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Relative specific activity (RSA) and phosphate ester content of cells after 4 h incubation in control or phloridzin media 

Diphospho-glycerate . . . . . .  
Inorganic phosphate . . . . . .  
Adenosine tr iphosphate . . . . .  

Control 

RSA Quantity 
l, gP/mlcells 

214, 250 135, 165 
125, 1 4 3  35, 27 
195, 204 45, 58 

o-5 

RSA 

110, 94 
47, 36 
56, 71 

Phloridzin 
~M 

Quantity RSA 
#gP/ml cells 

150, 143 71 
42, 32 27 
51, 46 17 

20 m3I 

Quantity 
itgP/ml cells 

165 
59 
36 

t en t s  of the  fract ions were li t t le af fec ted  by  the  phlor idz in  
the  a m o u n t  of P 32 incorpora ted  was reduced,  even in the  
' inorganic '  f ract ion.  F r o m  these  resul ts  we conclude t h a t  
the  red cell p h o s p h a t e  is in a d y n a m i c  s t a te  and  t h a t  the  
t u r n o v e r  is sensi t ive  to  phlor idz in  and  phlore t in .  

3 

pM P. 
ml cells 

1.5 

Red cell phosphate uptake Centre! 

X o o Phloretin 

i ~. t i 
5 I0 15 

(Time) 0"5 

Iqg. 2.--The uptake of P 3'2 by red cells from a large volume of 
medimn eontainil~g 1-2 mMP 32 labelled phosphate. The test media 
contained either 6 mM phloridzin or 0-03% w/v phloretin. The P 3"~ 

concentration in the medium remained nearly constant. 
(Time measured in minutes) 

In  the  same e x p e r i m e n t s  analyses  for Na and  K were 
carr ied out.  These showed t h a t  no changes  of Na or K con- 
t e n t  t ook  place dur ing  4 h exposure  to  phlor idz in  or phlore-  
tin. One sample  of cells was cold s to red  ove rn igh t  so t h a t  
t he  Na c o n t e n t  was 36 meq/1 cells and  the  K c o n t e n t  
72.5 meq/1. Dur ing  subsequen t  incuba t ion  the  Na c o n t e n t  
fell to 26 meq/1 and  the  K c o n t e n t  rose to 79 meq/1 in b o t h  
control ,  phlor idzin,  and  ph lore t in  media  showing t h a t  ne t  
ca t ion  m o v e m e n t  is unaffec ted .  F r o m  this  it appea r s  t h a t  
suff ic ient  sugar  still  en te rs  the  poisoned cells to ma in t a in  
t h a t  p a r t  of t he  me tabo l i sm  which  energises convers ion  
f rom the  low K-h igh  Na to  the  h igh  K-low Na condi t ion .  

E. J. HARRIS and  T. A. j .  PRANKER1) 

Biophysics Department, University College London and 
Medical Unit, University College Hospital, Medical School, 
London, May  2, t958. 

Rdsumd 

L 'add i t i on  de phlor izine ou de phlor6t ine  g une suspen-  
sion d 'h6mat ies  humaines  ra len t i t  l 'al lure d ' i nco rpo ra t ion  
du r ad io -phospha te  dans  les cellules. Celles-ci c o n t i e n n e n t  
les m6mes quant i t6s  d ' e s te r s  phosphor iques  apr~s Fact ion  
de la phlorizine.  Les deux  drogues  ne modi f i en t  pas  non 
plus les concen t ra t ions  en Na  e t  en K des cellules. 

L i p a s e  A c t i v i t y  i n  I n s e c t  F l i g h t  M u s c l e  

GEORGE and JvoTI 1 showed t h a t  f lying birds  and bats 
util ize fat  as the  chief  fuel for long and  sus ta ined  muscular 
ac t iv i ty .  \¥EIs-FoGH~ es tab l i shed  t h a t  in the  locust ,  dur- 
ing sus ta ined  flight,  a b o u t  two- th i rds  of the  to ta l  energy 
e x p e n d e d  is der ived  f rom fat.  The  impor t ance  of lipase in 
such muscles  which util ize fa t  as fuel for the i r  ac t iv i ty  has 
been d e m o n s t r a t e d  by  GEORGE and  SCARIA 3. They  have 
shown  t h a t  t he  f l ight  muscles  of birds  indulging in 
sus ta ined  f l ight  and  the  h e a r t  muscle  of all vertebrates 
possess a h igh  concen t r a t i on  of lipase. T h e y  correlated 
the  lipase concen t r a t ion  of the  muscle  wi th  the  ex- 
t en t  of fa t  ut i l izat ion depend ing  on the  ac t iv i ty  of the 
muscle.  I t  was  therefore  t h o u g h t  des i rable  to  s tudy  how 
far th is  corre la t ion could be e x t e n d e d  to  t he  f lying insects 
which  exh ib i t  var ious degrees of muscular  ac t iv i ty  during 
flight. 

Aqueous  ex t r ac t s  of the  fl ight muscles  of the  following 
insects  were used for the  s t u d y :  the  deser t  locust  (Schisto- 
cerca gregaria), the  d ragon  fly (Pentala [lavescens) and the 
bumble  bee (Xylocopa sp.). The e n z y me  was prepared  in 
the  following m a n n e r :  Weighed  quan t i t i e s  of the  tlight 
muscles  were ex t r ac t ed  in known  quan t i t i e s  of distilled 
wa te r  in cold for 1 h by  sc rubbing  wi th  sand in a tes t  tube; 
it was t h e n  cen t r i fuged  a t  2500 r .p .m,  for 5 min  and the 
s u p e r n a t a n t  used tor t he  s tudy .  The m e t h o d  used for the 
assay was a m a n o m e t r i c  m e t h o d  a d o p t e d  f rom MARTIN 
and  PEERS 4 using the  \Varburg  a p p a r a t u s  in a bicar- 
bona te  ca rbon  dioxide buffer  s y s t e m of p H  7-4 at  37% 
using t r i b u t y r i n  as subs t ra te .  The  reac t ion  flask contained 
1.5 ml 0.025 M b ica rbona te  solution,  0.5 ml distilled 
wa te r  and  0.5 ml of the  enzyme  solut ion in the  main 
c h a m b e r  and 0.5 ml 4% (v/v) t r i b u t y r i n  in 0-0148 M bi- 
c a rbona t e  (emulsified by  shak ing  wi th  a drop  of Tween 
80) in the  side arm,  thus  mak ing  up a to ta l  vo lume of 3 ml. 
The m a n o m e t e r s  and flasks were gassed for 3 min with a 
mix tu re  of 95% n i t rogen  and 5% carbon  dioxide from a 
cyl inder .  Af te r  equi l ibra t ion  for 10 min the  subs t r a t e  was 
t ipped  in and  the  readings  t aken  twice  a t  intervals 0t 
15 min. The m a n o m e t e r s  were shaken  a t  a b o u t  100 oscil- 
l a t ions /min  al lowing an ampl i tude  of 4-5 cm per  oscilla- 
t ion. 

Lipase ac t iv i ty  was ca lcula ted  on  the  basis of wet 
weigh t  and  also the  pro te in  c o n c e n t r a t i o n  of the  enzyme 
solut ion used, and  is expressed  as t h e  n u m b e r  of/~l of CO, 
p roduced /mg/30  min (Table). P ro te in  was es t imated  ac- 
cording to the  color imetr ic  m e t h o d  for to ta l  prote ins  5. 

I j ,  C. GEORGE and D. JYOTI, J. Anim. Morph. Physiol. 2, 1 
(1955); 4, 2 (1957). 

T. WEls-FoGH, Prec. roy. See. [B] o37, 640 (1952). 
a j .  C. GEORGE and K. S. SCARIA, J. Anim. Morph. Physiol. a, 2 

(lu56); 4, ~ (1957). 
a H. F. MARTIN and F. G. PEERS, Bioehem. J. 55, 5~3 (1953). 
5 p. B. HAWK, B. L. OSER, and W. H. SUM.~tERSO~, Praaical 

Physiological Chemistry (McGraw-Hill Book Company Inc., 1954). 
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Lipase activity of Insect Flight Muscle* 

Insects 

Locust . . . . . .  
Dragon fly . . . .  
Bumble bee . . . .  

/tl Co~/mg pro- 
tein/30 rain 

0) 

9.5 
50.0 

9.0 

~1 Co2/mg wet 
weight/30 rain 

('2) 

1.35 
8.10 
0,73 

* The values given are the average of five experiments. 

I n  t he  Tab le  above ,  t he  va lues  in co lumn  2 h a v e  to be 
cons idered  as more  accu ra t e  for t he  purpose  of compar i -  
son, s ince t he  q u a n t i t y  of n o n e n z y m i c  p r o t e i n  d issolved 
m a y  n o t  be  t h e  s ame  in all cases. Cons ider ing  t he  l ipase 
ac t iv i ty  of t he  aqueous  e x t r a c t  of t he  pec tora l i s  m a j o r  
muscle  of p igeon p r e p a r e d  in exac t ly  t he  same  m a n n e r  
as a b o v e  a n d  ca l cu la t ed  on  t he  we t  we igh t  bas is  (l ipase 
a c t i v i t y  = 0.8 #1 CO~/mg we t  we igh t /30  min) ,  i t  is seen 
t h a t  t h e  f l ight  musc les  of t h e  locus t  a n d  d r a g o n  fly h a v e  a 
h igher  l ipase ac t iv i ty .  I n  t he  case of the  locust ,  i t  is 
known  t h a t  i t  ut i l izes fa t  as t he  chief  fuel d u r i n g  fl ight.  

the less  i t  is a fac t  t h a t  t h e  d r a g o n  fly is a v e r y  good flier 
indulg ing  in s u s t a i n e d  f l igh t  for  h o u r s  t o g e t h e r  w i t h  l i t t le  
rest.  The  low l ipase c o n c e n t r a t i o n  in t h e  f l igh t  muscles  of 
the  locust  as c o m p a r e d  to t h a t  in  t h e  d r a g o n  fly m a y  be  
exp la ined  as due  to t h e  fac t  t h a t  t h e  locus ts  used  in our  
s t u d y  were l a b o r a t o r y  b r ed  a n i m a l s  a n d  he ld  in c a p t i v i t y  
t h r o u g h o u t  t he i r  life. E v i d e n t l y ,  in  s u c h  an ima l s ,  t h e  
me tabo l i c  r a t e  is lower  a n d  c o n s e q u e n t l y  t h e  c o n c e n t r a -  
t ion  of the  va r ious  en zy mes  will also be a t  a lower  level  
since enzymes  are a d a p t i v e  to a co n s i d e r ab l e  e x t e n t .  T h e  
presence of l ipase in  t h e  f l ight  musc le  of t h e  b u m b l e  bee  
also suggests  t h e  u t i l i za t ion  of f a t  for m u s c u l a r  a c t i v i t y  
a t  leas t  to  a ce r t a in  ex t en t .  

The  lipase a c t i v i t y  in t h e  f l ight  musc les  of t h e  locus t  
an d  d ragon  fly was h i s tochemica l ly  s t u d i e d  a c c o r d i n g  to  
the  Tween  m e t h o d  of GOMORI e. T h e  s u b s t r a t e  used was  
'Tween  80' w h i c h  is specific for t r ue  l ipase.  T h e  i n c u b a -  
t ion  m e d i u m  c o n t a i n e d  2 ml 10% CaC1 v 2 ml  5 %  ' T w e e n  
80' (Atlas),  5 ml  b i c a r b o n a t e  buf fe r  of p H  8.4, 40 ml  
dist i l led w a t e r  a n d  a c rys ta l  of t h y m o l  as  p r e s e r v a t i v e .  
T h e  m i x t u r e  was i n c u b a t e d  a t  40°C o v e r n i g h t  to  p rec ip i -  
t a t e  the  free f a t t y  acid, if any,  an d  f i l tered to  r e m o v e  t h e  
p rec ip i t a teL  Sect ions  of the  muscle,  wh ich  were p r e p a r e d  
accord ing  to t h e  m e t h o d  descr ibed  b y  GEORGE a n d  
SCARIA 8, w e r e  i n c u b a t e d  for 8 -10  h in t h e  m e d i u m  a t  
40°C. Boiled sect ions  were used as cont ro l .  

F igures  1 an d  2 are the  m i c r o p h o t o g r a p h s  of t h e  f l igh t  
muscle  of the  d ragon  fly a n d  locust  respec t ive ly ,  t r e a t e d  
to d e m o n s t r a t e  l ipase ac t iv i ty .  I t  could  be seen  t h a t  t h e  
l ipase ac t iv i ty ,  as i nd ica t ed  b y  t h e  depos i t ion  of prec ip i -  
t a te ,  is h ighe r  in t h e  muscle  of t h e  d r a g o n  fly as was  also 
s h o w n  b y  the  q u a n t i t a t i v e  d e t e r m i n a t i o n .  

Grateful thanks are due to l)r. K. B. LAI., Plant l'rotection 
Advisor to the Govermnent of India fl)r arranging the supl)lY of 
the locusts used in thi~ study. 

I '  

Fig. I 

J. c .  (;),:o)~;E, N. V. VALLYATIIAN, 
a n d  t~. S. SCARIA 

Laboratories of Animal  l'hysiology and Histochemistry, 
Department o[ Zoology, University o] Baroda (India), 
February 28, 1958. 

Zusammen/assung 

Die l . ipaseak t iv i t / i t  von  w/isserigen l g x t r a k t e n  de r  
Libelle ( Pentala [lavescens), der  Heuschrecke  (Schistocerea 
gregavia) u n d  de r  H u m m e l  (Xylocopa sp.) wurde  m a n o -  
me t r i s ch  festgestel l t ,  u n t e r  V e r w e n d u n g  v o n  T r i b u t y r i n  
als S u b s t r a t .  Die hGchste  Lipaseakt iv i t~i t  wurde  in de r  
Libel le  ge funden ,  die n iedr igs te  in der  H u m m e l .  l )er  
hohe  G e h a l t  de r  F l u g m u s k u l a t u r  de r  I n s e k t e n  a n  Lipasc  
wi rd  in Z u s a m m e n h a n g  g e b r a c h t  m i t  de r  B e n u t z u n g  v o n  
F e t t  als B r e n n s t o f f  bei  d a u e r n d e r  Muskel t / i t igke i t .  Die  
Lipaseakt iv i t~ i t  in der  F l u g m u s k u l a t u r  der  Libel le  u n d  
de r  H eu s ch reck e  wird  h i s t ochemisch  nachgewiesen  m i t  
d e m  V e r f a h r e n  n a c h  GOMORL u n t e r  V e r w e n d u n g  v o n  
~Tween 80,~ als S u b s t r a t .  

Fig. 2 

Fig. I and 2.--Microphotographs of the T. S. of the flight muscle 
of the dragon fly and locust respectively, treated to show lipase 

activity. 

6 A. G. PEARSE I:VERSON, Histochemistry, Theoretical aml :lp- 
plied (J. & A. Churchill, London 195,1). 

7 j .  C. GEORGE and K. S. SCARIA, Nature 181,783 (1958). 
s j .  C. GEORGE and K. S. SCARIA, Nature 181, 783 (1958); J. 

Alfim. Morph. Physiol. 5, 1 (1958). 

Bu t  in  t he  d r a g o n  fly the  l ipase c o n c e n t r a t i o n  is 6 t imes  
t ha t  in  t h e  locust ,  w h i c h  m e a n s  t h a t  th i s  a n i m a I  also 
might  be  u t i l iz ing  fa t  for t h e  ene rgy  d u r i n g  fl ight.  Never -  


