4

and C8 a re  also quite  cop lanar within 0 .0 2  A. This is also ap p a ren t  from  the angles N3C9C8,

N4C9C8 and N4C9C8 with the co r re sp o n d in g  values o f  1 1 8 ° ,  119° and 122° and the amidine

g ro u p  may ex is t ,  as a cha rge  delocalized cation,  C+ Table (2) show s the  ab initio
n  NHX

net a tomic charges  obtained via Mulliken Population Analysis fo r  the uncharged  species. It 

show s tha t Amidinomycin fea tu res  an essentially neutra l  cyclopentane  r ing  and the positive 

charges  a re  cen te red  on C6 and C9 with the co rre sp o n d in g  concen tra t ion  of negative charges  

on the oxygen  a tom  and n itrogen  N l ,  N3 and N4.
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Calculation of  P ro ton  affinities of hc te roa tom ic  r ings.  Imidazole. Oxazolc and Thiozole :

l .ex itropsin s  p re fe r  to  bind to the m inor  g roove  of DNA especially at sites consis t ing  of 

AT sequences The two reasons  fo r  this p reference  a re  the steric  hinderence caused by the 

NH2 g ro u p s  in guanine and that the  positively charged d ru g s  p re fe r  to  bind b e t te r  to  the 

m ore  negative potential p resen t  in adenine and thym ine sequences. To eventually bind GC 

sequences of  DNA as well as AT sequences, it is desirable  to  synthesize d ru g s  that have 

hc te roa tom ic  rings capable of  accepting a p ro to n  from  the NH2 g ro u p  of guanine and in this 

way the amine g roup  o f the guanine can act as a p ro to n  d o n o r ,  co n tr ibu ting  to  the binding 

instead of p reventing  it. F o r  this pu rpose ,  the p ro to n  affinities of a series of hc te roatom ic  

r ings such as imidazole, thiazole and oxazole are  calculated. Also, the effect o f  a subst i tuen t  

g ro u p  such as a methyl and a peptidic g roup ,  are  investigated using ah initio H a r t re e -F o c k  

calculations

Table (3) show s the optimized pa ram ete rs  fo r  s t ru c tu re s  I to  10 As can be seen from  this 

table, bo th  C1N1 and C IO l  increase while C2N2 is sho rtened  upon p ro tona tion .  Also, the 

angles C IX C 2  where X = N. O, S increase which is in agreem ent with c rys ta l log raphy  

o b se rv a t io n s  that are  seen on the p ro tona tion  of DNA b a s e s t .  The p ro to n a ted  s t ru c tu re s  are 

p lanar as can be seen from  the fact that when the d ihedral angle form ed by the additional 

p ro to n  with the plane of the molecule a re  set at 120.0° and allowed to  relax upon 

optim ization, it rever ted  back to 120.0° By inspecting the Hessian m atr ix ,  it is evident that 

all the eignvalues of  the second derivative  m atrices  are  positive and the re fo re  the optimized 

s t ru c tu re s  a re  true  minima. Table (5) show s the p ro to n  affinities fo r  these  s t ru c tu re s .  P ro ton  

affinities which is the m easure  of  the p ro to n  acceptance by the r ing  can indicate its ability to  

u ndergo  hydrogen  bonding  with the amino g ro u p  of guanine o r  cytosine. The p ro to n  

affinities a re  defined as  the difference between the energ ies  of  the p ro to n a ted  species and the 

energ ies  of  the neutral species, bo th  at 6 -3 1 G  and 6-31G * level. F rom  examining table (5). 

one can see that the p ro to n  affinities decrease  in the o rd e r  o f  imidazole, oxazole and thiazole. 

The reason can be seen from  table (6). Both n itrogen  and oxygen are  negatively charged and
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increase their  negative charge  upon pro tona tion . This causes an increase in the s t re n g th  of 

the bond with positive hyd rogen .  On the o th e r  hand, su lfur , which is slightly less 

e lectronegative  than ca rbon , is positively charged and acquires  even m ore  positive charge  

from the p ro to n  upon p ro tona tion  The p ro ton  affinity values obtained by using  the 6 -3 1 G  

basis set a re  slightly larger than those  obtained th ro u g h  a single point calculation at 6 -31G * 

level, using 6 - 3 I G  optimized geom etry  with the exception of  the su lfu r-con ta in ing  r ing  The 

6 -3 IG *  value should be m ore  reliable in this case due to  the d orb ita ls  on the sulfur. It has 

been shown experim entally  using NMR studies that a thiazole r ing -con ta in ing  lexitropsin 

aviods the GC sequences when bound to  the m inor g roove  of  DNA. This is due to the s teric  

hindrance caused by the large size of  the su lfur  atom and also by its lesser ability to accept a 

p ro to n  from  the N H 2 g ro u p  of guanine. It is shown that thiazole r in g -con ta in ing  lexitropsin  

intercalates between DNA bases and will bind b e tte r  to GC sequences if the n itrogen  in the 

r ings  face inward, tow ard  poin ts  of  contact with the bases in the m inor g r o o v e ^  Also, it 

can be seen from  table (5) that the presence o f  a methyl g ro u p  which replaces the hyd rogen  

in N2 as in s t ru c tu re s  9, 10 increases the p ro to n  affinities o f  imidazole r ing  slightly, while a 

pcptidic g ro u p  substi tu ted  at C2 decreases  it In fact fo r  the f irs t  case, th is  is due to  the 

increased negative charge  of N1 when N2 is methylated . In the second case, the p ro to n  

affinities decrease  due to  e x t ra  stabilization caused by the conjugation with  the peptidic 

group . In conclusion, one can expect that lexitropsin  contain ing n itrogen  heterocyclic  r ings 

can bind b e t te r  to  GC sequences if they contain a s t ro n g  e lec tro n -d o n a t in g  g ro u p  at N2.

Experimentally , I.own and co w o rk e rs  synthesized oligopeptides that w ere  s t ruc tu ra l ly  

related to the antiviral anticancer antibiotic  ne tropsin .  As each p y rro le  unit was successfully 

replaced by an imidazole m oiety, the resulting  o ligopeptide showed an overall decrease  in AT 

preference  and an increase in GC base pairs  in binding to  DNA. The s t ru c tu re s  of synthetic  

oligopeptides are  shown in fig (23a) and fig (23b). These o ligopeptides have N - 

methylimidazole g roup(s )  which are  capable of identifying a guanine, via hyd rogen  bond in 

the binding sequence. It has been shown experimentally  using DNasel foo tp r in t ing
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m ethodo logy  that oligopeptide co rresp o n d in g  to  fig(23a) has a single N-m ethvlim idazole  

moiety b inds to  a fo u r -b a s e  pair A T -r ich  sequence contain ing a single in te r io r  GC base pair 

while o ligopeptide c o r re sp o n d in g  to  fig(23b) has two N-m ethylim idazole  g ro u p s  which binds 

to  four  base sequences having two in te r io r  GC base pair, each flanked by AT base pairs. 

D ensitom etric  scans of foo tp r in t ing  experim en ts  have shown that bo th  oligopeptides of 

fig(23a) and fig(23b) bind to DNA with less specificity than that of ne tropsin  and a re  capable 

of  recognizing guanine in the binding sequence. However, oligopeptide co rre sp o n d in g  to 

fig(23b) is less specific than oligopeptide co rre sp o n d in g  to  fig(23a).
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Binding o f  uracil to  guanidinium ion and to am inopyrro lid in ium  ion :

Anthclvcncin and ne trops in  a re  closely related s truc tu ra l ly  Both a re  tr ipcp tides  that a re  

similar in length and have two cationic charges. Both contain amidinium g ro u p s  at one end 

H owever, anthclvcncin has an am inopyrro lid in ium  ion at one end while ne trops in  has a 

guanidinium ion The im portan t role of  these g ro u p s  is to  prov ide  a positive potential that 

hinds e lectrostatically  to  the negative potential p resent in the m inor  g ro o v e  of  DNA In 

addition , they might partic ipate  in the hydrogen  bonding with DNA bases, which could result 

in the b e t te r  binding o f the whole molecule to the m ino r  g roove  These two lex itropsins  

show a large d ifference in the ir  DNA binding.

It was show n ex p er im en ta l ly * ' that ne trops in  which has a guanidinum ion at the end . has a 

binding free  energy  of  -53K cal/m ole  while two enan t io m ers  of  anthelvencin which contain an 

am inopyrro lid in ium  ion at the end. only has - 3 3  Kcal/mole In o rd e r  to  find out how much 

of this d ifference  is due to the d ifference in binding o f  the tw o -ab o v e  m entioned g ro u p s  to 

one of the  DNA bases via hydrogen  bonding, the  possible geom etries  o f  two complexes (1) 

and (2) and the ir  binding energ ies  are  estim ated  using  the qunatum  chemical ab initio 

m ethod.

Fig (24a) show s complex (1) which is form ed from  the in terac tion  of uracil with the 

guanidinium ion. A hydrogen  bond is form ed between O l  and H5 a tom s o f complex (1). The 

optimized value fo r  N 3H 501  angle of complex (1) is found to  have a value of 141.8° An 

a t tem pt was made to set this angle at 180.0°. how ever, at this value, the energy  of complex 

(1) was m uch higher than before . Also, the O 1H 10 d istance was decreased so that an 

additional hyd rogen  bond could be fo rm ed  between uracil and guanidinium ion. But, this was 

not possible due to  the s teric  h indrance  caused by NH2 g roup .

Fig (24b) show s the p re fe r red  geom etry  of complex (2) which is form ed from  the 

interaction  of  uracil with N -am inopyrro lid in ium  ion This complex fea tu res  two hydrogen  

bonds tha t  a re  fo rm ed  between 0 2  atom o f  uracil and H5 and H6 a tom s of N -
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am inopyrro lid in ium  ion. The 0 2 H 5  and 0 2 H 6  dis tances  are  very  close in length with a 

difference of only 0 0 2 6 A. The double  binding is obtained as the NHO angle is decreased to  a 

value of 138°. Also, from  table (9). one can see that the binding energ ies  fo r  these two 

com plexes a re  very  close to  each o th e r .  Complex (2) is slightly m ore  stable by 1 8Kcal/mole. 

Indeed. NMR studies  show  that the th ree  amide hyd ro g en s  of anthelvencin a re  expected to  be 

involved in bifurcated h y drogen  bonds  to  aden ine-N 3 and thyam ine 0 2 . ' *  The sequence-  

reading p ro cess  involves close co n tac ts  between the p y rro le  hydro g en  H7 and H I 2 and 

adenine hyd ro g en  on C2 as shown in fig(25). This indicates that a lthough anthelvencin has the 

s t ru c tu ra l  op tion  of d irec t ing  the p y rro le  N -H  tow ard  DNA, this does  not not occur. This 

would force  the loss of  a hyd ro g en  bond between the amide located on the amino te rm inus  

of the dipeptide and DNA and potentially  replace it with a new hydro g en  bond between the 

py rro le  and DNA. A pparen tly ,  the remaining hydrogen  bond and van d e r  waals con tac ts  

p resen t in the l igand-D N A  interface make th is  h y d rogen  bond exchange energetically 

unfavorab le  and it does not occur

These re su lts  show that if the re  is a difference in the b inding of the  lex itropsins  

containing guanidinium and those  contain ing am inopyrro lid in ium  ions, th is  d ifference could 

not be due to  the d ifference in the binding o f these tw o species to  the DNA bases via 

hydrogen  bonds. H ow ever, the value of  the binding energy  fo r  bo th  species is high and it is 

possible that the two moieties do  bind to DNA. A ccoring to  Lown and co w o rk e rs ,  the large 

netropsin  binding p refe rence  is en tire ly  enthalpic in orig in  ( -4 6 .9 k j /m o le  fo r  the ne trops in  

binding enthalpy v e rsu s  - 9 . 2  to - 9  6 kj/mole fo r  the anthelvencin binding enthalpies).
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Conclusion :

Ah initio m ethods  w ere  used fo r  ga ther ing  inform ation ahou t lexitropsins

Amidomycin was geo m e try  optimized and the pa ram e te rs  so obtained agree with 

experim ental data

One of the p rob lem s that was addressed  is the ability of imidazole to  be p ro tona ted  

m ore  than oxazole and thiazole and the fact that that am inopyrro lid in ium  ion does not bind 

m uch b e t te r  to  thym ine than guanidinium ion so that the co n tr ibu tion  of this binding to  the 

total binding of such lex itrops ins  as anthelvencin and ne trops in  to  DNA is not of pr im ary  

im portance.
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