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organisms 4-6, a symmet r i ca l  responses  to di rect ional  
selection are common.  

Al though  stress t ra i t s  have  rarely been selected for b o t h  
res is tance and  sens i t iv i ty  in one exper iment ,  there  are 
repor ts  of qui te  rapid responses  to  selection for res is tance  
to specific stresses such as D D T  in D. melanogaster and 
other  species, p r e sumab ly  due to the  rapid  rearrange-  
m e n t  of addi t ive  genes 7, 8 Like radioresis tance,  dominance  
has been found  for res is tance to var ious  insect icides and 
anaes the t ics  such as etherS, 9. Therefore  in conclusion, 
a symmet r i ca l  responses  to selection for s tresses m a y  be 
reasonable,  such t h a t  r e s i s t an t  s t ra ins  are rap id ly  bui l t  up 
as is known for DDT.  The o ther  i m p o r t a n t  conclusion is 
t h a t  it  has  been possible to show th rough  sib-select ion t h a t  
the  genetic var ia t ion  for radiores is tance  p resen t  in the  
base popula t ions  can be selected w i t h o u t  any  con tac t  
w i th  the  selective agent  1% 

Zusammenlassung. Es wurde  eine Selekt ion auf 
S t rah lenres i s tenz  nach  Bes t rah lung  yon  Drosophila 
melanogaster mi t  6~ w~ihrend 5 Genera t ionen  
mi t  gu tem Erfolg erzielt, n ich t  aber  eine solche auf 

erh6hte  Strahlensensibilit~it .  Der  a symmet r i s che  Selek- 
t ionsef fekt  dt irf te  somi t  auf dominan t e r  Vere rbung  der 
Res is tenz  beruhen.  Famil iense lekt ion  kann  auch ohne 
Bes th ra lung  zu res i s t en ten  St~immen fiihren. 
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C o r d y c e p i n  I n h i b i t s  I n d u c t i o n  of  Puf f s  b y  I o n s  in  Chironomus  S a l i v a r y  G l a n d  C h r o m o s o m e s  

Puffs  in po ly tene  chromosomes  of Dip te ra  are inducible  
by  inorganic 1 and  organic ions 2. B o t h  types  of ion ac t  
d i rec t ly  a t  t he  chromosomal  level3, ~ and m a y  be implica-  
t ed  in the  contro l  of gene ac t iv i ty  by  hormones  dur ing  
normal  deve lopmen t  5. I n c u b a t e d  in the  absence of R N A  
precursors ,  isoIated po ly tene  chromosomes  react  to 
changes  in the i r  e lectrolyte  milieu by  a different ia l  decon- 
densa t ion  of bands  a t  specific loci 3, 4. F rom this  it  could be 
concluded t h a t  induc t ion  of puffs  by  ions is e x e m p t  f rom 
the  general  rule t h a t  puffs  can pers is t  or be induced  only 
under  condi t ions  pe rmi t t i ng  R N A  synthesis .  This  would 
mean  t h a t  puff  induct ion  by  ions exhibi t s  biochemical  
character is t ics  d i f ferent  f rom those  observed dur ing 
induc t ion  of puffs  by  ecdysone  6. However ,  in th is  corn- 

munica t ion  I p resen t  evidence t h a t  in i n t ac t  cells an urn- 
impai red  capac i ty  for R N A  synthes i s  is requi red  for the  
induc t ion  of puffs  by  inorganic and  organic ions. 
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Fig. 1. Effect of cordycepin on 3H- 
uridine incorporation into salivary 
gland nuclei of Chironomus thummi, a) 
control in TM I and b) sister gland 
in TM I with 100 [xg/ml cordycepin. 
NO = nucleolus organizer. 
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Fig. 2. Regression of Balbiani rings 
(B Rb and BRc) caused by eordyeepin. 
a) control in TM I and b) sister gland 
in TM I with 100 p~g/ml cordyeepin. 
NO ~ nucleolus organizer. 

Material  and methods. L a t e  4 th  i n s t a r  l a rvae  (eL,) of 
Chironomus thummi were used. Fo r  s t ag ing  a n d  cha rac t e r -  
is t ics  of t h e  s tock  see KROEGER~. 

Tes t  med ia  (I a n d  II). TM I :  50 m M  KC1, 50 m M  
MgC12, 5 m M  Tris (pH 7.4) s. TM I I  : 2 m M  KC1, 28 m M  
d i sod ium fumara t e ,  28 I n M  NaC1, 5 m M  CaCI 2, 7 m M  
m a g n e s i u m  succinate ,  80 m M  t r y p t o p h a n  (D or L), 
5 m M T E S  ( T r i s - ( h y d r o x y m e t h y l ) - m e t h y l - 2 - a m i n o e t h a n e -  
sulfonic  acid, p H  7.4)3. 

F r o m  each  la rva ,  t h e  pa i red  s a l i va ry  g lands  were 
�9 e x p l a n t e d  s e p a r a t e l y  on to  s i l iconized sl ides a n d  i n c u b a t e d  
u n d e r  pa r a f f i n  oil in  15 ~1 of m e d i u m  for 1 h (TM I) or 2 h 
(TM II) a t  20-22~ One g land  was i n c u b a t e d  w i t h o u t  
(control)  a n d  t he  o t h e r  w i t h  co rdycep in  (3 ' -deoxyadenos ine ;  
S igma  Chemica l  Co., St.  Louis,  Missouri) .  A t  t h e  end  of 
t he  e x p l a n t a t i o n  per iod,  t he  g lands  were p r e p a r e d  for  
cytological  o b s e r v a t i o n  in  t h e  usua l  m a n n e r  9. 

F o r  a u t o r a d i o g r a p h y ,  0.5 ~1 of 8H-ur id ine  (spcc. act .  
27.5 C / r a M ;  N E N  G m b H ,  F r a n k f u r t )  was  added  to  t h e  

t e s t  med ia  for t h e  las t  15 (TM I) or 30 (TM II)  ra in  of 
i n c u b a t i o n  a n d  t h e  g lands  were processed as descr ibed  
elsewhere 10. 

Results. A m o n g  t h e  c o m b i n a t i o n s  of NaC1/KC1/MgCI~ 
m e d i a  which  induce  puffs  in  s a l i va ry  g land  ch ro mo s o mes  
of Chironomus thummi11, 50 m M  KC1/50 m M  MgCI~ were 
chosen  as t h e  t e s t  m e d i u m ;  th i s  m e d i u m  induces  a wide 
a r r a y o f  p u f f s a t  va r ious  s i tes  inc lud ing  I I  a3/4  an d  I I I d l  s, 11 
an d  i ts  effects h a v e  been  specif ical ly  i n v e s t i g a t e d  s. T h e  
t e s t  m e d i u m  for organic  ions (TM II) is ba sed  on  a m e d i u m  
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Fig. 3. Effect of 100 ~g/ml cordycepin 
on induction of puffs by inorganic 
(a, b) and organic (c, d, e, f) ions in 
salivary gland chromosomes of Chi- 
ronomus thummi, a) and e, e) controls 
from sister glands without cordy- 
cepin. 
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devised  b y  POLITOFF et  al. ~2 in wh ich  i ts  g l u t a m i n e  is 
rep laced  b y  t r y p t o p h a n  =. As shown  elsewhere ~, t h i s  
m e d i u m  induces  puffs  a t  t he  fol lowing loci: Ia3/4,  Ie3, 
If4, I g i ,  Ig2, I I I d l  and  I I I d l / 2 .  

A t  100 b~g/ml cordycepin ,  offered in h e m o l y m p h  or 
R inge r  solut ion,  caused  in 8 0 - 8 5 %  of t he  ceils (n = ca. 
1000) a nea r ly  t o t a l  i n h i b i t i o n  of aH-ur id ine  i nco rpo ra t i on  
in to  nucleol i  and  ch romosomes  (Figure 1), a genera l  
regress ion of all  puffs  and  a collapse of t he  B a l b i a n i  r ings  
(Figure 2). No new puffs  were i nduced  b y  cordycepin .  A t  
lower concen t r a t i ons  (10, 25, 50 ~g/ml) n e i t h e r  i n h i b i t i o n  
of aH-ur id ine  i nco rpo ra t i on  no r  puff  regress ion was 
de tec tab le .  

I n  accordance  w i t h  p rev ious  f ind ings  s, 2 expos i t ion  of 
sa l iva ry  g lands  to  t e s t  m e d i a  I and  I I  gave  r ise to  t he  
i n d u c t i o n  of t h e  puffs  l i s ted  above  in a b o u t  70% (TM I) 
a n d  80% (TM II)  of t h e  ceils. T he  puffs  t h u s  i nduced  
inco rpo ra t e  aH-ur idine .  

Inc lus ion  of 100 ixg/ml co rdycep in  in T MI  or TM I I  
b locked  t he  i n d u c t i o n  of a n y  of t h e  puffs  l i s ted  above  in  
8 0 - 8 5 %  of t he  cells (Figure 3). I n  1 5 - 2 0 %  of t he  cells 
these  puffs  d id  a p p e a r  a t  a size a p p r o x i m a t e l y  equa l  to  
t h a t  of t he  cont ro l s  (n = ca. 1000). 

Discussion. The  obs e r va t i on  t h a t  i so la ted  p o l y t e n e  
ch romosomes  i n c u b a t e d  in s imple  sa l t  so lu t ions  e x h i b i t  a 
d i f fe ren t ia l  decondens a t i on  of b a n d s  ( 'swell ing '  a n d  ' fad-  
ing')  a in  c o n j u n c t i o n  w i t h  t h e  resu l t s  r epo r t ed  in th i s  
c o m m u n i c a t i o n ,  po in t s  to  a 2 s tep  m e c h a n i s m  in t he  
f o r m a t i o n  of puffs :  a) a n  ini t ial ,  h igh ly  localized, decon-  
d e n s a t i o n  of D N P  fibrils,  wh ich  is i n d e p e n d a n t  of ene rgy  
a n d  R N A  syn thes i s  and  b) a s u b s e q u e n t  s tep  wh ich  
involves  f u r t h e r  decondensa t ion ,  engul f ing  of ne ighbour -  
ing b a n d s  and  an  a c c u m u l a t i o n  of acidic p ro t e in s  ~a. This  
second step,  wh ich  crea tes  t he  ' pu f f - s t ruc tu re ' ,  seems to  
r equ i re  energy  ~ and  R N A  syn thes i s  6,~4. I t  appea r s  t h a t  
ions are  c apab l e  of ef fec t ing b o t h  steps.  

T h a t  1 5 - 2 0 %  of t he  ceils show ' res i s tance '  to  co rdycep in  
d e m o n s t r a t e s  a h e t e r o g e n i t y  in  t he  cell p o p u l a t i o n  of saliv- 
a ry  glands.  Such  a he t e rogene i t y  was also obse rved  b y  
]~1gI~RMANN 1~ in C. tentans sa l iva ry  g land  cells in t h e i r  

r eac t ion  to  e - aman i t i n .  I t  is possible  t h a t  t he  ' r e s i s t a n t  
ceils '  are t he  same wh ich  were found  b y  KROEGER et  al. ~5 
to  h a v e  a n  ' i n v e r t e d '  N a / K  ra t io  and  wh ich  t h e y  a s sumed  
to  be  a p p r o a c h i n g  D N A  syn thes i s  or to  be  engaged in its% 

Cordycepin  seems to  b lock  R N A  syn thes i s  b y  p r e v e n t i n g  
t he  add i t i on  of poly(A) res idues  a t  t h e  3 ' - t e rminus  of t he  
HnRNA*7.  Since o the r  i nh ib i t o r s  of R N A  syn thes i s  l ike 
a c t i n o m y c i n  D 6 a n d  a - a m a n i t i n  t* also i n h i b i t  puff  for- 
ma t ion ,  i t  is p r o b a b l e  t h a t  t he  effects of co rdycep in  re- 
p o r t e d  in th i s  p a p e r  are due  to  i n h i b i t i o n  of R N A  syn-  
thes is  r a t h e r  t h a n  a n y  o the r  specific face t  of i ts  ac t ion  ~,. 

Zusammen/assung. I n  8 0 - 8 5 %  al ler  Speicheldr t isen-  
zellen yon  Chironomus thummi b e w i r k t  100 ~xg/ml Cordy- 
cepin :  1. F a s t  vo l l s tgndige  H e m m u n g  des aH-Urid in-  
E i n b a u e s  in C h r o m o s o m e n  u n d  Nukleolen ,  2. Rfick- 
b i l dung  al ler  v o r h a n d e n e n  Puffs  u n d  Kol laps  der  Ba lb ian i -  
R inge  u n d  3. t l e m m u n g  der  P u f f - I n d u k t i o n  d u r c h  
anorgan i sche  (K/Mg) u n d  o rgan i sche  ( T r y p t o p h a n )  
Ionen .  
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Occurence of Diploid Drones in a Neotropical Bumblebee 

MACKENSEN 1 sugges ted  t h a t  t h e  sex d e t e r m i n a t i o n  
m e c h a n i s m  of Apis melli]era is s imi la r  to  t h a t  of Habro- 
bracon. Diplo id  pa t ches  of ma le  t i ssue  were found  2 in 
dpis  melli[era drones  and  d ip lo id  male  l a rvae  were 
de t ec t ed  a a n d  s u b s e q u e n t l y  r ea red  to  a d u l t  d ip lo id  
males ;  de ta i l s  of cytology,  biological  impor t ance ,  etc., 
are  g radua l ly  be ing  a c c u m u l a t e d  a. T he  poss ib i l i ty  of 
o b t a i n i n g  b u m b l e b e e  m a t i n g  u n d e r  con t ro l l ed  cond i t ions  
h a s  a l r eady  been  explored  5. 

The  p r e s e n t  de t ec t i on  of d iploid  d rones  in Bombus 
atratus F r a n k l i n ,  t h e  c o m m o n e s t  b u m b l e b e e  species in  
our  area,  is a b y p r o d u c t  of m y  m a i n  research  on  t h e  
r e p r o d u c t i v e  b io logy  of social bees. 

L a b o r a t o r y - m a t e d  b u m b l e b e e  queens  were p laced  
i nd iv idua l l y  in to  smal l  o b s e r v a t i o n  cages con ta in ing  
pol len  a n d  h o n e y  a n d  k e p t  a t  29~ to  30~ One of t h e m ,  
m a t e d  on  May  14, 1971, la id  he r  f i r s t  b a t c h  of eggs on  t h e  
cage f loor on  J u n e  23. I n  order  to  increase  t h e  poss ib i l i ty  
of successful  nes t  f o u n d a t i o n  we added  to  t h e  inc ip i en t  
co lony severa l  coccoons c o n t a i n i n g  b u m b l e b e e  worker  
p u p a e  col lected f rom our  s tock-colonies .  I n  t he  mean-  
whi le  t h e  queen  ov ipos i ted  6 a d d i t i o n a l  cells. A t  t he  
p r o p e r  t i m e  t he  i n t r o d u c e d  workers  cons t r uc t ed  t h e  
pocke t s  b u t  n e v e r  p rov i s ioned  them.  All t h e  necessa ry  

p ro t e in  food was added  in t he  fo rm of h o n e y - m o i s t e n e d  
pol len  of Apis mellifera poured  b y  us in to  t h e  cell pockets .  
Of all  eggs la id  b y  t h i s  queen  7 workers  and  10 males  
were ob ta ined .  

The  f i rs t  of fspr ing to emerge  (on Ju ly  31) was  a male.  
W h e n  t he  ma le  was 13 days  old he  m a t e d  w i t h  his  m o t h e r  
a n d  t he  same  h a p p e n e d  on  A u g u s t  20 th  w i t h  a second 
male,  t h a t  emerged  on  Augus t  11. The  d u r a t i o n s  of t he  
copulae  were  respec t ive ly  60 a n d  53 rain.  Af ter  th i s  
i nb reed ing  t h e  whole  co lony was t r a n s f e r e d  to a larger  
cage p laced  inside t h e  l abo ra to ry .  T h r o u g h  a hole in t he  
wal l  t h e  bees  could f ly and  collect  food freely. Hence-  
fo r th  t he  queen  p roduced  14 workers  a n d  27 males.  Two 
l i g h t - p i n k  eyed male  p u p a e  were used for c h r o m o s o m e  
c o u n t i n g  ( tes t icular  smear ing ,  ace to-orce in  s ta in ing) .  
SILV~IR~ (personal  commun . )  coun t ed  n = 20 ch romo-  
somes for  B. atratus (Figure 1) ; b o t h  d rones  here  showed 
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