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Oxidation of Pyruvate and Octonoate by Red and White Myotomal Muscles of the Crucian Carp 
( Carass ius  carass ius  ) 

In  t he  m y o t o m a l  muscu la tu re  of t he  fish, two ma in  
muscle  f ibre types ,  red and white ,  are recognisable.  These 
two m a y  be d i f fe ren t ia ted  by  the  re la t ive ly  high concen- 
t r a t ions  of mi tochondr i a  and  the  grea ter  ox ida t ive  capa-  
c i ty  of the  red fibres compared  to  tile whi te  f ibres 1, ~. The 
abi l i ty  of these  two muscles to oxidize subs t ra tes  belong- 
ing to d i f fe rent  metabol ic  p a t h w a y s  had  received l i t t le  
a t t e n t i o n  in the  past .  Hence,  in th is  p re sen t  s t u d y  the  
ra te  of ox ida t ion  of p y r u v a t e  and oc tonoa te  has been  
measured  and the i r  en tha lapies  of ac t iva t ion  de te rmined .  

Materials and methods. Crucian carp  (Carassius caras- 
sius) be tween  12 and 16 cm in leng th  were ma in t a ined  in a 
f resh wa te r  aqua r ium (water  t e m p e r a t u r e  11.8 • 0.1~ 
and  fed on a dai ly  die t  of p rop r i e t a ry  pond  fish food. The 
animals  were killed by  a sharp  blow on the  head  and  red 
and whi te  muscle  samples  t h e n  quickly dissected out  
f rom a region i m m e d i a t e l y  pos ter ior  to  t he  dorsal  fin. 
Samples  for incuba t ion  were weighed and t h e n  f inely 
minced  wi th  a sharp  scalpel. 

I ncuba t ions  were carr ied out  over  a range of t emper -  
a tures  (6-30~ in a med ium the  same as t h a t  used by  
BILINSKI a, excep t  t h a t  a 0 .025M tris buffer  (pH 7.3) was 
used. Tile ra tes  of ox ida t ion  of t he  2 subs t ra tes ,  0 .16M 
p y r u v a t e  w i th  0 .016M mala t e  and 0 .16M oc tonoa te  wi th  
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Arrhenius plots of oxygen uptake. Each regression line calculated 
from 40 data points. 

0 .016M ketoglu tara te ,  were de t e rmined  using the  Gilson 
oxygen  electrode appara tus .  Malate  and  ke tog lu ta ra te  
were incorpora ted  wi th  t he  subs t ra tes  in order  to  ' spark '  
t i le react ions.  The t issue was al lowed to  use up its own 
endogenous  subs t ra tes  before the  expe r imen ta l  subs t ra te  
was added.  The po in t  a t  which  endogenous  subs t ra tes  had  
been  exhaus ted  was ind ica ted  by  a rap id  fall off in the  
ra te  of oxygen  consumpt ion .  

Results. Tile results  of tile expe r imen t s  are given in the  
Table. The en tha lap ies  of ac t iva t ion ,  AH, were calculated 
f rom the  regression plots  given in the  Figure  using the  
Arrtlenius equa t ion  t. The red  and  whi te  muscles  of the  
crucian carp  have  been d e m o n s t r a t e d  to  be s imilar  w i th  
respect  to  the i r  en tha lapies  of ac t iva t ion  of oc tonoa te  and 
pyruva te .  I t  has  been  shown t h a t  b o t h  muscles  oxidise 
p y r u v a t e  more  r ap id ly  t h a n  oc tonoa te  a l though  red 
muscle ut i l ised the  2 subs t ra tes  a t  several  t imes  the  ra te  
of the  whi te  muscle.  Tile ra t io  of the  ra te  of oxygen  
consumpt ion  wi th  p y r u v a t e  to  the  ra te  of oxygen 
consumpt ion  wi th  oc tonoa te  was also found  to  be s imilar  
for b o t h  muscles a t  all t e m p e r a t u r e s  (see Table). 

Discussion. The precise locomotory  and  metabol ic  role 
of the  two types  of m y o t o m a l  muscle  in fish is uncer ta in .  
Never theless ,  there  is a large body  of evidence to  suggest  
t h a t  red muscle p lays  an i m p o r t a n t  role dur ing  long 
per iods  of slow sus ta ined s w i mmi n g  whi ls t  whi te  muscle 
provides  mos t  of tile mechanica l  energy  requi red  for 
shor t  burs t s  of speed 5-s. Octonoa te  was found  to  be 
oxidised a t  a low ra te  compared  wi th  p y r u v a t e  (see 
Table). Therefore  if these  expe r imen ta l  subs t ra tes  reflect  
the  in si tu condi t ion  regarding the  re la t ive r a t e s  of 
fa t  and p y r u v a t e  oxidat ion,  t h e n  it would appear  t h a t  
syn thes i s  of A T P  required for muscular  con t rac t ion  will 
no t  be as rap id  when  fa t  is the  subst ra te .  P /O values of 
2.7 and 2.4 for p y r u v a t e  and p a l mi t o y l ca rn i t i n e  respect-  
ively have  been de t e rmined  in m a m m a l i a n  muscles 9. 
Thus  fa ts  are a more  sui table  subs t r a t e  for muscles 
working at  a low intens i ty ,  such as the  red muscles of the  
fish~ as under  these  condi t ions  there  is p l en t y  of t ime  to 
oxidise tile l ipids and  re la t ive ly  more  oxygen  available.  
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Oxygen uptake of red and white muscle using pyruvate and octonoate as substrates expressed as ~xl/O~/g wet weight/min. Each result represents 
the mean of 10 determinations 

Temperature (~ Red muscle White muscle 

Pyruvate Octonoate Ratio Pyruvate Oetonoate Ratio 

6 10.29 :~ 0.80 5.45 ::t= 1.00 1.89 1.83 -/0.26 0.63 + 0.09 2.9 

14 21.87 _-~ 1.55 11.15 -t- 1.40 1.96 4.37 :~ 0.27 2.28 :~ 0.22 1.92 

22 32.29 :~ 3.48 14.51 i 1.31 2.23 5.00 ~ 0.57 2.36 ~ 0.36 2.12 

30 78.82 ! 8.64 15.73 :~ 2.23 5.01 18.40 -~ 1.98 3.98 -~ 0.78 4.62 
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Observa t ions  of fat  u t i l iza t ion dur ing  prolonged low speed 
swimming  would t e n d  to suppor t  th is  v iew 5, ~0. 

The ra tes  of ox ida t ion  by  the  whi te  muscle  were found 
to be re la t ively  low. Thus  i t  is doubt fu l  whe the r  ox ida t ive  
processes can p lay  a maj or role in supply ing  energy during 
in tens ive  burs t s  of ac t iv i ty  by  th is  muscle.  

The role of glycogen in red  muscle  me tabo l i sm is 
uncer ta in .  Higher  res t ing levels are found in the  red t h a n  
in the  whi te  muscle,  and dur ing sus ta ined  swimming  
glycogen has been observed to fall in the  red muscleT, 8. 
I t  has  been  d e m o n s t r a t e d  (see Table) t h a t  red muscle has 
a h igh oxida t ive  capac i ty  for py ruva te ,  the  p roduc t  of 
glycolysis t h a t  enters  the  citric acid cycle. I t  m a y  well be 
t h a t  bo th  fats  and  glycogen are  used as subs t ra tes  by  th is  
muscle.  An a l te rna t ive  hypo thes i s  is t h a t  red  muscle 
supp lemen t s  the  role of t he  l iver in supply ing  metabol i tes  
for glycolysis to t he  whi te  muscle  and in oxidis ing its 
lac ta te  n.  The high ra te  of p y r u v a t e  ox ida t ion  observed in 
the  red muscle is compat ib le  wi th  the  view t h a t  th is  
t issue could p lay  a s ignif icant  role in the  oxida t ion  of 
lac ta te  f rom the  whi te  muscle.  

Zusammen/assung. Sowohl in ro ten  als such  in weissen 
Muskelfasern ist  die Oxyda t ionsgeschwind igke i t  des 
P y r u v a t s  gr6sser als die des Octonoats .  Fiir ro te  Muskel- 
Iasern s ind die Wer t e  des z/H: Py ru v a t ,  14.27 kcal;  
Octonoat ,  6.64 kcal;  und  fiir weisse Muskelfasern : Py ruva t ,  
12.55 kcal;  Oc tonoa t  5.90 kcal. 
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F r e n c h  B e a n  S e e d  Coat  as  an  O v i p o s i t i o n a l  A t t r a c t a n t  for  th e  P u l s e  B e e t l e ,  C a l l o s o b r u c h u s  rnacu-  

la tus  ( F a b r i c i u s )  

Several  species of beet les  belonging to  the  fami ly  
Bruchidae  are serious insec t -pes ts  of s tored pulses and 
beans.  At  generic and specific level, these  insects  exh ib i t  
a h igh  degree of specif ic i ty  for the i r  g rowth  and develop-  
m e n t  towards  the  var ious  seed species of legumes. In  mos t  
of t he  known species of bruchids ,  i t  is the  oviposi t ing 
adul t  which per forms  the  actual  selection of the  hos t  by  
cement ing  her  eggs on the  seed surface dur ing  oviposi t ion.  
In  a mix tu re  of m a n y  seed species of legumes, a t  least  4 
species of b ruch ids  are known to exh ib i t  a d is t inc t  
preference  for ovipos i t ion  on some seeds r a the r  t h a n  on 
others  x-4. No correlat ion,  however ,  exis ts  be tween  the  
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Ovipositional response of Callosobruchus maculatus on chick pea 
seeds soaked in the acqueous extract of French bean seed coat and 
water. 

preferent ia l  oviposi t ion by  the  adul t  for d i f ferent  seed 
species and the  subsequen t  larval  deve lopment .  Some 
of the  phys ica l  character is t ics  o f  the  legume seeds, like 
curva tu re  of the  seed for C. chinensis (L.), t ex tu re  of the  
seed coat  for C. maculatus, C. chinensis and C. analis (F.), 
have  been shown to be possible  guiding s t imuli  for 
preferent ia l  oviposit ionS, ~. The oviposi t ional  a t t r a c t a n t  
ac t iv i ty  of soybean  saponin  ex t rac t  for C. chinensis was 
no t  considered to be of any  biological s ignif icanceL The 
p resen t  work for t he  f i rs t  t ime  repor t s  the  oviposi t ional  
a t t r a c t a n t  ac t iv i ty  of F rench  bean  seed coat  for C. 
maculatus. 

Methods and results. A cul ture  of C. maculatus 'was 
ma in t a ined  in glass jars covered wi th  musl in  conta in ing  
green g ram seeds a t  30~ 4- I~  and 55-60% relat ive 
humid i ty .  All the  expe r imen t s  were also conduc ted  at  the  
aforesaid t e m p e r a t u r e  and re la t ive  humid i ty .  

Since the  seed coat  of d i f fe rent  legume seeds comes in 
d i rec t  con tac t  w i th  t he  ovipos i t ing  females;  these  were 
gen t ly  r emoved  w i t h o u t  damaging  the  in te rna l  surface. 
For  each legume, 10 seeds w i t h o u t  seed coat  and 10 wi th  
seed coat  were placed toge the r  in a pe t r id i sh  where in  
2 pairs  of newly  emerged  adul ts  were  released for oviposi-  
t ion  for 96 h. The resul ts  of t he  expe r imen t  have  been 
shown in Table  I. I t  appea red  t h a t  t he  seed coat  of some 
legumes m a y  Contain subs tance(s)  which  induce the  
gravid  females  to lay more  eggs, since the  m e a n  n u m b e r  of 
eggs laid were s ignif icant ly  more  on the  seeds hav ing  seed 
coat  t h a n  on those  w i t h o u t  seed coat.  Chickpea, however ,  
was an except ion,  where  the  absence of seed coat  d id  no t  
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