
800 Specialia EXPERIENTIA 29/7 

h a t c h e d  egg-shells yield l i t t le  or no t r iene.  This  suggested  
t h a t  t r i ene  c o m p o u n d s  were au tox id i sed  du r ing  i n c u b a t i o n  
a n d  t h a t  t he  r eac t ion  was i n h i b i t e d  in t he  presence  of 
porose  a rea  secret ion.  Th i s  was  conf i rmed  b y  c o m p a r i n g  
t he  s t ab i l i t y  of t r i ene  in t he  wax,  w i t h  and  w i t h o u t  porose  
area  secret ion,  u n d e r  va r ious  o the r  cond i t ions  (Table) ;  
t he  r eac t ion  i n d u c t i o n  per iods  ~~ were s ign i f i can t ly  longer  
in  those  w i t h  secret ion.  The  sho r t e r  i n d u c t i o n  per iods  
found  u n d e r  l a b o r a t o r y  b e n c h  cond i t ions  p r o b a b l y  resu l t  
f rom the  inf luence  of l igh t  as a n  i n i t i a t o r  of a u t o x i d a t i o n  n.  
Typ ica l  spec t r a  for t he  a u t o x i d a t i o n  are in  t h e  F igure ;  
abso rp t ions  ass igned to  t r i ene  (294, 306, 320 nm)  are 
in i t i a l ly  e l imina ted  fol lowed b y  those  in t he  220-250 n m  
region. The  r e m o v a l  of abso rp t ions  a t  220-250 n m  reveals  
t h a t  o the r  c o m p o u n d s  are also au toxid ised ,  a l t h o u g h  no t  
as r ead i ly  as those  c o n t a i n i n g  the  t r i ene  ch romophore .  

ATKINSON et  al. ~,13 h a v e  r ecen t ly  shown  t h a t  cis, 
cis-6,9-heptacosadiene, t h e  ,major  h y d r o c a r b o n  of t he  
cu t i cu la r  wax  of t h e  cockroach,  Periplaneta americana, in  
c o n t r a s t  to  i ts  a p p a r e n t  s t ab i l i t y  w h e n  u n d i s t u r b e d  on 
t he  cuticle,  undergoes  e x t r e m e  a u t o x i d a t i v e  changes  
w h e n  i so la ted  f rom t he  cuticle.  On the  cut ic le  t he  o- 
d ihydr ic  pheno l s  i nvo lved  in sc le ro t iza t ion  effect ively  
b lock  such  au tox ida t ion .  A s t u d y  of t h e  egg waxes  of 
ixodid  t icks  has  now yie lded s ign i f ican t  a m o u n t s  of 
c o n j u g a t e d  t r i ene  s te ro ids  also suscep t ib le  to  a u t o x i d a t i o n .  
W e  h a v e  shown t h a t  t he  ca t t l e  t ick,  B. microplus, inhi-  

bits autoxidation of these steroids and other compounds 
in its egg waxes by the incorporation of a natural anti- 
oxidant during deposition of the wax layer by Gen6's organ. 
The secretion from the porose area is the source of that 
antioxidant. 

Zusammen/assung. Es wird  die sekre tor i sche  N a t u r  der  
Area  porosa  in I x o d e s a r t e n  best~ttigt, j edoch  n i c h t  die 
A n n a h m e ,  dass  das  Sekre t  als S c h m i e r m i t t e l  fiir die 
no rmMe F u n k t i o n  des Gen6schen  Organes  n o t w e n d i g  ist. 
Das  Sekre t  wi rd  o f f enba r  in  den  w a c h s a r t i g e n  O b e r z u g  
des Eies  a u f g e n o m m e n  u n d  v e r h i n d e r t  do r t  die A u t o x y d a -  
t ion  der  u n b e s t g n d i g e n  d 2, 6, 6_trien_Steroide" 
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Insolubilized Lactoperoxidase for the [~25I]-Labelling of Proteins 

The  use of l ac toperox idase  as a c a t a l y s t  for i o d i n a t i o n  
b y  h y d r o g e n  pe rox ide  and  carr ier-free [125I] iodide pro- 
vides a mi ld  sys t em for l abe l l ing  p ro t e ins  to  h i g h  specific 
a c t i v i t y  w i t h  m i n i m u m  d e n a t u r a t i o n  ~. S e p a r a t i o n  of 
soluble  l ac toperox idase  (mol. wt.  84,000) f rom some 
label led  p ro t e in  of c o m p a r a b l e  molecu la r  we igh t  m a y  
become  a problem,  b u t  is easi ly accompl i shed  w i th  a n  
insolubi l ized  enzyme.  Here  we p re sen t  de ta i l s  for t he  
p r e p a r a t i o n  of such  an  e n z y m e  d e r i v a t i v e  a n d  descr ibe  
as an  example  t he  labe l l ing  of a n t i b o d y  f r a g m e n t s  of t he  
t y p e  F(ab ' )2 (mol .wt .  106,000). 

Methods. E n z a c r y l  AA ~ (50 rag) suspended  in 2 N HC1 
(5 ml)  was  d iazo t i zed  b y  t h e  dropwise  a d d i t i o n  o'f 4 %  
(w/v) N a N O  2 (2 ml) fol lowed b y  f u r t h e r  s t i r r ing  for 15 m i n  
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the reaction products on Sephadex G-100 following 
of F (ab') 2 antibody fragments using an insolnbilized 
lactoperoxidase. Fpr experimental details, see text. 

and  cen t r i fug ing  (all ope ra t ions  for e n z y m e  coupl ing  were 
carr ied ou t  a t  0~ The  pel le t  was washed  w i t h  4 po r t i ons  
(8 ml) of 0.05 M sod ium p h o s p h a t e ,  p H  7.4 a n d  was 
r e suspended  in t he  same  buffer  (1 ml) c o n t a i n i n g  lacto-  
pe rox idase  3 (1 mg). Coupl ing  was al lowed to  proceed  
w i t h  s t i r r ing  for 60 h. Af te r  cent r i fuging,  res idua l  diazo- 
n i u m  groups  were r eac t ed  w i t h  0 .01% (w/v) p h e n o l  in  
10% (w/v) sod ium ace t a t e  (8 ml) for 15 min.  U n b o u n d  
e n z y m e  was r e m o v e d  b y  6 wash ings  (20 ra in  each  w i t h  
v igorous  s t i r r ing)  w i t h  0.5 M NaC1 in 0.05 M sod ium 
p h o s p h a t e ,  p H  7.4 (6 ml) fol lowed b y  3 br ie f  wash ings  
w i t h  0.05 M sod ium p h o s p h a t e ,  p H  7.4. F ina l ly ,  t he  
orange-coloured  d e r i v a t i v e  was su spended  in t h e  same  
buffer  (1 ml).  

The  e n z y m e  suspens ion  (0.4 ml) was  mixed  w i t h  a 
p r e p a r a t i o n  of F(ab ' )~ f r a g m e n t s  ~ (10 rag) in  t h e  same  
buffer  (1 ml). The  m i x t u r e  was t r an s f e r r ed  to  a d isposable  
t u b e  c o n t a i n i n g  carr ier- f ree  N a  [lehI] (2 mCi  in 20 ~1 of 
w a t e r ;  c o n c e n t r a t i o n  of iodide, 0.05-0.1 m M )  5. To th i s  
was  added  0.88 m M  H~O2 (0.2 ml), a n d  the  suspens ion  
was s t i r red  for  15 ln in  a t  22~ T h e  r eac t ion  m i x t u r e  was 
f i l tered t h r o u g h  co t tonwoo l  b y  a s p i r a t i o n  w i t h  a P a s t e u r  
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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. 


