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lysine and the common in te rmedia te  in the  synthesis  of a 
range of cross l inking compounds,  of which lysinonor- 
leucine is one. 

Isotope peak 5 has an elut ion vo lume ident ical  to 
lysinonorleucine and indicates t ha t  this compound  is 
par t ic ipat ing  in the  interchain stabi l izat ion of this unique 
~-protein. The  elut ion positions of isotope peaks 3 and 4 
closely resemble those of hydroxynor leuc ine  and chloro- 
norleucine, 2 fur ther  compounds  detectable  ill proteins 
cross-linked by  lysine der iva t ivesL Peaks 1 and 2 are 
harder  to speculate upon bu t  m a y  be ye t  fur ther  Schiff 
bases such as d ihydroxynor leucine  s or hydrolysis  ar te-  
facts 7. 

The  cross-linking of collagen and elastin has been shown 
to depend largely on the  modif icat ion of lysine and hy-  
droxylysine residues in the  polypept ide  chain. Oxidat ive  
'ma tu ra t ion '  reactions give rise to a family  of unique 
cross links, some aldehydic  in nature,  and all hav ing  free 

amino groups (2). Thus in theory  these compounds  should 
be detectable  by  amino acid analysis and their  lack  of 
appearance on a n inhydr in  t race is explained by  the  fact  
t h a t  less t han  i residue of cross l ink per 1000 amino acid 
residues is enough to stabil ize long stretches of polypep-  
tide, bu t  insufficient to be de tec ted  by  amino acid anal- 
ysis. 

The  capsule prote in  of B. undatum is nei ther  a collagen 
or an elastin, though  i t  bears resemblances to both.  I t  
seems likely however  tha t  its in terchain  cross links m a y  
be the  same as those found almost  exclusively in ver te-  
bra te  connect ive  tissue and fur ther  work  is being carried 
out  to confirm this. 

7 G. MECHANIC, P. M. GALLOP and M. L. TANZER, Biochem. bio- 
phys. Res. Commun. 45, 644 (1971). 

s S. P. Romps, M. SHI~OKO,~AKI and A. J. BAILEY, Bioehem. J. 
731, 771 (1973). 
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Summary. Applicat ion of GAa and cyclic AMP to cowpea seedlings caused a 2-3 fold s t imulat ion of RNAase  act ivi ty ,  
together  wi th  the  augmenta t ion  of RNAase  isoenzymes. Inh ib i to r  studies indicated the  requ i rement  of fresh R N A  
and protein synthesis for enzyme st imulat ion.  

In  recent  years, controvers ia l  views have  been expressed 
concerning the physiological  and biochemical  role of 
cyclic AMP in higher  plants.  Some workers have  claimed 
tile na tura l  occurrence of cyclic AMP in p lan t  tissues ~-3, 
while others were unable to demons t ra te  its presence4-~. 
Cyclic AMP has been regarded as a media to r  of p lant  
growth substances 7-0. This  view has been quest ioned ~0-~, 
and therefore the  precise relat ionship be tween p lan t  
hormone  and cyclic AMP needs fur ther  inves t iga t ion  la, 14. 
Nevertheless,  exogenous appl icat ion of cyclic AMP is 
repor ted  to t r igger  the  ac t iv i ty  of several  hydro ly t ic  
enzymes,  such as e-amylase 15-~7, protease, acid phos- 
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Fig. 1. Time course studies showing the enhancement of RNAase 
activity in cowpea seedlings in presence of GA s and cyclic AMP. 
The seedlings were grown at 35 =E 2 ~ in dark. 

phatase  ~, ATPase  9, isocitrate lyase is and t r y p t o p h a n  
oxygenase 19. In  addit ion,  cyclic A M P  has also been im- 
pl icated in R N A  synthesis  20, 21. In  the  present  communi -  
cation, we repor t  the  s t imulat ion of R N A a s e  ac t iv i ty  
and its isoenzymes in seedlings of cowpea by  the exo- 
genous appl icat ion of GA~ and cyclic AMP. 

Materials and methods. The seeds of cowpea (Vigna 
sinensis) were surface sterilized wi th  0.1% solution of 
HgC12 for 5 min and germina ted  in dark  at  35 ~ 4- 2~ 
Chtoramphenicol  (20 >g/ml) was added to p reven t  bac- 
terial  contaminat ion .  Seedlings (10 g) were homogenized 
in 20 ml of 0.05 M phospha te  buffer, p H  6.5 at  4~ The 
homogena te  was centr i fuged in Sorval l  a t  10,000 g for 
20 rain in cold. The superna tan t  (crude extract)  was 
employed for measur ing RNAase  act ivi ty ,  according to 
the  procedure of KALNITSKY et al. ey. Pro te in  was es t imat-  
ed by the  procedure  of LOWRY et  al.YK The crude ex t rac t  
was f rac t ionated  on acrylamide  gel electrophoresis,  using 
the  technique  of DAVIS 24. The  me thod  of WILSON85 was 
adopted  for developing the  isoenzymes of R N A a s e  on 
acrylamide  gels. 

Results and discussion. Both  GAa and cyclic AMP 
promoted  2-3-fold s t imula t ion  of RNAase  ac t iv i ty  in 
96 h old seedlings of cowpea (Figure 1). Re la t ive ly  high 
concent ra t ion  of cyclic A M P  (10 -5 M) was required to 
achieve s t imula t ion  of R N A a s e  ac t iv i ty  comparable  to 
t h a t  observed wi th  GA~, 10 -7 M (Table I). Addi t ion  of 
s t ruc tura l  analogues of adenine (e.g., adenosine, AMP, 
ADP,  ATP) showed only 20-70% s t imula t ion  of RNAase  
ac t iv i ty  over  the  controls.  These values were re la t ive ly  
tess effect ive than  cyclic A M P  which gave 165 % enhanced 
enzyme ac t i v i t y  (Table II) .  Seedlings raised in presence 
of GAs 10 -s M + theophyl l ine  !0 -5 M showed no addi t ive  
effect on R N A a s e  act ivi ty .  Similarly,  there  was no signi- 
f icant  addi t ive  increase in RNAase  ac t iv i ty  a t  op t imum 
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Table  I. Effect  of theophyl l ine  
combinat ions  on the RNAase  
germina ted  for 96 h in d a r k  at  

(TP), GAa and cyclic AMP in var ious 
ac t i v i t y  in the seedlings of cowpea 

35 • 2~ 

Addi t ions  RNAase  a c t i v i t y  S t imula t ion  
(enzyme un i t s /mg  over  control  (%) 
protein) 

Control  1.10 --  
TP  10 .5 M 2.18 98 
GAa 10 8 M 1.73 57 
GA, 1077 M 2.60 136 
GAz 10 .5 M 2.68 144 
cAMP 10 -~ M 2.16 96 
cAMP 10 .5 M 2.55 132 
GAa 10 - s  M + TP  10 -a M 2.05 87 
cAMP 10 .5 M + TP  10 .5 M 2.74 149 
cAMP 10 5 M + TP  10 -~ M 2.30 110 
GAa 10 -8 M + cAMP 10 -~ M 2.34 113 
GA s 10 -5 M + cAMP 10 .5 M 2.42 120 

GAs, cAMP aud TP  were dissolved in sterile wa te r  and  were present  
th roughout  the per iod of germinat ion.  The seedlings were r insed 
wi th  sterile wa te r  before homogenizat ion.  E n z y m e  ac t iv i t y  was 
measured  in crude ext rac ts .  

Table  I f .  Effect  of cyclic AMP and analogues of adenine  on the RNA- 
ase ac t i v i t y  in cowpea seedlings after  96 h of ge rmina t ion  in da rk  at  
35 ~ :L 2 ~ 

Addi t ions  RNAase  ac t i v i t y  S t imula t ion  
(enzyme uni ts /mg)  over  control  (%) 
protein) 

Control  1.28 --  
cAMP 10 .5 M 3.46 170 
cAMP 10 a M 3.40 165 
Adenine 10 -a M 1.56 20 
Adenosine 10 4 M 1.85 44 
AMP 10 -~ M 2.16 70 
A D P  10 .4 M 2.16 70 
ATP  10 -a M 1.95 50 

All the substances  were dissolved in steri le wa te r  and  were present  
th roughou t  the per iod of germinat ion:  The seedlings were r insed 
thoroughly  wi th  steri le wa te r  before processing. E n z y m e  ac t iv i t y  
was measured  in crude ext rac ts .  The values  represent  an average of 
2 exper iments .  

Table  I I I .  Effect  of eyc loheximide  (CHI), ac t inomye in  D (Act D) 
and abscisic acid (ABA) on GA~ and  cyclic AMP s t imula ted  ac t i v i t y  
of RNAase  in c0wpea seedlings (96-h-old) raised in d a r k  at  35 ~= 2 ~ 

Addi t ions  RNAase  ac t i v i t y  Control  (%) 
(enzyme un i t s /mg  
protein) 

Control  1.01 100 
GA a 10 -a M 2.88 288 
GAaL0 5 M  + CHI 10~g /ml  0.46 46 
GA s 10 .5 M + Ac t  D 50 ~xg/ml 0.44 44 
GA s 10 .5 M -r ABA 200 ~xg/ml 0.90 90 
cAMP i 0  - ~  M 2.67 267 
cAMP 10 -~ M + CHI 10 ~g/mI 0.45 45 
cAMP 10 .5 M + Act  D 50 ~/.g/ml 0.43 43 
cAMP 10 -~ M + ABA 200 ~xg/ml 0.89 89 
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Fig. 2. D iag rammat i c  represen ta t ion  of RNAase  isoenzymes on 
ac ry lamide  gels. Crude ex t rac t s  p repared  from seedlings raised in 
presence of HzO , GAa 10 .5 M, cAMP 10 5 M, GAa 10 -a M + Act  
D 50 ~g/ml,  cAMP 10 -5 M + Act  D 50 ~g/ml,  GAa 10 .5 M + CHI  
10 ~xg/ml, cAMP 10 .5 M -t- CHI  10 ~zg/ml, GA s 10 .5 M + ABA 
200 ~zg/ml and cAMP 10 .5 M + ABA 200 (xg/ml were I rac t iona ted  
on ae ry lamide  gels. The seeds were ge rmina ted  in da rk  for 96 h at  
35 ~ 2~ GA~ and cAMP were dissolved in s ter i le  water ,  l ,  High  
ac t iv i ty ;  [ ] ,  med ium ac t iv i ty ;  ~ ,  low ac t iv i ty .  
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concen t r a t i ons  of GA 3 10 -~ M + cyclic A M P  10 -5 M,  or 
cyclic A M P  10 -5 M + t heophy l l i ne  10 -5 M.  However ,  
s l igh t  add i t i ve  effect  was obse rved  a t  s u b o p t i m a l  con- 
c en t r a t i ons  of GA s 10 .8 M + cyclic A M P  10 -6 M, or 
cyclic A M P  10 -6 M + t h e o p h y l l i n e  !0 -~ M.  Appl i ca t ion  
o f  t heophy l l i ne  a lone  showed  n e a r l y  2-fold s t i m u l a t i o n  
of R N A a s e  a c t i v i t y  (Table  I). These  resul t s  co r robora t e  
the  v iew t h a t  GA 3 a nd  cyclic A M P  s t i m u l a t e  IRNAase 
a c t i v i t y  b y  ac t ing  a t  a c o m m o n  site. The  s t i m u l a t i o n  of 

Table IV. Effect of GA s and cyclic AMP on 3H-uracil incorporation 
into RNA fraction 

Additions 3H-uracil incorporation 

cpm/mg protein Control (%) 

Control 1057 100 
Act D 50 ~xg/nll 251 24 
GA s 10 s M 1867 177 
GA~ 10 5 M + Act D 50 ~g/ml 400 38 
cAMP 10 -5 M 1530 145 
cAMP 10 -5 M + Act D 50 ~g/ml 350 34 

The seeds were germinated for 96 h at 35 :L 2 ~ SH-Uracil (1 ~Ci/ml, 
Spec. act. 6100 mCi/mmole) was added after 48 h germinatiort of 
'seeds. GAs, cAMP and Act D were added at the beginning of germina- 
tion. 

Table V. Effect of GA s and cyclic AMP on SH-Ieucine incorporation 
into protein fraction 

Additions SH-L-leucine incorporation 

cpm/mg protein Control (%) 

Control 1628 100 
CHI 10 txg/ml 265 16 
GAs 10 -5 M 2667 164 
GA s 10 -5 M + CHI 10 ~zg/ml 338 21 
cAMP 10 .5 M 2583 159 
cAMP 10 .5 M + CHI 10 p.g/ml 355 22 

The seeds were germinated for 96 h at 35 -~ 2~ 3H-L-leucine 
(2 ~xCilml Spec. act. 7600 mCi/mmole) was added after 48 h germina- 
tion of seeds. GAs, cAMP and cycloheximide (CHI) were added at the 
beginning of germination. 

R N A a s e  a c t i v i t y  el ici ted b y  GA a a n d  cyclic A M P  was 
e x t r e m e l y  sens i t ive  to  t h e  ac t ion  of Ac t  D and  cyclohexi-  
mide.  B o t h  an t ib io t i c s  i n h i b i t e d  t he  e n h a n c e d  R N A a s e  
a c t i v i t y  to  t he  e x t e n t  of a b o u t  80% (Table  III}.  Thus ,  
IRNA and  p ro t e in  syn thes i s  seem necessa ry  for t he  GA a 
a n d  cyclic A M P  p r o m o t e d  a c t i v i t y  of RNAase .  Th i s  was 
f u r t h e r  s u p p o r t e d  b y  t he  f ac t  t h a t  b o t h  GA a and  cyclic 
A M P  e n h a n c e d  t he  i n c o r p o r a t i o n  of 3H-uraci l  a n d  3H- 
leucine in to  R N A  a n d  p ro t e in  f rac t ions  respect ively ,  
wh ich  was s t rong ly  i n h i b i t e d  b y  Ac t  D a n d  CHI  (Tables 
I V  and  V). Abscisic acid also suppressed  t he  e n h a n c e d  
R N A a s e  a c t i v i t y  evoked  b y  GA a and  cyclic nuc leo t ide  
(Table  I I I ) .  

F r a c t i o n a t i o n  of c rude  e x t r a c t s  p r e p a r e d  f rom 96 h old 
seedlings revea led  six i soenzyme b a n d s  (R1-R6) on  acryl-  
amide  gels. The  s t i m u l a t o r y  effect  of GA a and  cyclic A M P  
on e n z y m e  a c t i v i t y  was accompan ied  b y  t he  q u a n t i t a t i v e  
and  q u a l i t a t i v e  changes  in t he  i soenzyme p a t t e r n  of R N A -  
ase. Severa l  R N A a s e  i soenzyme b a n d s  e lu ted  f rom the  
ac ry l amide  gels, r evea led  e n h a n c e d  a c t i v i t y  in  GA d- a n d  
c A M P - t r e a t e d  seedlings (unpub l i shed  results) .  O u t  of 6 
i soenzymes  obse rved  in controls ,  t he re  was a d i s t i nc t  
a u g m e n t a t i o n  in t he  i n t e n s i t y  of 4 i soenzyme b a n d s  (R2, 
R a, Rs, R6) b y  t he  app l i ca t ion  of GA 3 a n d  cyclic AMP.  I n  
addi t ion ,  t h e  h o r m o n e  (GA 3 10-~ M) t r e a t m e n t  r e su l t ed  
in the  a p p e a r a n c e  of 5 new m i n o r  b a n d s  (RA, RB, Re,  
RD, RE). The  ac t ion  of GA a was m i m i c k e d  b y  cyclic A M P  
(10 -s M), since i t  also caused  t h e  a p p e a r a n c e  of 4 iden t i ca l  
m i n o r  b a n d s  in add i t i on  to  t he  a u g m e n t a t i o n  of t he  pre-  
ex is t ing  a c t i v i t y  b a n d s  (RA, RB, Rc, RE) (Figure 2). 
These  s tud ies  sugges ted  a s imi la r  response  of IRNAase 
i soenzymes  to GA a and  cyclic AMP.  A d d i t i o n  of Ac t  D 
a long w i t h  GA a or cyclic A M P  comple t e ly  abol i shed  t he  
a p p e a r a n c e  of all  t h e  newly  fo rmed  m i n o r  a c t i v i t y  bands .  
Thus ,  on ly  2 R N A a s e  i soenzymes  (R1, Ra) were observed  
w h e n  Ac t  D was added  to GA~- a n d  cyclic A M P - t r e a t e d  
seedlings.  Cyc lohex imide  caused  an  i n h i b i t o r y  response  
s imi lar  to  t h a t  obse rved  w i t h  Ac t  D. A d d i t i o n  of A B A  to  
seedlings ra ised  on  GA s or cyclic A M P  m e d i u m  abol i shed  
t he  a p p e a r a n c e  of all t h e  newly  fo rmed  i soenzymes  and  
also t he  3 p re -ex i s t ing  a c t i v i t y  b a n d s  (R 2, R 4, IRs)- The  
ac t ion  of A B A  resembled  t he  i n h i b i t o r y  response  of Ac t  
D a n d  CHI,  excep t  t h a t  t he  R s b a n d  pers i s ted  in add i t i on  
to  R 1 and  IR a (Figure 2). The  m o d u l a t i o n  of IRNAase 
i soenzymes  b y  GA a a n d  cyclic A M P  in g e r m i n a t i n g  cow- 
pea  seeds could be  a t  t he  t r a n s c r i p t i o n a l  and  t r a n s l a t i o n a l  
levels. However ,  t he  poss ib i l i ty  of ac t iva t ion ,  i nh ib i t i on  
or aggrega t ion  c a n n o t  be ru led  o u t  u n e q u i v o c a l l y  unless  
t he  de novo  syn thes i s  of R N A a s e  is e s t ab l i shed  in th i s  
sys tem.  
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Summary. Chang ing  t he  L : D  i n t e n s i t y  ra t io  of a synch ron i z ing  l i g h t - d a r k  reg ime leads to cha rac t e r i s t i c  m o d u l a t i o n s  
of t he  a c t i v i t y  p a t t e r n  of 5 Ch i rop t e r a  species. These  modu la t i ons  f i t  t h e  p red ic t ions  of WEVER'S osci l la tor  model .  

WEVER'S osci l la tor  model  2-~ makes  t h e  m o s t  expl ic i t  
p red ic t ions  a b o u t  t h e  charac te r i s t i c s  of c i rcad ian  sys tems  
u n d e r  d i f fe rent  Zei tgeber  condi t ions ,  of all h i t h e r t o  
developed models  of biological  24-hour -per iod ic i ty  (for 
rev iew see6). Accord ing  to  one of these  predic t ions ,  
inc reas ing  L : D  i n t e n s i t y  ra t io  a n d  decreas ing  m e a n  
i n t e n s i t y  of i l l umina t i on  of a synch ron i z ing  l igh t -da rk -  

1 Supported by a grant from the Deutsche Forschungsgelneinschaft 
(No. Er 59, 1-4). 
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