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a-Amylase  and its Release by Prostaglandin F ~  in Barley Endosperm Slices 

3" 5' cyclic A M P  (cyclic AMP) has been impl ica ted  I, 2 as 
an intermediate in the action of a number of mammalian 
hormones. It may also have a role in gibberellic acid trig- 
gered release of, c~-amylase during cereal grain germina- 
tion s, 4. It now appears that prostaglandins may be con- 
cerned in regulatioll of cyclic AMP levels in a variety of 
mammalian tissues. Most of the work reported has con- 
centrated on the action of prostaglandins E I and E v In 
general they decrease cyclic AMP concentration in adipose 
tissue and increase it in most other tissues studied 5. Pros- 
taglandin F~has been reported to have no effect on adenyl 
cyclase in thymic lymphocytes 6 or intact uterus stripsL 

The present work indicates that prostaglandin F2~ can 
t r igger  release of e-amylase  in bar ley  endosperm slices. The 
bar ley  used was Hordeum vulgate L. var.  Marls Otter ,  de- 
husked by  t r e a t m e n t  wi th  50% H2SO 4 and stored at  room 
tempera ture .  2 m m  endosperm slices in groups of 10 were 
incubated  for 24 h at  25~ wi th  4 ml  of solution as indi- 
ca ted  below. 1 ml  M NaC1 was added to the  solutions be- 
fore homogeniz ing in a Po t t e r  t ype  homogenizer.  The  ho- 
mogenates  were left  to s tand for 1 h at  room tempera tu re  
before centr i fuging (MSE bench centrifuge,  5 min,  speed 
10). e -amylase  ac t iv i ty  in the  superna tan t  was assayed at  
25 ~ by  the iodine-dextr in  colour me thod  of BRIGGS 8 and 
expressed in a rb i t ra ry  units  (AU) per  10 slices as described 
by  D ~ u s  ~. 

Pros taglandins  E~ E~ A~ and F ~  prepared by  Dr. ] .  E.  
P l t ~  were made  avai lable  by  the  U p j o h n  Company,  Kala-  
mazoo; Michigan 49001. Pros tag landin  F ~  supplied as the  
t rome thamine  salt  was easily soluble in water .  Solutions of 
prostaglandins  E 1 E~ and A~ were prepared by dissolving 
I mg of pros taglandin  in 0.1 ml  of 95 % ethanol  and making  

up to 1.0 ml  wi th  sodium carbonate  solut ion (0.2 mg/ml) .  
Tile f inal  p H  was between 6 and 7.5. 

The  results show tha t  pros taglandin  F ~  at  a concentra-  
t ion of 10-5M can t r igger  e-amylase  release in bar ley  endo- 
sperm slices. The effect is small  compared  to t h a t  oi 
gibberell ic acid at  a concentra t ion  of 10-5M bu t  is similar  
to t h a t  repor ted  previous ly  3 for cyclic AMP at  the  same 
concentrat ion.  I t  does not  appear  to have  an addi t ive  (or 
any) effect  on the  response to gibberell ic acid. Pros taglan-  
dins E 1 E 2 and A~ had no effect, e i ther  alone or in combi-  
na t ion  wi th  gibberell ic acid. A control  exper iment  showed 
tha t  no inhib i tory  effect on gibberell ic acid tr iggered 
~-amylase release was observed wi th  ethanol ic  sodium car- 
bonate  solut ion at  the  appropr ia te  concentrat ion.  Polyun-  
sa tura ted  acids such as l inolenic and linoleic acid, na tura l ly  
occurr ing in ma tu re  bar ley  seeds and though t  to be pre- 
cursors of pros taglandin  in animals  also had no effect. 

The  amoun t  of e-amylase  released appears  to be f ini te  
and does no t  increase wi th  long incubat ion.  I t  m a y  be 
suggested, therefore,  t h a t  pros taglandin  F2~ m a y  br ing 
about  the  release of a small  amoun t  of preformed e-amy-  
lase, possibly th rough  the  media t ion  of cyclic AMP. 

Zusammen/assung. Pros tag landin  F2~ kann  die Frei-  
setzung yon e-Amylase  im Endospe rm yon Gerste (Hor- 
drum vulgate L.). 
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Relative activities of e-amylase released by the action of gibberellic 
acid and prostaglandin F2~ 

Addition ~-amylase activity 
in AU/10 slices 

Gibberellic acid (10-SM) 
Prostaglandin F~e (10-~M) 
Distilled water 
Prostaglandin E 1 (10-~M) 
Prostaglandin E~ (10-~M) 
Prostaglandin A 1 (10-~M) 

0.34 ~:0.08 (14)~ 
0.020~0.013 (14) 

<0.0020 (14) 
<0.0030 (4) 
<o .oo lo  (2) 
<0.0005 (2) 

The number of experiments is given in brackets. 
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The Hydrolysis  of Polyimides  1 

Thermal  po lymer iza t ion  of aspart ic  acid produces a 
polysuccinimide (I), a chain of aspar toyl  residues 2, 3. We  
have  inves t iga ted  the  alkaline hydrolysis  of the  imide 
rings of (I) which conver ts  the  poly imide  to a polypept ide .  
The  hydrolysis  of imide rings has  also interes ted invest iga-  
tors  of the  biological  act ion of e-phthal imido-L-glutar-  
imide (Thalidomide).  The  chemical  r eac t iv i ty  of the  
ph tha l imide  r ing of Tha l idomide  has been established;  
for example,  a t  p H  7 and 37 ~ hydrolysis  of the  phthal -  
imide r ing proceeds a t  a s ignif icant  ra te  4. 

The  alkal ine hydrolysis  of polyimides  can be  expected 
to be kinet icMly complex  due to increasing nega t ive  

charge generated by  carboxyla te  groups 5. For  this reason, 
a diimide, phthaloyl-DL-aspartoyl-f i-alanine (IIA) was 
synthesized for a progressive s tudy  of the  hydrolysis  of 
polyimides.  I n  addit ion,  this  di imide (IIA) can be related 
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tO T h a l i d o m i d e  and  m i g h t  be  expec ted  to e x h i b i t  s imi la r  
r e a c t i v i t y  d u r i n g  hydro lys i s  of t h e  p h t h a l i m i d e  ring. 
Ph tha loy l - i ) n - a spa r t i c  a n h y d r i d e  was p r e p a r e d  b y  a 
m e t h o d  used for phth~fioyl-DL-glutamic a n h y d r i d e  6. The  
fo rmer  c o m p o u n d  was fused w i t h  an  equ imo la r  a m o u n t  
of f l-alanine a t  190-200~ for 30 rain.  T he  p r o d u c t  was  
twice  rec rys ta l l i zed  f rom d i m e t h y l f o r m a m i d e  a n d  pro- 
panol-2,  233-235~ rap ;  ( theor.  C, 56.96; I t ,  3.83, N, 8.86; 
found  C, 56.86; H, 4.10, N, 8.88, Micro-Tech  Labora to r i e s ,  
Inc. ,  Skokie,  Il l inois).  

H y d r o l y s i s  of ph tha loy l - I )L-aspar toy l - f l -a lan ine  was 
fol lowed w i t h  a p H  s t a t  a t  30 ~ A t  p H  7 one e q u i v a l e n t  
of base  was r equ i red  to  neu t r a l i ze  t h e  ca rboxy l  g roup  and  
a n o t h e r  e q u i v a l e n t  of base  was c o n s u m e d  over  2 days  in 
t he  hydro lys i s  of t he  p h t h a l i m i d e  r ing.  This  was  es tabl i sh-  
ed b y  a U V - s p e c t r u m  wh ich  h a d  fea tu res  in c o m m o n  w i t h  
those  of b o t h  ph tha ly l -DL-aspar t i c  acid and  of succinoyl-  
f l -alanine a n d  w h i c h  lacked  t he  220 n m  a b s o r p t i o n  p e a k  
cha rac te r i s t i c  of t he  p h t h a l i m i d e  r ing  4. A f inal  e q u i v a l e n t  
of base  was consumed  d u r i n g  12 h of hydro lys i s  of t he  
a s p a r t o y l  res idue  a t  p H  9.5.  

R e a c t i o n  ra t e s  for t he  hydro lys i s  a t  40 ~ of a n u m b e r  
of r e l a t ed  imides  are in  t he  Table .  Compared  to  t he  
hydro lys i s  o f  N - m e t h y l p h t h a l i m i d e  (II I ) ,  an  N-subs t i -  
t u t e d  succ in imide  r ing  increases  t he  r a t e  of hydro lys i s  
of t he  p h t h a l i m i d e  ring, whereas  t he  N - s u b s t i t u t e d  
succinic  acid of ph tha loy l -DL-aspar t i c  acid (IV) decreases  
the  r a t e  of hydrolys is .  The  succ in imide  r ing  can  be  
expec ted  to w i t h d r a w  e lec t rons  f rom t he  p h t h a l i m i d e  
r ing  to increase  t h e  e lec t roph i l i c i ty  of t he  p h t h a l o y l  
c a rbony I  c a r b o n  a toms ,  m a k i n g  t h e m  more  a t t r a c t i v e  to 

Observed second order rate constants for the hydrolysis of some 
related N-substituted phthalimides 

Compound Kob s (mole -1 
rain-l) 

(hA) 

(m) 

(iv) 
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NCH2CHzCOOH 

O 
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~~COON NH + cH2CH2COOH 

O 

O ~ NCH~ 

O 

0 ~ N--CHCOOH 
J 
CH2COOH O 

27,000 
(for phthal- 
imide ring 

643 
(for succln- 
imide ring) 

6,100 

196 

40~ 0.60M KC1, rates determined at constant pH (P. D. ItOAG- 
LAND and S. W. Fox, J. Am. chem. Soc. 89, 1389 (1967). 

h y d r o x i d e  ions. The  c a r b o x y l a t e  groups  of t he  succinic  
acid s u b s t i t u e n t  p r e sen t  a large e lec t ros ta t i c  r epu l s ion  to  
h y d r o x i d e  ions a n d  t h e r e b y  decrease  t h e  r a t e  of hydro -  
lysis ;  in  t h i s  case t he  hydro lys i s  is h y d r o x i d e  ion concen-  
t r a t i o n - c o n t r o l l e d  ~. The  two factors,  i n d u c t i o n  and  electro-  
s t a t i c  charge,  h a v e  t h u s  been  d e m o n s t r a t e d  to  inf luence  
t he  r a t e  of a lka l ine  hydro lys i s  of poly imides .  

Progress  curves  for the  hydro lys i s  of t he  imide  form of 
p o l y a s p a r t i c  acid are  shown  in F igure  1. The  in i t i a l  
obse rved  pseudo  f i r s t  order  r a t e  of hydro lys i s  is h igh ;  i t  
t h e n  decreases  as hydro lys i s  proceeds.  The  h i g h  r e a c t i v i t y  
of i n t a c t  imide  p o l y m e r  can  be  a t t r i b u t e d  to  i n d u c t i v e  
a c t i v a t i o n  of imide  l inkages  b y  n e i g h b o r i n g  imide  rings.  
I n  pa r t i cu la r ,  t h e  N - t e r m i n a l  succ in imide  r ing  should  be  
v e r y  r eac t ive  because  i t  is sub jec t  to  e lec t ron  w i t h d r a w a l  
b y  t he  N - t e r m i n a l  a m i n o  group  a n d  b y  t he  N - p e n u l t i m a t e  
imide  r ing.  As hydro lys i s  of t he  po ly imide  proceeds,  
c a r b o x y l a t e  groups  are re leased a n d  t he  e l ec t ros ta t i c  
charge  t h a t  is g e n e r a t e d  should  repel  h y d r o x i d e  ions and  
t h e r e b y  decrease  t he  r a t e  of hydrolys is .  A s imi la r  effect  
of re leased c a r b o x y l a t e  groups  ha s  been  descr ibed  for t he  
a lka l ine  hydro lys i s  of pec t in  5. The  r e m a i n i n g  imide  
r ings  in  p o l y a s p a r t i c  acid unde rgo ing  hydro lys i s  would  be 
mos t  r e s i s t a n t  to  a lka l ine  hydro lys i s  due  to t h e  large 
nega t i ve  charge  on t h e  po lypept ide .  The  r a t e  of imide  
hydro lys i s  a t  t h i s  p o i n t  shou ld  be close to  t he  r a t e  of 
hydro lys i s  of ph tha ly l -DL-aspar toy l - f i -a lan ine  ( I IB)  (see 
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Progress curves for the hydrolysis of the imide form of polyaspartic 
acid at 40 ~ in 0.60M KC1 at constant pH values af 7.0, 8.0, and 8.5. 
The plots deviate from first order kinetics. 

1 Contribution No. 251 of the Institute for Space Biosciences. The 
Florida State University, Tallahassee, Florida, financial support 
by NASA grant No. NsG-173-62. We thank Dr. M. t{ASHA for use 
of facilities of the Institute for Molecular Biophysics. We thank 
Mr. Ch. R. WINDSOR for performing amino acid analyses. 

2 j .  KovAcs and I. KOENYVES, Naturwissenschaften dl, 333 (1954). - 
J. KovAcs, I. KOENYVES and A. PUSZTAI, t~sperientia 9, 459 (1953). 

3 A. VEOOTSKY, K. HARADA and S. W. Fox, J. Am. chem. Soc. 80, 
3361 (1958). 

4 S. FABRO, R. L. SMITH and R. T. WILLIAMS, Nature, Lond. 208, 
1208 (1965). 

5 A. I(ATCttALSKY and J. FEITLESO>~, J. POLYMER Sci. 13, 385 (1954). 
6 F. E. KING and D. A. A. KIDD, J. chem. Soc. 3315 (1949). 
7 H. K. HALL JR., M. K. BRA~DT and R. M. MASON, J.Am:chem. Soc. 

80, 6420 (1958). 



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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