
964 Specialia EXPERIENTIA 29]8 

Table) ,  wh ich  has  two nega t i ve  charges.  F u r t h e r m o r e ,  t he  
hydro lys i s  of imide  l inkages  u n d e r  mi ld  a lka l ine  condi-  
t ions  m i g h t  be  more  select ive in copolymers  of a spa r t i c  
acid, such  as p ro te ino ids  s. He re  t h e  r e a c t i v i t y  of t he  
a spa r toy l  res idues  would  be  d i f fe ren t i a l ly  in f luenced  b y  
t he  ne ighbo r ing  a m i n o  acid res idue  as well  as b y  t he  
n u m b e r  of free c a r b o x y l a t e  groups.  The  es terase  a c t i v i t y  
of a h i s t id ine - r i ch  p ro te ino id  ha s  been  found  to be  imide  
s t r u c t u r e - d e p e n d e n t  9. 

Imides  are also of in t e res t  in  o the r  areas.  A role for a n  
a s p a r t o y l  group in  an  e n z y m e  m e c h a n i s m  of ac t ion  t h a t  
involves  ac t ive  si te  acy la t ion  of a n  a d j a c e n t  ser ine res idue  
has  been  proposed  ~0, n .  A s p a r t o y l  groups  can  be  p roduced  
u n d e r  ce r t a in  r e l a t ive ly  mi ld  cond i t ions  du r ing  pep t ide  
syn thes i s  1~, ~a. 

F ina l ly ,  t he  g rea t  r e a c t i v i t y  of t h e  p h t h a l i m i d e  r ing  of 
ph tha loy l -DL-aspar toy l - f i -a lan ine  is f u r t h e r  ev idence  t h a t  
t h e  biological  a c t i v i t y  of T h a l i d o m i d e  resides in  fhe  
acy la t ing  c a p a b i l i t y  of i t s  p h t h a l i m i d e  r ing  4. F u r t h e r -  
more,  we h a v e  been  able  to  acy la te  m e t h y l a m i n e ,  lysine,  
or glycine a t  p H  9.5 to 10.0 w i t h  t he  imide  fo rm of poly-  
a spa r t i c  acid in  wa te r  a t  r oom t e m p e r a t u r e .  I n  these  cases 
t he  a m i n o  groups  compe te  w i t h  h y d r o x i d e  ions I.or reac- 
t ion  w i t h  imide  l inkages.  Coupl ing of amino  c o m p o u n d s  
w i t h  t he  po lya spa r t i c  ac id  was s ignif icant ,  as j udged  b y  
t h e  fol lowing mola r  ra t ios  ca lcu la ted  a f te r  e x h a u s t i v e  
dia lysis  and  amino  acid analys is  : 1. M e t h y l a m i n e  : a spa r t i c  
acid = 5 : 6; 2.  Lys ine  : a spa r t i c  acid = 1 : 9; 3. Glyc ine  : as- 
pa r t i c  acid = 1:11. T he  r e a c t i v i t y  of po ly imides  With 
a m i n o  c o m p o u n d s  in w a t e r  suggests  t h a t  T h a l i d o m i d e  
m a y  in ter fere  w i t h  e m b r y o  d e v e l o p m e n t  t h r o u g h  analo-  
gous acy la t ion  of a m i n o  groups  of p ro te ins ,  pa r t i cu l a r l y  
histolleS. 

Zusammen/assung. Nachweis ,  dass  die a lka l i sche  H y d r o -  
lyse des P h t h a l i m i d s  d u t c h  eine N - S u c c i n i m i d g r u p p e  
e r h 6 h t  wird.  W R h r e n d  der  a lka l i schen  Hydro ly se  des 
Po lysucc in imids  fgll t  die Reak t i onsgeschwind igke i t  in- 
folge A u f t r e t e n s  nega t i ve r  L a d u n g e n  ab. 
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Circadian Rhythm in Blood Glucose and Liver Glycogen Levels of Scorpion, Heterometrus fulvipes 

])EVARAJULU IN'AIDU 1 r epo r t ed  t h a t  t h e  h e a r t  r a t e  of 
scorpion,  Heterometrus /ulvipes, w a s  shown to  follow a 
regular  c i rcad ian  r h y t h m  w i t h  t h e  m a x i m u m  ra te  a t  
20.00 h a n d  t he  m i n i m u m  a t  08.00 h. T he  s tudies  of 
V:ENKATACHARI and  ]~)tgVARAJULU NAIDU 2 on  chol ine  
es terase  a c t i v i t y  of t h e  h e a r t  musc le  of t he  scorpion,  
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Circadian rhythm in relation to the levels of blood glucose and liver 
glycogen of Scorpion, Heterometrus/ulvipes. 

Heterometrus ]ulvipes, revea led  t h a t  t he  m a x i m u m  
e n z y m e  a c t i v i t y  was w i t h  t h e  m a x i m u m  ra t e  of h e a r t  
b e a t  and  vice versa .  S imi la r  f ind ings  were also m a d e  on 
t he  r h y t h m i c  change  of chol ine  es terase  a c t i v i t y  in  t h e  
v e n t r a l  ne rve  cord of scorpion  a. 

The  above  i nves t i ga t i on  suggests  t h a t  t he  biological  
c o n s t i t u e n t s  (me tabo l i t e s  a n d  enzymes)  v a r y  in a r h y t h -  
mic  m a n n e r  dur ing  24 h t ime.  A m o n g  t he  me tabo l i t e s  t h a t  
v a r y  r h y t h m i c a l l y  are  l iver  glycogen, b lood  glucose ~ a n d  
p l a s m a  free f a t t y  acids 5. B u t  in  t he  p rev ious  s tud ies  no 
a t t e m p t  was m a d e  to  ana lyse  t he  r h y t h m i c i t y  of t he  
m e t a b o l i t e s  l ike  glycogen and  glucose. Th i s  p r o m p t e d  us 
to  s t u d y  these  c o n s t i t u e n t s  in  scorp ion  b lood  a n d  hepa to -  
panc rea s  (l iver in  chorda tes)  a t  d i f fe ren t  i n t e rva l s  
d u r i n g  24 h day.  

Material and methods. The  c o m m o n l y  ava i l ab le  S o u t h  
I n d i a n  Scorpion,  Heterometrus /ulvipes, was used du r ing  
t he  p r e s e n t  s tudy .  The  an ima l s  were s t a r v e d  for 24 h 
p reced ing  t h e  e s t ima t ions .  The  h e p a t o p a n c r e a s  (liver in  
chorda tes)  were isola ted a t  d i f fe ren t  t imes  of t h e  d a y  in  
cold scorpion  R i n g e r  6 and  k e p t  for 5 ra in  for recovery.  
The  b lood  f rom i n d i v i d u a l  spec imens  w a s  d r a w n  w i t h  a 
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h y p o d e r m i c  syr inge  t h r o u g h  t he  a r t h r o d i a l  m e m b r a n e  of 
t he  che la te  leg. Six d i f fe ren t  t i m i ngs  were chosen  to 
cover  t he  24 h per iod  of t he  d a y  choos ing  3 spec imens  for 
each  t ime.  The  e x p e r i m e n t  was  r epea t ed  for 3 consecu t ive  
days  to see w h e t h e r  t h e  p a t t e r n  of a c t i v i t y  levels r e m a i n e d  
the  same in  all  3 days.  T he  levels of b lood glucose a n d  
h e p a t o p a n c r e a t i c  glycogen was assayed  us ing  t he  
m e t h o d s  of MENDEL, KEMP and  MYERS7 a n d  KEMP and  
HEIJNINGER s respec t ive ly .  

Results and discussion. The  m e a n  4- s t a n d a r d  d e v i a t i o n  
va lues  of t he  b lood  glucose and  h e p a t o p a n c r e a t i c  g lycogen 
levels a t  d i f fe ren t  t i m e s  of t h e  d a y  are shown  in t he  
f igure  (Figure).  The  a m o u n t  of t he  b lood glucose ranges  
f rom 7.99 4- 0.48 (08.00 h) to  27.32 :~ 0.63 mg. (20.00 h) 
of glucose/100 ml  of b lood  a n d  h e p a t i c  glycogen f rom 
7.84 4- 0.56 (20.00 h) to  17.21 4- 0.37 m g  (08.00 h). F r o m  
the  F igure  i t  is ev iden t  t h a t  t h r o u g h  ou t  t he  l igh t  pe r iod  
and  in to  t h e  ear ly  p a r t  of t he  d a r k  per iod,  g lycogen 
s tores  decl ine to  a m i n i m u m  a t  20.00 h. The  blood 
glucose levels  rose s t ead i ly  d u r i n g  t h a t  t i m e  to r each  a 
m a x i m u m  a t  20.60 h. As glycogen s tores  t h e n  increased  
(20.00 h to 04.00 h), b lood glucose levels fell. This  p a t t e r n  
of a c t i v i t y  was seen on al l  t he  3 days  p r o v i n g  c lear ly  t h e  
ex is tence  of d iu rna l  r h y t h m  in t h e  levels of m e t abo l i t e s  
l ike glucose and  glycogen.  

A r h y t h m i c  p a t t e r n  has  been  shown  to  occur  in  va r ious  
ac t iv i t i e s  l ike locomot ion ,  po i son  secre t ion  ~ a n d  neuro-  
secre t ion  ~0 besides  t h e  r a t e  of h e a r t  b e a t  1 a n d  chol ine  
es terase  a c t i v i t y  on t he  h e a r t  muscle  2 in  t h e  scorpion.  I n  
t he  p r e sen t  s tudy ,  as e v i d e n t  f rom t he  resul ts ,  t h e  
v a r i a t i o n s  in  t he  h epa t i c  g lycogen bea r  a n  inverse  
r e l a t i on  to t h e  co r r e spond ing  v a r i a t i o n s  in  the  b lood 
glucose level,  whi le  g lycogen decl ines  to  a m i n i m u m  
(20.00 h) t he  b lood glucose level  shoots  up  to  a m a x i m u m  
(20.00 h) and  vice-versa .  A s imi la r  t r e n d  was also found  
in t he  r a t e  of h e a r t  bea t  1 and  ace ty lcho l ine  a c t i v i t y  2 in  
t he  h e a r t  muscle.  

The  v a r i a t i o n s  no t iced  in t he  b lood  glucose of Heterome- 
trus /ulvipes a t  d i f fe ren t  i n t e rva l s  of t he  day  ind ica t e  
v a r i a t i o n  in i ts  glucose u t i l i s a t i on  r a t e  and  hence  in i ts  
m e t a b o l i c  r a t e  d u r i n g  those  periods.  These  v a r i a t i o n s  in 
i ts  m e t a b o l i c  r a t e  is d i r ec t ly  p r o p o r t i o n a l  to  t he  v a r i a t i o n s  
in t he  i n t e r n a l  phys io logica l  ac t iv i t i e s  l ike syn thes i s  of 

enzymes  a n d  r egu la to ry  m e c h a n i s m  of d i f fe ren t  organs  
in t he  body.  The  h i g h  a m o u n t  of chol ine  es terase  a c t i v i t y  
in the  h e a r t  musc le  2 of the  scorp ion  a t  20.00 h a n d  t he  
m a x i m u m  ra t e  of h e a r t  b e a t  1 of t he  scorp ion  a t  t he  same  
t ime,  f rom the  ear l ier  f ind ings  suggested  t h e  need for h igh  
a m o u n t  of energy  d u r i n g  those  hours  of t he  day.  The  
necessa ry  energy  is p e r h a p s  m a d e  ava i l ab le  t h r o u g h  
increased  me tabo l i c  d e g r a d a t i o n  of b lood g lucose .  

T h a t  h e p a t i c  g lycogenolys is  is t h e  p r e d o m i n a n t  source 
of b lood  glucose is ev idenced  b y  the  t r e n d  of v a r i a t i o n  
of h e p a t o p a n c r e a t i c  g lycogen r e l a t i ng  to b lood glucose 
(Figure).  The  fol lowing obse rva t ions  p rov ide  f u r t h e r  
ev idence  for this .  As t he  scorpions  were s t a rved  pr io r  
to  these  e s t ima t ions ,  d i e t a r y  c a r b o h y d r a t e s  could no t  
h a v e  been  t he  source of b lood  glucose. 

F r o m  these  f ind ings  i t  is t e m p t i n g  to sugges t  t he  
dif ference in t he  levels of b lood  glucose in our  f ind ings  
reflect  i ts  v a r y i n g  levels of u t i l i za t ion  to  mee t  t he  
energet ic  and  s y n t h e t i c  demands ,  such  as syn thes i s  of 
ace tychol ine ,  in accordance  w i t h  t h e i r  p a t t e r n  of ac t iv i ty ,  
t hus  showing  a regu la r  c i r cad ian  r h y t m  l ike t h a t  of 
h e a r t  bea t  i and  chol ine  es terase  a c t i v i t y  2. 

Zusammenfassung. E x p e r i m e n t e l l e r  Nachweis  e iner  
r ez ip roken  T a g e s r h y t h m i k  yon  B l u t z u c k e r  u n d  Leber-  
g lykogen  b e i m  Skorpion,  Heterometrus/ulvipes. 
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Evidence for Act inomycin D Inhibition of Transcription of Carotenoid Loci in Neurospora 

Most  mic ro -o rgan i sms  t h a t  p roduce  ca ro teno ids  do so 
in response  to  l i gh t  i n d u c t i o n  1-3. C o m p o u n d s  such  as 
fl-ionone (4-(2,6 ,6- t r imethyl-2-cylo,  hexen - l -y l )  3 b u t e n -  
2-one) 4 or d i p h e n y l a m i n e  5 i n h i b i t  ca ro tenogenes i s  a t  t he  
p ro t e in  level  while  cyc lohex imide"  and  c t l lo ramphenico l  7 
h a v e  been  found  to i n h i b i t  a t  t he  level  of t r a n s l a t i o n  in 
euka ryo te s  a n d  p r o k a r y o t e s  respect ive ly .  To da te  no  
ev idence  has  been  p roduced  to d e m o n s t r a t e  t h a t  i nduc t i on  
proceeds  b y  some p h o t o - i n d u c e d  m e c h a n i s m  re su l t i ng  in 
t he  specific t r a n s c r i p t i o n  of h i t h e r t o  repressed  or low 
level  c o n s t i t u t i v e  genes t h a t  are respons ib le  for t he  pro- 
duc t ion  of the  ca ro tenogen ic  pro te ins .  This  p a p e r  p re sen t s  
ev idence  for the  ex is tence  of a pho t o s ens i t i ve  con t ro l  
molecule  (e i ther  a repressor  or inducer)  wh ich  med ia t e s  
t he  specific t r a n s c r i p t i o n  of ca ro tenogen ic  cistrons.  

T h e  ac t ion  s p e c t r u m  for ca ro teno id  i n d u c t i o n  in 
Neurospora, p l a t e a u s  a t  450-480 n m s  a n d  ta i ls  off t ow ards  
b o t h  ends  of t he  v is ib le  s p e c t r u m  a l t h o u g h  one recen t  
r epo r t  has  shown  some i n d u c t i o n  a t  254 n m  ~ U s i n g  a 
Neurospora wild t y p e  s t r a i n  10 we obse rved  t h a t  the  caro- 
t eno id  i n d u c t i o n  p o t e n t i a l  was g rea t e s t  in  t he  la te  log or 

s t a t i o n a r y  phase  of g r o w t h  and  t h a t  i n d u c t i o n  is s toichio-  
me t r i ca l ly  dose d e p e n d e n t  i. e. d a r k  cond i t ions  s u b s e q u e n t  
to  l i g h t  i n d u c t i o n  do no t  repress  ca ro tenogenes i s  and  
t he  a m o u n t  of ca ro teno id  fo rmed  is p r o p o r t i o n a l  to  t he  
a m o u n t  of i nc iden t  l ight .  The  c o n s t i t u t i v e l y  syn thes i zed  
d a r k  phase  ca ro teno ids  were k e p t  a t  a c o n s t a n t  low level  
b y  t he  add i t i on  of Tween  80 (15-20 ppm)  or some o t h e r  
w e t t i n g  agent .  
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