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I t  is also conce ivab le  t h a t  t h e  groups  w i t h  adu I t  social 
exper ience  were sexua l ly  e x h a u s t e d  due  to social ly 
i nduced  a u t o s e x u a l  or h o m o s e x u a l  act iv i t ies .  This  possi-  
b i l i ty  c a n n o t  be en t i r e ly  d i s coun ted  since t h e  l a t e n c y  to  
s p e r m a t o p h o r e  p r o d u c t i o n  in n o n - c o p u l a t i n g  group-  
reared  males  (Group IV) was  s ign i f i can t ly  h ighe r  (Mann-  
W h i t n e y  U p < 0.04) t h a n  t h a t  in t h e  g roup  dep r ived  
a f t e r  a d u l t h o o d  was a t t a i n e d  (Group I f I ) .  However ,  t h e r e  
was v e r y  l i t t le  difference b e t w e e n  t h e  group  dep r ived  as 
n y m p h s  (Group II)  a n d  t h e  group  dep r ived  in t h e  a d u l t  
s tage (Group I I I )  in  t h i s  regard.  T h u s  sexua l  e x h a u s t i o n  
does n o t  en t i r e ly  a c c o u n t  for t he  low pe r f o r m ance  of all 
males  w i t h  social  exper ience  as adul ts .  

A n  a l t e r n a t e  e x p l a n a t i o n  to  t he  a f o r em en t i oned  pos- 
sibi l i t ies is t h a t  social d e p r i v a t i o n  increases  exc i t ab i l i t y  
w i t h  reference  to  b o t h  sexua l  b e h a v i o r  a n d  aggression.  
F u r t h e r m o r e ,  such  e x c i t a b i l i t y  m a y  h a v e  a d e m o n s t r a b l e  
physio logica l  basis.  Social d e p r i v a t i o n  has  been  shown,  

in aphids ,  to  lead to h y p e r a c t i v i t y  of t he  co rpora  a l l a t a  8, 
wh ich  h a v e  i m p o r t a n t  phys io logica l  func t ions .  . The  c. 
a l l a ta l  h o r m o n e  s t imu la t e s  male  accessory  g land  a c t i v i t y  
a n d  inf luences  b e h a v i o r  in  a n u m b e r  of insec ts  0. A l t h o u g h  
these  specific m e c h a n i s m s  m a y  n o t  opera te  in house  
cr ickets ,  t h e i r  phys io Iogy  m a y  be  modi f i ed  b y  social 
d e p r i v a t i o n  in a s o m e w h a t  s imi la r  manne r .  I t  is p roposed  
t h a t  th i s  mod i f i ca t ion  of t he  phys io logy  involves  a lower- 
ing of t h r e s h o l d  to sexua l  exc i t ab i l i t y  in  s ing ly- rea red  
male  house  cr ickets .  

I n  s u m m a r y ,  i t  is conc luded  t h a t  v i sua l  a n d  t a c t u a l  
social d e p r i v a t i o n  f rom t h e  egg s tage  e n h a n c e d  t he  likeli- 
hood  of copu la t ion  in 2- or 3-day a d u l t  ma le  Aeheta 
domestica w h e n  reared  a t  34 4- 1 ~ 

8 D. 1 ?. WHITE, Science 759, 218 (1968). 
9 IK. SLAMA, M. ROMAiK!UK arld F. SORM, Insect Hormones a#d Bio- 

analogues (Springer-Verlag, New York 1974), p. 39. 
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SummarF. The  i n h i b i t i o n  of R N A  syn thes i s  b y  a - a m a n i t i n  on  in v i t r o  cu l t u r ed  ceils is v e r y  slow. The  ac t ion  of va r ious  
ana logues  of t he  t o x i n  was t e s t e d  and  some of t h e m  p r o v e d  more  effective.  Moreover  p r e t r e a t m e n t  of cell cu l tu res  
w i t h  D E A E - d e x t r a n  g rea t ly  e n h a n c e d  t he  effect  of ~ -aman i t i n .  

e - A m a n i t i n  is a tox ic  p o l y p e p t i d e  of A manita phalloides. 
I t  is a useful  tool  in  b io logy  a n d  b i o c h e m i s t r y  for  i ts  
ab i l i t y  to  i n h i b i t  R N A - p o l y m e r a s e  B se lec t ively  b y  b ind-  
ing to  t h e  e n z y m e  2-4. 

~ - A m a n i t i n  b r ings  a b o u t  a v e r y  ear ly  i n h i b i t i o n  of R N A  
syn thes i s  in  l iver  a n d  k i d n e y  w h e n  a d m i n i s t e r e d  to ani-  
mals  5, s, b u t  i t  ac ts  v e r y  s lowly on  in v i t ro  cu l t u r ed  cells 7 
This  s low ac t ion  is p r o b a b l y  due  to  a scarce p e n e t r a t i o n .  
Th i s  h y p o t h e s i s  receives  s u p p o r t  f rom 2 obse rva t ions .  
D i f f e ren t  t ypes  of in  v i t r o  cu l t u r ed  cells d i sp lay  d i f fe ren t  
s ens i t i v i t y  to  ~ -amani t in ,  whi le  R N A  syn thes i s  in  i so la ted  
nucle i  is i n h i b i t e d  b y  equa l  doses of t he  d rug  s . F u r t h e r -  
more,  t he  t o x i c i t y  of a m a n i t i n  for  cu l tu red  m a c r o p h a g e s  
increases  severa l  t i m e s  a f t e r  c o n j u g a t i o n  of t h e  t ox in  to  
a l b u m i n  wh ich  al lows a m a n i t i n  to  e n t e r  b y  p inocy tos i s  ~. 

A rap id  i n h i b i t i o n  o f ' t h e  a m a n i t i n - s e n s i t i v e  IRNA- 
po lymerase  B of cu l tu red  cells would  be  requi red ,  especia l ly  
in  s tud ies  on rep l i ca t ion  of D N A  viruses ,  in  o rder  to  t r y  
to  d i s c r i m i n a t e  b e t w e e n  v i ra l  a n d  hos t  .cell t r ansc r ip t i on .  
W i t h  t he  a im  a t  o b t a i n i n g  th i s  effect, we p e r f o r m e d  two  
series of e x p e r i m e n t s  on  cell cu l tures .  I n  t h e  f i r s t  series we 
e x a m i n e d  t h e  effect  of a n u m b e r  of n a t u r a l l y  occur r ing  
a n d  chemica l ly  modi f ied  a m a n i t i n s ,  al l  k n o w n  to i n h i b i t  
R N A - p o l y m e r a s e  B in v i t ro  ~~ in o rde r  to  c o m p a r e  
t h e i r  t r a n s c r i p t i o n - b l o c k i n g  a c t i v i t y  w i t h  t h a t  of ~- 
a m a n i t i n .  I n  t he  second series of e x p e r i m e n t s  we t r i ed  to  
increase  a m a n i t i n  p e n e t r a t i o n  b y  t r e a t i n g  cells w i t h  
D~EAE-dext ran ,  a p o l y c a t i o n  w h i c h  is k n o w n  for i t s  
e n h a n c i n g  effect  on  p e n e t r a t i o n  of severa l  s u b s t a n c e s  
in to  cu l tu red  cells. W e  also t e s t e d  t h e  effect  of t he  po lyen ic  
a n t i f u n g a l  a n t i b i o t i c  a m p h o t e r i c i n  B, wh ich  h a d  been  
r epo r t ed  to fac i l i t a te  t h e  p e n e t r a t i o n  of a - a m a n i t i n  ~3. 

Materials and methods. H E p - 2  a n d  B H K  cell mono laye r s  
were g rown  for 36 h in 35 m m  p las t i c  P e t r i  d ishes  in 
Eag le ' s  m i n i m u m  essent ia l  m e d i u m  (MEM) s u p p l e m e n t e d  
w i t h  t 0 %  foe ta l  b o v i n e  serum.  A m a n i t i n s  were a d d e d  to  
t he  m e d i u m  a t  t h e  c o n c e n t r a t i o n  of 10 or  30 ag/ml ,  as 
i nd i ca t ed  in t h e  Tab les  I a n d  I I .  

To pe r fo rm  p r e t r e a t m e n t  w i t h  D E A E - d e x t r a n ,  mono-  
layers  were  w a s h e d  twice  w i t h  p h o s p h a t e  buf fe red  sal ine 
lack ing  Ca ++ and  Mg++ ( P B S  A), k e p t  in  c o n t a c t  w i t h  
2 ml /d i sh  of a so lu t ion  c o n t a i n i n g  500 p.g/ml D E A E -  
d e x t r a n  (m.w. 2 • 10 s, P h a r m a c i a )  and  1 m g / m l  glucose 
in P B S  A for  15 min  a t  37~ w a s h e d  3 t imes  w i t h  P B S  
A a n d  refed w i t h  m e d i u m .  A m p h o t e r i c i n  B (Squibb)  was 
dissolved in d i m e t h y l s u l p h o x i d e  (10 mg/ml)  and  f u r t h e r  
d i lu ted  w i t h  t he  med ium.  

R N A  syn thes i s  was  m e a s u r e d  b y  pulse- labe l l ing  t h e  
mono laye r s  w i t h  (SH) ur id ine  (29 Ci /mM;  t h e  Rad io -  
chemica l  Center ,  A m e r s h a m )  a t  t he  c o n c e n t r a t i o n  of 1 
lxCi/ml of m e d i u m  in t he  p resence  of a 20-fold excess of 
cold t h y m i d i n e .  Af te r  a 30 min  pulse,  mono laye r s  were 
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Table I. Effect of various amanitins on RNA synthesis of HEp-2 cells 

EXPgRIEI~TIX 32/1 

Concentration ([zg/ml) Time of contact (h) RNA synthesis (cpm/mg protein) 

Control 0 6 44602 :J2 2244 
~-Amanitin 10 6 38844 4- 1873 (13) 
fi-Amanitin 10 6 41108 q- 684 (8) 
Alnanin 10 6 39070 4- 670 (12) 
Amanitin-tiophenyl ester 10 6 35235 4- 1368 (21) 
~-Amanitin-azotrifluoracetie 10 6 379904- 837 ~ (15) 
0-Methylry-amanitin 10 6 309104- 1200 ~ (31) 
Control 0 2 46125 4- 2675 
0-Methyl-y-amanitin 10 2 320084- 1628 ~ (31) 
O-IVfethyI-~-amanitin 30 2 296704- 2542 ~ {36) 
0-Methyl-y-amanitin 50 2 270904- 2477~ (41) 

~-Amanitin,/~-amanitin and amanin are naturally �9 occurring amanitins 8. Amanitin-tiophenylester ~, ~-amanitin-azo-trifluoroacetic 1~ and 
0-methyl-y-amanitin ~2 were prepared in the laboratory of Professor TH. WIELAIVO. Results are presented as means of 4 values 4- SE, with 
Student 's t-test for significance of difference between means, , P  < 0.05 in comparison with the control. Percentage of inhibition in paren- 
theses. 

Table II. Effect of pretreatment with DEAE-dextran and glucose (Dex) on RNA synthesis of HEp-2 ceils treated with ~- or ~-amanitin 

Treatment Concentration of amanitin 
(b~g/ml) 

RNA synthesis (cpm/mg protein) 

l h  �9 2h  ~ 12h �9 

None 0 41137-b1336 42569~ 569 
(n=  3) (n=  8) 

~-Amanitin 30 40448~2431 (5) 
(u=4) 

~-Amanitin 10 40866~_2785 (4) 
( n = 4 )  

fl-Amanitin 30 415484-2280 37748~ 3454 (11) 
( n = 4 )  ( n = 4 )  

Dex 0 455214-2364 455142J:3541 
( n = 4 )  ( n - - 4 )  

Dexq-~-amani~n 30 153424-I104 b (64) 
( n =  4) 

Dex+f i -amani t in  10 17954~ 2247 b (58) 
(n= 2) 

Dex+~-aman i t i n  30 22488:j22469 b (45) 132344- 946 b (69) 
(n = 4) (n = 7) 

370544-3995 
(n=  2) 

41764i1848  
(n= 2) 

56344- 994 ~ (8) 
(n  = 2) 

�9 Time of contact with amanitin (h). Results are presented as means :Jz SE, with Student 's t-test for significance of difference between means. 
bp < 0.02. n = number of specimens. In parentheses, percentage of inhibition with respect to control cultures. 

w a s h e d  t w i c e  w i t h  0.01 M Tris  b u f f e r e d  sal ine ,  p H  7.5, 
h a r v e s t e d  in  t h e  s a m e  buf fe r ,  p r e c i p i t a t e d  w i t h  co ld  10% 
HC10 , ,  f i l t e r e d  t h r o u g h  glass  f ib re  d i scs  ( W h a t m a n  GF/C)  
a n d  t h e  r a d i o a c t i v i t y  was  m e a s u r e d  in a P a c k a r d  T r i - c a r b  
l i qu id  s c i n t i l l a t i o n  s p e c t r o m e t e r .  P r o t e i n s  w e r e  d e t e r m i n e d  
a c c o r d i n g  t o  t h e  m e t h o d  of  LOWRY e t  al. 1~. Ceils v i a b i l i t y  
w a s  m e a s u r e d  b y  a t r y p a n  b lue  e x c l u s i o n  t e s t  1~. 

Resul ts  and discussion. A c o m p a r a t i v e  s t u d y  of t h e  
leve ls  of  i n h i b i t i o n  of  R N A  s y n t h e s i s  in  H E p - 2  cells 
(Table  I) s h o w s  t h a t  s o m e  a l n a n i t i n  d e r i v a t i v e s  a r e  m o r e  
e f f ec t ive  t h a n  ~ - a m a n i t i n .  A s i g n i f i c a n t  r e d u c t i o n  w a s  
o b t a i n e d  w i t h  t h e  c h e m i c a l l y  m o d i f i e d  c o m p o u n d s  ~- 
a m a n i t i n - a z o - t r i f l u o r a c e t i c  11 a n d  0 - m e t h y l - y - a m a n i t i n  1~ ; 
t h i s  l a s t  a n a l o g u e  g a v e  t h e  s t r o n g e s t  r e d u c t i o n .  

To  a c c e l e r a t e  t h e  e f f ec t  of  a m a n i t i n s ,  we  t r e a t e d  cell  
c u l t u r e s  w i t h � 9  A m p h o t h e r i c i n  B or  D E A E - d e x t r a I 1 .  
A m p h o t h e r i c i n  B a lone ,  a t  t h e  c o n c e n t r a t i o n  of  2 btg/ml, 
c a u s e d  a 70% i n h i b i t i o n  of  H E p - 2  ceils  R N A  s y n t h e s i s  
M t e r a  6 h c o n t a c t  (on ly  10% w a s  d u e  t o  t h e  s o l v e n t  
d i m e t h y l s u l p h o x i d e ) ;  t h i s  i n h i b i t i o n  d id  n o t  i nc r ea se  
a p p r e c i a b l y  w h e n  a - a m a n i t i n  w a s  a d d e d  to  cell  c u l t u r e s  
t o g e t h e r  w i t h  A m p h o t h e r i c i n  B.  

I n  t h e  e x p e r i m e n t s  w i t h  D E A E - d e x t r a n ,  we  u s e d  a 
c o n c e n t r a t i o n  of  500 tzg/ml, a c c o r d i n g  t o  I3ARBANTI- 

BRODANO el: &lfl v, s ince  lower  c o n c e n t r a t i o n s  were  f o u n d  
to  be  m u c h  less  e f f ec t i ve  (dal:a n o t  s h o w n ) .  P r e l : r e a t m e n t  
w i t h  t h i s  dose  for  30 m i n  p r o v e d  s l i gh t l y  t o x i c  in  o u r  
c o n d i t i o n s ,  as  r e v e a l e d  b y  R N A  s y n t h e t i c  a c t i v i t y ,  
v i a b i l i t y  t e s t  a n d  m o r p h o l o g i c a l  e x a m i n a t i o n .  W e  f o u n d  
t h a t  t h i s  t o x i c i t y  w a s  t o t a l l y  a b o l i s h e d  b y  s h o r t e n i n g  t h e  
t i m e  of p r e t r e a t m e n l :  t o  15 m i n  a n d  b y  a d d i n g  1 m g / m l  
g lucose  (Table  I I ) .  T a b l e  I I  a lso  s h o w s  t h a t  s u b s e q u e n t  t o  
t h e  t r e a t m e n t  w i t h  D E A E - d e x t r a n  f l - aman i t i n ,  w h i c h  
h a s  a f ree  c a r b o x y l i c  g r o u p  ~ is m o r e  a c t i v e  t h a n  t h e  
a m i d o - s u b s t i t u t e d  a n a l o g u e  e - a m a n i t i n .  

A v e r y  s i m i l a r  e f f ec t  w a s  o b t a i n e d  a lso  in a n o t h e r  cell  
l ine.  P r e t r e a t m e n t  of  B H K  21 cel l  m o n o l a y e r s  w i t h  D E A E -  
d e x t r a n  led,  u p o n  a d d i t i o n  of  30 v g / m l  ~ - a m a n i t i n ,  t o  a 
6 6 %  i n h i b i t i o n  of  t o t a l  R N A  s y n t h e s i s  w i t h i n  2 h.  
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