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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.  

Zeitgeber Induced Modulation of Activity Patterns in Nocturnal Mammals (Chiroptera)1 

H. G. ]~RKERr, F. A. BAY and  S. KRACHT 

Institut far Biologic I I I ,  Lehrstuhl Zoophysiologie, der Universitiit TC~bingen, A u/der Morgenstelle 28, D-7400 Ti~bingen 
(German Federal Republic, BRD), 1 December 7975. 

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). 

s R. WEVER, Kybernetik 7, 139 (1962). 
R. NEVER, Xybernetik 7, 213 (1963). 

4 R. WEVER, Kybernetik 2, 127 (1964). 
5 R. WEVER, Circadian Clocks (Ed. J. ASCHOFF; North Holland 

Publ. Company, Amsterdam 1965). 
6 A. JOH~SSON and M. G. KARLSSON, J. theor. Biol. 36, 153 (1972). 
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Fig. 1. The  effect of L :D- in tens i ty - ra t io  on 
the a c t i v i t y  p a t t e rn  of bats .  Mean values and 
s t anda rd  errors as compu ted  over  all n • n ' .  

A) P hy l lo s tom us  discolor. + -  - - + ,  L : D  = 
2 .5•  -2 lx; A - . - & ,  L : D  = 2 .5•  
10 .4 Ix; O - - I ,  L : D  = 2 .5•  6 lx). B) 
M o l o s s u s  molossus.  + -  - - + ,  L : D  = 5 • 101: 
4 •  -~ Ix; A - ' - & ,  L : D  -- 5 • 2 1 5  .4 
Ix; 0 - - 0 ,  L : D  = 5 • 2 1 5  -6 lx. 
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Fig. 2, Modulation of the ac t iv i ty  p a t t e rn  of 
MoZossus molossus  by  reduced i l luminat ion 
in tensi ty  dur ing  the l ight-phase of a light- 
darkness-regime 12:12 h. + - - - + ,  L : D  = 
5 • 2 1 5  -4 Ix; Q- -Q,  L : D  = 3 •  
4 • 10 -4 Ix. 
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regime should induce a modula t ion  of the  ac t iv i ty  pat-  
tern (shape of oscillation) by advanc ing  the m a x i m u m  
and giving rise to a s teeper  increase of act ivi ty .  Thus, 
b imodal  ac t iv i ty  pa t te rns  of the  a l te rnans- type  7 m a y  
f inal ly change into tile bigeminus- type.  Since this model  
deduct ion has scarcely been tes ted on an exper imenta l  
basis, we carried out  exper iments  wi th  5 species of bats. 

Species used for ac t iv i ty  measurements  under  different  
l ight-darkness condit ions were Myotis myotis (n = 9; 
dura t ion  of each regis t ra t ion  period n '  = 10 days), 
Rousettus aegyptiacus (n = 5; n '  = 20), Phyllostomus 
discolor (n ~ 4; n ~ = 10), Molossus ater and Molossus 
molossus (n = 3; n" = 12-17 days). In  order  to de termine  
the  gross locomotory  ac t iv i ty  of the  bats, we used an 
electroacust ic  regis t ra t ion equ ipment  according to BAY s, 
c l imbing bars moun ted  upon micro-switches for Rouset- 
tus respectively,  and an E L M E G  mul t i -channel  digi ta l  
printer.  E v e r y  hour  compiled ac t iv i ty  da ta  were cal- 
cula ted as percentage of ti le respect ive to ta l  a m o u n t  of 
ac t iv i ty  per day. Thus, i t  was possible to de termine  
comparable  general  ac t iv i ty  pat terns  according to dif- 
ferent  s t rengths of Zeitgeber. 

All 5 Chiroptera-species tes ted show modula t ions  of 
the  ac t iv i ty  pa t t e rn  caused by  different  Zei tgeber  con- 
ditions, as predicted by  WEVER 4' 5. The  ac t iv i ty  pa t t e rn  
of Phyllostomus discolor (Figure 1), recorded at  3 dif- 
ferent  Zei tgeber  conditions,  serves as an example  showing 
the  deformat ion  of an unimodal  pat tern .  The ac t iv i ty  
pa t t e rn  of this ba t  is near ly  symmet r i c  when there  is only 
a l i t t le difference between L (25 ix) and D (10 -2 ix). W i t h  
increasing s t rength  of Zeitgeber, the  m a x i m u m  is evi- 
den t ly  advanced,  combined wi th  a steeper increase of 
ac t iv i ty  at  the  beginning of the dark period. The uni- 
modal  ac t iv i ty  pa t t e rn  of the African frui t  bat,  Rouse#us 
aegyptiacus, also yields similar  tendencies of pa t t e rn  de- 
formation.  

The bimodal  ac t iv i ty  pa t te rns  of the  neotropical  
Molossus species are affected by the  increase of range of 
L : D oscillation, so tha t  there  is a gradual  decrease of the  
second max imum,  which appears jus t  before the  end of 
the dark period, and an increasing accentuat ion  of the  
first  max imum.  This is i l lustrated for M. molossus in 
Figure  1, B. Whereas  there is no complete  change f rom 
al ternans type  to bigeminus type  in the ac t iv i ty  pa t t e rn  
of this species, Molossus ater clearly changes its ac t iv i ty  
pa t t e rn  to bigeminus type.  Myotis myotis advances  the  
second m a x i m u m  of its b igeminus pat tern ,  appear ing in 
the  second th i rd  of the  dark  period wi th  increasing L : D -  
in tens i ty  ratio.  The main max imum,  appear ing jus t  af ter  
beginning of the  dark  period, reaches the  highest  level  
a t  the  greates t  Zeitgeber strength.  

There are also changes of the  ac t iv i ty  pa t t e rn  if the 
average in tens i ty  of i l luminat ion of the  LD 12:12 is 
reduced by  decreased brightness dur ing the  L-phase 
(Figure 2). M. molossus shows an ac t iv i ty  pa t t e rn  of 
a l ternans type  in LD 5 1 : 4  • 10 -4 lx, and an ac t iv i ty  
pa t t e rn  of bigeminus type  in LD 3 • 10 -3 : 4 • 10 -a ix. 

These results, though in remarkable  agreement  wi th  
the  ve ry  explici t  deduct ions  of WEVER'S oscillator model,  
cannot  be taken  as general  proof for this model.  Com- 
pet ing  models6, however ,  have  to be tes ted whether  t h e y  
are able to predict  similar  Zei tgeber- induced modula t ions  
of a c t i v i t y  pat terns .  The results indicate  ill addi t ion t h a t  
' the  ac t i v i t y  pa t t e rn '  of a species does not  exist.  There 
are only pa t te rns  of species and individuals  under  cer ta in  
condit ions 9,10. In  conclusion it  is essential  to have  the  
same methods  of regis t ra t ion and comparab le  Zei tgeber  
condit ions in order to compare  different  ac t iv i ty  pat terns .  

7 j .  ASGItOFF, NaturwissenschafteI1 4d, 361 (1957). 
s F. A. BAY, unpubl. Diss., Tfibingen 1975. 
9 j .  ASCUOFF and K. HONMA, Z. vergl. Physiol. ,]2, 383 (1959). 

10 H. G. ERKERT, Oecologia ld, 269 (1974). 

Isoenzyme Patterns in Androgenic, Haploid D a t u r a  mete lo ides  (Solanaceae) 

R. SCOGIN 

Rancho Santa Ana Botanic Garden, Claremont (Cali/ornia 91711, USA), 18 November 1975. 

Summary. Leaf tissue isoenzyme pat te rns  of androgenical ly  derived, haploid plants  of Dalura meteloides were com- 
pared with  pat terns  from diploid parenta l  plants. No isoenzyme pat te rns  unique  to the  haploid plants  were detected 
among  5 enzymes studied. 

Haploid  angiosperm plants  have  been observed to 
occur sporadical ly th rough  accident  or exper imenta l  
design l; bu t  only  recent ly  has tissue cul tur ing of an- 
drogenic plants  provided a consistent  source of experi-  
mental ,  haploid angiosperm mater ia l  ~,~. The po ten t ia l  
u t i l i ty  of this technique  for isolat ing auxotrophic  angio- 
sperm mutants ,  generat ing uni formly  homozygous  
breeding stocks and ident i fying useful somat ic  genetic 
markers  was quickly  appreciated.  Some of these prospects  
have  a l ready been real ized;  e.g., regenerat ion of diploid 
tobacco from colchicine t reated,  androgenical ly  der ived 
cells 4 and the  ident i f icat ion of mala te  dehydrogenase as a 
useful marker  in somatic  cell genetics 5. The present  
repor t  is a genetic comparison of androgenical ly  der ived 
haploid plants  wi th  thei r  diploid parenta l  stocks uti l izing 
selected isoenzymes as genetic markers.  

Anthers  f rom plants  of Datura meteloides A. DC. occur- 
ring na tura l ly  a t  the  Rancho  Santa  Ana Botanic  Garden, 
Claremont,  CA, were asept ical ly  cul tured using repor ted  
proceedures 6, 7. The ploidy level of pu t a t i ve  haploids was 

established by  chromosome counts  of root  t ip  cells (with 
the result  t h a t  2n = 12) and by  measur ing s tomate  
dimensions on haploid and paren ta l  plants,  a pa rame te r  
known to be sensit ive to ploidy level  s. The s tomate  
dimension rat io of diploid to pu ta t ive  haploid plants  was 
1.4. Samples  for electrophoresis  were prepared by  grind- 
ing fresh leaf mater ia l  in distil led water ,  clearing by  
centr i fugat ion (5000 • and electrophoresing the  opal- 

1 G. KI~I3ER and R. RILEY, Bot. Rev. 29, 480 (1963). 
2 j .  p. NITsc~t and C. NITSCH, Science 763, 85 (1969). 
a S. NARAYANSWAMY and L. P. CHAND'Z, Ann. Bot., Lond 35, 525 

(1971). 
4 L. G. BVRK, G. R. GwYNN and J. F. CHAPLIN, J. Heredity 63, 355 

(1972). 
s p. S. GANAPATHY and J. G. SCANDALIOS, J. Heredity 64, 186 (1973). 
6 j .  p. NITSC~, Phytomorphology 11, 2 (1961). 

IZ. C. E~GRILD, I. LINDE-LAvRSEN and A. LU~DQVlS% Hereditas 
72, 331 (1972). 

s A. F. BLAKESLEE, Am. Nat. 75, 117 (1941). 


