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moie ty  in t he  t y p e  B fl-adrenergic drugs,  owing to  the  
conjugat ion  of oxygen wi th  t he  n a p h t h y l  ring, can elec- 
t ronical ly  and sterically s imulate  a por t ion  of an a romat ic  
r ing and  therefore  t ake  t h e  place of t he  aryl  group di rec t ly  
l inked to  the  C 2 a t o m  in t he  t ype  A drugs in the  in te rac t ion  
wi th  the  receptor .  This hypo thes i s  is suppor ted  by  the  
fact  t h a t  the  relat ive or ien ta t ions  of the  leas t -square  
planes of the  Ca-O2-C~-C 5 group and the  aminoe thano l  
side chains  are very similar in 2, 2 .  HC1 and  3 .  HC1, and  
t h a t  th is  same kind of o r ien ta t ion  has been found be tween  
the  aryl  and aminoe thano l  groups in the  ma jo r i t y  of 
t ype  A (1) drugs which  have  been examined  by  X- ray  
crys ta l lography.  The leas t -squares  plane angle da t a  
repor ted  in the Table  show t h a t  there  is a clear re la t ionship  
be tween  the  Ar -CH(OH)  and Ar -O-CH2CH (OH) moiet ies :  
the  angles are all in the  56-87 ~ range,  wi th  the  one excep- 
t ion of adrenal ine  tartrate~(2.8~ Small  differences ob- 
served in the  aflgles are p robab ly  due to crys ta l  packing  
forces ~. 

Zusammen/assung. Mittels  t~6ntgens t rahlen  wurde  die 
Kr i s t a l l s t ruk tu r  des fl-Blockers Propranolo l  und  seines 
Chlorhydra t s  vermessen  und  be im le tz te ren  gewisse 

Untersch iede  zu fr i iheren Resu l t a t en  gefundeI1. Auf Grund 
dieser Vermessungen  wird erklS~rt, weshalb  auch der 
Typus  B Antagon i s ten  liefern kann,  und eine neue 
H y p o t h e s e  fiir die Wi rksamke i t  yon  Typ  B aufgestell t .  
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Properties of Ca~+,Mge+-Dependentt~n~donuclease 
A Mg~+-dependent endonuclease  is p resen t  in embryos  

of sea urchin  (Paracentrotus lividus) 1, in tes t is  of the  crabs 
(Neptunas astalus) 2 and  Cancer pagurus a and  in the  
hepa topanc reas  of Octopus vulgaris ~ which  requires  Ca ~+ 
for m ax imM  act iv i ty .  In  the  p resen t  s t u d y  a deoxy-  
r ibonuclease  was d e m o n s t r a t e d  in eggs of the  sea urchin  
Arbacia punctulata which  required b o t h  Ca ~+ and Mg 2+ 
for ac t iv i ty .  I t  was capable  of s t imula t ing  the  t emp l a t e  
ac t iv i ty  of sea urchin  spe rm ch roma t in  for DNA synthesis .  

Materials and methods. Eggs and  sperms  were ob ta ined  
f rom sea urchin  by  an es tabl ished m e t h o d  of in ject ing 
0.5 ml  of 0.55 M KC1. The semen was suspended  in a 
small  a m o u n t  of art if icial  sea wa te r  and centr i fuged at  a 
low speed. The s u p e r n a t a n t  was des igna ted  as seminal  
plasma.  Sperm ch roma t in  was p repa red  as descr ibed by  
OZAKI 5 wi th  sl ight modif icat ions .  

Endonuc lease  was isolated f rom eggs which  were 
washed  several  t imes  wi th  artificial  sea wa te r  (MBL) and 

Table I. Effect of bivalent cations and EGTA on endonuelease 
activity in sea urchin eggs 

Assay systems Activity 
(10 ~ units/mg protein) 

Control 0 
+ 10 mM MgC12 0.06 
+ 2 mM CaC12 0.18 
+ 10 mM MgC12 0 

0.6 mM EGTA 
+ 10 mM MgCL 8.88 

2 mM CaC12 
+ 10 mM MgCI~ 8.22 

2 mM CaC12 
0.6 mM EGTA 

Control assay system contained 100 ~xl [3HI DNA gel (2 • 10 ~ cts/min) 
50 mM Tris-HC1 (pH 7.5}, 10 mM 2-mereaptoethanol, appropriate 
amount of enzyme preparations and with or without 10 mM MgC12, 
and 0.6 mM EGTA in a total vol of 0.2 nil. The mixture was in- 
cubated at 37 ~ 

from~.e~,~Urchin~ggs of.Arbacia punctulata 
suspended  in a cold med i u m conta in ing  25 m M  Tris-HC1 
(pH 8.0), 2 m M  MgC12. The eggs were homogenized  in a 
Dounce  homogenizer .  The homogena t e  was cent r i fuged at  
15,000 g for 15 min. The s u p e r n a t a n t  was f rac t iona ted  by  
prec ip i ta t ion  wi th  solid a m m o n i u m  sulfate (50-80% 
saturat ion) .  The prec ip i ta ted  pro te ins  were collected by  
cen t r i fuga t ion  a t  15,000 g for 15 rain and dissolved in a 
med i u m conta in ing  0.01 M Tris-HC1 (pH 8.0), 30% 
glycerol. 

Egg  nuclei  were p repa red  according to PIKO, TYLER and  
VINOGRAD 6. The endonuclease  was ex t r ac t ed  f rom the  
isolated nuclei  as descr ibed for ra t  tes t is  nucleiL The 
procedure  for the  de t e rmina t ion  of acid and alkaline 
endonuclease  act ivi t ies  by  measur ing  the  a m o u n t  of 
r ad ioac t iv i ty  solubilized f rom [~H]DNA gel and the  
m e t h o d  for measur ing  the  t e m p l a t e  ac t iv i ty  of spe rm 
ch roma t in  w i th  D N A  polymerase  and [~H]TTP were  
descr ibed in previous  repor t s  s-10 

D N A  was p r ep a red  f rom sea urchin  spe rm ch roma t in  as 
descr ibed by  SMITH n. The endonucleoly t ic  p ro p e r ty  of 
the  egg enzyme was de t e rmined  by  incuba t ing  a mix tu re  
conta in ing  100 ~xg of sea urchin  spe rm DNA, 10 m2VI 
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Table II. Ca ~+, Mg2+-dependent endonuelease activities in eggs, 
seminal plasma and sperm extract 

A c t i v i t y  
(un i t s /mg  of prote ins)  

S e m e n  1.3 
Semina l  p l a s m a  40.8 
Sperm extract 16.9 
Crude egg supernatant 3.8 • 10 a 

The a s s a y  s y s t e m  is descr ibed  in the  legend to Tab le  t .  I n c u b a t i o n  was  
ca r r i ed  ou t  a t  37 ~ for  10 min .  

Tab le  I l l .  R e q u i r e m e n t  of b i v a l e n t  ca t ions  for  the  ac t i va t i on  of s p e r m  
e h r o m a t i n  t e m p l a t e  Ior  D N A  synthes i s  b y  egg  endonuc lease  

Cations [aHJ TMP incorporated 
(pmoles) 

Contro l ,  no t  a c t i v a t e d  6 
Control ,  a c t i v a t e d  8 
+ 1 m M  ~V[g 2+ 14 
+ I m M  Ca ~+ 20 
+ l m M C a  2+ + 10 m M  Mg 2+ 86 
+ 1 m M  Mn 2+ 13 

The  con t ro l  i n c u b a t i o n  s y s t e m  c o n t a i n e d  egg  endonuc lease  p r e p a r a -  
t ion  (135 uni ts /12 .5  [xg of p ro t e in /25  [zl); 2 m M  2 -mercap toe thano l .  
The  s y s t e m s  were  i n c u b a t e d  a t  37~ for  30 ra in  to ac t i va t e  the  tem-  
p l a t e  excep t  the  cont ro l ,  no t  a c t i va t ed ,  sample .  
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MgC12, 2 m M  CaC12, 10 m M  2-mercaptoe thanol  and 51 
units of Ca "+, Mg2+-dependent endonuclease in a to ta l  
vo lume  of 1.0 ml  at  37 ~ The react ion was s topped by  the  
addi t ion  of 5 V1 of 5 M NaC1 and 2 ~1 of 0.1 M t r i sodium 
citrate.  The mix tu re  was hea ted  for 10 min  a t  100~ The 
samples were cooled in an ice-bath  and filtered on an 
Agarose co lumn (Bio-gel A-5m, 100-200 mesh, Bio Rad  
Laborator ies ,  Calif., 1.4 • 37.0 cm) according to PARISI 
and DE PI~TROCELLIS I. Frac t ions  of 30 drops per  tube  
were collected. Absorbance of each fract ion was measured  
a t  260 nm. Pro te in  and D N A  were de te rmined  by  the  
methods  of LOWRY et al. 1~ and t3URTON 13, respect ively.  

Results and discussion. The fract ion prec ip i ta ted  
be tween  50-80% sa tura t ion  of a m m o n i u m  sulfate 
contained most  of the endonuclease ac t iv i ty  (1.13 • 104 
uni t s /mg of protein).  The  enzyme ac t i v i t y  was max ima l  
in the  presence of bo th  Ca 2+ and Mg 2+ in 50 m21/l Tris-HC1 
(pH 8.5) (Table I). The op t imal  t empera tu re  for ac t iv i ty  
was 37~ Since the  assay does no t  discr iminate  endo- 
nuclease from exonuclease ac t iv i ty ,  the  a m o u n t  of 
exonuclease ac t i v i t y  in the  prepara t ion  was es t imated  by 
incuba t ing  the  react ion mix tu re  for va ry ing  periods and 
by  analyzing the  products  formed by gel f i l t ra t ion on 
Bio-gel  A-5m column (Figure). The major  products  formed 
were oligonucleotides associated wi th  a small  amoun t  of 
mononucleot ides .  The present  findings suggest t h a t  the  
enzyme prepara t ion  possessed low exonucleolyt ic  ac t iv i ty  
which was es t imated  to be less than  10% of the  to ta l  
ac t iv i ty .  

Nuclei  prepared  from eggs of Arbacia punetulata 
possessed high Ca 2+, Mg~+-dependent alkal ine end0- 
nuclease ac t iv i ty  bu t  was devoid of Mg2+-dependent acid 
endonuclease ac t iv i ty .  The to ta l  Ca ~+, Mg2+-dependent 
endonuclease ac t iv i ty  was s l ight ly higher  in the  cytosol  
t han  in the nuclear  f ract ion;  whereas the  specific enzymic 
ac t iv i ty  was s ignif icant ly  higher  in the  nuclear  fraction. 
I t  should be noted tha t  the  egg superna tan t  f ract ion 
possessed high ac t iv i ty  while the  ac t iv i ty  was low in 
semen, seminal  p lasma or sperm ex t rac t  (Table II).  

The abi l i ty  of egg endonuclease to s t imula te  the  tem-  
plate  of sperm chromat in  for D N A  synthesis  was in- 
ves t iga ted  (Table I I I ) .  The prote in  and D N A  conten t  of 
sperm chromat in  was 6.11 m g / m l  and 3.9 mg/ml ,  respec- 
t ively,  wi th  a ra t io  of prote in  to D N A  of 1.57. The 
t empla te  ac t iv i ty  of sperm chromat in  for D N A  synthesis  
was low which increased s l ight ly by  the  addi t ion of 1 m M  
Ca a+ and 10 m M  Mg 2+ to the  assay sys tem (Table I I I ) ,  
suggesting t h a t  sperm chromat in  conta ined minimal ,  if 
any, endonueleolyt ic  act ivi ty .  On the  o ther  hand, the  
t empla t e  ac t iv i ty  was marked ly  s t imula ted  by the addi-  
t ion of egg endonuclease to the  assay sys tem (Table I I I ) .  
The t empla te  ac t iv i ty  increased wi th  the  dura t ion  of the  
incubat ion  and reached a m a x i m u m  level  af ter  incubat ion 
for 20 min. 

The present  findings of low endonucleo]yt ic  ac t iv i ty  in 
sperm, poor t empla te  ac t iv i ty  of sperm chromat in  for D N A  
synthesis,  and s t imula t ion  of the  t empla t e  ac t iv i ty  of 
sperm chromat in  on incubat ion  wi th  egg endonuclease 
suggest t ha t  the Ca ~+, Mg2+-dependent endonuclease 
present  in eggs migh t  par t ic ipa te  in the  dispersion of the  
t igh t ly  coiled sperm DNA,  influence the  association of 
D N A  of sperm and egg and/or  ac t iva te  sperm and egg 
chromat in  for D N A  synthesis  subsequent  to ferti l ization. 

Gel f i l t r a t ion  of sea u r ch in  s p e r m  D N A  t r e a t e d  wi th  sea u r ch in  
ooey te  endonuc lease  t h r o u g h  Agarose  co lumn.  The  r eac t ion  m i x t u r e s  
were  i n c u b a t e d  a t  0 ra in  (A) ; 30 ra in  (B) ; 60 miD (C) ; a n d  150 ra in  
(D). A M P  was  e lu ted  in f r ac t ion  No. 54. 
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Zusammen~assung. Eine  E n d o d e s o x y r i b o n u c l e a s e  wurde  
aus  den  E i e r n  des Seeigels Arbadia punctulata isoliert .  
Das  E n z y m  b r a u c h t  sowohl  Ca 2+ als s u c h  Mg 2+ u m  
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m a x i m a l e  Ak t iv i t / i t  m i t  Tris-HC1 bei  p H  8.5 zu erre ichen.  
Die 2Viatrizenaktivit/ i t  yon  S a m e n c h r o m a t i n  ftir DNA-  
Syn these  k o n n t e  d u r c h  E i - E n d o n u c l e a s e  s t imul i e r t  
werden.  
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Effect  of T e r r i t o r i a l  C o n d i t i o n s  on  the  M a i n t e n a n c e  

M a n y  species of t rop ica l  b i rds  c o m m u n i c a t e  b y  an t i -  
p h o n a l  duets .  I n  some species more  t h a n  two ind iv idua l s  
m a y  sing toge the r .  T h e r e b y  t h e y  pe r f o r m  trios,  q u a r t e t s  
an d  qu in te t s .  The  ana lys i s  of t h e  t e m p o r a l  p a t t e r n i n g  of 
these  pe r fo rmances  ha s  shown  t h a t  t h e  voca l  c o n t r i b u t i o n s  
of ind iv idua l s  l iv ing  in pa i r  c o n t a c t  occur  in a coord ina t ion  
wh ich  is more  clear  a n d  precise t h a n  t h a t  be t w een  t he  
c o n t r i b u t i o n s  of no t  m a t e d  birds.  The re  is ev idence  t h a t  a 
well  deve loped  voca l  coo r d i na t i on  will  s u p p o r t  the  
m a i n t e n a n c e  of pa i r  c o n t a c t  b e t w e e n  ~che d u e t t i n g  
b i rds  ~-5. The  vocal  coo rd ina t ion  is deve loped  b y  social 
l ea rn ing  a n d  i m p r o v e d  b y  r epea t ed  exercise 6. 

Based  on  field observa t ions ,  we worked  ou t  an  experi-  
m e n t a l  p r o g r a m  wh ich  al lowed us to  t e s t  t he  func t i on  of 
well  c o o r d i n a t e d  a n t i p h o n a l  songs. T he  p r o g r a m  was  
car r ied  ou t  on  t he  b e h a v i o u r  of t he  cen t r a l  Af r ican  t h ru sh ,  
Cossypha heuglini H., c a p t u r e d  a n d  now l iv ing  u n d e r  
con t ro l led  cond i t ions  in  our  l abora to r ies  (6 individuals) .  
Like  o the r  species d u e t t i n g  an t i phona l l y ,  these  t h r u s h e s  
are e x t r e m e l y  t e r r i to r i a l  7,8 In  general ,  m a t e d  Cossyphas 
cla im a n d  defend  t h e i r  t e r r i to r i es  t o g e t h e r  a n d  p redomi -  
n a n t l y  b y  s inging ' coun t e r - due t s '  4. W h e n  sepa ra t ed  f rom 
i ts  m a t e  for  more  t h a n  2 weeks, a Cossypha m a y  s t a r t  to  
deve lop  a n t i p h o n a l  due ts  pe r fo rmed  w i t h  new song 
pa r tne r s .  Our  ques t ion :  W o u l d  a bi rd ,  wh ich  1. has  
learned  to  answer  song p a t t e r n s  of more  t h a n  one p a r t n e r  
w i th  a n t i p h o n a l  responses,  a n d  2. is exposed to  two  of 
these  parCners s imul t aneous ly ,  d e m o n s t r a t e  a clear 
preference  for  t h a t  one of t he  p a r t n e r s  wh ich  shows t he  
b e t t e r  coo rd ina t ion  w i t h  the  b i rd ' s  own s inging b e h a v i o u r  ? 
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Fig. 1. Sketch of the habitat of our Cossypha heugIini. 'Territorial 
area': region wherein the ~ spends 93% of its time. A) B) and C), 
places of cages for ~' (= roT) and ~ (= ~n2). W, water; F, food; N, 
nest; V, dense vegetation (coffee tree a.o.). Dimension of the room 
in meters: 5 x 3 • 2.5. 

of P a i r  C o n t a c t  in  D u e t t i n g  B i r d s  

I n  order  to  i nves t i ga t e  th i s  ques t ion,  we r e m o v e d  male  
Gossyphas (symbol :  m7 = c~) ou t  of a v i a r y  rooms where in  
t h e y  h a d  l ived in n o r m a l  pa i r  c o n t a c t  : each  of t h e m  w i t h  
1 female  a n d  somet imes  (addi t ional ly)  w i t h  2 youngs t e r s  
of t h e i r  own. leach  r e m o v e d  male  (roT) was  rep laced  b y  
a n o t h e r  adu l t  and  a l r eady  m a t e d  Cossypha male  ( symbol  : 
m2 = c~). For  avo idance  of aggress ive a t t acks ,  these  b i rds  
were k e p t  in cages ( l m  X 0.5m X 0.5 m). A l m o s t  3 weeks 
a f t e r  such  a r ep lacemen t ,  t he  u n r e m o v e d  female  s t a r t e d  
to  a c c o m p a n y  t h e  songs  of t h e  m2 male  b y  t he  same  voca l  
p a t t e r n s  wh ich  i t  h a d  u t t e r e d  fo rmer ly  in t he  due t s  w i t h  
i ts m I  male.  T h e y  did  so inspi re  of t he  fol lowing fac ts :  
1. t h e  song p a t t e r n s  vocal ized b y  t he  m2 were d i f fe ren t  
f rom those  u t t e r e d  b y  t i le  m l ;  2. t h e  due t s  pe r fo rmed  b y  
t h e  m2 a n d  ~he female  d id  n o t  show t h e  regu la r  t i m i n g  
(coordinat ion)  be tween  t he  d u e t  c o n t r i b u t i o n s  which  was 
obse rved  in t he  due ts  pe r fo rmed  b y  t h e  m 7 a n d  t he  female.  
Like  these,  t h e  due t s  be tween  t h e  m2 a n d  t he  female,  
however ,  occur red  p r e d o m i n a n t l y  in  consequence  of 
ce r t a in  a u d i t o r y  or  v i sua l  s t i m u l a t i o n s  6, 7 

A n o t h e r  2 weeks later ,  w h e n  t h e  a n t i p h o n a l  due t s  be- 
tween  t he  m2 a n d  t he  female  could be  re leased w i t h  h igh  
p r o b a b i l i t y  (p > 0.9; s t i m u l a t i o n  w i t h  s tuf fed  bodies  of 
Cossyphas = dumies  of r ivals) ,  we r e m o v e d  t he  m2 male  
ou t  of t h e  females  rooms.  T h e n  we s t a r t e d  3 t y p e s  of 
exper imen t s .  E a c h  of t h e m  was car r ied  ou t  to  examine  
t he  voca l  b e h a v i o u r  of t he  Cossyphas w h e n  aga in  b r o u g h t  
t o g e t h e r :  The  female,  i ts  m a t e  (m7) a n d  t h e  m2 male.  
Again  the  male  b i rds  were k e p t  in  cages, b o t h  of iden t ica l  
cons t ruc t ion .  

Experiment I. The  cages w i t h  t h e  males  were ins ta l led  
s imu l t aneous ly  in t he  female ' s  r oom b u t  outs ide  of i ts  
t e r r i to r i a l  a rea  (Figure  1 ; pos i t ion  A a n d  B). I m m e d i a t e l y  
af te r  t h e  s t a r t  of t he  exposure  of t he  2 males  to  t he  female,  
t he  voca l  a c t i v i t y  of the  b i rds  (measured  i nd iv idua l l y  in 
t he  n u m b e r  of t he  vocal ized d u e t  con t r ibu t ions )  increased  
to a m a x i m u m  va lue  (100%).  A b o u t  7 m i n  later ,  t h e  
female,  wh ich  h a d  f i rs t  a p p r o a c h e d  t h e  cages of t he  males,  
r e t i r ed  to  i ts  t e r r i to r i a l  area.  In  paral le l ,  t h e  voca l  
a c t i v i t y  of t h e  b i rds  b e g a n  to  decline.  The  ac t i v i t y  of m2 
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