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ergab  -~- F nach  den  e rs ten  t 0 rain e inen  kurzen,  e rn s t en  K a m p f ;  
das  P a a r  brach,  u n d  das  c~ j ag te  das  ~ s t~nd ig  umhe r .  Die 
Paa r e  6 u n d  7 h a t t e n  sei t  W o c h e n  Iriedlich in I so la t ion  gelebt.  
S i t ua t i on  + F  wurde  a m  N a c h m i t t a g  e inger ich te t ;  a m  folgen- 
den  Morgen  wa ren  die ~ ~ t o t  u n d  b a t t e n  schwere  Ver l e t zungen  
an  K6rpe r  u n d  Flossen,  die n u r  yon  Bissen  der  c~d~ k o m m e n  
konn ten .  
Die V o r a u s s e t z u n g e n  der  B e o b a c h t u n g e n  yon  Lorenz  an  Geo- 
phagus brasiliensis u n d  ande ren  p a a r b i l d e n d e n  Cichliden u n d  
der  q u a n t i t a t i v e n  U n t e r s u c h u n g  R a s a s  all Etroplus maculatus 
un t e r s ch i eden  sich teilwMse yon  denen  i m  Tilapic~-Experiment. 
Beide A u t o r e n  b e o b a c h t e t e n  Tiere  ohne  B r u t e r f a h r u n g .  Die 
F r emdf i s che  h in t e r  der  Glasscheibe  w a r e n  R e v i e r n a c h b a r n ;  
den  Tilapia-Eltern h ingegen  wurde  der  F r e m d e  i m  Revier ,  
sogar  im J n n g e n s c h w a r m ,  geboten .  
l~asas Etroplus un t e r s ch i eden  sich yon  den  Tilapien n u r  in 
der  B r u t e r f a h r u n g ,  n i ch t  aber  in  der  D a u e r  der  gegense i t igen  
B e k a n n t s c h a f t  der  Pa r tne r .  B r u t e r f a h r e n e  Etroplus-Paare 
br i i ten  n a c h  R a s a  s u c h  in I so la t ion  erfolgreich;  u n k l a r  ist,  ob 
dafi~r die l~Lngere B e k a n n t s c h a f t  m i t  d e m  P a r t n e r  oder  ailein 
die B r u t e r f a h r n n g  ve r an t wor t l i ch  ist.  
Fal ls  die Ar t en  gleich reagieren,  sol l ten die Ergebn i s se  yon  
Lorenz  u n d  R a s a  n u r  an  e r s tma l s  v e r p a a r t e n  Tie ren  ohne  
B r u t e r f a h r u n g  zn erzielen sein. 
b) Bet Haplochromis burtoni-66 16st der  Anbl i ck  eines Gegners  
oder  einer  G e g n e r a t t r a p p e  Angri f fe  aus  u n d  h e b t  z u d e m  die 
a i lgemeine  Angr i f f sbe re i t scha f t  [5]. Das  wt~rde er!d~ren, war-  
u m  a u c h  im Tilapic~-Versuch gelegent l ich der P a r t n e r  (als 
Artgenosse)  Bisse au f  sich zieht,  die z u m  p a a r z e r s t 6 r e n d e u  
K a m p I  ft~hren k6nnen .  Da  bet Etroplus, Geophagus u n d  ande ren  
k a u m  g e s c h l e c h t s d i m o r p h e n  Cichliden der  P a r t n e r  e inem Geg- 
ner  sehr  511nlich s ieht ,  k 6 n n t e n  die y o n  i b m  gesende ten  Fe ind-  
reize die Angr i f f sbe re i t schaf t  e rh6hen,  bis sic s t a rke r  wird  als 
die d u r c h  andere  P a r t n e r m e r k m a l e  kontrol l ier te  Aggress ions-  
h e m m u n g .  
Diese I n t e r p r e t a t i o n  m a c h t  die A n n a h m e  eiuer  endogenen  
S t a u b a r k e i t  der  Aggress ion  als E rk l ~ rung  des P a a r b r u c h s  
du rch  Paa r i so la t ion  t~berflfissig. 
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Precision of Entrained Circadian Activity 
Rhythms Under Natural Photoperiodic 
Conditions 
J. Aschoff ,  S. D a a n * ,  j .  F i ga t a*  a n d  K. Mt~ller 

M a x - P l a n c k - I n s t i t u t  fur  Verha i tensphys io log ie ,  Seewiesen u n d  
Er l ing-Andechs ,  u n d  (Dkologische S ta t ion  Messaure ,  Messaure /  
Schweden  

U n d e r  n a t u r a l  condi t ions  t he  l igh t  cycle is t h e  p r i me  Zei tgeber  
en t r a in ing  t he  c i rcadian  r h y t h m s  of m o s t  an imals .  I t  offers 
sunr i se  and  s u n s e t  as a rb i t r a ry  phase  reference po in t s ;  onse t  
a n d  end  of a c t i v i t y  t i me  can  be  used  as reference po in t s  for 
c i rcad ian  phase .  Tile phase -ang le  difference [ t]  is g iven  b y  
t h e  t i m e  difference be tween  onse t  or end  of ac t iv i ty  
a n d  sunr i se  or  sunse t .  A th i rd  point ,  t h e  m i d p o i n t  of 
a c t i v i t y  t ime ,  can  be  re la ted  to noon  or midn igh t ,  de- 
p e n d i n g  on w h e t h e r  t h e  a n i m a l  is d iu rna l  or n o c t u r n a l  [2]. 
All t h ree  phase -ang le  differences h a v e  been  shown  to v a r y  
s y s t e m a t i c a l l y  as a func t ion  of t i me  of yea r  [3] ; t he re  is also a 
d a y - t o - d a y  var ia t ion ,  charac te r iz ing  w h a t  m a y  be called tile 
precis ion of phase  control .  Several  fac tors  m a y  be  supposed  
to inf luence  th i s  precision,  e.g. t he  s t r e n g t h  of t he  synch ron i -  
z ing s ignals  [41 a n d  va r i a t i ons  in t he  s ens i t i v i t y  of t he  o r g a n i s m  
to these  signals.  Th i s  would  lead us  to expec t  s y s t e m a t i c  
changes  in precis ion w i t h  t i me  of year .  
At  t he  Ecological  S t a t ion  Messaure  in Swedish  L a p p t a n d  
(66042 ' N), we ke p t  t h ree  t ree  shrews  (Tupaia glis) a n d  four  
golden h a m s t e r s  (Mesocricetus auratus) for up  to 2.5 yea r s  ill 
a l abo ra to ry  r o o m  where  t h e y  were exposed  to n a t u r a l  l igh t  
condi t ions .  The  room t e m p e r a t u r e  was  k e p t  above  18 ~ bu-  
no pa r t i cu la r  effort  was  m a d e  to insu la te  t he  room f rom ex t  
t e rna l  t e m p e r a t u r e  f luc tua t ions  a n d  o the r  d i s tu rbances .  Food  
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Fig. t a and  b. S t a n d a r d  dev ia t ion  a r o u n d  t he  15-day m e a n  
va lue  of phase -ang le  differences, ~midpoint, m e a s u r e d  be tween  
m i d p o i n t  of a c t i v i t y  and  a) m i d n i g h t  (Mesocricetus) or b) noon  
(Tupa#*, n = 3), p lo t t ed  as a func t ion  of t ime  of year.  D a t a  
c o m p u t e d  f rom con t inuous  records of whee l - runn ing  ac t iv i ty  
a t  66o42 ' N 

a n d  wa te r  (ad, lib.) were rep len ished  twice a week. Locomoto r  
ac t iv i ty  was  recorded b y  m e a n s  of r u n n i n g  wheels  connec ted  to 
an  even t  recorder.  W e  c o m p u t e d  t he  th ree  phase -ang le  differ- 
ences  f rom dai ly  onse t  and  end  of ac t iv i ty .  As a m e a s u r e  of 
d ispers ion ( represent ing t he  reciprocal  va lue  of precision),  t h e  
s t a n d a r d  dev ia t ions  were ca lcu la ted  a round  m e a n  va lues  for 
success ive  iS -day  in tervals .  Since all t h ree  reference poilltS 
gave  essent ia l ly  t he  s ame  resul ts ,  for b r ev i t y  of d iscuss ion 
on ly  t h e  d a t a  re la t ing  m i d p o i n t  of ac t iv i ty  to noon  (Tupc~ic~) 
or to m i d n i g h t  (Mesocricetus)--~rSmidpoint--are considered.  
Fig. I shows t he  s t a n d a r d  dev ia t ion  of ~midpoiut as a func t ion  
of t i m e  of year.  The  d a t a  are ave raged  over  th ree  and  four  
an imals ,  respect ively,  excep t  for t he  las t  pa r t  of t he  h a m s t e r  
record w h e n  on ly  one an ima l  was  left. M a x i m u m  va lues  of 
s t a n d a r d  dev ia t ion  are found  in m i d s u m m e r  for Tupaia a n d  
in m idwin t e r  for Mesocricetus; m i n i m u m  va lues  for b o t h  
species occur  a r o u n d  t he  equinoxes .  There  are also minor  
peaks  of s t a n d a r d  dev ia t ion  a b o u t  s ix  m o n t h s  a w a y  f rom th e  
m a i n  m a x i m a .  Hence  dispers ion seems  to  be smal les t  (or 
precis ion Inaximal)  a t  a t ime  of t he  yea r  w h e n  d a y  and  n i g h t  
are  of a b o u t  equal  dura t ion .  Similar  d a t a  avai lable  f rom 
m e a s u r e m e n t s  for t h e  s ame  species a t  a lower l a t i tude  (48 ~ N) 
a n d  for four  o ther  species a t  b o t h  l a t i tudes  all d i sp lay  t h e  
genera l  p a t t e r n  shown  in Fig. 1, w i th  two peaks  of differing 
m a g n i t u d e  per  year.  A t  48 ~ N, t he  a m p l i t u d e  of t he  seasonal  
va r i a t ions  is cons iderab ly  smal ler  t h a n  a t  66 ~ . 
The  s y s t e m a t i c  seasonal  va r i a t ions  in precis ion of en t ra ined  
r h y t h m s  m a y  be a t t r i b u t e d  to severa l  proper t ies  of t h e  en-  
t r a in ing  Zeitgeber.  Two consp icuous  seasonal  va r ia tes  of t h e  
l a t t e r  are t he  l i gh t /da rk  rat io  and  tile du ra t i on  of twil ight .  
A more  deta i led  ana lys i s  of t he  data ,  to be  pub l i shed  else- 
where,  sugges t s  t h a t  precis ion is a f fec ted  b y  pho toper iod  
r a the r  t h a n  b y  twi l igh t  dura t ion .  Three  a r g u m e n t s  lead us  
to th i s  conclus ion:  1. S t a n d a r d  dev ia t ions  are s igni f icant ly  
d i f ferent  in win te r  and  in s u m m e r  per iods  h a v i n g  t he  s am e  
twi l igh t  du ra t ion  (in noc tu rna l  species h igher  in winter ,  in 
d iu rna l  species h igher  in summer ) .  2. A t  two l a t i tudes  where  
the re  are considerable  differences in twi l igh t  dura t ion ,  t h e  
va lues  for s t a n d a r d  dev ia t ion  are  n o t  q u a n t i t a t i v e l y  di f ferent  
a round  t he  equinoxes .  3. Min imal  d ispers ion does n o t  coincide 
exac t ly  w i th  t he  e q u i n o x e s - - w h e n  twi l igh t  is sho r t e s t  a n d  t h e  
l i gh t /da rk  rat io  is t 2: t 2 hou r s  --  b u t  wi th  a t ime  w h e n  du ra t i o n  
of ac t iv i ty  equa ls  du ra t i on  of sun l igh t  (in d iurna l  species) or 
du ra t i on  of da rkness  (in noc tu rna l  species). 
This  l as t  fac t  con t r ad ic t s  t he  o therwise  plausible  in te rp re ta -  
t ion  of our  d a t a  t h a t  s t r e n g t h  of Zei tgeber  (and hence  pre-  
cision) is g rea te s t  When t he  l i gh t /da rk  rat io  is 1:1. The  
s t r e n g t h  of t he  Zei tgeber  ce r ta in ly  depends  on t he  l i gh t /da rk  
ra t io  [5] and  i t  m a y  be expec ted  to inf luence  precision,  too. 
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However ,  unexp l a i ned  add i t iona l  fac tors  m u s t  compl ica te  t he  
picture.  I t  is u n k n o w n  w h e t h e r  t he  f luc tua t ions  in precision 
h a v e  an  ecological significance.  

Suppor t ed  b y  D e u t s c h e  F o r schungsgeme i nscha f t .  
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Inhibition by Atebrin (Quinacrine) of Model 
Protein Synthesis in v i t r o  

A. D. Wolfe  and  F. E.  H a h n  

D e p a r t m e n t  of Molecular  Biology, W a i t e r  Reed  A r m y  I n s t i t u t e  
of Research ,  W a s h i n g t o n ,  D.C. 20012, U.S.A.  

Atebr in  causes  a s l ight  b u t  specific inh ib i t ion  of p ro te in  bio- 
syn thes i s  in E.  colt in add i t ion  to i ts  p r e d o m i n a n t  effect on 
D N A  repl ica t ion [t~. W e  repor t  here  t h a t  Atebr in  inhib i t s  
the  po lycondensa t i on  of pheny l a l an i ne  in an  E. coli r ibosome-  
poly  U sys t em.  
An inh ib i t ion  (65 %) of cell-free incorpora t ion  of amino  acids 
in to  ch loroplas t s  b y  5 " t 0  -~ M Ateb r in  ha s  been  obse rved  [2]. 
Cer ta in  o the r  amino-ac r id ines  also inh ib i t  po lymer iza t ions  of 
amino  acids in cell-free reac t ion  s y s t e m s  [3-5]- R ibosomes  
f rom E. coli C 2 were p repa red  and  t he  po lymer iza t ion  of 
pheny la t an ine  was  m e a s u r e d  b y  pub l i shed  m e t h o d s  [6]. The  
syn thes i s  of 14C-phenyla lanyl - tRNA ("charging") was carr ied 
ou t  in a s imilar  reac t ion  s y s t e m  froln wh ich  r ibosomes,  G T P  
and  po ly  U were dele ted;  af ter  t 5 rain incuba t ion ,  cold tr i-  
chloroacet ic  acid was  a d d e d  to 5 %, t h e  prec ip i ta tes  collected 
on mill ipore filters, washed  free of non- reac ted  pheny la l an ine  
and  coun ted  in a l iquid scint i l la t ion counter .  Po ly  U-di rec ted  
r ibosomal  b ind ing  of 14C-phenyla lany l - tRNA was  de t e rmined  
b y  a s t a n d a r d  m e t h o d  [7]. 
Fig. t a shows t he  effects of g raded  concen t ra t ions  of Atebr in  
on t h e  th ree  di f ferent  reac t ion  sys t ems .  A t  4" 10-~M, t he  
d rug  inh ib i ted  comple te ly  t he  po lycondensa t ion  of pheny l -  
a lanine.  The  inh ib i t ion  of t h e  condensa t i on  reac t ion  is n o t  
expla ined  b y  t he  marg i na l  ac t ion  of Atebr in  on t h e  po ly  U-  
di rected r ibosomal  b i nd i ng  of p h e n y l a l a n y l - t R N A .  A n n e  K.  
Krey ,  in our  l abora tory ,  ha s  f ound  no spectroscopic  indica t ions  
t h a t  Atebr in  in te rac t s  wi th  po ly  U;  however ,  the  d rug  b o u n d  
to t he  t R N A s  and  t he  r ibosomes  of E. colt. Bind ing  of Atebr in  
to t R N A  ev iden t ly  was  of no consequence  to t he  cell-free 
reac t ions  wh ich  we s tudied .  
B ind ing  of t he  d rug  to r ibosomes  labilizes these  par t ic les  to 
h e a t  [5]. W e  h a v e  found,  addi t ional ly ,  t h a t  increas ing  con- 
cen t ra t ions  of r ibosomes  reversed  sy s t ema t i ca l l y  t he  inh ib i to ry  
ac t ion  of 6 �9 t 04 M Ateb r in  (Fig. I b). 
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Fig. 1. a) Ef fec ts  of g raded  concen t ra t ions  of qu inacr ine  on 
po lypheny la l an ine  syn thes i s  (o), " c h a r g i n g "  of t R N A  wi th  
14C-phenylalanine (o) and  on  t h e  po ly  U-di rec ted  b ind ing  of 
l~C-pheny la l any l - tRNA to E. coli r ibosomes  (~). b) Ef fec t  of 
g raded  concen t ra t ions  of r ibosomes  on t he  inhib i t ion  of 
po lypheny la l an ine  syn thes i s  b y  6 �9 10 -4 M quinaer ine  

The  m o s t  p lausible  exp lana t ion  of our  resul ts  is t h a t  t he  drug  
in te rac t s  wi th  t he  reac t ive  r ibosomal  complex  a n d  Mters i ts  
s t r uc tu r e  in such  a m a n n e r  t h a t  i ts  abi l i ty  to med ia t e  pro te in  
syn thes i s  is impaired .  Whi le  th is  r epresen t s  one mode  of ac t ion  
of Atebr in ,  we m u s t  emphas ize  t h a t  t he  pr inc ipal  ac t ion  ot t h e  
d rug  is d i rected aga ins t  D N A  repl icat ion in bac te r ia  [t]  an d  
aga ins t  t he  s ame  reac t ion  as well as R N A  t ransc r ip t ion  in 
ma la r i a  paras i tes  [8, 9]. 
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Condensation of Interphase Chromatin 
in Caffeine-Treated Cells 
Sibdas  Ghosh  and  I ra  Ghosh  

C h i t t a r a n j a n  Na t iona l  Cancer  Resea rch  Centre,  Calcut ta-26 

Caffeine is k n o w n  to be  a m n t a g e n i c  subs tance ,  hence  an  in ter-  
ac t ion  w i th  c h r o m a t i n  m a y  be  expec ted .  T h e  effect  of pur ines  
and  re la ted  s u b s t a n c e s  on l iv ing cells was  observed  in  1952 [1 ]. 
Ex t ens ive  inves t iga t ions  into t he  behav iou r  of the  nucleolus  of 
cells, t r ea t ed  wi th  some of t he  m e n t i o n e d  s u b s t a n c e s  [1], re- 
vealed beaded  f i l amen tous  s t ruc tu res ,  which  r ep resen t  t h e  
ch romosomal  c o m p o n e n t  of t h e  nucleolus  [2, 3]. The  s ame  effect 
could be ob ta ined  by  an  increase  of t e m p e r a t u r e  [4]. I t  could 
be d e m o n s t r a t e d  tha t ,  in  cells t r ea t ed  wi th  adenosine,  nucleo-  
lar c h r o m a t i n  becomes  func t iona l ly  inac t ive  [5]. 
I n  vitro s tudies  on the  interact-ion of nucleosides  and  re la ted  
c o m p o u n d s  wi th  Po ly -A and  t h y m u s  D N A  publ i shed  in 1962 
[6] repor ted  a change  in t he  helix-coil t r ans i t i on  t e m p e r a t u r e  
(zl Tm). Some of t he  subs t ances  no ted  in [6] h a d  been  found  
to be act ive  in l iving ceils too [7]. I t  seemed  to be of in te res t  to 
inves t iga te  no t  on ly  nucleolar  s t r uc tu r e s  b u t  also t he  reac t ion  
of t he  to ta l  c h r o m a t i n  in i n t e rphase  cells. 
L iv ing  ch icken  f lbroblas ts  cu l t iva ted  in vitro were t r e a t ed  for 
2-21/2 h wi th  caffeine a t  concen t ra t ions  of 25 and  50 m M  a n d  
eva lua t ed  af ter  Feu lgen  s ta in ing .  The  s t a ined  p repa ra t ions  
dev ia ted  f rom the  controls  (Fig. 1 a: i n t e rphase  nucleus ,  b: 
prophase)  in h a v i n g  beaded  or f i l amen tous  s t r uc tu r e s  wi th in  
the  t r ea t ed  nuclei.  These  f i l aments  and  g ranu les  are s t rong ly  
Feulgen-pos i t ive  and  hence  r ep resen t  c h r o m a t i n  (Fig. t c - f ) .  
A compar i son  be tween  u n t r e a t e d  and  t r ea ted  cells reveals  
different  p a t t e r n s  of condensa t ion .  The  appea rance  of t h e  
condensed  c h r o m a t i n  in s e g m e n t s  differs f rom the  u n t r e a t e d  
p rophase  and  can  be observed  in a lmos t  a n y  of t he  t r ea ted  
i n t e rphase  cells. I t  indica tes  t h a t  differential  condensa t ion  of 
t he  in t e rphase  chrom~/tin h a s  t a k e n  place. 

Fig. I a - f .  Chicken  f ibroblas ts ,  Feulg-en s ta in ing ,  a a n d  b:  
un t r ea t ed ,  a in te rphase ,  b prophase ,  c a n d  d: i n t e rphases  
t r ea ted  wi th  caffeine, 25 raM, 2 h. e and  f: i n t e rphases  t r ea t ed  
wi th  caffeine, 50 mM, 21/2 h 
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