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p ipe t te ,  a n d  a f t e r  a d d i t i o n  of sucrose (75 mg), car r ie r  K I  
(0.1 mg) and  a t r ace  of b r o m o p h e n o l  blue,  t h e  f i l t r a t e  was  
l aye red  o n t o  a c o l u m n  (2.8 • 62 cm) of S e p h a d e x  G-1006 
a n d  e lu ted  w i t h  0.1 m M  e t h y l e n e d i a m i n e  t e t r a - ace t i c  
acid in  1 m M  p o t a s s i u m  p h o s p h a t e ,  p H  7.5. R a d i o a c t i v i t y  
in  t he  col lected f r ac t ions  (2.7 ml) was  d e t e r m i n e d  us ing  a 
wel l  counter .  

Results and discussion (Figure).  T he  t o t a l  r a d i o a c t i v i t y  
was a l m o s t  equa l ly  d i s t r i b u t e d  b e t w e e n  t h e  F(ab ' )~ p e a k  
(48.9% in  t he  v o l u m e  194 to 243 ml) a n d  t h e  p e a k  
co r r e spond ing  to  free iodide  (45.0% in t he  v o l u m e  
432 to 565 ml) w i t h  on ly  a m i n o r  p r o p o r t i o n  be ing  
assoc ia ted  w i t h  po lymer i zed  (1.0~ in t he  v o l u m e  170 to 
194 ml) a n d  deg raded  (5.1~ in t he  vo lume  243 to 432 ml) 
p ro t e in  ma te r i a l .  The  f rac t ions  Mut ing  be t w een  202 a n d  
232 ml  were col lected as t he  pure  [ l~sI]- labelled F(ab ' )2  
f r a g m e n t s ;  t h e  yie ld  was 8.7 m g  p r o t e i n  (87%), and  t h e  
specific r a d i o a c t i v i t y  a m o u n t e d  to  45.4 ~Ci per  mg. 

I n  conclusion,  insolubi l ized  l ac toperox idase  allows t he  
[125 I ] - labe l l ing  of pro t e in s  to  h i g h  specific a c t i v i t y  w i t h  
resu l t s  c o m p a r a b l e  to  those  r e p o r t e d  for t he  soluble  
e n z y m e  1, b u t  in  c o n t r a s t  to  t he  l a t t e r  i t  offers t he  a d v a n -  
tage  of i ts  r a p i d  a n d  effect ive s epa ra t i on  f rom the  
label led  ma te r i a l .  Th i s  ensures  t he  accu ra t e  con t ro l  of 
r eac t ion  t i m e s  a n d  fac i l i t a tes  t he  pu r i f i ca t ion  of t he  

labe l led  p r o d u c t  i r respec t ive  of i ts  molecu la r  weight .  
A l though ,  conce ivably ,  t he  e n z y m e  could be  re-used,  
t h i s  was  n e v e r  t r i ed  in  v iew of t he  dange r  of cross-con- 
t a m i n a t i o n  a n d  t he  low cost  of p r epa ra t i on ,  w h i c h  would  
no t  h a v e  w a r r a n t e d  t h e  effor t  assoc ia ted  w i t h  repur i f i -  
ca t ion  7. 

Zusammen/assung. A n t i k 6 r p e r f r a g m e n t e  w u r d e n  mi t t e l s  
t r g g e r g e b u n d e n e r  Lac tope rox idase  rad io iodier t .  Dies er- 
l e i ch te r t e  die A b t r e n n u n g  des E n z y m s  v o m  m a r k i e r t e n  
P ro te in .  
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The  M e a s u r e m e n t  of the  Cos t s  of M a i n t e n a n c e  in T e r r e s t r i a l  P o i k i l o t h e r m s  : 
A C o m p a r i s o n  B e t w e e n  R e s p i r o m e t r y  and C a l o r i m e t r y  

Shor t - l ived  t e r re s t r i a l  p o i k i l o t h e r m s  d i s s ipa te  a b o u t  
50% of t he  a s s imi la t ed  ene rgy  in life processes (McNEILL 
a n d  LAWTON1). Some i m por t ance ,  therefore ,  a t t a c h e s  to  
accu ra t e  m e a s u r e m e n t  of m e t a b o l i c  costs  w h e n  cons t ruc t -  
ing ene rgy  b u d g e t s  for  such  organisms.  C onven t i ona l l y  
t h e y  are e s t i m a t e d  b y  d e t e r m i n i n g  t he  r e s p i r a t o r y  r a t e  
and  t h e n  m u l t i p l y i n g  oxygen  c o n s u m p t i o n  b y  an  oxy- 
calorific equ iva len t ,  to  express  t h e  va lue  in un i t s  of 
energy.  M a n y  re f ined  m e t h o d s  of g rea t  s ens i t i v i t y  a n d  
prec is ion  h a v e  been  deve loped  in r ecen t  years  to  m e e t  t he  
need  for a ccu ra t e  d e t e r m i n a t i o n s  (PETRUS~WlCZ and  
MACFAI)YEN2). M e a s u r e m e n t  of oxygen  c o n s u m p t i o n  
requi res  a b s o r p t i o n  of t he  c a r b o n  d ioxide  evolved  du r ing  
resp i ra t ion ,  genera l ly  b y  alkali ,  which ,  besides  r educ ing  
t he  c a r b o n  d ioxide  level  to  zero, also ha s  t he  effect  of 
lowering t he  re la t ive  h u m i d i t y .  Thus  t he  cond i t ions  w i th in  
t he  r e sp i rome te r  will place m a n y  of t he  an ima l s  of in t e res t  
to  ecologists in a degree of physio logica l  stress, w i t h  
u n k n o w n  consequences  for t he  r e s p i r a t o r y  ra te .  Clearly, 

g rea t  a d v a n t a g e s  would  s t e m  f rom a d i rec t  m e t h o d  of 
e s t i m a t i n g  ene rgy  d i s s ipa t ion  in more  n a t u r a l  cond i t ions  
and,  since i t  is m a n i f e s t e d  as hea t ,  c a lo r ime t ry  r e c o m m e n d s  
itself, p a r t i c u l a r l y  as r ecen t  d e v e l o p m e n t s  h a v e  p roduced  
i n s t r u m e n t s  a p p r o a c h i n g  r e sp i rome te r s  in  t h e i r  s ens i t i v i t y  
a n d  precision.  The  m o s t  ex tens ive  ca lo r imet r i c  inves t iga -  
t ions  of smal le r  po ik i lo the rms ,  r a n g i n g  in size f rom t h e  
f ru i t  fly, Drosophila, t o  t he  cockroach,  Periplaneta 
americana (L) (PRAT 8) are essent ia l ly  qua l i t a t ive ,  s ince no  
cor rec t ion  was m a d e  for t he  h e a t  abso rbed  in e v a p o r a t i n g  
w a t e r  f rom t h e  e x p e r i m e n t a l  an imals .  As th i s  can  be  a 
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The metabolic energy costs of pupation in Tenebrio molitor L. 

Age of pupae No. of readings Heat output estimated by calorimetry No. of readings Heat output estimated by respirometry 
(days) (eals/ing FW~/h Jz S.E.) (cals/mg FW~/h 4- S.E.) 

0-1 6 0.002663+0.000095 6 0.002482i0.000070 
1-2 4 0.001961-4-0.000163 4 0.001630-4-0.000085 
2-3 6 0.001673~0.000067 4 0.0013702~-0.000100 
3-4 7 0.001492=[:0.000063 6 0.001318d-0.000104 
4-5 6 0.001742:J20.000057 8 0.001586=~0.000043 
5-6 5 0.001997+0.000044 7 0.002024~0.000084 
6-7 6 0.002664+0.000203 7 0.002689:~0.000179 
7-8 2 0.0034384-0.000008 3 0.003537q-0.000616 

~FW, fresh weight. 
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large p r o p o r t i o n  of t h e  t o t a l  h e a t  p roduced ,  pa r t i cu l a r l y  
in  po ik i lo therms ,  i t  is c lear  t h a t  cons iderable  error  can  be  
i n t r o d u c e d  in to  t h e  m e a s u r e m e n t s .  Indeed ,  c a l o r i m e t r y  
has  t e n d e d  to be  d i s coun ted  as a n  a l t e r n a t i v e  to  respiro-  
m e r r y  for th i s  r eason  (PETRUSEWICZ and  IV~ACFADYEN 2, 
SOUTHWOOD*). 

This  no te  is a p r e l i m i n a r y  accoun t  of a compar i son  
be tween  r e s p i r o m e t r y  a n d  ca lo r ime t ry  in m e a s u r i n g  t h e  
me tabo l i c  ene rgy  costs  of p u p a t i o n  in Tenebrio molitor L. 
Tile resul t s  are s u m m a r i z e d  in t he  Table,  where  t he  h e a t  
o u t p u t  e s t i m a t e d  b y  ca lo r ime t ry  ha s  been  cor rec ted  for 
t he  h e a t  abso rbed  b y  e v a p o r a t i o n  and  t he  h e a t  o u t p u t  
e s t i m a t e d  b y  r e s p i r o m e t r y  has  been  a r r ived  a t  b y  mul t i -  
p ly ing  oxygen  c o n s u m p t i o n  b y  IVLEV'S 5 oxycalor i f ic  
equ iva len t .  W h e n  h e a t  o u t p u t  is p l o t t e d  aga ins t  t i m e  
(Figure) t he  fami l ia r  U - s h a p e d  curve  results ,  and,  fu ther -  
more,  i t  will  be  seen t h a t  t h e  2 m e t h o d s  p roduce  v e r y  
s imi la r  curves.  Ca lo r ime t ry  a p p a r e n t l y  gives a s l ight ly  
h igher  e s t ima te  for t h e  f i r s t  5 days  of p u p a t i o n  b u t  
r e s p i r o m e t r y  does so in t he  las t  3 days.  However ,  a t  no 
t i m e  are these  differences s ignif icant .  I t  can  be concluded,  
therefore ,  t h a t ,  if p rope r  a l lowance  is m a d e  for t h e  h e a t  
abso rbed  b y  evapora t ion ,  c a lo r ime t ry  p rov ides  as good a 
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The metabolic energy costs of pupation in Tenebrio molitor L. : A 
comparison between calorimetry and respirometry. 

measu re  of t he  energy  d i s s ipa ted  in me tabo l i c  processes as 
resp i romet ry .  

These  resul t s  can  be  i n t e r p r e t e d  in two  ways.  F i rs t ly ,  
t h e y  m a y  be  r ega rded  as con f i rma t ion  t h a t  r e s p i r o m e t r y  
is a sa t i s fac to ry  me thod ,  b u t  i t  shou ld  be  r e m e m b e r e d  
t h a t ,  whi le  T. molitor p u p a e  are well  a d a p t e d  to  t h e  
cond i t ions  o b t a i n e d  in t he  resp i romete r ,  m a n y  poikilo-  
t h e r m s  are no t  a n d  i t  would  be  unwise  to  assume t h a t  t he  
resul t s  can  be  e x t e n d e d  to  cover  t h e m  all. A l t e rna t ive ly ,  
i t  can  be  a rgued  t h a t  c a lo r ime t ry  is a v iab le  m e t h o d  
which,  besides  h a v i n g  t he  a d v a n t a g e  of g iv ing a d i rec t  
measu re  of ene rgy  d iss ipa t ion ,  is t heo re t i ca l ly  capable ,  
un l ike  t he  m a j o r i t y  of r e sp i romet r i c  me thods ,  of accom- 
m o d a t i n g  t he  e x p e r i m e n t a l  an ima l s  in  a n  e n v i r o n m e n t  
close to t h a t  in  wh ich  t h e y  n o r m a l l y  live. Since m a n y  of 
t he  po ik i lo the rms  of i n t e r e s t  in  p r o d u c t i o n  s tud ies  are  
found  cond i t ions  of h igh  h u m i d i t y ,  avo id ing  t he  physiolog-  
ical s t resses  a t t e n d a n t  on desiccat ion,  e s t a b l i s h m e n t  of 
n a t u r a l  cond i t ions  w i t h i n  t he  ca lo r ime te r  will h a v e  t h e  
a d d i t i o n a l  a d v a n t a g e  of r educ ing  t he  cor rec t ion  necessa ry  
for t he  l a t e n t  h e a t  of vapor i za t ion .  The  r ecen t ly  descr ibed  
modi f i ca t ion  to t he  L K B  Flow Microca lor imete r  (ERIKSSON 
and  WADS66), wh ich  al lows of t he  o x y g e n a t i o n  of t he  
c o n t e n t s  of t h e  r eac t i on  vessel,  suggests  t h a t  i t  is no t  
on ly  theore t ica l ly ,  b u t  also prac t ica l ly ,  possible  to  
e s t ab l i sh  a n  a t m o s p h e r e  congenia l  to  a n y  e x p e r i m e n t a l  
an imal .  Fo r  these  reasons  ca lo r ime t ry  deserves  more  
f a v o u r a b l e  cons ide ra t ion  as a n  a l t e r n a t i v e  m e t h o d  for 
e s t i m a t i n g  m e t a b o l i c  costs.  

A fuller  a ccoun t  of these  e x p e r i m e n t s  a n d  the  m e t h o d s  
employed  will  a p p e a r  e lsewhere 7. 

Zusammenfassung .  D u r c h  Vergle ich  r e sp i rome t r i s ch  u n d  
ka lo r ime t r i s ch  b e s t i m m t e r  D a t e n  fiber den  Energ iever -  
b r a u c h  w~ihrend der  V e r p u p p u n g  yon  Tenebrio molitor 
wird  gezeigt,  dass  die l e t z t g e n a n n t e  Me thode  der  e r s te ren  
ebenbf i r t ig  ist, be t  f euch t igke i t s l i ebenden  A r t e n  sogar  
t iber legen sein miisste.  
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The Influence of Hydrostatic Pressure on the Rate of Hydrolysis  of Acetylcholine 
and Contractility in the Vagal Heart System 

Prev ious ly  we h a v e  shown  t h a t  h y d r o s t a t i c  p ressure  
b locks  t h e  v a g a l  i n h i b i t i o n  comple te ly  a t  5,000 ~01. Our  
va lue  is cons ide rab ly  lower t h a n  t h a t  r epo r t ed  b y  CATTELL 
and  EDWARDS 2, BROWN 3 a n d  EDWARDS a n d  BROWN ~ for 
i n h i b i t i o n  of muscu l a r  c o n t r a c t i o n  in t h e  ske le ta l  muscles.  
W e  f u r t h e r  d e m o n s t r a t e d  t h a t  p h y s o s t i g m i n e ,  a specific 
ace ty lcho l ines te rase  inh ib i to r ,  raises  t he  b lock ing  pressure  
f rom 5,000 to  6,500 ~0. W e  conc luded  t h a t  t h e  effect  of 
h y d r o s t a t i c  p ressure  on  t h e  vaga l  i n h i b i t i o n  is p r i m a r i l y  a 
c o n f o r m a t i o n a l  change  of ace ty lcho l ines te rase  molecule  
loca ted  a t  t h e  p o s t - j u n c t i o n a l  m e m b r a n e .  

Over  t h e  las t  decade  we h a v e  e x a m i n e d  r a t h e r  ex ten -  
s ively  t he  a c t i v i t y  of t h i s  p a r t i c u l a r  in  s i tu  e n z y m e  w i t h  
respec t  to  va r ious  phys i ca l  1,5,~ a n d  chemica l  ~-9 pa ra -  
meters .  Th i s  r e p o r t  is a f u r t h e r  i nves t i ga t i on  on  t he  r a t e  of 
hydro lys i s  of ace ty lcho l ine  b y  ace ty lcho l ines te rase  a n d  
t he  e x t e n t  of v o l u m e  change  in t h e  e n z y m e  molecule  as a 
f u n c t i o n  of pressure .  

Mater ials  and  methods. Tile e x p e r i m e n t s  were pe r fo rmed  
on i so la ted  vaga l  h e a r t  p r e p a r a t i o n  of frogs, R a n a  
pipiens,  The  h e a r t  was pe r fused  w i t h  modi f i ed  R inge r ' s  
solut ion,  wh ich  has  t h e  fol lowing compos i t i on :  NaC1, 


