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Phosphog lucomutase  was p repa red  f rom po ta toes  by  
the  m e t h o d  of RUSSEL 7. The reac t ion  mix tu r e  consis ted 
of 1. 0.4 ml  of phosphog lucomutase  prepara t ion ,  2. 0.2 ml  
of 0 .1M cyste ine  solut ion (pH 7.5), 3. 0.2 ml  of 0 .1M 
ci t ra te  buffer  (pH 7.4), 4. 0.3 ml  of e i ther  double  dist i l led 
wa te r  or inh ib i to r  solution, 5. 0.4 ml  of 0 .06M glucose- 
1-phosphate  solution.  The reac t ion  mix tu res  were incu- 
b a t e d  a t  37~ for d i f ferent  per iods and the  reac t ion  
s topped  by  the  addi t ion  of 1 ml  of 5 N sulfuric acid and  
volume made  to 5 ml  w i th  dist i l led water .  The reac t ion  
tubes  were placed in a boil ing w a t e r - b a t h  for 3 min and  
the  l ibera ted  phosphorus  was de t e rmined  by  the  m e t h o d  

Effect of inhibitor on phosphoglucomutase activity 

Incubation 
period 
(min) 

Inorganic phosphorous of glucose-6- 
phosphate formed from 
glucose-l-phosphate 
in the reaction mixture (rag) 

With inhibitor Without inhibitor 

4 0.21 0.20 

6 0.20 0.25 

8 0.24 0.29 

12 0.25 0.35 

15 0.25 0.47 

of FISKE and  SuBHARow% The incuba t ion  mix tu res  were 
also sub jec ted  to TLC for resolut ion of sugar phospha t e s  
by  the  m e t h o d  of DAVIDSON and  DREW s. 

Results. The inhib i tor  is d ia lyzable  and soluble in water ,  
benzene,  chloroform and  d i -e thyl  ether.  I t  can be con- 
cen t r a t ed  by  ex t rac t ion  in these solvents,  followed by  
in-vacuo evapora t ion  at  low t empera tu re .  I t  did no t  show 
any  effect  on s ta rch  phosphory lase  ac t iv i ty  when  incu- 
ba t ed  up to 10 rain. D a t a  repor ted  in the  Table  and  th in  
layer  c h r o m a t o g r a p h y  analysis  (Figure) showed par t ia l  
inhib i t ion  of convers ion of g lucose - l -phospha te  to  glucose- 
6-phosphate  when  react ion mix tu res  conta ined  inhib i tor  
solution. 

Discussio~r Simul taneous  occurrence of sucrose e and  
f ruc tosan  ~n onion bulbs presents  a d i lemma,  since known  
sys tems  for the  synthes is  of sucrose require  glucose-I-  
phospha t e "  and  sucrose is a subs t r a t e  for f ruc tosan  bio- 
synthes is  ~~ In view of t he  presence of phosphogluco-  
mutase  inhibi tor ,  t he  a l te rna te  p a t h w a y s  m a y  exist  in 
th is  p lan t  for the  synthes is  of sucrose f rom fructose 
phospha te s  and  U D P G  12-14. Then  the  b iosynthes i s  of 
s ta rch  f rom sucrose m a y  be inhib i ted  owing to the  presence  
of phosphog lucomutase  inhibi tor ,  as it  is one of the  
enzymes  involved in its synthes is  and sucrose is ut i l ized 
for f ruc tosan  biosynthesis .  The specula t ion  is also t enab le  
because synthes is  of f ructosans  does no t  require  glucose-1- 
phospha te .  

Zusammen/assung. Aus Zwiebelknollen (Allium cepa 
Linn.) wurde  ein H e m m s t o f f  der  Ph o s p h o g l u k o mu ta se  
isoliert. 

I. S. BHATIA and  SUDARSHAN SINGK 
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Representation of thin layer chromatogram developed by the method 
of DAVlDS0N and DREW s. Initial spots at the departure line were 
1. glucose-l-phosphate solution; 2. ghcose-6-phosphate solution; 
3. reaction mixture without inhibitor solution, incubated for 15 rain; 
4. reaction mixture with inhibitor solution, incubated for 15 min. 
Faint dotted circles indicate weak spots. 
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Studies  on the Behav iour  of Circular D i c h r o i s m  of Different H a e m o g l o b i n s  in the 260 n m  Re~ion  

In  1968 we found t h a t  complexes  of h u m a n  met -  
haemoglob in  and  m e t m y o g l o b i n  differ in opt ical  ac t iv i ty  
in the  soret  and  260 n m  region 1. The values  of e l l ipt ic i ty  
of the  soret  region compared  wi th  those  of the  260 nm 
region show an opposi te  t endency :  t he  el l ipt ic i ty  a t  
260 n m  increases wi th  the  low-spin charac te r  of the  
complexes  while in the  soret  region the  values decrease 

wi th  increasing low-spin character .  We conclude f rom 
this  f inding t h a t  there  mus t  be di f ferent  chromophores  
which produce  co t ton  effects a t  260 n m  and  ill the  sorer 
region 2. Moreover,  in b o t h  regions, s ignif icant  species- 
d e p e n d e n t  differences are to  be observed.  F r o m  correla- 
t ions  be tween  the  af f in i ty  of d i f ferent  l igands of haemo-  
globin (alcylisocyanides) and  of me thaemog lob in  wi th  
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the  el l ipt ic i ty  in the  260 n m  region, it is considered t h a t  
t he  in tens i ty  of the  el l ipt ici ty a t  260 n m  reflects  inter-  
act ions be tween  the  pros the t ic  group and the  protein ,  
especially wi th  hydrophob ic  pa r t s  of the  molecule ~, a. 

Now CD measu remen t s  were made  on di f ferent  haemo-  
globins in the  260 n m  region wi th  greater  resolut ion of 
the  d ichrographe  (Jouan,  t y p e  185). We  found t h a t  the  
b road  CD-absorp t ion  b a n d  in t h e  260 n m  region can  be  
resolved in abou t  3-4 d is t inc t  max ima .  In  t he  Figure  
CD-absorp t ion  spec t ra  of oxyhaemoglob in  of 4 di f ferent  
species are to be seen. The resolut ion of the  broad  CD- 
b a n d  differs in dependence  of the  species inves t iga ted .  
Especial ly  in the  case of foetal  and  adul t  h u m a n  haemo-  
globin well resolved CD-spect ra  wi th  4 m a x i m a  can be 
d is t inguished (Figure). 

in this  region wi th  the  a romat ic  amino acid residues. 
These in te rac t ions  are also responsible  for t he  origin of 
the  opt ical  ac t iv i ty  in the  sorer region s. The second 
con t r ibu t ion  to the  CD-band  in 260 n m  region comes 
f rom coupling of a romat ic  side chain t rans i t ions  and the  
in te rac t ion  of these  w i t h  the  h a e m  group. The major  
factor  of the  observed ro ta t iona l  s t reng ths  in t he  260 nm 
region is t he  in te rac t ion  of the  h a e m  group wi th  a romat ic  
side chain t rans i t ions  because of the  s t rong dependence  
of th is  CD-absorp t ion  on the  spin of t he  h a e m  iron and 
the  d iminished  CD-band  af ter  r emoving  the  haem group. 
The fine s t ruc ture  of the  CD-band  in 260 n m  region can 
only be p roduced  by  the  second po in t  because the  fine 
s t ruc ture  reflects  the  vibr ionic  s t ruc tu re  of the  UV 
t rans i t ions  of t he  pe r tu rbed  a romat ic  chromophores .  
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CD-spectra of Q--O adult human-, x - - - x  
bovine-, 0--0 fetal human-, x - - x  carp 
oxyhaemoglobin. Ordinate: Ellipticity on 
molar haem basis; 23 4- 1.5~ 1/15M 
phosphate buffer, pH 7.0; concentration 
4• 10 -* val/1; cuvette 5 x 10 -2 em. 

In  1965 5 we ana lyzed  the  pos i t ion  of the  absorp t ion  
bands  of pheny la lan ine  in H b - A .  In  th is  case we took 
me thaemog lob in  because of be t t e r  resolut ion of the  
spectra .  Compar ing  now the  posi t ion of tile m a x i m a  in 
CD-curves wi th  the  absorp t ion  m a x i m a  in opt ical  spec t ra  
in h u m a n  haemoglob in  shows t h e m  to be in good agree- 
ment .  

F u r t h e r  we observed  t h a t  bovine  apohaemoglob in  
exhibi t s  a posi t ive  co t ton  effect  in the  260 n m  region. 

F r o m  these  resul ts  we conclude t h a t  for the  origin of 
the  CD-bands  in the  260 n m  region, t rans i t ions  of phenyl -  
a lanine residues are also responsible.  According to  the  
theory  of TINoco 5 two reasons m a y  be due to  the  co t ton  
effects in 260 n m  region;  the  coupling of t r ans i t ion  of the  
h a e m  chromophore  which  has  a small  absorp t ion  band  

Absorption spectra CD spectra Hb(2) 
Hb-A !-Ib-A 
Position of Phe-bands CD-maxima 
Hb(3) Hb(2)-CO Hb(2)-O 2 

254.0 nm 254.0 nm 251.0 nm 

259.7 nm 258.5 nm 257.5 nm 

265.7 nm 263.0 nm 262.5 nm 

269.5 nm 270.0 nm 270.0.nm 

F r o m  absorp t ion  m e a s u r e m e n t s  of pheny la lan ine  in 
haemoglobin ,  i t  is known  4 t h a t  t he  resolut ion is lowered 
by  over lapping  absorp t ion  of o ther  a romat ic  amino 
acids. Therefore  t he  CD-band  can be resolved only wi th  
diff icul ty  in single peaks  and  dis t inguished only a t  
several  species. 

Zusammen/assung. CD-Messungen mat hoher  Aufl6sung 
an H i m o g l o b i n e n  verschiedener  Spezies ergaben eine 
Aufspa l tung  der  bre i ten  Absorp t ionsbande  bei 260 nm 
in 4 einzelne Maxima.  Diese s t i m m e n  mat der  Bandenlage  
des Pheny la lan ins  im Abso rp t i ons spek t rum v o m  H i m o -  
globin gut  i iberein und  werden  daher  d iesem Chromophor  
zugeordnet .  
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