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D N A  and  R N A  in the  B r a i n  of the  H o n e y b e e  as  a F u n c t i o n  of D e v e l o p m e n t  and  A g e  1 

Some pre l iminary  da t a  showed a var ia t ion  of the  a m o u n t  
of D N A  and expecial ly  R N A  ex t rac ted  f rom brains  of 
foraging bees. The large differences be tween  two measure-  
m e n t s  indica ted  an inf luence no t  p roduced  by  technica l  
errors, The ques t ion  was whe the r  there  exis ted  a correla- 
t ion  be tween  the  am oun t  of nucleic acids and age of the  
bees. Our inves t iga t ions  cover the  l i fespan f rom the  day  
when  the  larva ill the  cell is covered wi th  the  operculum 
to 51 days  af ter  the  emergence  of t he  imago. Pr ior  to 
emergence  all the  opercula bui l t  a t  the  same day  were 
marked,  which  allowed an exact  de t e rmina t i on  of the  
age. Young  bees ha t ched  in the  incuba tor  were marked  as 
well and  p u t  into a beehive,  where  t h e y  could pe r fo rm 
the i r  funct ions  t h a t  are dependen t  on age 3. Animals  t h a t  
could no t  be analysed immedia te ly ,  were frozen and 
s tored in 10% glycerol on COs-ice. Because a smal l  
amoun t  of R N A  usually gets lost dur ing th is  t r e a t m e n t ,  
the  d a t a  gained f rom the  fresh and f rom the  deep-f rozen 
animals  are shown in two  separa te  curves f rom tile day  of 
emergence  (Figure). After  removal  of the  bra in  f rom the  
head, the  compound  eyes were to rn  off along the  base-  
m e n t  membrane .  The superficial  t racheae,  meninges  and 
nerve  fibres were removed.  Ocelli and  subesophageal  
ganglions, as far as exis tent ,  were processed wi th  the  
brain.  Dissect ion and  the  following analysis  were carried 
out  on ice. For  the  ex t rac t ion  of R N A  and  D N A  the  
m e t h o d  of SCOTT a was modif ied,  as will be  publ ished 
elsewhere 4. 

DNA. Newly  covered larvae (marked --  12 in t he  Figure) 
con ta in  abou t  half  t he  a m o u n t  of D N A  of h a t c h e d  
animals.  The p u p a e  reach the  level of the  adul t s  on d a y  
- -3  (the day  of emergence  was t aken  as day  0). This  
f ind ing  corresponds  to  counts  of mi tos is  by  BXcHt 5 who 
found a m e a n  of 416 mitosis  per  b ra in  Oil day  --8,  b u t  
only 13 mi tos is  on day  - -4  and  1 mitosis  on day  --3.  

RNA.  F r o m  the  d a y  of covering,  the  a m o u n t  of R N A  
increases near ly  l inear unt i l  day  - -3  (Figure). The 
pupa l  exuvia t ion  takes  place on day  - -9  ~. On day  - -4  tile 
p i g m e n t a t i o n  of t he  c o m p o u n d  eyes and  ocelli does no t  
differ  any  more  f rom t h a t  of emerged  bees, whereas  t he  
cut icula is still  a lmos t  white .  Values of 1RNA v a r y  much  
more  near  the  peak  of the  curve t h a n  in t he  ascending  
p a r t  (Figure). Af ter  day  - -2  the  a m o u n t  of R N A  s tar t s  to  
decrease ve ry  fast,  w i t h  a de lay  on the  day  af ter  emer-  
gence. The mean  R N A  level of foraging bees in tile age 
of 2-4 weeks is 40% lower t h a n  the  one of newly  emerged  
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Age dependence of the amount of DNA and RNA extracted from brains of honeybees. DNA: Absorbanee per brain measured in 100 ILl 
1,6 n PCA. Fresh brains measured at 260 nm, deep frozen brains at 265 nm (O--Q)- RNA: Absorbanee per brain measured in 100 [xl 
NaOH/HC1 solution at 260 nm. Fresh brains (A--A); deep frozen brains (�9169 The day of emergence was taken as day 0. 
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bees. Fo r  t he  per iod  in  be tween ,  KUtIN6 found  a correla-  
t i on  b e t w e e n  t he  com pos i t i on  of R N A  a n d  behav iou r .  
Our  resu l t s  can  n o t  be  c o m p a r e d  to  these  f indings ,  
because  t he  t e c h n i q u e  of gel -e lec t rophores is  used b y  
KUHN did  no t  give q u a n t i t a t i v e  d a t a  conce rn ing  t he  
t o t a l  R N A  va lue  of t h e  b ra in .  

A u t o r a d i o g r a p h i c a l  i nves t iga t ions  h a v e  suggested,  t h a t  
newly  emerged  bees  h a v e  a h ighe r  r a t e  of syn thes i s  
t h a n  foraging  bees. There fore  t he  decrease  of R N A  m u s t  
be  due  to  a h ighe r  r a t e  of d e g r a d a t i o n  of long-life or  
p recurso r  R N A  r a t h e r  t h a n  to  a decrease  0f t he  r a t e  of 
r ecen t ly  syn thes i zed  RNA.  40-51 day-o ld  s u m m e r  bees  
show a second decrease  in t he  a m o u n t  of R N A  of a b o u t  
20%, whereas  t he  D N A  r e m a i n s  c o n s t a n t  (Table).  

These  f ind ings  lead to  t h r ee  m a i n  ques t ions :  1. W h y  is 
t he  b igges t  a m o u n t  of 1RNA found  on  day  - -2  ? No more  
cell d iv is ions  t a k e  place a t  th i s  t i m e  5. 2. I m m e d i a t e l y  
a f t e r  emergence  (day 0 to  1) t h e  decrease  of R N A  appea r s  

Summer bees compared, to winter bees 

Summer bees Winter bees 
Age (days) (Nov.-March 
15-20 21-30 40-51 

to slow down.  A u t o r a d i o g r a p h i c a l  i nves t iga t ions  m i g h t  
show w h e t h e r  t he  d e s t r u c t i o n  of R N A  is delayed,  or 
w h e t h e r  t he  r a t e  of syn thes i s  of t h e  R N A  is s l igh t ly  
increased.  3. W h y  does t he  R N A  decrease  aga in  in old 
s u m m e r  bees?  I n  J u l y  1972, 2% of 350 m a r k e d  bees  
r eached  an  age of 50 days .  The  a m o u n t  of R N A  found  in 
w i n t e r  bees  n e v e r  showed  a level  as low as t he  one of 
40-50-day-o ld  s u m m e r  bees (Table).  Is t h e  nea r  end  of 
life a r eason  for t h i s  second decrease  of t he  R N A  ? Or is 
t he  second decrease  a r eason  for t he  d e a t h  of t he  bees  ? 
W e  h a v e  no  con t ro l  e x p e r i m e n t s  on  w i n t e r  bees, because  
we do no t  k n o w  t h e i r  exac t  l i fespan.  W e  sugges t  t h a t  t h e  
course  is a b o u t  t h e  same  w i t h  a m u c h  longer  per iod  of 
more  or less c o n s t a n t  a m o u n t s  of R N A L  

Zusammen/assung. Aus G e h i r n e n  yon  B i e n e n  verschiede-  
ner  A l t e r s s tu fen  w u r d e n  D N S  u n d  R N S  e x t r a h i e r t  u n d  
de ren  Mengen  s p e k t r o p h o t o m e t r i s c h  b e s t i m m t .  
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Classes of age (days after emergence). Mean amount (x) of RNA 
per brain, measured as absorbance at 260 nm in 200 btl NaOH/HC1 
solution per brain. 
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C h r o m o s o m e s  and G i e m s a - B a n d s  of the Idaho Spotted  Ground Squirre l ,  
Spermophilus brunneus (Howel l )  

The  g r o u n d  squi r re l  subgenus  Spermophilus in  N o r t h  
A m e r i c a  consis ts  of 8 species : S. townsendii, S. washingtoni, 
S. brunneus, S. richardsonii, S. armatus, S. undulatus 
( ~  parryii), S. columbianus, a n d  S. beldingi 1. E a r l i e r  
i nves t i ga to r s  a r r ived  a t  d i f fe ren t  v iews conce rn ing  t h e  
subspecif ic  or specific s t a t u s  of t a x a  now r a n k e d  w i t h i n  
S. townsendii a n d  S. richardsonii, a n d  t h e  compos i t i on  of 
va r ious  supraspeci f ic  groups2,8. R e l e v a n t  to  t h i s  repor t ,  
DAVIS 3 recognized 2 species-groups w i t h i n  t h e  subgenus  
Spermophilus occur r ing  in I d a h o :  1. b ig-eared  g round  
squir re ls ;  S. beldingi, S. richardsonii aureus, S. columbianus, 
S. armatus, a n d  S. brunneus; 2. sho r t - ea red  squi r re ls ;  
S. mollis ( =  townsendii). DAvis  3 d i f f e r en t i a t ed  S. brun- 
neus f rom S. townsendii on t h e  bas is  of i t s  s ho r t e r  a n d  
coarser  pelage, absence  of a w h i t e  v e n t r o l a t e r a l  s tr ipe,  
c e r t a i n  c ran ia l  charac te rs ,  t he  consp icuous ly  larger  ears, 
a n d  spo t t ed  b r o w n  dorsa l  co lora t ion .  However ,  HOWELL 2 
p rev ious ly  conc luded  t h a t  S. brunneus, desp i te  i t s  m u c h  
larger  ears, e x h i b i t e d  ex t e rna l  a n d  c ran ia l  cha rac t e r s  s imi-  
la r  t o ' t h e  S. washingtoni group,  wh ich  he  in  t u r n  r ega rded  
as c o m p a r i n g  m o s t  closely w i t h  S. idahoensis ( ~  town- 
sendii). R e c e n t l y  NADLER 4 ana lyzed  ch r om os om es  f rom all 
species of t h e  subgenus  excep t  S. brunneus a n d  found  
t h a t  d ip lo id  n u m b e r s  con fo rmed  to t h e  b ig-eared  (2n  
30-36) a n d  shor t - ea red  (2n ~ 36-46) g roups ;  t h e  possi-  
b i l i t y  t h a t  S. brunneus m i g h t  be long  to  t he  sho r t - ea red  
g roup  or occupy  a n  i n t e r m e d i a t e  pos i t ion  w i t h i n  t he  sub-  
genus  was pos tu l a t ed .  

The  p r e sen t  p a p e r  descr ibes  t h e  ch r om os om es  of S. 
brunneus, compare s  t h e  g i e m s a - b a n d  p a t t e r n  of t h a t  spe- 

t ies  w i t h  S. townsendii mollis which  shares  a s imi la r  2n 
of 38 w i t h  S. brunneus, a n d  discusses the  e v o l u t i o n a r y  
imp l i ca t i ons  of t h e  da ta .  

Materials and methods. The  fol lowing spec imens  were 
e x a m i n e d :  1. Spermophilus brunneus (Howell),  Idaho ,  
A d a m s  Co., 3 miles  s o u t h  a n d  1.5 miles  eas t  of Bea r  Pos t  
Office, 3 females  a n d  5 males ;  Spermophilus townsendii 
mollis (Kennico t t ) ,  Idaho,  Cassia  Co., Bur ley ,  3 females  
a n d  3 males.  

Chromosomes  were ana lyzed  f rom femora l  bone  m a r r o w  
a n d  g i e m s a - b a n d  p r e p a r a t i o n s  were m a d e  f rmn  m a r r o w  
cell suspens ions  accord ing  to  SEABRIGHT 5. G i e m s a - b a n d  
pa t t e rn s ,  based  on  5 m i t o t i c  f igures  f rom a male  S. brun- 
neus, one cell f rom a female  S. t. mollis, and  5 f rom a ma le  
S. t. mollis, were d i a g r a m e d  to  r ep resen t  t he  compos i t e  
resu l t s  for each  species. The  b a n d s  were c o n s i s t e n t  f rom 
cell to  cell w i t h i n  a species, a l t h o u g h  b a n d s  of ce r t a in  
ch romosomes  somet imes  s t a ined  l i gh t l y  or were i n d i s t i n c t  
in  i n d i v i d u a l  cells. 

Results. All S. brunneus h a d  a 2n ~ 38 a n d  k a r y o t y p e  
c o n t a i n i n g  14 me tacen t r i c ,  16 s u b m e t a c e n t r i c ,  a n d  6 sub- 
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