
192 Speeialia EXPERIENTIA 32/2 

so t h a t  t h e  muscle  could be  easi ly s e p a r a t e d  f rom cut icle  
and  o the r  t issues.  I n  some insects ,  t he  muscle  was dis- 
sected a w a y  f rom t h e  cut ic le  a t  l iquid  n i t rogen  t e m p e r a -  
tures .  Fo r  frogs, t h e  an ima l s  w e r e  a n a e s t h e t i s e d  w i t h  
Sandoz-MS222 (0.1 g/1 Water) and  t he  skin  was  r e m o v e d  
f rom the  h i n d  l imb,  t h e  gas t rocnemius  muscle  was 
s epa ra t ed  f rom the  o t h e r  muscles  and  f reeze-c lamped:  
t he  dissect ion was comple te  w i t h i n  30 sec. F o r  dogfish,  
t he  an ima l s  were a n a e s t h e t i z e d  b y  i.v. (caudal  ve in)  of 
N e m b u t a l  (011 rhl/kg), a piece of White muscle  was r ap id ly  
dissected a n d  f reeze-c lamped.  T he  d issec t ion  was coin- 
p le ted  w i t h i n  30 see. Fo r  t he  birds ,  t h e  an i m a l s  were 
a n a e s t h e t i z e d  by  a n  i.p. i n j ec t ion  of N e m b u t a l ,  f ea the r s  
and  skin  were r ap id ly  r e m o v e d  f rom a b o v e  t he  pec to ra l  
muscles  a n d  a piece of pec to ra l  musc le  was d issected  a n d  
i m m e d i a t e l y  f reeze-c lamped.  F r o m  t he  in i t ia l  incis ion to  
t he  f reeze-c lamping  of t he  muscle,  t he  p rocedure  was 
comple t ed  w i t h i n  5 sec. F o r  r a t s  a n d  mice, t h e  an i ma l s  
were a n a e s t h e t i s e d  w i t h  e ther ,  t h e  skin  was dissected 
f rom the  h i n d  l imb  a n d  t he  exposed muscle  was  freeze- 
c l amped  in si tu.  The  muscle  was d issected  a w a y  f rom the  
bone  a t  l iqu id  n i t r ogen  t e m p e r a t u r e s .  The  f rozen muscle  
was powdered  in a percuss ion  m o r t a r  a t  - -70 ~ a n d  t h e  
powdered  muscle  was e x t r a c t e d  b y  a d d i n g  4 -5  vo lumes  
of f rozen HC1Oi (6% w/v).  T he  e x t r a c t i o n  t ook  place in a 
m o r t a r  a n d  c o n t i n u a l  mix ing  w i t h  t he  pest le  t h a w e d  t h e  
m i x t u r e  of HC104 a n d  frozen muscle  powder .  T he  precipi-  
t a t e d  p ro t e in  was r e m o v e d  b y  cen t r i f uga t i on  a n d  t he  
e x t r a c t  was  neu t r a l i zed  w i t h  3 M-KHCO~.  C i t r a t e  was  
m e a s u r e d  in t he  neu t r a l i zed  e x t r a c t  e n z y m a t i c a l l y  9. 

Results and discussion. For  21 species of an ima l s  f rom 
severa l  phy la ,  t he  c o n t e n t s  of c i t r a t e  show cons iderab le  
v a r i a t i o n  (Table).  The  c o n t e n t s  of c i t r a t e  r ange  f rom 
0.036 to  2.084 ~mol /g  f resh we igh t  (snap muscle  of scal lop 
a n d  t he  f l ight  muscle  of rosechafer) .  

The  m e a n  va lues  of t h e  c i t r a t e  c o n t e n t  in t he  insec ts  
i n v e s t i g a t e d  is 1.07 tzmot/g f resh weight ,  whereas  t h e  
m e a n  va lue  of t he  r e s t  of t he  muscles  i n v e s t i g a t e d  is 
0.134 ixmol/g f resh weight ,  i.e. a b o u t  8-fold lower. 

The  v a r i a t i o n  of t he  c o n t e n t  of c i t r a t e  in  t h e  f l ight  
muscle  of insec ts  is a b o u t  5-fold, a n d  if t h e  w a t e r  b u g  
a n d  t he  cockroach  are  exc luded  f rom cons idera t ion ,  t he  
v a r i a t i o n  is on ly  2-fold. 

The  v a r i a t i o n  in t he  res t  of t he  musc les  e x a m i n e d  is 
a b o u t  9-fold. 

The  resu l t s  also i nd ica t e  t h a t  t h e r e  is a clear  di f ference 
in t he  c i t r a t e  c o n t e n t  b e t w e e n  t he  aerobic  a n d  a n a e r o b i c  
muscles,  so t h e  c o n t e n t  of c i t r a t e  of t h e  aerobic  muscles  is 
m u c h  h ighe r  t h a n  t h a t  of anae rob i c  muscles .  However ,  
f l igh t  muscle  P F K  is n o t  sens i t ive  to  c i t r a t e  40,11, the re fo re  
t he  i m p o r t a n c e  of h i g h  c i t r a t e  c o n t e n t  of t he  insec ts '  
f l ight  muscles  is n o t  clear.  

I t  m u s t  be  s t ressed  t h a t  t he  m e a s u r e m e n t s  r epo r t ed  
here  were m a d e  on  whole  muscle  p r e p a r a t i o n s .  There fore  
t he re  is no  i n d i c a t i o n  of t h e  c i t r a t e  c o n t e n t  in  t i le var i -  
ous cell c o m p a r t m e n t s  a n d  c o n s e q u e n t l y  ava i l ab le  to  t h e  
d i f fe ren t  enzymes .  

U n f o r t u n a t e l y ,  a t  t he  p r e sen t  t i m e  sa t i s f ac to ry  m e t h o d s  
for  m e a s u r e m e n t  of i n t e r m e d i a t e s  w i t h i n  d i f fe ren t  cell 
c o m p a r t m e n t s  are n o t  ava i l ab le  a n d  ,any i n t e r p r e t a t i o n  
t h a t  invo lves  t he  use of a precise c o n c e n t r a t i o n  of a 
me tabo l i c  i n t e r m e d i a t e  m u s t  be  m a d e  w i t h  cau t ion .  
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Summary. Elec t rophys io log ica l  s tudies  of t h e  labe l la r  sensil lae of Glossina morsitans show t h a t  one cell in  each  LR7  
sens i l lum responds  to  A T P  a t  c o n c e n t r a t i o n s  f rom 10 -8 to  10 -~ M.  

Adenos ine  t r i p h o s p h a t e  (ATP) is a n  i m p o r t a n t  feeding 
s t i m u l a n t  for mosqu i toes  ~,3, a flea% a t i ck  5 Rhodnius 
prolixus ~ a n d  t h e  t se t se  f lyL T h i s  implies  t h a t  these  
an ima l s  possess a c h e m o r e c e p t o r  sens i t ive  to  ATP .  
Physio logica l  ev idence  for  such  a r ecep to r  in Glossina 
austeni was s o u g h t  b y  RICE e t  al. s, a n d  t h e y  conc lude  
t h a t  a cell sens i t ive  to  A T P  is housed  in  one of t h e  labe l la r  
sensilla. No pos i t ive  iden t i f i ca t ion  of t he  sens i l lum could 
be  m a d e  h o w e v e r  because  t h e y  recorded  f rom a ne rve  
con ta in ing  t he  axons  of m a n y  receptors  whi le  s t i m u l a t i n g  
t h e  label la r  lobes. Here  I p r e s en t  ev idence  for a n  A T P -  
sens i t ive  cell in  t h e  la rges t  of t he  labe l la r  sensilla, 
cal led t h e  L R 7  sensil la s. 

Preparation and electrophysiological methods. W h e n  a 
f ly is n o t  p r o b i n g  t he  L R7  sensil la are p r o t e c t e d  b y  t he  
labe l la r  lobes, a n d  are n o t  v is ible  ex te rna l ly .  To expose  
t h e m  for  recording,  a sma l l  gauge  wire  is t i g h t e n e d  
a r o u n d  t he  bulbous ,  p r o x i m a l  p a r t  of t h e  h a u s t e l l u m  of a 
CO S anes the t i z ed  fly. This  p a r t  o I t he  h a u s t e l l u m  con t a in s  
t h e  r e t r a c t o r  muscles  of t he  label la  which ,  on  con t r ac t i on ,  
cause  t h e  label la  to  eve r t  expos ing  t he  a r m a t u r e  (presto-  

ma l  t e e t h  a n d  rasp ing  surfaces) and  t he  L R 7  sensi l la  3. The  
t i g h t e n e d  wire  p r o b a b l y  causes  these  muscles  to  c o n t r a c t  
and,  since t h e  wire  is lef t  in  place, t h e  labe l la  r e m a i n  
ever ted .  I n  th i s  m a n n e r  1 to  4 of t he  e igh t  LR7  sensi l la  
were m a d e  accessible. 
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T h e  s m a l l  s ize  o f  t h e s e  s ens i l l a  (15 -20  ~zm long)  
f r u s t r a t e d  ea r l i e r  a t t e m p t s  t o  r e c o r d  f r o m  t h e m  i n d i v i -  
d u a l l y  8. I n  t h e  p r e s e n t  s t u d y ,  a c o m p o u n d  m i c r o s c o p e  
w i t h  a l o n g  w o r k i n g  d i s t a n c e  o b j e c t i v e  p r o v i d e d  780 • 
m a g n i f i c a t i o n .  Th i s :  a l l o w e d  t h e  p l a c e m e n t  of  a p i p e t t e  
c o n t a i n i n g  t h e  s t i m u l u s  d i r e c t l y  o v e r  a s i n g l e  L R 7  
s e n s i l l u m .  T h e  s a m e  p i p e t t e  a l w a y s  c o n t a i n e d  0.15 M 
NaC1 in  a d d i t i o n  t o  t i le  A T P ,  a n d  a l so  s e r v e d  as  t h e  
r e c o r d i n g  e l e c t r o d e  ~~ T h e  s o l u t i o n  w a s  a d j u s t e d  t o  p H  
7.2 t o  7.4 w i t h  N a H C O  a s i n c e  b e h a v i o u r a l  s t u d i e s  h a v e  
s h o w n  t h a t  p H  c h a n g e s  a f f e c t  t h e  f e e d i n g  r e s p o n s e  e l i c i t ed  
b y  A T P  ~t. O p t i m a l  f e e d i n g  w a s  a lso  o b t a i n e d  o n  so lu -  
t i o n s  n e a r  t i l e  t o n i c i t y  of  b l o o d  ~2, h e n c e  t h e  c h o i c e  o f  
0.15 M NaC1. 

R e c o r d i n g s  we re  m a d e  w i t h  a l a b  c o n s t r u c t e d  p r e -  
a m p l i f i e r  e m p l o y i n g  a n  o p e r a t i o n a l  a m p l i f i e r  w i t t l  a l l  
F E T  i n p u t  a s  t h e  h e a d  s t a g e  ( A n a l o g  D e v i c e s  40J ) .  T h e  
r e c o r d i n g  c i r c u i t  w a s  c o m p l e t e d  t h r o u g h  t h e  p r e p a r a t i o n  
v i a  a g r o u n d e d  r e f e r e n c e  e l e c t r o d e  i n s e r t e d  i n t o  t h e  p r o x i -  
m a l  e n d  of  t h e  e x c i s e d  h a u s t e l l u m .  T h e  o u t p u t  of  t h e  
p r e a m p l i f i e r  w a s  f u r t h e r  a m p l i f i e d  al ld ,  t h e  r e c o r d s  w e r e  
p l a c e d  o n  m a g n e t i c  t a p e  a n d  a l so  r e c o r d e d  o n  a H o n e y -  
wel l  1858 o s c i l l o g r a p h i c  r e c o r d e r  for  v i s u a l  a n a l y s i s .  

Results. T h e  r e c o r d s  in  t h e  F i g u r e  w e r e  o b t a i n e d  f r o m  
3 sens i l l a ,  e a c h  f r o m  a d i f f e r e n t  t e n e r a l  (un fed )  f ly ,  4 - 9  h 
old.  I n  s e n s i l l u m  I, t h e  r e s p o n s e  t o  0.15 M NaC1 w a s  f r o m  
1 cell,  f i r i n g  a t  al l  a v e r a g e  of  9 s p i k e s  p e r  sec  for  t h e  f i r s t  
3 sec.  T h i s  is t h e  t y p i c a l  r e s p o n s e  of  t h i s  t y p e  of  cel l  t o  

0.15 M NaC1. W h e n  10 -a M A T P  is a p p l i e d ,  t h e  r e s p o n s e  
o f  a n  A T P - s e n s i t i v e  cell  is c l e a r l y  s e e n  ( record  b).  T h e  
r e s p o n s e  is  q u i t e  d i f f e r e n t  f r o m  r e c o r d  a) a n d ,  j u d g i n g  
f r o m  t h e i r  w a v e f o r m ,  t h e  s p i k e s  in  r e c o r d  b) a r e  f r o m  a 
d i f f e r e n t  cel l  t h a n  t h e  o n e  f i r i ng  in  r e c o r d  a). R e c o r d  c) 
s h o w s  t h a t  t h e  r e s p o n s e  t o  0 .15 M N a C I  w a s  e s s e n t i a l l y  
u n a l t e r e d  b y  t h e  A T P  a p p l i c a t i o n .  

R e c o r d s  d) to  h)  s h o w  t h e  r e s u l t s  of  5 s u c c e s s i v e  a p -  
p l i c a t i o n s  t o  a s ing le  L R 7  s e n s i l l u m  o n  a t e n e r a l  f e m a l e .  
T h e r e  is c l e a r l y  m o r e  a c t i v i t y  as  t h e  A T P  c o n c e n t r a t i o n  
is  i n c r e a s e d  (e-g) .  T h e  p r e d o m i n a n t  s p i k e s  in  r e c o r d s  
e - g  a r e  f r o m  t h e  A T P - s e n s i t i v e  cell. T h e y  a re  o n  a v e r a g e  
m o r e  s t r o n g l y  m o n o p h a s i c  a n d ,  a t  f a s t e r  s w e e p  s p e e d s  
t h a n  s h o w n  he re ,  h a v e  a l o n g e r  t i m e  c o u r s e  t h a n  t h e  2 
s p i k e s  i n  r e c o r d s  d) a n d  h) .  

R e c o r d s  i) a n d  j) a r e  f r o m  a 3rd  p r e p a r a t i o n .  I n  t h i s  
i n s t a n c e  t h e  r e s p o n s e  o f  t h e  A T P - s e n s i t i v e  cel l  to  10 - s  M 
A T P  ( record  i) w a s  m o r e  c l ea r  t h a n  in  t h e  p r e v i o u s  p r e p -  
a r a t i o n  ( record  e). R e c o r d  i) w a s  o b t a i n e d  f r o m  t h e  
i n i t i a l  a p p l i c a t i o n  of  a n y  k i n d  t o  t h e  s e n s i l l u m ,  a n d  
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Electrophysiological recordings 
from LR7 sensilla on 3 animals 
(I, II and III). For each prepara- 
tion the recordings were made 
successively from a single sensillum 
with 3 to 5 rain allowed for dis- 
adaptation between stimulus ap- 
plications. The chemical(s) applied 
are given at the left of each trace. 
The arrows each indicate an  
example of a spike from the ATP- 
sensitive cell. The large defection 
at the beginning of each record is 
an  artifact resulting from the 
stimulus application. The t ime bar  
represents 1 see. 
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record  j) was o b t a i n e d  f rom t he  same sens i l lum 4 m i n  
la ter .  Again,  a clear  increase  in f i r ing f r equency  is seen 
w i t h  a n  increase  in A T P  concen t r a t i on .  T he  o t h e r  two 
cells were s i lent  in th i s  sensi l lum. 

RICE'S morpho log ica l  ev idence  s shows 3 dendr i t e s  in  
each  LR7  sensi l lum, one of wh ich  is p r o b a b l y  a mechano -  
r ecep to r  18. No t y p e  of m o v e m e n t  of t h e  sens i l lum caused  
an  increase  in f i r ing of a n y  of t he  cells recorded  f rom here,  
so t h e  m e c h a n o r e c e p t o r  r em a i ns  to  be ident i f ied  electro-  
physiological ly .  

On t h e  basis  of the  ev idence  p re sen ted  here,  I bel ieve 
t h a t  one of t h e  celis is sens i t ive  to  ATP ,  t h o u g h  i ts  specifi- 
c i ty  for A T P  and  r e l a t ed  c o m p o u n d s  r em a i ns  to  be  
de t e rmined .  I t  is possible  t h a t  t he  r e m a i n i n g  cell is 
sens i t ive  to  sa l t  (unpub l i shed  results) .  This  cell is a p p a r e n t  
in  records  a), c) a n d  d ) - h )  in t he  Figure.  

I n  conclusion,  i t  shou ld  be  m e n t i o n e d  t h a t  t he  p r epa ra -  
t ion  used  in th i s  s t u d y  is far  f rom ideal.  Less t h a n  50% 
of t he  p r e p a r a t i o n s  gave  a response  a t  all. A v e r y  smal l  
s t imu lus  a r t i fac t ,  seen on app l i ca t ion  of the  p ipe t te ,  is of ten  
associa ted  w i t h  these  ' s i lent '  sensilla, poss ib ly  i nd i ca t i ng  
t h a t  t he  connec t ion  to  t he  inside is v e r y  resis t ive.  T he  L R 7  
sensil la h a v e  a single pore  nea r  the  t ip  ~4 t h r o u g h  wh ich  

chemica ls  gain  e n t r y  a n d  recordings  are  made .  I t  is pos- 
sible t h a t  th i s  pore  is a t  t imes  occluded,  p r e v e n t i n g  recor-  
dings.  This  idea gains  s u p p o r t  f rom the  resu l t s  on  sensil lae 
t h a t  do give a response.  In  m a n y  cases t he  spikes become  
reduced  in a m p l i t u d e  a f te r  t he  f i rs t  2 or 3 appl ica t ions ,  and  
sho r t l y  t h e r e a f t e r  are  unrecordab le .  This  is of ten accom- 
pan ied  b y  r educ t i on  of t h e  s t imulus  a r t i f a c t  and  p r o b a b l y  
an  increased res i s tance  a t  t he  pore.  Since in t he  non -  
feeding f ly these  sensi l la  are s u r r o u n d e d  b y  t he  label la r  
lobes a n d  p r o b a b l y  sal iva,  t he  u n n a t u r a l  exposure  to  t h e  
r e l a t ive ly  low R.H.  (30-40%)  u n d e r  e x p e r i m e n t a l  con- 
d i t ions  m a y  cause  t h e m  to d r y  out ,  t h u s  exp la in ing  t h e  
above  effects. A p r e p a r a t i o n  invo lv ing  a : r e s t r a i n e d  
an imal ,  w i t h  head  a n d  h a u s t e l l u m  in tac t ,  h a s  been  
developed.  Th i s  gives a h ighe r  pe rcen t age  of successful  
p r e p a r a t i o n s  a n d  is c u r r e n t l y  be ing  used to  s t u d y  t h e  
specif ic i ty  a n d  o the r  phys io log i ca l  aspects  of t he  A T P -  
sens i t ive  cell 1.. 

18 M. J. RICE, RACHEL GALUN and L. H. ]2INLAYSON, Nature, Lond. 
241,286 (1973). 

1 ~  B .  K .  M I T C H E L L ,  i l l  preparation. 

Development of Thermoregulat ion in the Newborn Lesser Bushbaby (Galago senegalensis moholi, 
Smith 1839) 

H.-J. DOBLER 1 

]nsti/,ut Biologic I I I  der U~iversi/,ii/,, Lehrstuhl /iir Zoophysiologie, Abteilung Physiologische Okologie, Au/ der Morgen- 
s/,elle 28, D-74 T#bingen (German Federal Republic, BRD), 2 Sep/,ember 1975. 

Summary. The  t e m p e r a t u r e - r e g u l a t i n g  s y s t e m  in b u s h b a b i e s  opera tes  f rom t h e  1st d a y  of life. Tile p o s t n a t a l  m e t a b o l i s m  
decreases  f rom the  5 th  (2.9 ml  O J g  �9 h) to  t i le  140th  d a y  (0.7 ml  O2/g " h) to  t he  level  of t he  adul ts .  

W i t h i n  t h e  Lorises, t he  Galagos a t t a i n  t he  u t m o s t  degree 
of h o m e o t h e r m y .  I n  th i s  r ega rd  t h e y  h a r d l y  differ  f rom 
the  ' h ighe r  p r ima te s ' .  I t  was  t he  purpose  of t h i s  work  to 
examine  w h e t h e r  t h e i r  t h e r m o r e g u l a t o r y  s y s t e m  opera tes  
i m m e d i a t e l y  a f te r  b i r th ,  or if i t  on ly  l a t e r  developes  or 
a t t a i n s  comple t ion .  To d e t e r m i n e  th i s  p r o b l e m  I exam-  
ined t he  oxygen  c o n s u m p t i o n  ( B e c k m a n  Oxygen  Ana-  
lyzer  G2) a n d  t h e  b o d y  t e m p e r a t u r e  (Recta l  measure -  
m e n t  w i t h  an  e lect ronic  t h e r m o m e t e r ,  U l t r a c u s t  Inc.)  

d u r i n g  p o s t n a t a l  d e v e l o p m e n t  of 3 y o u n g  b u s h b a b i e s  
b o r n  in c a p t i v i t y  ( twins  a n d  a single one). The  b i r t h  
we igh t  of t h e  tw ins  was 12.6 a n d  13.0 g, t h a t  of t he  single 
one 14.6 g ( the w e i g h t  of t h e  p a r e n t s  averages  156 g). 
D u r i n g  t h e  f i rs t  6 weeks, t he  y o u n g  b u s h b a b i e s  grew 
fas t :  b y  t he  8ttl  d a y  t h e  tw ins  h a d  doub led  t h e i r  b i r t h  
weight .  A t  t he  age of 35 days  t h e y  r eached  46% a n d  on  
t he  81st d a y  75% of t h e  a d u l t  weight .  U p  to  t he  age of 
140 days,  t he  y o u n g  ones deve loped  more  slowly. The  
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O2-consumption in Galago twins (means and extremes). To avoid risk to the newborns, only 1 cold exposure (15 ~ was carried out on day 
0; on day 1-3 metabolism was measured at 15, 20 and 25~ in all other age classes even at 30 ~ In brackets: Temperature difference 
between the beginning and the end of the experiments at 15 ~ ambient temperature (30 min). Only in the 3rd week did body tempera- 
ture decrease less than 1 ~ at 15 ~ ambient temperature. 


