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The  r o t a t o r y  di.~persions of inosine monophosphate  ' (IMP), inosine d iphospha te  (IDP),  
and  inosine t r i phospha te  ( [TP) ,  have  been de te rmined  mad in t e rp re t ed  to  indicate  
a folded s t ruc tu re  of the  I T P  molecule, somewha t  similar to  t h a t  suggested for the 
ATP  molecule.  F rom  the  results ob ta ined  for the  r o t a t o r y  dispersion e l  I T P  and  ATP 
in the  presence of Ca, Mg, or Zn ions, it appears  t ha t  at  p!-[ 7 the  combina t ion  of 
A T P  with e i ther  Ca or Mg does not  inttuance the opt ica l  s y m m e t r y  of the molecule, 
bu t  with I T P  the  combina t ion  with magnes ium results in a p roduc t  t ha t  has simi.lar 
opt ica l  r o t a t o r y  charac ter i s t ics  to ATP, These observa t ions  s0_ggest configurat ional  
re la t ionships  t h a t  allow corre la t ion  of the  physiological  act ivi t ies  of the  two molecules,  
The  a ppa re n t  a l t e ra t ion  of the  cont igura t ion  of the ATP  molecule in the  preseitce 
of Zn ion m a y  be used to suggest  at contiguration~.l mechanism .for the  act ion of Zn 
ion on the 5-nucleot idase  enzyme  of cobra  venom.  

I NTRODIJ lYFION 

In  a previous  commun i ca t i on  L an ass ignment  of a s t ruc tu re  for the adenosine tr i-  
phospha te  (AI'P) molecule in solut ion was made from a cons idera t ion  of the  r o t a t o r y  
dispers ion charac ter i s t ics  of ±VI'P and  some of i ts der ivat ives .  I t  was fu r the r  p roposed  
tha t  this s t ruc tu re  m a y  be re la ted  to  the  funct ion  of the molecule.  Work  by  SZEXT- 
GYi~RGY12 wi th  f luorescent  dyes led to  a similar  proposal  for  the relat ion of the  
conf igura t ion of ATP and  its funct ion.  

There  are  numerous  ques t ions  raised b y  such proposals.  I f  A T P  conf igura t ion 
and  funct ion  are causal ly  related,  it  should then be possible to d e m o n s t r a t e  similar 
s t ruc tu re s  for  c o m p o u n d s  known to behave  irL an " A r P - l i k e "  manner .  One such 
c o m p o u n d  is inosine t r iphospha te  ( ITP) which under  appropr ia te  condi t ions  m a y  
reac t  in a ma nne r  similar  to  ATP;  but  unde r  o the r  condi t ions  demons t r a t e s  e i ther  
r educed  or  negligible " A T P - l i k e "  ac t iv i ty .  

In  this  communica t i on  the  results of the inves t igat ion of the  r o t a t o r y  dispersion 
of inosine and  its der iva t ives  inosine phospha te  (IMP), inosinc d iphospha te  ( IDP)  
and  inosine t r i p hospha t e  {ITP) are repor ted .  Fur the r ,  the effects of calcbam, zinc 
and  magnes ium ions on  the r o t a t o r y  dispersion of bo th  I T P  and  A T P  are r~ported.  
Using these results ,  an a t t e m p t  is made  to  corre la te  the proposed  s t ruc tu res  and  
changes  in s t ruc tu re  wi th  known physiological  funct ion  of bo th  molecules. 

Re/~re,lees p, 3oX. 
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M E T H O D S  

The me thod  for the de t e rmina t ion  of r o t a t o r y  dispersion has been descr ibed  elsewhere t. 
Ill'icily, however,  the opt ical  ro t a t i on  is de t e rmined  b y  means  of a R u d o l p h  spee t ro-  
po la r imete r  at  wavelengths  be tween  32oo 2k and  6000 A in inc rements  of 2oo A, In  
each exper imen t  the  square  of the  wave leng th  of the  l ight used (2~) is p lo t t ed  a~ a 
funct ion  of the  reciprocal  of the  specific ro t a t i on  (I /[a]) .  The  re~ulting g raphs  are  
inspected  visual ly to assure t ha t  there  is no significant dev ia t ion  f rom a s t ra ight  line. 
The  d a t a  are then  f i t ted  b y  the  m e t h o d  of least  squa, 'es to ob ta in  the  slope (B2m) and  
the in te rcept  (~) .  F rom  this  l a t t e r  va lue  the  so-called cri t ical  f r equency  (Re) is 
calculated.  The s t anda rd  dev ia t ion  of b o t h  the  ~lope and  the  in te rcep t  is ca lcu la ted  
for each de te rmina t ion .  The  d a t a  are  then  p resen ted  in t a m e  fo rm wi th  the  slope 
(Kin) and  the  criticM f requency  (,~e) r epo r t ed  for each expe r imen ta l  condi t ion.  

The  r o t a t o r y  di~pel~ion of inosine, IMP,  I D P  and  I T P  was de t e rmined  in ,}ir,;x5 
phosphate  buffer solution.  In  all expe r imen t s  the  final concen t r a t i on  of solute was 
0.5 '!; and the t e m p e r a t u r e  was 23 ~ i% The  p H  of the  solut ion was var ied  by  the  
addi t ion  of concen t r a t ed  HCI or  NaOH.  The  vo lumes  of acid or  base requi red  were 
no t  enough to affect the  concen t r a t i on  significantly.  

In  the  exper iments  in whicl~ me t a l  ions were added  to  the  solut ions,  t he  solute  
was first dissolved in wa te r  to  a final concen t r a t i on  ot 0.5 % and  the  meta l  ion was 
added in the  form of the solid chloride sMt. The  final ionic s t r eng th  of the  solut ion was 
then  made  equal  to tha t  of i.he samples  in w h i c h ' p h o s p h a t e  buffer  was used. The  
metals  were a dded  in equ imola r  p ropor t ion  wi th  the I T P  or  A T P  to give m a x i m u m  
o p p o r t u m i t y  for b inding to take  place. 

.Solutions of ATP  and  solut ions of I T P  were inves t iga ted  in the  presence of Zn,  
Ca, and 5Ig ions. Solution.q of AMP and  A D P  were inves t iga ted  in the  presence of 
Zn ions and solut ions  of IMP and  I D P  were inves t iga ted  in the  presence of Mg ion. 
Since the ionic s t r eng th  of so lu te -meta l  solut ions  was t ha t  of the  solute-buffer  solu- 
tions, compar isons  were made  in each ease be tween  these two sets of condi t ions .  
B y  this me thod  the  ionic s t r eng th  of the  solut ion could he e l imina ted  as a var iable .  

The  r o t a t o r y  dispersion wdues  of AMP, A D P  and  ATP  in b o t h  wa te r  and  buffer  
solut ions were found  to  agree wi th  the  values r epor ted  b y  LEVEt*AnL .tSI~ JAMESL 

R E S U L T S  

Table I conta ins  values of 2~ and  t~,n for inosine, IMP,  I D P  and  I T P  at  p H  values of 
I, 3. 7, 8 and  9. 

The  in t e rp re t a t i on  of ti~ese d a t a  as a t t e m p t e d  in this  publ ica t ion  depend  on two 
a~sumptions,  frieze arc:  (I) changes in ,~ values arise f rom changes  m the sum of 
the  vicinal forces act ing on all opt ical  centers  of the  molecule or f rom c~tanges in the  
over-al l  s y m m e t r y  of the  molecule and  (~) the  absolu te  va lue  of Km is to  a first 
app rox ima t ion  a ,neasure of the  over-al l  s y m m e t r y  of the molecule.  Hence  low abso- 
lu te  value~ of lx'm indiea~tc a high degree of opt ica l  s y m m e t r y  in the  molecule  where  
the  opt ical  s y m m e t r y  m a y  resul t  f rom balancing of the  var ious  vicinal forces or  f rom 
chango~g in the  gross shape of the  molecule or  both.  Changes in the  so-called charac te r -  
istic f requency  are  u n d o u b t e d l y  ve ry  complex  mad are not  subjec t  to  a s imple inter-  
p re ta t ion .  However ,  it does appea r  tha t  the  value  of the  slope (K~t) has theore t ica l  
significance a. 

Reeere~2~es p. 308. 
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T A B L E  I 
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I n  a n  a t t e m ~ , t  t o  g i v e  an  o v e r - a l l  i n t e r p r e t a t i o n  to t h e  d a t a  of  T a b l e  I i t  is i m -  
m e d i a t e l y  a p I ~ a r e n t  t h a t  t h e r e  a r e  n u m e r o u s  co rnp i ex  c h a n g e s  occu r r i ng .  T o  d a t e  
n o  o v e r - a l l  u n i f y i n g  i n t e r p r e t a t i o n  h a s  b e e n  pos s ib l e ;  h o w e v e r ,  c o n s e r v a t i v e  i n t e r -  
p r e t a t i o n  of  t h e  d a t a  w o u l d  i n d i c a t e  t h a t  t h e  p r i n c i p l e  c h a n g e  in t h e  3.e v a l u e s  occu r s  
w i t h  I M P  a n d  I D P ,  w i t h  a m u c h  s m M l e r  c h a n g e  o c c u r r i n g  w i t h  I T P ,  a t  p H i .  S u c h  
a c t i o n  is s u b j e c t  t o  t h e  i n t e r p r e t a t i o n  t h a t  t he  sh i f t  in 1.,. a t  p H  x c a n  b e  e x p l a i n e d  
in t e r m s  of i o n i z a t i o n  of  t h e  p h o s p h a t e  g r o u p s  a n d  t i tus  t h e r e  is no  sh i f t  in t h e  ).e 
v a l u e  for  inos ine .  A fo lded  s t r u c t u r e  for  I T P  w o u l d  p e r m i t  i n t e r a c t i o n  of  t h e  h y d r o x y l  
g r o u p  a t  pos i t i on  6 of  t h e  m o l e c u l e  w i t h  t h e  t e r m i n a l  p h o s p h a t e  g r o u p  a n d  in th i s  
w a y  s u p p r e s s ,  o r  a t  l eas t  a l t e r ,  t h e  sh i f t  in 2,, t h a t  wouId  resu l t  f r o m  t h e  p h o s p h a t e  
i o n i z a t i o n  t h a t  is a p p a r e n t  w i t h  I M P  a n d  I D P .  

I n  gene )a l ,  t h e  t r e n d  of t he  K , ,  va l ue s  is t o  sbm,.v t h a t  t h e  o p t i c a l  s y m m e t r y  of  
t h e  m o l e c u l e  i nc reases  as  p h o s p h a t e  g r o u p s  a r e  a d d e d  ( I M P - +  I D P ~  I T P ) .  Th i s  
a r g u m e n t  is in e x c e l l e n t  a g r e e m e n t  w i t h  the  c o n c e p t  of  a fo lded  s t r u c t u r e  fo r  t h e  
I T P  m o l e c u l e .  

S t u d i e s  of  m u s c l e  c o n t r a c t i o n  h a v e  s h o w n  b o t h  Ca  a n d  Mg ions  a r e  i n v o l v e d  in 
t h e  a c t i o n  of  A T P  o r  I T P L  T h e s e  ions  a r e  a lso  n e c e s s a r y  for t h e  A T P - a s e  a c t i v i t y  of  
m y o s i n  whi le  Zn  ion h a s  b e e n  i l n p l i c a t e d  in t h e  A T P  a u g m e n t a t i o n  of 5 - n u c l e o t i d a s e  
a c t i v i t y  of  c o b r a  v e n o m  "~. I T P  c o u l d  no t  s u b s t i t u t e  for  A T P  in th i s  l a t t e r  role.  I t  was ,  
t h e r e f o r e ,  d e c i d e d  to  d e t e r m i n e  the  e f fec t  o f  t h e s e  m e t a l s  on  t h e  r o t a t o r y  d i s p e r s i o n  
of b o t h  A T P  a n d  I T P .  T h e  d a t a  o f ' f a b l e s  I I  a n d  i I I  r e p r e s e n t  t h e  r e s u l t s  o f  t h i s s t u d y .  

I t  is e v i d e n t  f r o m  t h e  d a t a  of  T a b l e  I I  t h a t  a t  t h e  p i t  v a l u e  of  m o s t  i n t e r e s t  t o  
t h e  p h y s i o l o g i s t ,  n a m e l y  p H  7, t h e  a d d i t i o n  of e i t he r  c a l c i u m  o r  m a g n e s i u m  to  A T P  
d o e s  n o t  in f luence  t h e  r o t a t o r y  d i spe r s ion .  T h e r e  is, h o w e v e r ,  a s ign i f ican t  c h a n g e  in 
t h e  s y m m e t r y  of  t he  m o l e c u l e  w h e n  zinc is a d d e d  to  t he  solutio-..~. I n  a s im i l a r  cons ide r -  
o r ion  of  t h e  d a t a  of  T a b l e  [1I  it  is a p p a r e n t  t h a t  I T P  i n t e r a c t s  a t  p H  7 w i t h  b o t h  
C a  a n d  Mg ion in such  a m a n n e r  as  to  in f luence  t h e  o p t i c a l  s y m m e t r y  of t he  molecu le .  
T h e  i n t e r a c t i o n  w i t h  c a l c i u m  leads  to  g r e a t e r  o p t i c a l  s y m m e t r y  whi le  t h e  i n t e r a c t i o n  
w i t h  M g  lead~ to  a n  a p p a r e n t  r e l a x a t i o n  of t h e  mo lecu l e  a n d  d e c r e a s e d  o p t i c a l  s y m -  
m e t r y .  T h e  resu l t  of  th i s  r e l a x a t i o n  is a c o m b i n a t i o n  t h a t  possesses  r o t a t o r y  d i s p e r s i o n  

Relere~wes p. 3o,x. 
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charac te r i s t ics  t h a t  are  the  same  as those  of  the  A T P  molecule  wi th in  the  s ta t i s t i ca l  
significance of the  da ta ,  T h e  d a t a  a t  p H ' s  5 and  9 are g iven  s imp ly  to b r acke t  the  
p H  value  of in teres t  a n d  will no t  be  discussed fu r the r  excep t  to  s a y  t h a t  the  a p p a r e n t  
conf igura t ional  changes  t h a t  occur  would p r o b a b l y  have  to be exp la ined  on the  basis  
of the  salt  t y p e  bonds  t h a t  would  be f o r m e d  a t  those non-phys io logica l  p H  values .  

Since iu te rac t ions  of in teres t  were  o b s e r v e d  be tween  Zn wi th  A T P  a n d  Mg wi th  
ITP ,  the  na tu r e  off the  in te rac t ion  was s tud ied  fu r t he r  b y  inves t iga t ing  the  abil i t ies  
of I M P  and  I D P  to i n t e r ac t  wi th  Mg and  those  of A M P  a n d  A D P  to i n t e r ac t  wi th  
Zn. The  resul ts  of these  s tudies  are  g iven  in "Fable IV.  

I t  a p p e a r s  t h a t  the  op t ica l  s y m m e t r y  of tile d i p h o s p h a t c  c o m p o u n d s  as well as 
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t h a t  of the  t r i phospha te  compounds  is influenced by  the  presence of the me ta l  ions. 
T)',e opt ical  s y m m e t r y  of the  m o n o p h o s p h a t e  compounds ,  however ,  is not  influerteed 
b y  the  presence of the  me ta l  ions. 

DISCUSSION 

T h e  fnct t ha t  bo t h  inosine and adenosine phospha ted  compounds  form st~ble 
complexes  wi th  meta l  ions is weU known% The  use of r o t a to ry  dispersion to inves t iga te  
these complexes  is not  for  the  purpose of ident i fy ing  the  complexes,  bu t  r a the r  is to  
e luc ida te  if possible the  influence of the added  meta ls  upon the  conf igurat ion of the 
complex.  

T o w a r d  this end  it should be no ted  t t tat  while t l ' P  is less effective tlLan A£U itl 
p roducing  muscle con t rac t ion ,  the  addi t ion of Mg ion to the  p repara t ion  results  in 
ATP  a nd  I T P  bo th  being abou t  equa l ly  effcctiveL Considering the  results of the  
present  researches in this  regard,  it is of interest  t h a t  the addi t ion  of Mg ioll to I T P  
solut ions results  in a K , .  of the  dispersion p a t t e r n  t ha t  is the  same as t h a t  of K r P  
wi th in  the  s ta t i s t ica l  re l iabi l i ty  of the  method .  This implies t h a t  the  two molecules 
have  similar  opt ica l  s y m m e t r y  and permi ts  the  possibil i ty of a similar configurat ion 
unde r  condi t ions  where  the  physiological  act ivi t ies  are similar. 

The  ex tens ion  of the  r o t a t o r y  dispersion stqflics to meta l  in terac t ion  wi th  the  
mono~ a ud  d iphospha t e  compound~ permi t s  some specula t ion as to  the  configt~ration 
of  t he  complexes  formed,  Cons t ruc t ion  of molecular  models  of the  cornpouads  under  
inves t iga t ion  shows t h a t  the folded conf igurar ,on of both  the  di- and  t r i phospha t ed  
s t ruc tu re s  of e i the r  inosine or axlenosine would permi t  a s t ruc tu re  t h a t  could be 
s tabi l ized by  inco rpora t ion  of a me ta l  ion be tween the  te rminal  phospha t e  group,  
and  the  subs t i t u t ed  group  a t  pos i t ion  6 of the  molecule. XVith the  mort~phosphate  
c o m p o u n d  the ' d i s t ance  be tween the  phospha te  and  the  subs t i tu t ed  group a t  poMtion 
6 is so great  t h a t  the  meta l  ion could  no t  bridge the  gap. Such a model  is in excelle~t 
ag r e e me n t  with the  d a t a  f rom the  r o t a t o r y  dispersion studies. 

i t  is of course obvious  t ha t  th~ present  studies have no  bea t ing  on the  possible 
in te rac t ions  betweeit  me ta l  ions and  proteins.  This  la t te r  t ype  of ac t ion  m a y  well 
be the  i m p o r t a n t  f ac to r  for s tabi l iza t ion  of a p ro te in -meta l -ATP s t ruc ture .  The  present  
researches  would  conform to  a model  in which once the proper  "ATP- l ike"  s t ruc tu re  
is achieved,  i t  would  then  b ind  to  the  p ro te in  perhaps  t h rough  ano the r  meta l  br idge 
to  p roduce  a physiological ly  ac t ive  compound .  

R e c e n t l y  I~AYE '~ has  descr ibed a s i tua t ion  in which r emova l  of Zn ion f rom cobra  
v e n o m  resul ted in a two-fold  increase in 5-nucleot idase ac t iv i ty .  Readdi t ion  of the  
Zn ion reversed  th is  effect.  F r o m  his results  he deduced  t ha t  an ATP-Zn  complex  
w a s  fo rmed  and  the  A T P  was r emoved  from the  sys t em b y  this process. The  r emova l  
of the  ATP,  which  was necessary  for the enhancemen t  of the  5-nucleotida.se ac t iv i ty ,  
t h e n  resul ted in a decreased  enzyme  ac t iv i ty .  I T P  could no t  subs t i tu te  for ATP i~ 
this  sys tem.  

The  resul ts  p resented  in this communica t ion  suppor t  the idea of the  Zn-ATP 
complex  at  all pH  values s tudied.  The  complex  fo rmed  is obvious ly  qui te  different  
conf igura t iona l ly  t han  the  original  ATP, and  if the  in t eg r i ty  of the  ATP  s t ruc tu re  is 
necessa ry  in the  5-nucleot idase  system,  the  A T P  could  be " r e m o v e d "  s imply  b y  the  
con t igura t iona l  changes  t h a t  occur  in the  in te rac t ion  with the  Zn ion, Our  resul ts  
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would be compatible wi th  those of K,wl ;  for the I T P  also since no Zn - ITP  complex 
is observed and  it could not  compete  for the zinc present t t lereby releasing the ATP, 
nor is I T P  configurat ional ly  sa t is factory,  wi th  or wi thou t  Zn ion, to  subs t i tu te  
direct ly for the ATP. 
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,% UMMARY 

The detection of N-ace ty lawino  sugars on paper  ch romatograms  has been made  more  
sensitive by  the use of an e thano l -bora te  spray,  followed by s teaming  and  spray ing  
with a modified DMAB spray. As little as I ~g of N-acetylglucosamine can be de tec ted  
on paper. By ex t rac t ing  the  cnloured complexes f rom the  paper, the  me thod  can be 
adap ted  for quan t i t a t ive  studies. The r~ethod was applied to the detect ion of acetyl-  
amino sugar compounds  in par t ia l  acid hydro lysa tes  and lysozyme digests of bacter ia l  
cell walls. 

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

P A R T R I D G t  - t  demons t ra ted  tha t  the reagents used in the MORGAN :X.N'D EI.SOx "~ react ion 
for N-acet3;lamino sugars could be adap ted  for the detect ion of these compounds  on 
paper  chromatograms.  The s tabi l i ty  and  yield of the  coloured complex formed under  
the  condit ions of the N-acety lamino sugar react ions is susceptible to such factors as 
the  dura t ion  of heat ing with alkali, the presence of salts, the concent ra t ion  of hydro-  
ctdoric acid in the p -d imethy lamino  benzaldehydo reagent ",-~. I t  is therefore not  
Re[ere~ces p. 3x2. 


