
Durham E-Theses

An investigation into the factors involved in hear

death and thermal sensitivity in calliphora vicina R-D

Kashmeery, Amin M. S.

How to cite:

Kashmeery, Amin M. S. (1977) An investigation into the factors involved in hear death and thermal

sensitivity in calliphora vicina R-D, Durham theses, Durham University. Available at Durham
E-Theses Online: http://etheses.dur.ac.uk/8253/

Use policy

The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or
charge, for personal research or study, educational, or not-for-pro�t purposes provided that:

• a full bibliographic reference is made to the original source

• a link is made to the metadata record in Durham E-Theses

• the full-text is not changed in any way

The full-text must not be sold in any format or medium without the formal permission of the copyright holders.

Please consult the full Durham E-Theses policy for further details.

Academic Support O�ce, The Palatine Centre, Durham University, Stockton Road, Durham, DH1 3LE
e-mail: e-theses.admin@durham.ac.uk Tel: +44 0191 334 6107

http://etheses.dur.ac.uk

http://www.dur.ac.uk
http://etheses.dur.ac.uk/8253/
 http://etheses.dur.ac.uk/8253/ 
http://etheses.dur.ac.uk/policies/
http://etheses.dur.ac.uk


The copyright of this thesis rests with the author. 

No quotation from it should be published without 

his prior written consent and information derived 

from it should be acknowledged. 

An I nv litigation Into the. TaatofU Involved 

in Hzat V&ath and Th.in.maJL Szn&itivity 

In CaULipkoJta vicing R - P . 

(A B i o c h e m i c a l Study] 

by 

Amln M.S. Ka4hme.e.Ay, 8 . S c . 

B e i n g a t h e s i s submitted, f o r examination fo 

- t h e degree of Doctor o f P h i l o s o p h y of the 

U n i v e r s i t y of Durham, December, 1 9 7 7 . 

Graduate S o c i e t y , 
Durham. 

http://Th.in.maJL


i 

A C K N O W L E D G E M E N T 

I a m i n d e b t e d t o m y s u p e r v i s o r D r . K . B o w l e r 

f o r h i s a d v i c e a n d u n f a i l i n g e n c o u r a g e m e n t t h r o u g h o u t 

t h i s w o r k , a n d f o r h i s c r i t i c a l r e a d i n g o f t h e 

m a n u s c r i p t s . 

I a l s o w i s h t o a c k n o w l e d g e t h e g e n e r o u s h e l p 

o f D r . M . J . S t a c e y p a r t i c u l a r l y o n E l e c t r o n m i c r o ­

s c o p i c a l t e c h n i q u e s . 

M y t h a n k s a r e a l s o d u e t o t h e f o l l o w i n g : 

D r . J . H . A n s t e e f o r h i s a d v i c e w i t h I n s e c t h i s t o l o g y ; 

D r . M . A . T r i b e a n d M i s s S . M . D a n k s ( U n i v e r s i t y o f 

S u s s e x ) f o r I n s t r u c t i o n I n s a r c o s o m a l i s o l a t i o n 

m e t h o d o l o g y , a n d m a n y h e l p f u l s u g g e s t i o n s ; P r o f e s s o r 

D . B a r k e r f o r u s e o f l a b o r a t o r y f a c i l i t i e s ; M r . D . V . 

K e l l y a n d t h e t e c h n i c a l s t a f f o f t h e Z o o l o g y 

D e p a r t m e n t , i n p a r t i c u l a r M r s . F . S t e e l , M r s . S. 

H e t h e r i n g t o n a n d M r . P. L o f t u s f o r t h e i r c h e e r f u l 

a n d c o m p e t e n t t e c h n i c a l a s s i s t a n c e ; M r s . J . M . 

C h l s h o l m f r o m t h e I n t e r l l b r a r y L o a n S e c t i o n ; M r s . M . L 

B e l l a n d M i s s D . T a y l o r f o r s k l l f u l l t y p i n g . 

K i n g A b d u l - A z i z U n i v e r s i t y p r o v i d e d m y 

f i n a n c i a l s u p p o r t , w i t h o u t w h i c h t h i s s t u d y w o u l d n o t 



n o t h a v e b e e n p o s s i b l e . 

F i n a l l y , I p a y t r i b u t e t o m y w i f e , a n d 

m y p a r e n t s , i n M e c c a , f o r t h e i r c o n t i n u a l 

e n c o u r a g e m e n t t h r o u g h o u t t h i s w o r k . T h i s 

t h e s i s i s d e d i c a t e d t o t h e m . 



L i i 

A B S T R A C T 

T h e p h e n o m e n o n o f d e a t h a t h i g h t e m p e r a t u r e s 

i n t h e b l o w f l y C a l l i p h o r a v i c i n a h a s b e e n s t u d i e d , w i t h 

p a r t i c u l a r e m p h a s i s o n t h e r e s p i r a t o r y a c t i v i t y o f 

i s o l a t e d f l i g h t m u s c l e m i t o c h o n d r i a ( s a r c o s o m e s ) . 

T h e s e s a r c o s o m e s s h o w e d d i f f e r e n t i a l s e n s i t i v i t y 

t o w a r d s s e v e r a l f a c t o r s w h e n d i f f e r e n t s u b s t r a t e s 

a r e b e i n g r e p i r e d . I n t h e p r e s e n c e o f a - g l y c e r o p h o s -

p h a t e as s u b s t r a t e l o w e r v a l u e s f o r QO^t R C 1 a n d 

A D P : 0 a r e o b t a i n e d w h e n t h e s a r c o s o m e s w e r e 

i s o l a t e d u s i n g t h e p r o t e o l y t i c e n z y m e ' n a g a r s e ' a s 

c o m p a r e d w i t h v a l u e s o b t a i n e d w h e n t h e s a r c o s o m e s 

w e r e p r e p a r e d i n t h e a b s e n c e o f ' n a g a r s e ' . I t w a s 

a l s o f o u n d t h a t i s o l a t e d s a r c o s o m e s r e s p i r i n g d i f f e r e n t 

s u b s t r a t e s r e q u i r e d i f f e r e n t r e a c t i o n c o n d i t i o n s i n 

o r d e r t o s h o w m a x i m a l r e s p i r a t o r y p e r f o r m a n c e . 

S a r c o s o m e s i s o l a t e d f r o m l e t h a l l y h e a t t r e a t e d 

f l i e s s h o w e d i m p a i r e d o x i d a t i v e p h o s p h o r y l a t i o n a n d 

l o s s o f r e s p i r a t o r y c o n t r o l w h e n a - g l y c e r o p h o s p h a t e 

i s r e s p i r e d . H o w e v e r , i n t h e p r e s e n c e o f p y r u v a t e a n d 

p r o l i n e as s u b s t r a t e s c o u p l i n g i s i m p a i r e d b u t i s 

s t i l l d e m o n s t r a b l e . 

E x p e r i m e n t s w e r e c a r r i e d o u t t o d e t e r m i n e 

t h e e f f e c t o f h e a t t r e a t m e n t s w h e n t h e h e a t d o s e i s 



L V 

s p l i t b y a n i n t e r v a l o f r e c o v e r y . I t w a s f o u n d t h a t 

t h e d o s e i s a c c u m u l a t i v e u n l e s s t h e r e c o v e r y p e r i o d 

e x t e n d s t o 6 h o u r s o r m o r e . R e c o v e r i n g o f f l i e s f r o m 

a h e a t s h o c k ( L . D . Q ) , i s t e m p e r a t u r e d e p e n d e n t w i t h 

a h i g h v a l u e f o r Q ^ Q * 

T h e e f f e c t o f t e m p e r a t u r e o n i s o l a t e d s a r c o s o m e s 

i n d i c a t e d t h a t t h e l o s s o f r e s p i r a t o r y c o n t r o l o b s e r v e d 

a t t h e h i g h e r r e a c t i o n t e m p e r a t u r e s m i g h t n o t be d u e 

t o a g e n e r a l d e t e r i o r a t i o n o f t h e s a r c o s o m a l m e m b r a n e s , 

u n l e s s t e m p e r a t u r e s a b o u t 4 0 ° G o r h i g h e r a r e u s e d . 

S a r c o s o m e s a r e m o r e s e n s i t i v e t o h e a t i n v i t r o t h a n 

i n v i v o . 

S a r c o s o m a l a - g l y c e r o p h o s p h a t e d e h y d r o g e n a s e 

h a s b e e n s t u d i e d f o l l o w i n g i n v i v o a n d i n v i t r o h e a t 

t r e a t m e n t , a n d i t w a s f o u n d t o b e r e l a t i v e l y t h e r m o s t a b l e . 

I t s s p e c i f i c a c t i v i t y a n d a l l o s t e r i c b e h a v i o u r w e r e n o t 

a b o l i s h e d b y t e m p e r a t u r e s t h a t a r e l e t h a l t o t h e w h o l e 

a n i m a l . 

U l t r a s t r u c t u r a l s t u d i e s s h o w t h a t i s o l a t e d 

s a r c o s o m e s e x h i b i t e d c h a n g e s i n t h e i r m o r p h o l o g y i n 

d i f f e r e n t r e s p i r a t o r y s t a t e s . W o r k w i t h s a r c o s o m e s 

f r o m h e a t d e a d f l i e s s u p p o r t t h e b i o c h e m i c a l d a t a , s h o w i n g 

a d i f f e r e n t i a l t h e r m o s e n s i t i v i t y o f s a r c o s o m a l r e s p i r a t i o n 



V 

w i t h a - g l y c e r o p h o s p h a t e as c o m p a r e d w i t h p y r u v a t e 
a n d p r o l i n e r e s p i r a t i o n . L o s s o f t h e e n e r g i z e d 
c o n f o r m a t i o n s e e m s t o o c c u r o n l y i n s a r c o s o m e s i s o l a t e d 
f r o m h e a t t r e a t e d a n i m a l s r e s p i r i n g o n c v - g l y c e r o p h o s -
p h a t e . 

N o d i f f e r e n c e w a s s e e n i n t h e a p p e a r a n c e o f 

t h e b r a i n n e u r o s e c r e t o r y c e l l s o f c o n t r o l , l e t h a l l y 

h e a t e d , o r r e c o v e r i n g f l i e s . 

I t i s c o n c l u d e d t h a t a - g l y c e r o p h o s p h a t e 

d e h y d r o g e n a s e m a y n o t be t h e t e m p e r a t u r e - s e n s i t i v e 

s i t e , a n d t h a t t h e r m a l i n j u r y i s a m e m b r a n e -

p h e n o m e n o n . 

T h e s i g n i f i c a n c e o f t h e r e s u l t s i s d i s c u s s e d , 

a n d s u g g e s t i o n s a r e m a d e f o r f u t u r e w o r k . 



v i 

G L O S S A R Y 

A D P A d e n o s i n e - 5 ' - d i p h o s p h a t e . 

A T P A d e n o s i n e - 5 ' - t r i p h o s p h a t e . 

A T P a s e A d e n o s i n e - 5 ' - t r i p h o s p h a t a s e ( E C 3 . 6 . 1 . 3 . ) . 

B S A B o v i n e S e r u m A l b u m i n . 

D N P 2 : 4 d i n i t r o p h e n o l . 

E D T A E t h y l e n e d i a m i n e t e t r a a c e t i c a c i d 
( s o d i u m s a l t ) . 

E G T A E t h y l e n e g l y c o l - b i s (/? - a m i no - e t h y l ( e t h e r ) 

N N ' - t e t r a a c e t i c a c i d . 

K m M i c h a e l i s c o n s t a n t . 

L . D . J . Q E x p e r i m e n t a l h e a t t r e a t m e n t c a u s i n g 
5 0 % m o r t a l i t y i n a s a m p l e o f a n i m a l s . 

N A D + N i c o t i n a m i d e - a d e n i n e - d i n u c l e o t i d e 
( o x i d i z e d f o r m ) . 

O x y g e n c o n s u m p t i o n e x p r e s s e d as ug a t o m s . 
O x y g e n p e r h o u r p e r mg p r o t e i n . 

T r i s T r i s ( h y d r o x y me t h y l ) a m i n o m e t h a n e . 

V m a x M a x i m a l r e a c t i o n v e l o c i t y . 



v i i 

T A B L E OF C O N T E N T S 

P a g e 

A c k n o w l e d g e m e r i t s i 

A b s t r a c t i i i 

G l o s s a r y v i 

C o n t e n t s v i i 

C h a p t e r 1 . G e n e r a l I n t r o d u c t i o n 1 

C h a p t e r 2 . G e n e r a l M a t e r i a l s a n d M e t h o d s 16 

C u l t u r e o f S t o c k s 17 

M e t h o d o f e x p o s u r e o f f l i e s t o h i g h 18 
t e m p e r a t u r e s 

I s o l a t i o n o f s a r c o s o m e s f r o m f l i g h t m u s c l e 19 

I s o l a t i o n m e d i a 2 0 

D e s c r i p t i o n o f t h e o x y g e n e l e c t r o d e 2 1 

M e a s u r e m e n t o f o x i d a t i v e p h o s p h o r y l a t i o n 22 

D e t e r m i n a t i o n o f s a r c o s o m a l p r o t e i n 
c o n c e n t r a t i o n 26 

C h a p t e r 3 . 29 

I n t r o d u c t i o n 3 0 

M a t e r i a l s a n d M e t h o d s 35 

R e s u l t s 4 0 

D i s c u s s i o n 47 



v i i i 

Page 

C h a p t e r 4 . R e c o v e r y o f t h e b l o w f l y C a l l i p h o r a 
v i c i na f r o m h e a t i n j u r y 60 

I n t r o d u c t i o n 6 1 

M a t e r i a l s a n d M e t h o d s 63 

R e s u l t s 67 

D i s c u s s i o n 73 

C h a p t e r 5 . T h e e f f e c t o f i n c u b a t i o n t e m p e r a t u r e 
a n d r e a c t i o n t e m p e r a t u r e o n b l o w f l y 
f l i g h t m u s c l e s a r c o s o m a l r e s p i r a t i o n . 82 

I n t r o d u c t i o n 83 

M a t e r i a l s a n d M e t h o d s 88 

R e s u l t s 9 1 

D i s c u s s i o n 108 

C h a p t e r 6 . E f f e c t o f c a l c i u m o n s a r c o s o m a l 

a - g l y c e r o p h o s p h a t e o x i d a t i o n 127 

I n t r o d u c t i o n 128 

M a t e r i a l s a n d M e t h o d s 130 

R e s u l t s 132 

D i s c u s s i o n 135 

C h a p t e r 7 . T h e a c t i v i t y o f a n d t h e r m o s t a b i l i t y 
o f s a r c o s o m a l a - g l y c e r o p h o s p h a t e 
d e h y d r o g e n a s e . 142 

I n t r o d u c t i o n 143 

M a t e r i a l s a n d M e t h o d s 145 

R e s u l t s 1 5 0 

D i s c u s s i o n 153 



ix 

P a g e 

C h a p t e r 8 . E l e c t r o n m i c r o s c o p i c a p p e a r a n c e o f 
s a r c o s o m e s i s o l a t e d f r o m c o n t r o l 
a n d h e a t t r e a t e d b l o w f l i e s , d u r i n g 
r e s p i r a t i o n i n d i f f e r e n t r e s p i r a t o r y 
s t a t e s . 1 6 0 

I n t r o d u c t i o n 1 6 1 

M a t e r i a l s a n d M e t h o d s 165 

O b s e r v a t i o n s 168 

D i s c u s s i o n 173 

C h a p t e r 9 . T e m p e r a t u r e s s t r e s s a n d b r a i n 
n e u r o s e c r e t o r y c e l l s i n t h e 
b l o w f l y C a l l i p h o r a v i e i n a . 186 

I n t r o d u c t i o n 187 

M a t e r i a l s a n d M e t h o d s 1 9 0 

O b s e r v a t i o n s 192 

D i s c u s s i o n 193 

C h a p t e r 1 0 . G e n e r a l D i s c u s s i o n 197 



C H A P T E R O N E 



G E N E R A L I N T R O D U C T I O N 

T h e u n d e r l y i n g c a u s e s o f h e a t d e a t h h a v e b e e n 

s t u d i e d f o r a l o n g t i m e a n d h a v e b e e n f o l l o w e d i n a w i d e 

v a r i e t y o f o r g a n i s m s , n o t o n l y a n i m a l s b u t a l s o i n 

m i c r o o r g a n i s m s a n d p l a n t s . T h e l i t e r a t u r e h a s r e c e n t l y 

b e e n r e v i e w e d , s e e P r e c h t , C h r i s t o p h e r s e n , H e n s e l & 

L a r c h e r ( 1 9 7 3 ) . M u c h a t t e n t i o n h a s b e e n p l a c e d o n 

e c t o t h e r m a l ( p o i k i l o t h e r m a l ) a n i m a l s , p a r t i c u l a r l y 

r e g a r d i n g t h e s t u d y o f t h e p h e n o m e n o n o f r e s i s t a n c e 

a c c l i m a t i o n ( R e s i s t a n z a d o p t i o n , P r e c h t , C h r i s t o p h e r s e n 

& H e n s e l , 1955 ) . I t h a s f o r e x a m p l e b e e n d e s c r i b e d i n 

p r o t o z o a n s ( S l a t e r , 19 T 4 ; V o g e l , 19 6 6 ) , c o e l e n t r a t e s 

( M a y e r , 1 9 1 4 ; U s h a k o v , A m o s o v a , C h e r n o k oz he v a , 

D r e g o l s k a y a , P a s h k o v a & S k h o l l , 1 9 7 7 ) , f l a t w o r m s 

( U s h a k o v & B u g a y e v a , 1975 ) , a n n e l i d s ( G r a n t , 1955 ; 

M i l e s , 1 9 6 3 ) , n e m a t o d e s ( W i e s e r & S c h i e m e r , 1 9 7 7 ) , 

M o l l u s c s ( O r r , 1 9 5 5 , N e w e l l , Pye & A h s a n u l l a h , 1 9 7 1 ; 

G r a i n g e r , 1 9 7 5 ) , e c h i n o d e r m s ( O r r , 1 9 5 5 ; U s h a k o v e t a l , 

1 9 7 7 ) . T h e w o r k q u o t e d i s n o t m e a n t t o be e x h a u s t i v e 

b u t s i m p l y t o i l l u s t r a t e t h e v a r i e t y o f o r g a n i s m s s t u d i e d . 

I t i s e v e n m o r e d i f f i c u l t t o r e f e r a d e q u a t e l y t o t h e 

l i t e r a t u r e o n c r u s t a c e a n s , i n s e c t s a n d f i s h e s f o r t h e 

l i t e r a t u r e o n t h e s e a n i m a l g r o u p s i s q u i t e v a s t ; b u t 

t h o s e o f p a r t i c u l a r i n t e r e s t t o t h i s s t u d y a r e m e n t i o n e d . 

I n c r u s t a c e a n s t h e d e t a i l e d s t u d i e s o f B o w l e r , ( 1 9 6 3 , a , b ) , 



G l a d w e l l , B o w l e r & D u n c a n ( 1 9 7 6 ) , M c L e e s e ( 1 9 5 6 ) a r e 

v a l u a b l e . S i m i l a r s t u d i e s o n i n s e c t s h a v e b e e n c a r r i e d 

o u t b y D a v i s o n ( 1 9 6 9 ) , D a v i s o n & B o w l e r , ( 1 9 7 1 ) , b u t t h e 

w o r k o f D i n g l e y & M a y n a r d S m i t h , ( 1 9 6 8 ) as w e l l as t h e 

e a r l i e r s t u d i e s b y M e l l a n b y , ( 1 9 5 4 - ) » B a l d w i n & H o u s e , 

( 1 9 5 4 ) , o n h e a t d e a t h i n i n s e c t s m u s t b e m e n t i o n e d . 

F e w e r s t u d i e s h a v e b e e n c a r r i e d o u t o n a r a c h n i d s , 

( A l m q u i s t , 1 9 7 0 ) . S t u d i e s o n e c t o t h e r m a l v e r t e b r a t e s 

h a v e b e e n c a r r i e d o u t b y B r e t t ( 1 9 4 4 ) a n d C o c k i n g ( 1 9 5 9 ) 

o n f i s h e s , b y V o l p e ( 1 9 5 7 ) , a n d H u t c h i s o n ( 1 9 6 1 ) , o n 

a m p h i b i a n s . 

A s a c o n s e q u e n c e o f t h e w i d e v a r i e t y o f t h e s e 

a n d o t h e r s t u d i e s o n h e a t d e a t h , m u c h c o n f u s i o n o c c u r s 

i n t h e l i t e r a t u r e a s t o t h e c a u s e s o f h e a t d e a t h , a n d t h e 

m e c h a n i s m s o f a c q u i r i n g r e s i s t a n c e a c c l i m a t i o n , s e e 

P r e c h t e t a l ( 1 9 7 3 ) f o r t h e m o s t r e c e n t r e v i e w . T h e 

e s s e n c e o f t h e p r o b l e m b e i n g t h a t , as t h e s e p h e n o m e n a 

a r e a p p a r e n t l y u n i v e r s a l t h r o u g h o u t t h e a n i m a l ( a n d 

p l a n t ) k i n g d o m , f u n d a m e n t a l m e c h a n i s m s a s s u m e d t o 

e x i s t , w h i c h a c c o u n t n o t o n l y f o r h e a t i n j u r y , b u t w h i c h are 

a l s o m o d i f i a b l e b y t h e r m a l a c c l i m a t i o n . H o w e v e r , t h e 

l i t e r a t u r e h a s t h r o w n u p a n u m b e r o f t h e o r i e s , s o m e 

m u t u a l l y e x c l u s i v e , as t o t h e c a u s e s o f h e a t d e a t h . 

F u r t h e r m o r e t h e s t a t e o f l i t e r a t u r e c o n c e r n i n g t h e 

m e c h a n i s m s i n v o l v e d i n r e s i s t a n c e a c c l i m a t i o n c l e a r l y 

s h o w s h o w l i t t l e i s k n o w n o f t h i s p h e n o m e n o n . Of . t h e 



- 3 -

m a n y t h e o r i e s p r o p o s e d t o a c c o u n t f o r h e a t i n j u r y a n d 

h e a t d e a t h , i t i s p o s s i b l e t o f i n d c o n t r a d i c t o r y o r 

c o n f l i c t i n g e v i d e n c e f o r e a c h o f t h e m a n d as a c o n s e q u ­

e n c e t h e e x i s t e n c e o f a c o m m o n c a u s e ( s ) i s i n q u e s t i o n . 

W i n t e r s t e i n ( 1 9 0 5 ) p r o p o s e d t h a t h e a t d e a t h i n m a n y 

s p e c i e s w a s c a u s e d b y t i s s u e h y p o x i a , w h i l s t t h i s i s 

s u p p o r t e d b y W e a t h e r l e y ' s ( 1 9 7 0 ) w o r k i n g o l d f i s h , 

B r e t t ( 1 9 4 4 ) , F r a e n k e l & H e r f o r d ( 1 9 4 0 ) a n d B o w l e r 

( 1 9 6 3 a ) s h o w e d h e a t d e a t h i n t h e a n i m a l s t h e y w o r k e d 

w i t h t o b e i n d e p e n d e n t o f t h e p a r t i a l p r e s s u r e o f o x y g e n . 

T h e i n c r e a s e i n r e s i s t a n c e t o h i g h t e m p e r a t u r e 

t h a t o c c u r s f o l l o w i n g a r e d u c t i o n i n w a t e r c o n t e n t i n 

r e s t i n g s t a g e s o f a n i m a l s , a s w e l l o f c o u r s e i n s e e d s 

a n d m i c r o o r g a n i s m s , h a s l e d t o t h e p r o p o s a l t h a t h e a t 

r e s i s t a n c e o f a n i m a l s i s c a u s e d b y a c h a n g e i n t h e r a t i o 

o f f r e e t o b o u n d c e l l w a t e r , H i n t o n ( 1 9 6 0 ) , F r y ( 1 9 5 8 ) , 

H u t c h i s o n ( 1 9 6 1 ) . H o w e v e r , M e l l a n b y ( 1 9 5 8 ) c l e a r l y 

s h o w e d h e a t d e a t h p o i n t s i n m e a l w o r m l a r v a e 

( T e n e b r i o m o l i t o r ) t o b e u n a f f e c t e d b y t h e i r d e g r e e 

o f h y d r a t i o n . S u h r m a n n ( 1 9 5 5 ) h a s a l s o s h o w n h e a t 

r e s i s t a n c e o f c e l l u l a r a c t i v i t y i n c r u c i a n c a r p 

( C a r a s s i u s v u l g a r i s ) t o b e i n d e p e n d e n t o f t h e r a t i o o f 

f r e e t o b o u n d w a t e r . 

A n u m b e r o f s t u d i e s h a v e a l s o s h o w n a b r e a k ­

d o w n o f c e l l u l a r p e r m e a b i l i t y o c c u r s d u r i n g h e a t d e a t h , 



r e s u l t i n g i n " d o w n h i l l " m o v e m e n t s o f N a a n d K b e t w e e n 

b l o o d a n d t i s s u e ( G l a d w e l l , B o w l e r & D u n c a n ( 1 9 7 6 ) , 

G r a i n g e r ( 1 9 6 9 ) , A h e a r n ( 1 9 7 0 ) . H o w e v e r , D a v i s o n ( 1 9 7 0 ) 

h a s s h o w n t h i s n o t t o b e t h e c a s e d u r i n g h e a t d e a t h i n 

C a l l i p h o r a e r y t h r o c e p h a l a . 

I n t h i s s e a r c h f o r a u n i v e r s a l f a c t o r t o a c c o u n t 

f o r h e a t d e a t h i n s u c h a v a r i e t y o f o r g a n i s m s , t w o t h e o r i e s 

a r e r e p e a t e d l y r e t u r n e d t o . 

T h e s e a r e 1) t h a t e n z y m e s a r e " d e n a t u r e d " a t h i g h 

t e m p e r a t u r e s , a n d 2 ) t h a t c e l l u l a r l i p i d s " m e l t " a t h i g h 

t e m p e r a t u r e s d e s t r o y i n g c e l l s t r u c t u r e . 

T h e m o s t p r o m i n a n t a d v o c a t e o f t h e e n z y m e 

" d e n a t u r a t i o n " t h e o r y i s U s h a k o v ( 1 9 6 4 , 1 9 6 6 ) . He r e p o r t s 

o n t h e s i m i l a r i t y i n A r r h e n i u s v a l u e s ( E a ) f o r c e l l u l a r 

h e a t d e a t h a n d p r o t e i n d e n a t u r a t i o n , a n d c o n c l u d e d t h a t 

h e a t i n j u r y r e s u l t e d f r o m t h e l a t t e r e f f e c t . 

I t i s , h o w e v e r , d i f f i c u l t t o s e e h o w d e n a t u r a t i o n 

o f e n z y m e s , as o r i g i n a l l y m e a n t , c o u l d a c c o u n t f o r t h e 

h e a t d e a t h o f A u r e l l a a t 1 4 ° C ( M a y e r , 1 9 1 4 ) o r f o r t h r e e 

s p e c i e s o f T r e m a t o m u s l o w e r t h a n 1 0 ° C ( S o m e r o & 

De V r i e s , 1967). 

I n d e e d e v e n U s h a k o v ( 1 9 6 4 ) h a s r e m a r k e d t h a t m o s t 

e n z y m e s t e s t e d t o t h a t d a t e h a v e a g r e a t e r t h e r m o s t a b i l i t y 

t h a n t h e c e l l s o r o r g a n i s m s f r o m w h i c h t h e y w e r e e x t r a c t e d . 
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T h i s l e d h i m t o s u g g e s t t h a t h e a t s e n s i t i v i t y o f c e l l s i s 
d e t e r m i n e d b y t h e i r l e a s t r e s i s t a n t p r o t e i n s ( U s h a k o v , 
1 9 6 4 ) , h o w e v e r , t h e i d e n t i t y o f t h e s e w a s o b s c u r e . 

R e a d ( 1 9 6 7 ) g a v e a c l e a r l e a d i n t h i s f i e l d w h e n 

he u r g e d c o n s i d e r a b l e c a u t i o n i n r e l a t i n g h e a t r e s i s t a n c e 

o f a n o r g a n i s m t o t h e t h e r m o s t a b i l i t y o f i t s p r o t e i n s , 

u n l e s s i t c o u l d be d e m o n s t r a t e d t h a t t h e t e m p e r a t u r e s a t 

w h i c h p r o t e i n f u n c t i o n f a i l s , c l o s e l y c o i n c i d e s w i t h t h o s e 

a t w h i c h m e t a b o l i s m f a i l s . I n v e r y f e w c a s e s h a s t h i s 

c r i t e r i o n b e e n m e t . T h e b e s t d o c u m e n t e d w o r k h a s b e e n i n 

m y o s i n A T P a s e i n l i z a r d s ( L i c h t , 1 9 6 4 ) , o n a n a m y l a s e 

f r o m a t h e r m o p h i l i c b a c t e r i u m ( M a n n i n g & C a m p b e l l , 

2 + 
1 9 6 1 ) a n d o n t h e M g d e p e n d e n t A T P a s e f r o m c r a y f i s h 

m u s c l e s a r c o l e m m a ( B o w l e r & D u n c a n , 1 9 6 7 ; G l a d w e l l 

2 + 2 + 

e t a l 1 9 7 6 ) . M o r e r e c e n t l y t o o t h e Ca M g A T P a s e 

f r o m c r a y f i s h m u s c l e s a r c o p l a s m i c m e m b r a n e s h a s b e e n 

s h o w n t o b e h e a t s e n s i t i v e a t t h e s a m e t e m p e r a t u r e s 

c a u s i n g h e a t d e a t h ( C o s s i n s & B o w l e r , 1 9 7 6 ) . 

M o r e r e c e n t i n t e r p r e t a t i o n s o f t h e i n v o l v e m e n t 

o f p r o t e i n d e n a t u r a t i o n i n t h e r m a l i n j u r y h a v e t u r n e d 

t o t h e r m o d y n a m i c e v i d e n c e , R o s e n b e r g , K e m e n y , S w i t z e r 

& H a m i l t o n ( 1 9 7 1 ) . T h e y r e c a l c u l a t e d m u c h d a t a a n d 

f o u n d t h a t t h e a c t i v a t i o n e n t h a l p y ( A H * ) a n d a c t i v a t i o n 

e n t r o p y ( A S * ) f o r p r o t e i n d e n a t u r a t i o n w e r e r e l a t e d b y 

t h e ' c o m p e n s a t i o n ' l a w : 

As* = a A H * + b 
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T h e y d e s c r i b e d the v a l u e s f o r the c o n s t a n t s 
a & b as b e i n g v e r y s i m i l a r f o r a v i r u s , y e a s t s , b a c t e r i a 
and D r o s o p h i l a to the v a l u e s o b t a i n e d f o r p r o t e i n 
d e n a t u r a t i o n . B a n k s , D e m j a n o v i c & V e r n o n (1972) have 
q u e s t i o n e d the v a l i d i t y o f the s o - c a l l e d " c o m p e n s a t i o n " 
l a w , and f u r t h e r m o r e when the d a t a f r o m a n u m b e r o f 
s t u d i e s on m u l t i c e l l u l a r o r g a n i s m s a r e so c a l c u l a t e d , 
s o m e w h a t d i f f e r e n t v a l u e s f o r a and b a r e o b t a i n e d 
( E v a n s & B o w l e r , 1973 ) . I t i s c o n c l u d e d t h a t t h i s 
t h e r m o d y n a m i c a p p r o a c h i s no m o r e h e l p f u l i n p i n p o i n t i n g 
p r o t e i n s as the hea t - s ens i t i ve c e l l u l a r s t r u c t u r e s , t h a n 
the m o r e e m p i r i c a l a p p r o a c h . 

H o c h a c h k a & S o m e r o (1973) r e m a r k t h a t p r o t e i n s 

( e n z y m e s ) may b e c o m e i n a c t i v e at t e m p e r a t u r e s w e l l b e l o w 

t h e i r d e n a t u r a t i o n t e m p e r a t u r e , as a r e s u l t o f t e m p e r a t u r e 

d e p e n d e n t c h a n g e s i n e n z y m e - s u b s t r a t e a f f i n i t y . I n 

a l l o s t e r i c e n z y m e s t h i s may a l s o a p p l y to a t e m p e r a t u r e 

d e p e n d e n t c h a n g e i n the s e n s i t i v i t y of the e n z y m e to i t s 

a l l o s t e r i c e f f e c t o r . I n t h i s w a y a l o s s of e n z y m e f u n c t i o n 

c o u l d o c c u r a t t e m p e r a t u r e s w e l l b e l o w t h o s e c a u s i n g 

' d e n a t u r a t i o n ' i n the p r o t e i n c o a g u l a t i o n s e n s e . T h u s 

hea t d e a t h may r e s u l t f r o m t e m p e r a t u r e i n d u c e d r e v e r s i b l e 

i n h i b i t i o n o f a c t i v i t y , w h i c h c a u s e s a c a s c a d e e f f e c t 

b e c o m i n g m o r e and m o r e s e v e r e c u l m i n a t i n g i n an e n z y m e 

o r e n z y m e s , m e t a b o l i c c h a o s . 

A l t e r n a t i v e l y , an i r r e v e r s i b l e change o c c u r s i n 
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t e r t i a r y o r q u a t e r n a r y p r o t e i n s t r u c t u r e t h a t i s 
c h a r a c t e r i s t i c o f c o a g u l a t i o n . 

F o r t h e s e r e a s o n s a d e t a i l e d s t u d y of the e f f e c t 

of t e m p e r a t u r e on a m i t o c h o n d r i a l e n z y m e , c v - g l y c e r o -

p h o s p h a t e d e h y d r o g e n a s e w i l l be f o l l o w e d . 

A t t e n t i o n was f i r s t d r a w n to the r e l a t i o n s h i p 

b e t w e e n t h e r m a l s e n s i t i v i t y o f an o r g a n i s m and the 

' m e l t i n g ' p r o f i l e o f i t s l i p i d s by H e i l b r u n n ( 1 9 2 4 ) . T h i s 

t h e o r y o f h e a t i n j u r y was e x t e n d e d by B e l e h r S d e k ( 1 9 3 5 , 

1957) by the f o r m a l i s a t i on of the " l i p o i d l i b e r a t i o n t h e o r y " . 

T h i s t h e o r y s u g g e s t s t h a t c e l l u l a r hea t i n j u r y i s c a u s e d 

by the ' m e l t i n g ' o f c e l l u l a r l i p i d s and t h a t t h i s has a 

d e l e t e r i o u s e f f e c t on c e l l s t r u c t u r e and as a c o n s e q u e n c e 

on c e l l f u n c t i o n . I n s u p p o r t o f t h i s , B e l e h r S d e k ( 1 9 6 7 ) , 

i n a r e v i e w , r e p o r t e d t h a t f a t s and p h o s p h o l i p i d s a r e the 

o n l y c e l l c o n s t i t u e n t s whos e m o l e c u l a r s t r u c t u r e i s 

d e p e n d e n t u p o n the t e m p e r a t u r e o f f o r m a t i o n . 

T h e e a r l y w o r k i n t h i s f i e l d d i d n o t d i s t i n g u i s h 

b e t w e e n d e p o t f a t and m e m b r a n e l i p i d s , i n d e e d i t was 

c o n d u c t e d i n i g n o r a n c e of the f u n c t i o n p r o p e r t i e s and 

c e l l u l a r l o c a t i o n of the l i p i d i n q u e s t i o n . The e a r l y w o r k 

o f F r a e n k e l & H o p f (1940) i s a c a se i n p o i n t , t h e y r e a r e d 

t w o s p e c i e s C a l l i p h o r a e r y t h r o c e p h a l a and P h o r m i a t e r r a - n o v a e 

of b l o w f l y at h i g h and l o w t e m p e r a t u r e s . T h e l i p i d s 

e x t r a c t e d f r o m f l i e s a c c l i m a t e d to l o w e r t e m p e r a t u r e s w e r e 
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m o r e U n s a t u r a t e d t h a n t h o s e i s o l a t e d f r o m f l i e s r e a r e d 

a t the h i g h e r t e m p e r a t u r e . T h e f l i e s of b o t h s p e c i e s 

w h e n r e a r e d at the h i g h e r t e m p e r a t u r e w e r e m o r e h e a t 

r e s i s t a n t t h a n f l i e s o f the same s p e c i e s r e a r e d at a 

l o w e r t e m p e r a t u r e . H o w e v e r , the r e l a t i o n s h i p b e t w e e n 

l i p i d s a t u r a t i o n and h e a t d e a t h was n o t s i m p l e . F r a e n k e l 

& H o p f (1940) d e s c r i b e d t h a t f l i e s of the d i f f e r e n t s p e c i e s , 

w h e n b r e d at t he same t e m p e r a t u r e , a l t h o u g h t h e y had 

l i p i d s of i d e n t i c a l s a t u r a t i o n , t h e y had d i f f e r e n t r e s i s t ­

a n c e s to h i g h t e m p e r a t u r e e x p o s u r e . H o u s e , R i o r d a n & 

B a r l o w (1958) h a v e , h o w e v e r , d e m o n s t r a t e d a g o o d 

c o r r e l a t i o n b e t w e e n the hea t s e n s i t i v i t y of P s e u d o s a r c o p h a g a 

a f f i n i s l a r v a e and the d e g r e e of s a t u r a t i o n o f t h e i r d i e t a r y 

l i p i d s . 

M o r e r e c e n t w o r k , s p e c i f i c a l l y on m e m b r a n e 

p h o s p h o l i p i d s , has s h o w n a s i m i l a r c o r r e l a t i o n b e t w e e n 

a c c l i m a t i o n t e m p e r a t u r e and the d e g r e e of s a t u r a t i o n o f 

m e m b r a n e l i p i d s , J o h n s t o n & R o o t s ( 1 9 6 4 ) . T h e s e and 

o t h e r w o r k e r s r e p o r t t h a t a c c l i m a t i o n to l o w t e m p e r a t u r e 

l e a d s to an i n c r e a s e d i n c o r p o r a t i o n of u n s a t u r a t e d f a t t y 

a c i d s i n t o m e m b r a n e s ( R o o t s , 1968; B r a f i s k a & W l o d a w e r , 

1969 ; C a l d w e l l & V e r n b e r g , 1970; K e m p & S m i t h 1970; 

D r i e d z i c & R o o t s , 1975 ; C o s s i n s , 1 9 7 6 ) . 

T h e c u r r e n t i n t e r p r e t a t i o n of t h i s p h e n o m e n o n 

i s t h a t a c c l i m a t i o n i n v o l v e s t he a b i l i t y to c o n t r o l the 

d e g r e e o f m e m b r a n e l i p i d u n s a t u r a t i o n i n o r d e r to m a i n t a i n 

a s p e c i f i c d e g r e e of m e m b r a n e ' f l u i d i t y ' . Once a g a i n , 
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h o w e v e r , p o s i t i v e e v i d e n c e r e l a t i n g c e l l u l a r hea t i n j u r y 

w i t h the d e g r e e o f s a t u r a t i o n of c e l l u l a r ( m e m b r a n e ) 

l i p i d s i s m i s s i n g ; see U s h a k o v (19 6 4 s 1 9 6 6 ) . 

Wha t i s q u i t e e v i d e n t , h o w e v e r , i s t h a t a n u m b e r 

of d i s t i n c t s t u d i e s show t h a t m e m b r a n e f u n c t i o n i s 

i m p a i r e d at t e m p e r a t u r e s t h a t w o u l d be l e t h a l to the 

i n t a c t o r g a n i s m . E a r l y w o r k by B o w l e r (1963 b ) 

d e m o n s t r a t e d a b r e a k d o w n i n c e l l u l a r p e r m e a b i l i t y to 

c a t i o n s o c c u r r e d d u r i n g hea t d e a t h i n the c r a y f i s h , a 

s t u d y t h a t was t a k e n f u r t h e r by B o w l e r & D u n c a n ( 1 9 6 7 ) , 

who r e l a t e d t h i s to the i n h i b i t i o n of a m u s c l e m e m b r a n e 

2 + 
M g A T P a s e . 

G l a d w e l l e t a l (1976) made a m o r e d e t a i l e d s t u d y . 

T h e y d e s c r i b e c h a n g e s i n the b i o e l e c t r i c p r o p e r t i e s of 

the m u s c l e m e m b r a n e at h i g h t e m p e r a t u r e s , and s h o w e d 

t o o t h a t the a c t i v i t y of the CNS of c r a y f i s h to be s e r i o u s l y 

a f f e c t e d by the i n c r e a s e i n h a e m o l y m p h [ l ( + ] t h a t o c c u r r e d 

d u r i n g d e a t h , B o w l e r , G l a d w e l l & D u n c a n (1973 ) . T h e 

f o l l o w i n g s c h e m e , F i g . 1.1 was s u g g e s t e d by t h e s e w o r k e r s 

t o a c c o u n t f o r hea t d e a t h f o l l o w i n g i m p a i r m e n t o f m e m b r a n e 

f u n c t i o n . 

S i m i l a r , b u t l e s s d e t a i l e d s t u d i e s i n A r i a n t a 

( G r a i n g e r , 1969) i n C e n t r i o p t e r a ( A h e a r n , 1970) i n H e l i x 

( G r a i n g e r , 1973 a ) have a l l s h o w n h e a t d e a t h i n t h e s e 

s p e c i e s to be a c c o m p a n i e d by c h a n g e s i n the b l o o d i o n i c 



F i g . 1.1 

S c h e m a t i c r e p r e s e n t a t i o n o f 

the s t e p s t h a t l e a d t o hea t 

d e a t h i n the c r a y f i s h , as 

p r o p o s e d by B o w l e r e t a l . ( 1 9 7 3 ) 
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c o n c e n t r a t i o n . 

I a n d o l a & O r d a l (1966) have e a r l i e r s h o w n i n the 

b a c t e r i u m ( S t a p h y l o c o c c u s a u r e u s ) t h a t hea t d a m a g e c a u s e d 

a l e a k a g e o f c e l l u l a r c o n t e n t s a c r o s s the c y t o p l a s m i c 

m e m b r a n e . L a t e r , B l u h m & O r d a l (1969) s h o w e d hea t 

t r e a t m e n t a l s o c a u s e d a r e d u c t i o n i n the a c t i v i t y of 

S. a u r e u s r e s p i r a t o r y e n z y m e s . L e v y , G o l l o n & E l l i o t 

(1969) n o t e d , i n an u l t r a s t r u c t u r a l s t u d y of hea t t r e a t e d 

T e t r a h y m e n a t h a t s t r u c t u r a l c h a n g e s o c c u r r e d w h i c h t h e y 

i n t e r p r e t e d as r e s u l t i n g f r o m m e m b r a n e d a m a g e . L i n g 

(1967) r e p o r t e d an i n c r e a s e i n s a r c o l e m m a p e r m e a b i l i t y 

to s u c r o s e i n f r o g m u s c l e at 3 5 ° - 4 0 ° C , t e m p e r a t u r e s 

t h a t a r e l e t h a l to the f r o g . T h i s w o u l d a g r e e w i t h G r a i n g e r ' s 

w o r k (1973 b ) t h a t r e s t i n g p o t e n t i a l of f r o g m u s c l e m e m b r a n e 

f e l l d u r i n g e x p o s u r e to t e m p e r a t u r e s t h a t a r e l e t h a l . 

Such w o r k as t h i s , t o g e t h e r w i t h s t u d i e s on 

C a l l i p h o r a e r y t h r o c e p h a l a f l i g h t m u s c l e s a r c o s o m e s by 

D a v i s o n & B o w l e r (1971) to be m e n t i o n e d b e l o w , l e d to the 

s u g g e s t i o n t h a t c e l l u l a r h e a t i n j u r y , and by e x t r a p o l a t i o n 

hea t d e a t h , i s a m e m b r a n e - e v e n t , B o w l e r , D u n c a n , 

G l a d w e l l & D a v i s o n ( 1 9 7 3 ) . T h e s e w o r k e r s p r o p o s e d t h a t 

hea t l e s i o n was n o t n e c e s s a r i l y r e l a t e d to e i t h e r the 

p h o s p h o l i p i d o r p r o t e i n m o i e t y b u t r a t h e r to the s t a b i l i t y 

o f l i p o p r o t e i n c o m p l e x e s , o r o f e n z y m e s w h o s e a c t i v i t y 

i s d e p e n d e n t u p o n the m a i n t a i n a n c e o f m e m b r a n e i n t e g r i t y . 
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I n g e n e r a l i t i s s h o w n t h a t ' s o l u b l e ' e n z y m e s a r e t h e r m a l l y 

i n a c t i v a t e d a t t e m p e r a t u r e s w e l l above t h o s e c h a r a c t e r i s t i c 

o f hea t d e a t h , see B r a n d t ( 1 9 6 7 ) , Read ( 1 9 6 7 ) , U s h a k o v 

(1967) and C o s s i n s & B o w l e r ( 1 9 7 6 ) . W h e r e a s a n u m b e r 

o f i n t r i n s i c m e m b r a n e e n z y m e s a r e h e a t i n a c t i v a t e d a t 

t e m p e r a t u r e s c h a r a c t e r i s t i c of hea t d e a t h , see C o s s i n s 

& B o w l e r ( 1 9 7 6 ) . 

T h e w o r k o f D a v i s o n & B o w l e r (1971) d e s e r v e s 

p a r t i c u l a r e m p h a s i s f o r i t f o r m s the p a r t i c u l a r b a s i s 

f o r the p r o p o s e d s t u d y . D a v i s o n & B o w l e r (1971) s h o w e d 

t h a t s a r c o s o m e s have an e q u i v a l e n t t h e r m a l s e n s i t i v i t y 

to t h a t o f the w h o l e a n i m a l . 

U s i n g a - g l y c e r o p h o s p h a t e as a s u b s t r a t e , t h e y 

f o u n d t h a t s a r c o s o m e s , i s o l a t e d i m m e d i a t e l y f o l l o w i n g 

s u b l e t h a l o r l e t h a l heat t r e a t m e n t , w e r e d r a m a t i c a l l y 

a f f e c t e d as c o m p a r e d w i t h s a r c o s o m e s i s o l a t e d f r o m 

c o n t r o l u n t r e a t e d a n i m a l s . P a r t i c u l a r l y a f t e r l e t h a l h e a t 

t r e a t m e n t s ( L . D . ^ Q and L . D . ^ Q Q ) r e s p i r a t o r y c o n t r o l was 

l o s t ; p h o s p h o r y l a t i o n was n o t m e a s u r a b l e and o x i d a t i o n 

was r e d u c e d to a p p r o x i m a t e l y t w o t h i r d s o f the v a l u e 

o b t a i n e d f r o m c o n t r o l u n t r e a t e d s a r c o s o m e s . P e r h a p s the 

m o s t s t r i k i n g f i n d i n g o f t h i s w o r k was the f a c t , t h a t a f t e r 

s u c h t r e a t m e n t s , r e s p i r a t i o n w i t h p y r u v a t e + m a l a t e 

and s u c c i n a t e w e r e n o t so d r a s t i c a l l y a f f e c t e d , and p a r t i a l l y 

c o u p l e d r e s p i r a t i o n w i t h t h o s e s u b s t r a t e s was o b s e r v e d 
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e v e n a f t e r L . D . ^ Q t r e a t m e n t . S i n c e a - g l y c e r o p h o s p h a t e 
i s k n o w n to be one of the m a j o r s u b s t r a t e s o f f l i g h t m u s c l e 
s a r c o s o m a l r e s p i r a t i o n ( S a c k t o r , 1958; V a n den B e r g h , 
1 9 6 2 ) , a b r e a k d o w n of the p h o s p h o r y l a t i o n p r o c e s s c o u p l e d 
w i t h the o x i d a t i o n o f t h i s s u b s t r a t e , w h i c h i s i t s e l f 
a l r e a d y r e d u c e d , c o u l d r e s u l t i n s e r i o u s e f f e c t s on the 
a n i m a l as a w h o l e . 

F u r t h e r m o r e , D a v i s o n (197lb) d e m o n s t r a t e d t h a t 

t h e r e i s a c o r r e l a t i o n b e t w e e n the p h y s i o l o g i c a l l e s i o n s 

o b s e r v e d w i t h s a r c o s o m e s i s o l a t e d f r o m a n i m a l s e x p o s e d 

t o l e t h a l hea t t r e a t m e n t s and m o r p h o l o g i c a l i m p a i r m e n t 

o f the s a r c o s o m e s , as r e v e a l e d by e l e c t r o n m i c r o s c o p y . 

T h i s d a m a g e , c o n s i s t e d of the d i s r u p t i o n of the l a m e l l a t e 

c r i s t a e and the a p p e a r a n c e o f a c o n s i d e r a b l e a m o u n t of 

e l e c t r o n dense g r a n u l e s w h i c h he a t t r i b u t ed to the 

p r e c i p i t a t i o n o f i n o r g a n i c i o n s . T h e s e r e s u l t s l e d h i m 

to s u g g e s t t h a t s a r c o s o m a l s e n s i t i v i t y may be one o f the 

p r i m a r y c a u s e s of hea t d e a t h i n t he a d u l t i n s e c t . 

H o w e v e r , many q u e s t i o n s a r o s e a g a i n , i f t h i s i s r e a l l y 

the c a s e , w h i c h c o m p o n e n t of s a r c o s o m a l s t r u c t u r e and 

f u n c t i o n i s m o s t s e n s i t i v e to t h e r m a l s t r e s s . A t the l e v e l 

o f the s a r c o s o m a l m e m b r a n e s , D a v i s o n (1970) c o n c l u d e d 

t h a t ' m e l t i n g of p h o s p h o l i p i d s ' i s q u e s t i o n a b l e f o r a 

r e l e a s e o f l o n g c h a i n f a t t y a c i d s m i g h t t h e n be e x p e c t e d w h i c h 

w o u l d u n c o u p l e o x i d a t i v e p h o s p h o r y l a t i o n and a l s o s t i m u l a t e 
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o x y g e n c o n s u m p t i o n , t h i s has n o t been c o n c l u s i v e l y 

d e m o n s t r a t e d . A l t e r n a t i v e l y d e n a t u r a t i o n o f e n z y m e 

m o l e c u l e s may a c c o u n t f o r the s t r u c t u r a l c h a n g e s i n 

s a r c o s o m e s . T h i s p o i n t c a n be t e s t e d by f o l l o w i n g the 

r e c o v e r y r e p a i r m e c h a n i s m t a k i n g p l a c e a f t e r s u b l e t h a l 

hea t t r e a t m e n t . I t i s a s s u m e d t h a t s u c h t r e a t m e n t w o u l d 

c a u s e e i t h e r a r e v e r s i b l e o r an i r r e v e r s i b l e d a m a g e to 

the m i t o c h o n d r i a l e n z y m e s . I n the f i r s t c a s e r e c o v e r y 

w o u l d g r a d u a l l y t a k e p l a c e a f t e r the r e m o v a l o f the h e a t 

s t r e s s ; i n the s e c o n d c a s e , r e c o v e r y c a n o n l y o c c u r w h e n 

p r o t e i n s y n t h e s i s has r e p l a c e d the d a m a g e d e n z y m e s . 

R e p o r t s by o t h e r w o r k e r s , h o w e v e r , s u g g e s t t h a t r e c o v e r y 

f r o m s u b l e t h a l hea t t r e a t m e n t d i d t a k e p l a c e i n the a b s e n c e 

of p r o t e i n s y n t h e s i s ( I n S t a p h y l o c o c c u s a u r e u s see B l u h m 

& O r d a l (1969) o r i n D r o s o p h i l a s u b o b s c u r a see D i n g l e y 

& S m i t h (1968) ) . 

D e s p i t e the r e a s o n s , g i v e n by D a v i s o n ( 1 9 7 0 ) , t h a t 

l e d h i m to c h o o s e b l o w f l y f l i g h t m u s c l e s a r c o s o m e s as a 

m o d e l f o r c e l l u l a r h e a t i n j u r y , w h i c h i n c l u d e d the p o i n t 

t h a t t h e y c a n e a s i l y be i s o l a t e d i n an i n t a c t f o r m , whose 

f u n c t i o n a l e f f i c i e n c y can be r e a d i l y m e a s u r e d , one m u s t be 

a w a r e of a s e r i e s of f a c t o r s , on w h i c h t he d e m o n s t r a t i o n o f 

f u n c t i o n r e l i e s , i n v o l v e d i n d e a l i n g w i t h i s o l a t e d s a r c o s o m e s , 

M a n y s t u d i e s have been c a r r i e d o u t on m i t o c h o n d r i a 
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d e r i v e d f r o m d i f f e r e n t s p e c i e s and c e l l t y p e s (see V a n 

den B e r g h & S l a t e r , 1962; L a r d y & F e r g u s o n , 1969; 

L e h n i n g e r , 1959; Chance & H a g i h a r a , 1961 ; H a n s f o r d & 

J o h n s o n . 1 9 7 5 ) . T h e d i v e r s e n a t u r e of the s o u r c e s of 

m i toe hond i"i a have l e d to s o m e c o n f l i c t i n the i n t e r p r e t a t i o n 

of the o p t i m a l c o n d i t i o n s n e c e s s a r y to d e m o n s t r a t e 

r e s p i r a t o r y p e r f o r m a n c e . I n p a r t i c u l a r the i s o l a t i o n 

t e c h n i q u e a p p e a r s to be a p o i n t o f s o m e d i s p u t e . 

A w i d e r a n g e o f t e c h n i q u e s i s s u g g e s t e d r e g a r d i n g 

f o r i n s t a n c e b r e a k i n g a t i s s u e to f r e e t he m i t o c h o n d r i a , 

h o m o g e n i s a t i o n m e t h o d s and p e r i o d s , c e n t r i f u g a t i o n t i m e s 

and s p e e d s , r e s u s p e n d i n g the m i t o c h o n d r i a l p e l l e t s a f t e r 

s e d i m e n t a t i o n and f i n a l l y and m o s t r e c e n t l y the s t o r a g e 

of the p r e p a r a t i o n d u r i n g the c o u r s e o f the e x p e r i m e n t 

( S l a c k & B u r s e l l , 1976a). T h e r e i s a l s o a l a c k o f a g r e e m e n t 

on o p t i m a l a s s a y c o n d i t i o n s s u c h as the r e a c t i o n 

t e m p e r a t u r e , PH , the p r e s e n c e o r a b s e n c e o f c e r t a i n i o n s , 

the s e q u e n c e of a d d i t i o n of r e a c t a n t s and the need f o r a 

p r i m e r f o r c e r t a i n s u b s t r a t e s . 

T h e p r e s e n t s t u d y was b e g u n w i t h the i n t e n t i o n of 

e x t e n d i n g the w o r k s t a r t e d by D a v i s o n ( 1 9 7 0 ) . I t i s the 

p r i m a r y p u r p o s e o f t h i s t h e s i s to e x a m i n e the r e p o r t e d hea t 

s e n s i t i v i t y of the f l i g h t m u s c l e s a r c o s o m e s i n m o r e d e t a i l 

to d e t e r m i n e i f p o s s i b l e the p r i m a r y l e s i o n ( s ) i n hea t 

i n j u r y . 

I n the f i r s t i n s t a n c e , s t u d i e s on r e c o v e r y f r o m 
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l e t h a l and s u b l e t h a l hea t t r e a t m e n t s w e r e c a r r i e d o u t . 
S e c o n d l y , b i o c h e m i c a l and u l t r a s t r u c t u r a l w o r k , on 
t he t h e r m a l s e n s i t i v i t y o f i s o l a t e d s a r c o s o m e s i s 
p r e s e n t e d . T h i r d l y , the m e m b r a n e - b o u n d ( ^ g l y c e r o ­
p h o s p h a t e d e h y d r o g e n a s e has b e e n i n v e s t i g a t e d as the 
t e m p e r a t u r e - s e n s i t i v e s t e p i n o x i d a t i v e p h o s p h o r y l a t i o n 
and t h e r e f o r e p a r t i c u l a r a t t e n t i o n was f o c u s s e d on i t . 
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C H A P T E R T W O 
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G E N E R A L M A T E R I A L S A N D M E T H O D S 

T h e i n s e c t s u sed i n t h i s s t u d y w e r e m a l e and 

f e m a l e C a l l i p h o r a v i c i n a R - D . T h i s s t o c k was o r i g i n a l l y 

o b t a i n e d f r o m a m a s s - m a t e d c u l t u r e b r e d at the Pest 

I n f e s t a t i o n L a b o r a t o r y , S l o u g h . I t has b e e n m a i n t a i n e d 

i n o u r l a b o r a t o r y f o r s o m e e l e v e n y e a r s . 

1. C u l t u r e of s t o c k s 

T h e s t o c k c u l t u r e s u s e d f o r b r e e d i n g w e r e k e p t 

i n m u s l i n c o v e r e d c a g e s , a p p r o x i m a t e l y 5 0 c m x 3 5 c m x 

70 c m , w i t h c o r r u g a t e d c a r d b o a r d p l a c e d i n the b o t t o m 

to a l l o w the f l i e s to r i g h t t h e m s e l v e s . T h e s e cages 

w e r e k e p t at r o o m t e m p e r a t u r e ( 2 4 ° C ) and the s t o c k 

c u l t u r e s r e g u l a r l y r e p l a c e d at t w o m o n t h l y i n t e r v a l s . 

The f l i e s w e r e f e d s u g a r and w a t e r ad l i b i j z f u m and ox 

l i v e r was p r o v i d e d r e g u l a r l y as a s o u r c e o f p r o t e i n and 

to a l l o w o v i p o s i t i o n to o c c u r . 

L i v e r c o v e r e d w i t h eggs was r e m o v e d f r o m the 

s t o c k c a g e s and p l a c e d i n a c r y s t a l l i z i n g d i s h 

( 1 5 c m d i a m e t e r ) f o r i n c u b a t i o n . T h e l i v e r was c o v e r e d 

w i t h a w e t f i l t e r p a p e r to p r o v i d e a h i g h r e l a t i v e 

h u m i d i t y ( R . H . ) , D a v i e s ( 1 9 4 9 ) . T h e c r y s t a l l i z i n g 

d i s h was c o v e r e d w i t h m u s l i n and t r a n s f e r r e d to an 

i n c u b a t o r m a i n t a i n e d at 2 4 * 0 . 5 ° C to e n s u r e l a r v a l 

e m e r g e n c e d u r i n g the n e x t 12 h o u r s . N e w l y h a t c h e d 

l a r v a e w e r e p l a c e d on f r e s h l i v e r i n a c r y s t a l l i z i n g d i s h 
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f i l l e d w i t h s a w d u s t and the p r e v i o u s i n c u b a t i o n p r o c e s s 

was r e p e a t e d . L a r v a e w e r e f e d f o r 4 - 5 days on l i v e r , 

w h i c h was r e p l e n i s h e d as r e q u i r e d . P u p a t i o n t o o k 

p l a c e i n the s a w d u s t 8 - 9 days a f t e r o v i p o s i t i o n . A f t e r 

24 h o u r s the p u p a r i a w e r e c o l l e c t e d and p l a c e d on f r e s h 
3 

d r y s a w d u s t i n a 750 c m c o n i c a l f l a s k , p l u g g e d w i t h 

c o t t o n w o o l , and i n c u b a t e d at 24 * 0 . 5 C . The p u p a r i u m 

s t age was 9 d a y s l o n g . 

M e t h o d of e x p o s u r e of f l i e s to h i g h t e m p e r a t u r e s 

T h e a n i m a l s w e r e p l a c e d i n a s e r i e s o f 7 . 5 c m x 

2 . 5 c m g l a s s v i a l s , w h i c h w e r e c o m p l e t e l y i m m e r s e d i n 

a w a t e r b a t h at the r e q u i r e d t e m p e r a t u r e . R a c k s w e r e 

c o n s t r u c t e d to h o l d 50 v i a l s . E a c h v i a l was f i t t e d to 

a r u b b e r b u n g , c o n n e c t e d by g l a s s and r u b b e r t u b i n g . 
3 

A i r was c i r c u l a t e d t h r o u g h the v i a l s at 600 c m p e r 

m i n u t e and b r o u g h t to a R . H . of 4 7 . 5 - 5 0 . 5 p e r c e n t 

by b u b b l i n g t h r o u g h a s a t u r a t e d s o l u t i o n of M g ( N O g > 2 . 

6 H 2 0 ( W i n s t o n & B a t e s , 1 9 6 0 ) . T h e t e m p e r a t u r e of 

the w a t e r b a t h was m a i n t a i n e d at * 0 . 0 5 ° C u s i n g a 

500 w a t t i m m e r s i o n h e a t e r c o n t r o l l e d by a Jumo 

t h e r m o r e g u l a t o r and s u n v i c r e l a y ( T y p e F 1 0 3 / 4 ) . T h e 

w a t e r was c o n t i n u o u s l y s t i r r e d . A i r t e m p e r a t u r e i n the 

v i a l s was a l s o d e t e r m i n e d . I n the t e m p e r a t u r e r a n g e 

s t u d i e d , 15 m i n u t e s was r e q u i r e d f o r e q u i l i b r a t i o n o f 

the a i r and w a t e r b a t h t e m p e r a t u r e s . T h i s 15 m i n u t e 

p e r i o d was i n c l u d e d i n the 40 m i n u t e e x p o s u r e . D u r i n g 
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t he r e m a i n d e r of the e x p o s u r e the a i r t e m p e r a t u r e was 
m a i n t a i n e d a t the t e m p e r a t u r e o f the w a t e r b a t h 
- 0 . 05 ° C . ( D a v i s o n 1 9 7 0 ) . 

I s o l a t i o n of S a r c o s o m e s f r o m f l i g h t m u s c l e 

F l i g h t m u s c l e s a r c o s o m e s w e r e i s o l a t e d a f t e r 

the p r o c e d u r e u s e d by L e w i s & S l a t e r ( 1 9 5 4 ) , L e w i s & 

F o w l e r ( 1 9 6 0 ) , T r i b e (1967 ) and D a v i s o n ( 1 9 7 0 ) . 30 a d u l t s 

w e r e i m m o b i l i s e d w i t h e i t h e r c a r d i c e o r by p l a c i n g t h e m i n 

the d e e p - f r e e z e f o r a p p r o x i m a t e l y 4 m i n u t e s , heads and 

a b d o m e n s w e r e q u i c k l y r e m o v e d and the t h o r a c e s 

t r a n s f e r r e d to a s m a l l g l a s s c y l i n d e r , s i m i l a r to the 

one u sed by G r e v i l l e , M u n n & S m i t h (1965 ) and D a v i s o n 

( 1 9 7 0 ) . The c y l i n d e r was p r e - c o o l e d by p l a c i n g i t on 

c r u s h e d i c e . T h e t h o r a c e s w e r e g e n t l y c r u s h e d i n 
3 

2 c m o f i c e - e o l d s u c r o s e m e d i u m I f o r 2 m i n u t e s w i t h 

a c o l d , l o o s e l y f i t t i n g , f l a t - b o t t o m e d g l a s s r o d . C a r e 

was t a k e n n o t to r o t a t e t he r o d o r g r i n d the p u l p and 

so d a m a g e the s a r c o s o m e s . T h e r e s u l t i n g p u l p was 
3 

t r a n s f e r r e d w i t h a f u r t h e r 1 c m of s u c r o s e m e d i u m I 

to a c o o l e d g l a s s f u n n e l l i n e d w i t h 4 l a y e r s of f a i r l y 

c a a r s e m u s l i n , p r e v i o u s l y b o i l e d i n d i s t i l l e d w a t e r and 

s o a k e d i n i c e c o l d s u c r o s e m e d i u m I . T h e p u l p was 

f o r c i b l y s q u e e z e d t h r o u g h the m u s l i n by hand and the 

f i l t r a t e c o l l e c t e d i n a g l a s s - c e n t r i f u g e t u b e , a l s o 

s u r r o u n d e d w i t h c r u s h e d i c e . T h e f i l t r a t e was c e n t r l f u g e d 

at lOOxg f o r 4 m i n u t e s at 4 °C i n a M i s t r a l 2 L 



- 20 -

c e n t r i f u g e ( M . S . E . ) to remove c h i t i n and any f l i g h t 

musc le f i b r e s , w h i c h had passed t h r o u g h the m u s l i n . 

The superna tan t was c o l l e c t e d and c e n t r i f u g e d at 

2 , 2 0 0 x g f o r 10 minu tes at 4 ° C in the same c e n t r i f u g e 
3 

and the r e s u l t i n g p e l l e t suspended in 2 cm of ice c o l d 

sucrose medium I I . T h i s suspens ion was r e c e n t r i f u g e d 

at 2 , 2 0 0 x g f o r 10 minu tes and the f i n a l p e l l e t of 
3 

washed sa rcosomes suspended i n 0.75 cm of ice co ld 

KC1 medium I I I . The average t i m e f o r the p r e p a r a t i o n 

p e r i o d was a p p r o x i m a t e l y 50 m i n u t e s . 
3 . I s o l a t i o n media used 

Sucrose Med ium I 

0 .32 M Sucrose 

10 mM EDTA 

2% BSA 

10 mM t r i s / H C l B u f f e r at pH 7.3 

Sucrose Med ium I I 

As f o r Sucrose Med ium I w i t h o u t 
2% BSA 

Med ium I I I 

0. 15 M KC1 

1 mM EDT A 

10 MM t r i s / H C l B u f f e r at pH 7. 
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4. D e s c r i p t i o n of the oxygen e l e c t r o d e 

Measuremen t s of o x i d a t i v e p h o s p h o r y l a t i o n 

r e p o r t e d t h roughou t t h i s s tudy were c a r r i e d out u s i n g 

a Rank oxygen e l e c t r o d e (Rank B r o s . , C a m b r i d g e ) , 

w h i c h is of a s i m i l a r des ign to the C l a r k oxygen 

e l e c t r o d e ( C l a r k , 1956). 

The e l e c t r o d e has a pe r spex r e a c t i o n v e s s e l 

s u r r o u n d e d by a wa te r j a c k e t and t h i s u n i t s c rews onto 

a pe r spex base where a p l a t i n u m cathode and s i l v e r anode 

are s i t u a t e d . When in use bo th are cove red w i t h a few 

drops of M KC1 and t h i s e l e c t r o l y t e is separa ted f r o m 

the r e a c t i o n v e s s e l by a t e f l o n membrane . The pe r spex 

sc rew cap f i t t e d to the top of the r e a c t i o n ve s se l has 

a s m a l l hole bo red t h r o u g h the c e n t r e to a l l ow a d d i t i o n s 

to be made to the r e a c t i o n med ia . The medium i n the 

r e a c t i o n v e s s e l is c o n t i n u o u s l y s t i r r e d u s ing a s m a l l 

magnet ic s t i r r e r and " f l e a " (Rank B r o s . , C a m b r i d g e ) . 

The p r i n c i p l e of the oxygen e l e c t r o d e has been 

d e s c r i b e d by Davies & B r i n k (1942) . When a p o l a r i s i n g 

vo l t age of - 0 . 6 v o l t s is imposed ac ross the two e l e c t r o d e s , 

the p l a t i n u m nega t ive to the s i l v e r , oxygen undergoes an 

e l e c t r o l y t i c r e d u c t i o n 

0 2 + 2 e + 2 H + _ ^ H 2 0 2 

H 2 0 2 + 2 e + 2 H + - > 2 ^ 0 
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and the c u r r e n t f l o w i n g is d i r e c t l y p ropo r t i onal to the 
oxygen content of the e l e c t r o l y t e . Chappe l l (1964) 
has po in ted out that the C l a r k e l e c t r o d e measures 
a c t i v i t y and not the c o n c e n t r a t i o n of the oxygen p re sen t 
i n the r e a c t i o n m e d i u m . T h e r e f o r e i n t h i s s tudy the 
oxygen e l e c t r o d e has been c a l i b r a t e d by d e t e r m i n i n g the 
oxygen content of the r e a c t i o n m e d i u m . 

The c u r r e n t f l o w i n g t h r o u g h the e l e c t r o d e sy s t em 

was passed t h r o u g h a h e l i c a l p o t e n t i o m e t e r i n s e r i e s 

w i t h the p l a t i n u m e l e c t r o d e and the vo l t age developed 

ac ros s t h i s r e s i s t a n c e was f ed in to a S e r v o s c r i b e r e c o r d e r 

(Goerz E l e c t r o ) set at 2 mv s e n s i t i v i t y . The r e c o r d e r 

ba se l i ne was set by r e d u c i n g the medium in the r e a c t i o n 

v e s s e l of the oxygen e l e c t r o d e w i t h sod ium d i t h i o n i t e . 

T h i s e f f e c t i v e l y reduced the c u r r e n t ac ros s the e l e c t r o d e s 

to z e r o . Reac t i on medium s a t u r a t e d w i t h oxygen was 

p i p e t t e d in to the r e a c t i o n v e s s e l and the p o t e n t i a l a d j u s t e d 

w i t h the h e l i c a l p o t e n t i o m e t e r to g ive a f u l l sca le 

d e f l e c t i o n on the r e c o r d e r . 

5. Measurement of o x i d a t i v e p h o s p h o r y l a t i o n 

O x i d a t i v e p h o s p h o r y l a t i o n was measured at 2 4 ° C 

(unless s ta ted o t h e r w i s e ) u s i n g the oxygen e l e c t r o d e 

d e s c r i b e d b e l o w . The r e a c t i o n med ium was s i m i l a r to 

that used by D a v i s o n (1970) unless o therwise s t a t e d . 
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Reac t ion m e d i u m : 

50 mM KC1 

30 mM phosphate b u f f e r (Sf l rensen) 

at pH 7.3 

5 mM M g C l . 6 H 0 

1 mM EDTA 

20 mM T r i s / H C l at pH 7.3 

The medium was t h o r o u g h l y e q u i l i b r a t e d to 2 4 ° C 

f o r s e v e r a l hours to s a t u r a t e i t w i t h a t m o s p h e r i c 

oxygen . 

5 A. P o l a r o g r a p h i c measurement of oxygen c o n s u m p t i o n 

3 

3 cm of the r e a c t i o n medium were p i p e t t e d 

i n t o the r e a c t i o n c h a m b e r , the perspex sc rew cap was 

r e p l a c e d such that a l l a i r bubbles were e x p e l l e d . The 

s u r f a c e of the r e a c t i o n medium was a l l o w e d to r i s e 

about 5 mm up the c e n t r a l hole of the s topper to m i n i m i z e 

the con tac t between the r e a c t i o n med ium and a t m o s p h e r i c 

oxygen . A f t e r about two minutes the r e c o r d e r was 

a d j u s t e d u s i n g the h e l i c a l p o t e n t i o m e t e r to g ive f u l l scale 
3 

d e f l e c t i o n . Oxygen uptake f r o m these 3 cm of r e a c t i o n 

medium was f o l l o w e d by d e t e r m i n i n g the r a t e of change 

of d e f l e c t i o n of the pen r e c o r d e r a f t e r the f o l l o w i n g 
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a d d i t i o n s : 

50 ul of s a r c o s o m a l suspens ion . 

5 0 ul of 2M D L - a G lyce rophospha t e 
s o l u t i o n made up i n d i s t i l l e d 

w a t e r . 

10 ul of 50 mM A D P s o l u t i o n made up i n 
30 mM phosphate b u f f e r pH at 

6. 8 at 2 4 ° C . 

L 
These a d d i t i o n s were made w i t h mic rosyr /^nges 
( T e r u m o Shandon, type MSG ) 

Care was taken not to a l l o w the needle of the m i c r o -

t 

s y r i n g e to reach the b o t t o m of the r e a c t i o n chamber and 

so damage the t e f l o n membrane . 

Endogenous r a t e s were neg lec ted t h r o u g h o u t t h i s 

s tudy because they had low va lues w h i c h were i n s i g n i f i c a n t . 

The ra t e w h i c h f o l l o w e d the a d d i t i o n of s u b s t r a t e is 

c a l l e d ' s u b s t r a t e - r a t e ' un less o t h e r w i s e s t a t e d . The 

r a t e w h i c h f o l l o w s the a d d i t i o n of A D P is c a l l e d ' A D P -

s t i m u l a t e d r a t e ' or s ta te I I I (Chance & W i l l i a m s , 1955b) 

t h r o u g h o u t t h i s s tudy . 

5 B. Q 0 2 : 

T h i s is the s a r c o s o m a l oxygen c o n s u m p t i o n i n 

t e r m s of jig A O per hour per mg p r o t e i n . I t can be 

c a l c u l a t e d f r o m the f o l l o w i n g e q u a t i o n : 

Q 0 = P x C x 60 
2 R - r X p r o t e i n c o n c e n t r a t i o n 
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W h e r e : 

P = r a t e of change of d e f l e c t i o n ( d i v i s i o n s / 
m i n u t e ) 

C = i n i t i a l oxygen content i n r e a c t i o n 
med ium s a t u r a t e d at a g i v e n t e m p e r a t u r e 

(ug A t o m s ) . 
R = f u l l scale d e f l e c t i o n f o r the oxygen 

s a t u r a t e d m e d i u m . 
r = d e f l e c t i o n ob ta ined at a n a e r o b i o s i s . 

5 C. R e s p i r a t o r y C o n t r o l Index : (RC1) 

T h i s is d e f i n e d as the r a t i o of the r e s p i r a t o r y 

r a t e in the presence of added ADP to the r a t e f o l l o w i n g 

i t s e x p e n d i t u r e (Chance & W i l l i a m s , 1956) i . e . 

RC1 = S E a t e . Howeve r , In some e x p e r i m e n t a l 
s t a t e IV 

c o n d i t i o n s ( e . g . f o l l o w i n g heat t r e a t m e n t to the whole 

a n i m a l ) no r e s p i r a t o r y " c u t - o f f " o c c u r r e d a f t e r ADP 

a d d i t i o n , consequen t ly i t was not p o s s i b l e to measure 

RC1 a c c o r d i n g to the Chance & W i l l i a m s d e f i n i t i o n . 

RC1 was t h e r e f o r e e s t i m a t e d t h r o u g h o u t u s i n g the r a t i o 

of the r e s p i r a t o r y r a t e i n the presence of added ADP 

to the r a t e b e f o r e i t s a d d i t i o n , that is the ' s u b s t r a t e -

r a t e ' , (un less o t h e r w i s e s t a t e d ) . 

5 D . ADP :Q r a t i o : 

T h i s is d e f i n e d as the number of moles of ADP 

e s t e r i f i e d to ATP f o r each g r a m a tom of oxygen 

c onsu med. 
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ADP : O r a t i o s have been c a l c u l a t e d t h r o u g h o u t 

t h i s s tudy u s i n g the method d e s c r i b e d by Chance & 

W i l l i a m s (1955a). When a known amount of ADP is 

added to a m i t o c h o n d r i a l suspens ion i n the p resence 

of s u b s t r a t e , the r e s p i r a t i o n r a t e i nc r ea se s and a 

q u a n t i t y of oxygen is consumed . The uptake of oxygen 

can be measured f r o m the t r a c e by e x t r a p o l a t i n g the 

A D P - s t l mula ted r a t e and the r a t e a f t e r i t s e x p e n d i t u r e . 

The sca le d i v i s i o n s between the po in t of the a d d i t i o n 

of ADP and the e x t r a p o l a t e d p o i n t of i t s e x t i n c t i o n , 

r e p r e s e n t the amount of oxygen r e q u i r e d to c o n v e r t 

the added 0.5 ymole of ADP to ATP. 

6. D e t e r m i n a t i o n of S a r c o s o m a l p r o t e i n c o n c e n t r a t i o n : 

F o r t h i s purpose the F o l i n - p h e n o l method of 

L o w r y , Roseb rough , F a r r & R a n d a l l (1951) was used 

w i t h a s l i g h t m o d i f i c a t i o n . Bovine s e rum a l b u m i n 

f r a c t i o n V was used as s t anda rd f o r c o n s t r u c t i n g a 

c a l i b r a t i o n c u r v e . 

Reagents : -

A) 20% W / v Sodium ca rbona te 

0 .2% W / v Sodium p o t a s s i u m t a r t r a t e 

B) 2% W/v copper su lpha te 

C) T h i s was made up as f o l l o w s : 

5 vo lumes of ( A ) + o. 5 vo lumes of (B) + 
20 vo lumes d i s t i l l e d 

w a t e r . 
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D) T h i s was made up by d i l u t i n g 1 vo lume of 

F o l i n - C i o c a l t e a u phenol reagent w i t h 10 

vo lumes of d i s t i l l e d w a t e r . 

P rocedure : -

The s a r c o s o m a l suspens ion was d i l u t e d w i t h 

d i s t i l l e d w a t e r to g ive a p r o t e i n c o n c e n t r a t i o n of less 
3 

than 400 u g / c m , w h i c h is the h ighes t c o n c e n t r a t i o n of 

the s t a n d a r d s . These were p r e p a r e d by making a s e r i a l 
3 

d i l u t i o n f r o m 400 ug BSA/cm to g i v e 300 , 200 ,150 , 
3 

100,50 and O^ ig /cm . I n some e x p e r i m e n t s , w h e r e , 

due to d i l u t i o n , the s a r c o s o m a l p r o t e i n c o n c e n t r a t i o n 

is expected to be l ess than 1 0 0 ^ j g / m l , a f u r t h e r s e r i e s 

of s t anda rd s o l u t i o n s were made by s e r i a l d i l u t i o n 
3 3 f r o m 100 pg B S A / c m to g ive 75 , 50 , 25 and 0 jig/cm . 

3 3 1 cm of m i x t u r e C was added to 1 cm of the p r o t e i n 

s o l u t i o n and a l l o w e d to stand f o r 15 minu tes at r o o m 

3 

t e m p e r a t u r e , then 1 cm of reagen t (D) was added and 

a l l o w e d to stand f o r another 30 m i n u t e s . The s o l u t i o n s 

were poured in to a g lass c u r e t t e (1 .0 cm l i g h t pa th) 

and o p t i c a l d e n s i t y was measured aga ins t wa t e r at 700nm 

in a Beckmann SP 1800 U l t r a v i o l e t S p e c t r o p h o t o m e t e r . 
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Che m i c a l s : 

The c h e m i c a l reagents used i n the p resen t 

study were AnalaR grade w h e r e v e r p o s s i b l e , 

o t h e r w i s e l a b o r a t o r y reagent grade was used . 

Adenos ine - 5 ' - d iphosphate ( d i s o d i u m s a l t ) , 

sod ium p y r u v a t e , p r o l i n e , EGTA, bovine s e r u m 

a l b u m i n ( F r a c t i o n V ) were purchased f r o m Sigma 

C h e m i c a l Co. , L t d . 

DL a - g l y c e r o p h o s p h a t e ( sod ium s a l t ) was purchased 

f r o m K o c h - L i g h t L a b o r a t o r i e s L t d . , C o l i n b r o o k , Bucks , 

Eng land . 

ADP was s t o r e d i n a f r o z e n s o l u t i o n b u f f e r e d 

at pH 6.8 at 2 4 ° C , f o r a m a x i m a l p e r i o d of s i x weeks . 
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CHAPTER THREE 
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E F F E C T OF I S O L A T I O N PROCEDURE AND REACTION 
CONDITIONS ON THE RESPIRATORY A C T I V I T I E S OF 

I S O L A T E D SARCOSOMES 

I n t r o d u c t i o n 

The r e s p i r a t o r y m e t a b o l i s m of insec t f l i g h t 

musc le has been much s t u d i e d . Watanabe & W i l l i a m s 

(1951) c l e a r l y d e m o n s t r a t e d tha t the r e s p i r a t o r y 

o r g a n e l l e s ( S a r c o s o m e s ) , i s o l a t e d f r o m f l i g h t musc le 

were homologous to m i t o c h o n d r i a f r o m o the r t i s s u e s . 

H o w e v e r , many of the e a r l i e r w o r k s on m i t o c h o n d r i a 

f r o m d i f f e r e n t sources gave r i s e to d i v e r s e r e s u l t s and 

I n t e r p r e t a t i o n s . C h e f u r k a (1965) suggested tha t the 

d i s c r e p a n c i e s i n the r e s u l t s be tween the d i f f e r e n t 

r e s e a r c h e r s lay i n d i f f e r e n c e s i n methodology between 

the v a r i o u s l a b o r a t o r i e s , not only i n assay of the 

r e s p i r a t o r y a c t i v i t y but i n the method of p r e p a r a t i o n 

of the m i t o c h o n d r i a . As a consequence , C h e f u r k a (1965) 

ennumera ted some of the p a r a m e t e r s that may a l t e r 

the s t a b i l i t y of m i t o c h o n d r i a and consequen t ly t h e i r 

r e s p i r a t o r y a c t i v i t y : 

i ) C o m p o s i t i o n of the i s o l a t i o n and 
r e a c t i o n media . 

i i ) Ex ten t of h o m o g e n i z a t i o n . 

i i i ) Ageing of m i t o c h o n d r i a . 
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i v ) Other p a r a m e t e r s such as age of i n s e c t , 
the o r d e r of a d d i t i o n of r e a c t a n t s , the 
c o n c e n t r a t i o n of m i t o c h o n d r i a l suspens ion 
and perhaps even d i u r n a l r h y t h m , may 
be i m p o r t a n t . 

The most c o n v e n t i o n a l t echnique f o r i s o l a t i n g sa rcosomes 

is that o r i g i n a l l y r e p o r t e d by Watanabe & Wil l i ams (1951). 

I t was developed on the g rounds that m i t o c h o n d r i a can 

be r e l a t i v e l y e a s i l y r e l e a s e d by r u p t u r i n g the muscle 

f i b r e s , and subsequent ly c o l l e c t e d by f i l t r a t i o n and 

c e n t r i f u g a t i o n i n an a p p r o p r i a t e m e d i u m . T h i s method 

has been used subsequen t ly , w i t h m i n o r m o d i f i c a t i o n s , 

by many o t h e r w o r k e r s , f o r example L e w i s & S l a t e r 

(1954) , Sack tor & Cochran (1958) , Es t ab rook & Sack tor 

(1958) , Van den B e r g h (1962) , T r i b e (1967), D a v i s o n 

& Bowle r (1971), Bu los , Shukla & Sacktor (1972,1975) . 

I s o l a t i o n methods e m p l o y i n g the p r o t e o l y t i c 

enzyme nagarse have been w i d e l y used over the l a s t 

ten y e a r s or so. I t was f i r s t i n t r o d u c e d by Chance & 

Hag iha ra (1961) i n p r e p a r a t i o n of m i t o c h o n d r i a f r o m 

hea r t muscle, t i s s u e . Such methods are f u l l y d e s c r i b e d 

by Chappe l l & H a n s f o r d (1972). The essence of t h i s 

t echn ique is the t o t a l d i g e s t i o n of the m y o f i b r i l s , i n 

an a t t e m p t to m i n i m i z e the m e c h a n i c a l damage tha t 

migh t take place d u r i n g i s o l a t i o n . T h i s method has 

been shown to g ive a good y i e l d of i n t a c t , non-
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c o n t a m i n a t e d m i t o c h o n d r i a ( C h a p p e l l & H a n s f o r d , 

1972). 

Most r e c e n t l y , Slack & B u r s e l l (1976 a) 

r e p o r t e d a new i s o l a t i o n method i n v o l v i n g no p r o t e o l y t i c 

enzyme d i g e s t i o n , but a d i f f e r e n t i s o l a t i o n medium and 

m i l d e r r e s u s p e n d i n g methods than ho m o g e n i z a t i o n . 

They a t t r i b u t e d the i n c o n s i s t e n t r e s u l t s , r e p o r t e d 

by o the r w o r k e r s , to the use of m i t o c h o n d r i a w h i c h 

have been a l t e r e d to an i n t e r m e d i a t e degree i n s t r u c t u r a l 

i n t e g r i t y and f u n c t i o n a l a b i l i t y , t h r o u g h inadequacy 

of the method of p r e p a r a t i o n . 

Not on ly has the re been a v a r i e t y of i s o l a t i o n 

methods used to p r e p a r e s a r c o s o m e s , but d i f f e r e n t 

i s o l a t i o n media have a lso been used , f o r e x a m p l e , 

Sack to r & C h i l d r e s s (1967), T r i b e & A s h h u r s t (1972) , 

and Slack & B u r s e l l (1976b), i n the p r e p a r a t i o n of 

sa rcosomes f r o m b l o w f l y f l i g h t m u s c l e , have r e p o r t e d 

i s o l a t i o n media w h i c h d i f f e r In t h e i r t o n i c i t y 

o s m o l a r i t y and the presence and absence of o the r 

c o n s t i t u e n t s . 

A v a r i e t y of r e a c t i o n media have a l so been used 

in a s say ing i s o l a t e d i n s e c t f l i g h t muscle s a r c o s o m e s , 

e . g . the p e r i o d i c a l c i c a d a , M a g i c l c a d a s e p t e n d l c e m , 

( H a n s f o r d , 1971), the honey bee ( B a l b o n l , 1967), 
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L u c i l i a c u p r U a and Musca domest ica ( B i r t , 1961), the 

b lowf ly , C a l l i p h o r a eryth iocephala (Tr ibe & A s h h u r s t , 

1972; Davison & Bowler , 1971), and many others . 

The p r i n c i p a l purpose of this study, as stated 

e a r l i e r , is to determine poss ible l es ions to s a r c o s o m a l 

function caused by heat exposure , and consequently 

to throw light on the mechanisms involved in c e l l u l a r 

heat i n j u r y . It has been reported e a r l i e r by s e v e r a l 

workers that mitochondrial function is h e a t - s e n s i t i v e , 

p a r t i c u l a r l y oxidative phosphorylat ion, ( e . g . 

C h r i s t i a n s e n & Kvamme, 1969; Davison & Bowler , 1971; 

Rochman, Lathe & L e v e l l , 1967). The major part of 

this thes is concerns therefore an invest igat ion of the 

ef fect of le thal heat doses to adults on s a r c o s o m a l 

function. It was as a consequence cons idered n e c e s s a r y 

to a s s e s s the effect of d i f ferent i so lat ion procedures 

and assay conditions on s a r c o s o m a l function in control 

s a r c o s o m e s . 

^-glycerophosphate has been suggested as the 

p r i n c i p a l phys io log ica l substrate in dipteran f l ight 

muscle mitochondria (SacktQr, 1964, 1970). On the 

other hand, other workers (Gregg , H e i s l e r & 

Remmert , 1960- Van den Bergh , 1962) have suggested 

that pyruvate plays a major role in supplying energy 



- 34 -

f o r f l i g h t . No a t t e m p t was made in the p resen t s tudy 

to use s u b s t r a t e s of the c i t r i c a c i d - c y c l e i n t e r m e d ­

ia tes f o r they are u s u a l l y p a r t l y o x i d i z e d by 

sa rcosomes because the s a r c o s o m a l membrane is 

r e l a t i v e l y i m p e r m e a b l e to them (Van den Bergh & 

S l a t e r 1962); t h i s may be due to l ack of c a r r i e r 

mo lecu le s ( H a n s f o r d & C h a p p e l l , 1967). 

I n a p r e l i m i n a r y w o r k , D a v i s o n (1970) obse rved 

that s a r c o s o m e s , i s o l a t e d f r o m the f l i g h t musc le of 

l e t h a l l y h e a t - t r e a t e d b l o w f l i e s , showed u n c o u p l e d , 

m a r k e d l y reduced r e s p i r a t i o n when ^ - g l y c e r o p h o s p h a t e is 

used as s u b s t r a t e . Whereas p y r u v a t e showed some 

measure of c o u p l i n g , succ ina te showed t i g h t e r c o u p l i n g 

and h i g h e r o x i d a t i o n r a t e s than in c o n t r o l ' s a r c o s o m e s . 

T h i s d i f f e r e n t i a l t h e r m a l e f f e c t on the s a r c o s o m a l 

r e s p i r a t o r y sys tems leads to s e v e r a l s p e c u l a t i o n s . 

Amongs t those is the p o s s i b i l i t y tha t i n v i v o heat 

t r e a t m e n t migh t have r e n d e r e d the s a rcosomes s u s c e p t i b l e 

to i s o l a t i o n p r o c e d u r e t h e r e a f t e r . Thus i t seems 

reasonab le to approach the p r o b l e m f r o m t h i s angle i n 

the f i r s t i n s t a n c e . 

The Chap t e r , t h e r e f o r e , w i l l i n c lude some 

d e t a i l e d i n v e s t i g a t i o n s i n t o the e f f e c t of i s o l a t i o n 

p r o c e d u r e and assay c o n d i t i o n s on a-glyceroph ospha te , 
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as w e l l as p y r u v a t e - l i n k e d , r e s p i r a t i o n i n sa rcosomes 
i s o l a t e d f r o m c o n t r o l and heat t r e a t e d b l o w f l i e s . 

M a t e r i a l s and Methods 

The f l i e s used i n these e x p e r i m e n t s were c o n t r o l 

u n t r e a t e d , o r L . Q t r e a t e d 10-day o l d adu l t s r e a r e d 

and m a i n t a i n e d at 2 4 ° C . Heat doses were g i v e n as 

d e s c r i b e d in Chapter 2. 

1. I s o l a t i o n p r o c e d u r e s 

A. S tandard Method 

T h i s method has been f u l l y d e s c r i b e d e a r l i e r i n 

Chapter ( 2 ) . I t has been w i d e l y used by many o the r 

l a b o r a t o r i e s e . g . L e w i s & S l a t e r (1954), Sack to r & 

Cochran (1958) , Van den Bergh (1962 ) , T r i b e (1967), 

Dav i son & Bowle r (1971), Bu los , Shukla & Sack tor (1972, 

1975 ) . The bas ic method can be s u m m a r i s e d as 

f o l l o w s : the f l i g h t musc le f i b r e s are r u p t u r e d , and 

subsequent ly the sa rcosomes are c o l l e c t e d , by f i l t r a t i o n 

and subsequent ly i s o l a t e d by c e n t r l f u g a t l o n In an 

a p p r o p r i a t e med ium (Sucrose med ium I ) . 

B. Nagarse I s o l a t i o n 

The 

by Chance & 

method used was s i m i l a r to that 

H a g i h a r a , (1961) and Chappe l l & 

d e s c r i b e d 

H a n s f o r d 
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( 1 9 7 2 ) , a n d w a s u s e d a s f o l l o w s -

I s o l a t i o n M e d i u m 

0 .32 M s u c r o s e 

1 m M E G T A 

5 m M T r i s / H C l b u f f e r a t p H 7 . 7 
a t o ° C 

I s o l a t i o n p r o c e d u r e : 

H e a d s a n d a b d o m e n s w e r e r e m o v e d o n a p e t r i - d i s h . 

T h e d i s h w a s k e p t c o l d b y p l a c i n g i t o n c r u s h e d i c e , 

w h i l s t d i s s e c t i n g t h e f l i e s . T h o r a c e s w e r e c o l l e c t e d 

i n a s m a l l g l a s s b e a k e r p l a c e d a l s o o n c r u s h e d i c e . 

T h e f l i g h t m u s c l e w a s e x p e l l e d e i t h e r b y s q u e e z i n g 

t h e t h o r a x , o r b y p r e s s i n g a l l t h o r a c e s t h r o u g h o n e 

l a y e r o f m u s l i n , u s i n g a f l a t - f o o t e d p e s t l e , o n a g l a s s 

3 

d i s h c o n t a i n i n g a b o u t 10 c m o f i s o l a t i o n m e d i u m . I n 

t h e f i r s t c a s e , s q u e e z i n g t h e t h o r a x b e t w e e n f i n g e r s , 

w o u l d y i e l d a n a l m o s t c h i t i n - f r e e p r e p a r a t i o n . T h e 

s e c o n d c a s e , h o w e v e r , w o u l d y i e l d a p u r e p r e p a r a t i o n , 

i f a l o w s p e e d s p i n (lOOxg) i s c a r r i e d o u t f o r 4 m i n u t e s 

t o r e m o v e t h e c h i t i n , b e f o r e t h e n e x t p r e p a r a t i o n s t e p . 

T h e e x p e l l e d f l i g h t m u s c l e s w e r e t r a n s f e r r e d 

3 3 
t o a n i c e - c o l d 5 0 c m g l a s s b e a k e r c o n t a i n i n g 20 c m 

o f c o l d i s o l a t i o n m e d i u m . H o m o g e n i z a t i o n w a s p e r f o r m e d 

b r i e f l y a n d m a n u a l l y D n i c e , b y p a s s i n g t h e p e s t l e o f a 
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D o u n c e h o m o g e n i z e r t w i c e t h r o u g h t h e m e d i u m . A f r e s h 

s o l u t i o n o f n a g a r s e w a s p r e p a r e d b y d i s s o l v i n g 3 . 5 m g 

3 

i n 5 c m o f t h e i s o l a t i o n m e d i u m . T h e i c e - c o l d n a g a r s e 

s o l u t i o n w a s a d d e d i n t o t h e h o m o g e n i z e r t u b e a n d t w o 

f u r t h e r p a s s e s o f t h e p e s t l e w e r e g i v e n . T h e p r e p a r ­

a t i o n m u s t s t a n d o n i c e d u r i n g t h e 5 m i n u t e s i n c u b a t i o n 

a n d i n t h i s t i m e , o n e f u r t h e r h o m o g e n i z a t i o n w a s g i v e n . 

T h e h o m o g e n a t e w a s t h e n f i l t e r e d t h r o u g h f o u r l a y e r s 

o f m u s l i n , w h i c h h a d b e e n p r e v i o u s l y b o i l e d i n d i s t i l l e d 

w a t e r f o r a f e w m i n u t e s , t h e n s o a k e d i n i c e - c o l d 

i s o l a t i o n m e d i u m . F i l t r a t i o n w a s c a r r i e d o u t v i a a c o l d 

g l a s s - f u n n e l . T h e f i l t r a t e w a s d i v i d e d i n t o t w o e q u a l 
3 

v o l u m e s i n 5 0 c m p o l y e t h y l e n e c e n t r i f u g e t u b e s a n d 

c e n t r i f u g e d i n a n M S E h i g h - s p e e d 18 r e f r i g e r a t e d 

c e n t r i f u g e f o r 2 m i n u t e s a t 9 0 0 0 x g . T h e s u p e r n a t a n t 

w a s d i s c a r d e d f r o m b o t h t u b e s a n d t h e p e l l e t s w e r e 
3 

r e s u s p e n d e d i n 5 c m e a c h o f f r e s h i s o l a t i o n m e d i u m . 

R e s u s p e n d i n g t h e p e l l e t s w a s c a r r i e d o u t c a r e f u l l y 

u s i n g t h e ' c o l d f i n g e r ' t e c h n i q u e , t h i s b e i n g a g l a s s t e s t 

t u b e f i l l e d w i t h c r u s h e d i c e . T h e c o l d b o t t o m o f t h i s 

t u b e w a s g e n t l y r u b b e d a g a i n s t t h e e d g e o f t h e p e l l e t 

m o v i n g , i n a c i r c u l a r m a n n e r , t o w a r d s i t s c e n t r e . T h e 

c o n t e n t s o f t h e t w o t u b e s w e r e a d d e d t o g e t h e r , d i l u t e d 

3 
t o 4 0 c m a n d r e c e n t r i f u g e d f o r 5 m i n u t e s a t 9 0 0 0 x g 
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i n t h e s a m e c e n t r i f u g e . T h e s u p e r n a t a n t w a s d i s c a r d e d 

3 

a n d t h e p e l l e t r e s u s p e n d e d i n 2 c m o f t h e I s o l a t i o n 

m e d i u m u s i n g t h e ' c o l d f i n g e r ' m e t h o d d e s c r i b e d a b o v e . 

S u c h a p r e p a r a t i o n y i e l d e d a p p r o x i m a t e l y 1 m g 

s a r c o s o m a l p r o t e i n p e r 5 0 u l . D u r i n g t h e e x p e r i m e n t 

t h e s a r c o s o m a l p r e p a r a t i o n , a s w e l l a s t h e s u b s t r a t e s 

w e r e p l a c e d o n i c e . 

2 . R e a c t i o n C o n d i t i o n s 

T h e r e s p i r a t o r y a c t i v i t y o f s a r c o s o m e s i s o l a t e d 

b y t h e " s t a n d a r d " i s o l a t i o n m e t h o d l i s t e d a b o v e w a s 

f o l l o w e d i n f o u r d i f f e r e n t r e a c t i o n m e d i a -

M e d i u m I 

5 0 m M K C 1 

5 m M M g C l 2 . 6 H 2 0 

1 m M E D T A 

20 m M t r i s / H G l b u f f e r a t p H 7 . 3 a t 2 4 ° C 

3 0 m M P h o s p h a t e b u f f e r a t p H 7 . 3 a t 2 4 ° C 

M e d i u m I I 

5 0 m M K C 1 

5 m M M g C I . 2 . 6 H 2 0 

1 m M E D T A 

2 0 m M t r i s / H C l b u f f e r a t p H 7 . 3 a t 2 4 ° C 

3 0 m M P h o s p h a t e b u f f e r a t p H 7 . 3 a t 2 4 ° C 

0 . 4 m g B S A / c m 3 
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M e d i u m i l l 

154 m M K C 1 

10 m M t r l s / H C l b u f f e r a t p H 7 . 3 a t 2 4 ° C 

3 0 m M P h o s p h a t e b u f f e r a t p H 7 . 3 a t 2 4 ° C 

0 . 4 m g B S A / c m 3 

u m I V 

154 m M K G ] 

1 m M E D T A 

10 m M t r i s / H C l b u f f e r a t p H 7 . 3 a t 2 4 ° C 

3 0 m M P h o s p h a t e b u f f e r a t p H 7 . 3 a t 2 4 ° C 

0 . 4 m g B S A / c m 3 

M e a s u r e m e n t o f o x i d a t i v e p h o s p h o r y l a t i o n 

T h i s w a s c a r r i e d o u t as d e s c r i b e d i n t h e G e n e r a l 

M a t e r i a l s a n d M e t h o d s , a n d t h e r e s p i r a t o r y p e r f o r m a n c e 

w a s e x p r e s s e d as R C 1 , A D P : O a n d Q f ^ * Q f - g l y c e r o s p h o s -

3 
p h a t e - d e p e n d e n t r e s p i r a t i o n w a s m e a s u r e d i n 3 c m 

o f r e a c t i o n m e d i u m I a t 2 4 ° C . P y r u v a t e a n d p r o l l n e -

3 

d e p e n d e n t r e s p i r a t i o n w a s m e a s u r e d i n 2 c m o f 

r e a c t i o n m e d i u m I I I a t 2 4 ° C . T h e R C 1 i n t h e l a t t e r 

c a s e w a s c a l c u l a t e d a s t h e r a t i o o f r e s p i r a t i o n r a t e 

i n t h e p r e s e n c e o f A D P t o t h a t a f t e r t h e e x p e n d i t u r e 

o f a d d e d A D P ( s t a t e I l l / s t a t e I V ) . 

T h e s u b s t r a t e f i n a l c o n c e n t r a t i o n s w e r e 
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33 m M , 2 . 5 m M a n d 2 . 5 m M f o r o c - g l y c e r o p h o s p h a t e , 
p y r u v a t e a n d p r o l i n e r e s p e c t i v e l y . 

R e s u l t s 

I . E f f e c t o f I s o l a t i o n p r o c e d u r e o n r e s p i r a t i o n o f 
c o n t r o l s a r c o s o m e s 

A a - g l y c e r o p h o s p h a t e d e p e n d e n t r e s p i r a t i o n 

A s c a n b e s e e n f r o m T a b l e ( 3 . 1 ) t h e i s o l a t i o n 

p r o c e d u r e h a d a p r o f o u n d e f f e c t o n t h e s a r c o s o m a l 

r e s p i r a t o r y b e h a v i o u r w h e n ^ - g l y c e r o p h o s p h a t e i s t h e 

s u b s t r a t e . T h e ' s t a n d a r d ' m e t h o d p r o d u c e d s a r c o s o m e s 

w h i c h g a v e v a * u e s i n a g r e e m e n t w i t h t h o s e o f o t h e r 

w o r k e r s i n t h e l i t e r a t u r e ( T r i b e , 1 9 6 7 , D a v i s o n & 

B o w l e r , 1 9 7 1 ; C h i l d r e s s & S a c k t o r 1 9 6 7 ) w h o h a v e w o r k e d 

o n t h i s o r o t h e r b l o w f l y s p e c i e s . T h e s u b s t r a t e r a t e 

- 1 - 1 

o x i d a t i o n w a s 3 4 . 4 2 ug A O . h r . m g p r o t e i n , w h i l s t 

t h i s w a s s t i m u l a t e d t o 8 4 . 5 7 pg A O . h r \ m g p r o t e i n * 

b y t h e a d d i t i o n o f A D P . T h i s r e s u l t e d i n o b t a i n i n g 

g o o d v a l u e s f o r R C 1 , ( m e a n = 2 . 4 8 ) a n d m e a n A D P :0 

o f 1 . 7 9 . 

N a g a r s e p r e p a r e d s a r c o s o m e s o n t h e o t h e r h a n d 

h a d a s i g n i f i c a n t l y p o o r e r r e s p i r a t o r y p e r f o r m a n c e 

t h r o u g h o u t . M o s t d r a m a t i c w a s t h e l o w v a l u e f o r s t a t e I I I 

r e s p i r a t i o n , o f o n l y 3 7 . 87 pg A O . h r \ m g p r o t e i n T h e 

r e s u l t i n g m e a n v a l u e f o r R C 1 w a s o n l y 1.5 a n d t h e 
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c a l c u l a t e d m e a n v a l u e f o r A D P : 0 w a s a l s o s i g n i f i c a n t l y 
l o w e r a t 1 . 3 7 . 

B P y r u v a t e a n d p r o l i n e d e p e n d e n t r e s p i r a t i o n 

A s c a n b e s e e n f r o m T a b l e ( 3 . 1 ) , t h e u s e o f 

n a g a r s e h a s v e r y l i t t l e e f f e c t , i f a n y , o n t h e p y r u v a t e -

l i n k e d s a r c o s o m a l r e s p i r a t o r y a c t i v i t y . T h e s u b s t r a t e 

r a t e ( s t a t e I V ) i n b o t h b a s e s w a s i n a g r e e m e n t w i t h t h a t 

r e p o r t e d b y T r i b e & A s h h u r s t ( 1 9 7 2 ) . T h e A D P -

s t i m u l a t e d r a t e ( s t a t e I I I ) , a l s o , w a s n o t a f f e c t e d b y 

t h e i s o l a t i o n t e c h n i q u e a n d t h e r e s u l t s o b t a i n e d w e r e i n 

a g r e e m e n t w i t h t h o s e o b t a i n e d f r o m h o u s e f l y s a r c o s o m e s , 

M u s e a d o m e s t i c a ( V a n d e n B e r g h & S l a t e r 1 9 6 2 ) P h o r m . i a 

r e g i n a ( C h i l d r e s s & S a c k t o r , 1 9 6 6 ) a n d C a l l i p h o r a 

e r y t h r o c e p h e l a ( H a n s f o r d 1 9 7 2 ) , s e e T a b l e ( 3 . 1 a ) . 

C o n s e q u e n t l y t h e r e s p i r a t o r y c o n t r o l i n d e x w a s 

v e r y l i t t l e a f f e c t e d b y t h e i s o l a t i o n p r o c e d u r e s e m p l o y e d , 

g i v i n g v a l u e s o f 8 . 27 + - 0 . 4 4 a n d 8 . 8 5 + - 1 . 8 1 f o r t h e 

n a g a r s e a n d s t a n d a r d i s o l a t i o n t e c h n i q u e r e s p e c t i v e l y . 

T h e s e v a l u e s a r e i d e n t i c a l t o t h o s e r e p o r t e d b y o t h e r 

w o r k e r s ( S e e V a n d e n B e r g h & S l a t e r , 1962 a n d 

H a n s f o r d & C h a p p e l l 1 9 6 7 ) . 

P h o s p h o r y l a t i o n w a s n o t a f f e c t e d b y e i t h e r o f t h e 

i s o l a t i o n c o n d i t i o n s a p p l i e d a s r e v e a l e d b y t h e h i g h A D P : 

r a t i o s o b t a i n e d . 



T a b l e 3 . l a 

C o m p a r a t i v e s t a t e I I I r e s p i r a t i o n r a t e s 

a n d r e s p i r a t o r y c o n t r o l i n d e x e s as 

r e p o r t e d b y d i f f e r e n t w o r k e r s , u s i n g 

P y r u v a t e + a p r i m e r as s u b s t r a t e s . 
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I I . E f f e c t o f i s o l a t i o n c o n d i t i o n s o n r e s p i r a t o r y 
p e r f o r m a n c e o f s a r c o s o m e s i s o l a t e d f r o m 

H e a t - t r e a t e d b l o w f l i e s 

A ) a - g l y c e r o p h o s p h a t e - d e p e n d e n t r e s p i r a t i o n : 

T h e r e s u l t s o f t h e e f f e c t o f i s o l a t i o n t e c h n i q u e 

o n s a r c o s o m a l r e s p i r a t o r y p e r f o r m a n c e f o l l o w i n g h e a t 

t r e a t m e n t a r e a l s o r e c o r d e d i n T a b l e ( 3 . 1 ) . A s c a n b e 

s e e n f r o m t h e T a b l e , h e a t t r e a t m e n t i m p a i r e d ( ^ - g l y c e r o ­

p h o s p h a t e - s u p p o r t e d r e s p i r a t i o n , w h i c h s h o w e d a d e c l i n e ' 

o f 3 0 % a n d 4 6 % i n t h e s u b s t r a t e r a t e s , 5 4 % a n d 7 8 % i n 

s t a t e I I I f o r s a r c o s o m e s I s o l a t e d w i t h a n d w i t h o u t 

n a g a r s e , r e s p e c t i v e l y . I n s u c h s a r c o s o m e s A D P 

s t i m u l a t i o n w a s n o t d e m o n s t r a b l e , h e n c e a n R C I v a l u e 

o f o n e w a s o b t a i n e d , a n d A D P : 0 r a t i o w a s n o t 

m e a s u r a b l e . 

B ) P y r u v a t e - d e p e n d e n t r e s p i r a t i o n 

S a r c o s o m e s i s o l a t e d f r o m L . D . 5 Q t r e a t e d 

b l o w f l i e s s h o w e d a d e c l i n e I n s t a t e I I I r e s p i r a t i o n o f 

m o r e t h a n 6 0 % , w h e n p y r u v a t e I s u s e d as s u b s t r a t e , w h e r e 

as s t a t e I V ( s u b s t r a t e r a t e ) r e s p i r a t i o n i n c r e a s e d b y a b o u t 

12 a n d 27 p e r c e n t i n s a r c o s o m e s i s o l a t e d w i t h n a g a r s e o r 

w i t h t h e s t a n d a r d m e t h o d , r e s p e c t i v e l y . N e v e r t h e l e s s , 

s o m e c o u p l i n g w a s s t i l l d e m o n s t r a b l e , a n d A D P : 0 r a t i o s 

w e r e m e a s u r a b l e . T h i s i s i n a g r e e m e n t w i t h t h e p r e l i m -



T a b l e 3 . 1 

E f f e c t o f i s o l a t i o n p r o c e d u r e a n d h e a t t r e a t m e n t 

o n t h e s a r c o s o m a l r e s p i r a t o r y p e r f o r m a n c e i n t h e 

p r e s e n c e o f 33 m M ^ - g l y c e r o p h o s p h a t e , o r 2 . 5 m M 

p y r u v a t e a n d 2 . 5 m M p r o l i n e a s s u b s t r a t e s . 

R e a c t i o n c o n d i t i o n s : 

W h e r e ^ - g l y c e r o p h o s p h a t e i s t h e s u b s t r a t e , t h e 

r e a c t i o n m e d i u m w a s as f o l l o w s : 

5 0 m M K C 1 

3 0 m M P h o s p h a t e b u f f e r a t p H 7 . 3 a t 2 4 ° C 

5 m M M g C L 2 < 6 H 2 0 

1 m M E D T A 

20 m M T r i s / H C l b u f f e r a t p H 7 . 3 a t 2 4 ° C 

W h e r e p y r u v a t e a n d p r o l i n e a r e t h e s u b s t r a t e s , t h e 

r e a c t i o n m e d i u m w a s as f o l l o w s : 

154 m M K C L 

3 0 m M P h o s p h a t e b u f f e r a t p H 7 . 3 a t 2 4 ° C 

10 m M T r i s / H C l b u f f e r a t p H 7 . 3 a t 2 4 ° C 
3 

0 . 4 m g B S A / c m 

R e s p i r a t i o n (0.0^) i s s h o w n a s t h e m e a n v a l u e s o f 

ug A O . h r m g p r o t . * ( - s . e . ) 

n . m . = n o t m e a s u r a b l e 

http://AO.hr
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i n a r y r e s u l t s r e p o r t e d b y D a v i s o n ( 1 9 7 0 . 

I l l . E f f e c t o f t h e c o m p o s i t i o n o f t h e r e a c t i o n m e d i u m 
o n s a r c o s o m a l r e s p i r a t i o n 

T h e d a t a p r e s e n t e d i n T a b l e ( 3 . 1 ) c l e a r l y s h o w s 

t h a t e q u a l l y g o o d r e s u l t s a r e o b t a i n e d , f o r b o t h 

t v - g l y c e r o p h o s p h a t e a n d p y r u v a t e + p r o l i n e s u p p o r t e d 

r e s p i r a t i o n , i n s a r c o s o m e s i s o l a t e d f o l l o w i n g t h e 

" s t a n d a r d " m e t h o d . T h i s i s n o t t h e c a s e h o w e v e r f o r 

n a g a r s e t r e a t e d s a r c o s o m e s . C o n s e q u e n t l y , t h i s s t u d y 

o f r e a c t i o n c o n d i t i o n s o n s a r c o s o m a l r e s p i r a t i o n h a s 

b e e n f o l l o w e d u s i n g " s t a n d a r d " m e t h o d p r o d u c e d s a r c o -

s o me s o n l y . 

A . ( ^ g l y c e r o p h o s p h a t e - d e p e n d e n t r e s p i r a t i o n 

A s c a n b e s e e n i n T a b l e ( 3 . 2 ) , m e d i u m I 

s u p p o r t s s a r c o s o m a l r e s p i r a t i o n i n a g o o d f u n c t i o n a l 

s t a t e , w i t h h i g h Q 0 2 v a l u e s , a n d w i t h a m e a n R C 1 o f 

2 . 4 3 . T h e A D P :0 o f 1 .8 a l s o i m p l i e s a h i g h l e v e l o f 

c o u p l i n g o f o x i d a t i o n a n d p h o s p h o r y l a t i o n . T h e r e s u l t s 

o b t a i n e d a r e e n t i r e l y c o n s i s t e n t w i t h d a t a p r o d u c e d 

b y o t h e r w o r k e r s i n f l i g h t m u s c l e s a r c o s o m e s , u s i n g 

s i m i l a r r e a c t i o n c o n d i t i o n s . 

3 
A s c a n be s e e n t h e i n c l u s i o n o f 0 . 4 m g / c m 



T a b l e 3 . 2 

E f f e c t o f c o m p o s i t i o n o f t h e r e a c t i o n m e d i u m o n t h e 

r e s p i r a t o r y a c t i v i t i e s o f I s o l a t e d b l o w f l y f l i g h t 

m u s c l e s a r c o s o m e s . 

F i n a l c o n c e n t r a t i o n o f t h e s u b s t r a t e s u s e d : 

33 m M a - g l y c e r o p h o s p h a t e , o r 2 . 5 m M p y r u v a t e + 

2 . 5 m M p r o l i n e 

R e a c t i o n m e d i a : 

I I 

5 0 m M K C 1 

5 m M M g c l 2 . 6 H 2 0 

1 m M E D T A 

2 0 m M T r i s / H C l b u f f e r a t p H 7 . 3 
a t 2 4 ° C 

3 0 m M P h o s p h a t e b u f f e r a t p H 7 . 3 
a t 2 4 ° C 

S a m e as I b u t 

c o n t a i ns. 0 . 4 m g 
3 

B S A p e r c m . 

I l l I V 

154 m M K C 1 S a m e as I I I b u t 

10 m M T r i s / H C l b u f f e r a t p H 7 . 3 c o n t a i n s 1 m M E D T A 
a t 2 4 ° C 

3 0 m M P h o s p h a t e b u f f e r a t p H 7 . 3 
a t 24 C 

0 . 4 m g B S A / c m ' 

S a r c o s o m e s i n a l l c a s e s w e r e i s o l a t e d u s i n g t h e " s t a n d a r d 

m e t h o d d e s c r i b e d i n C h a p t e r ( 2 ) . R e s p i r a t i o n ( Q 0 2 ) i s 

e x p r e s s e d as m e a n v a l u e s o f jag A O . h r * . m g p r o t * s . e 

http://AO.hr
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o f BSA i n r e a c t i o n m e d i u m I t o g i v e m e d i u m I I , h a d n o 

s i g n i f i c a n t e f f e c t o n a n y o f t h e p a r a m e t e r s m e a s u r e d , 

as c o m p a r e d t o t h e v a l u e s o b t a i n e d i n m e d i u m 

I CP > 0- 05 ) . 

2 + 

M e d i u m I I I h o w e v e r , w h i c h c o n t a i n e d n o M g 

n o r E D T A , a n d h a d a r a i s e d K + c o n c e n t r a t i o n o f 

154 m M , w a s l e s s g o o d a m e d i u m f o r s a r c o s o m a l 

r e s p i r a t i o n w i t h a - g l y c e r o p h o s p h a t e . W h i l s t s u b s t r a t e 

r a t e o x i d a t i o n w a s 3 8 . 9 1 ug A O . h r * . m g p r o t . I n 

c o n t r a s t t o 3 6 . 0 1 a n d 3 7 . 1 0 ug A o . h r \ m g p r o t . 1 

f o r m e d i a I a n d I I , r e s p e c t i v e l y . T h e s t a t e I I I 

r e s p i r a t i o n w a s h o w e v e r r e d u c e d t o 5 8 . 48 lig A 0 . h r } 

m g p r o t . * f r o m a b o u t 80 jug A 0 . h r ^. m g p r o t . 1 i n 

m e d i a I a n d I I . T h i s o f c o u r s e r e s u l t e d I n a 

s i g n i f i c a n t l y p o o r e r v a l u e f o r R C 1 o f o n l y 1.5 ( p < 0 . 0 1 ) . 

T h e w e a k e r c o u p l i n g w a s a l s o o b v i o u s f r o m t h e m e a n v a l u e s 

o b t a i n e d f o r A D P :0 o f o n l y 1 . 3 3 , w h i c h w a s s u b s t a n t i a l l y 

l o w e r t h a n t h e v a l u e s f o u n d w h e n m e d i a I a n d I I w e r e 

u s e d (p < 0 . 01 ) . 

R e a c t i o n m e d i u m I V i s t h e s a m e as m e d i u m I I I , 

e x c e p t t h a t i t c o n t a i n s I m M E D T A . T h i s m e d i u m 

h a s e v e n g r e a t e r d e l e t e r i o u s e f f e c t o n a - g l y c e r o p h o s p h a t e 

r e s p i r a t i o n . A l l t h e p a r a m e t e r s m e a s u r e d , s u b s t r a t e 

r a t e ( p < 0 . 0 1 ) , s t a t e I I I ( p ^ O . 0 1 ) , R C 1 ( p < 0 . 01 ) a n d 

http://A0.hr
http://A0.hr
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A D P :0 ( p ^ O . O l ) w e r e s i g n i f i c a n t l y l o w e r t h a n i n 

e i t h e r m e d i u m I o r I I . M e a n o x i d a t i o n r a t e s , 1 2 . 5 5 

( f o r s u b s t r a t e r a t e ) a n d 2 1 . 6 ( f o r s t a t e I I I ) w e r e a l s o 

d r a m a t i c a l l y l o w e r t h a n w h e n t h e s a r c o s o m e s w e r e 

r e s p i r i n g i n m e d i u m I I I . 

B . P y r u v a t e a n d p r o l i n e d e p e n d e n t r e s p i r a t i o n 

I t m u s t be p o i n t e d o u t t h a t f o r p y r u v a t e a n d 

p r o l i n e s t a t e I v r e s p i r a t i o n i s a l s o r e f e r r e d t o as 

' s u b s t r a t e r a t e 1 . 

A s c a n be s e e n f r o m T a b l e ( 3 . 2 ) , p y r u v a t e 

a n d p r o l i n e l i n k e d r e s p i r a t i o n w a s s u p p o r t e d b y 

m e d i u m I . H o w e v e r , t h e m e a n v a l u e o b t a i n e d f o r 

R C 1 w a s o n l y 3 . 0 3 + - 0 . 1 6 . T h i s w a s m a i n l y o w i n g 

t o h i g h s t a t e I V r e s p i r a t i o n , w h e r e a m e a n v a l u e o f 

1 8 . 1 6 jjg A 0 . h r m g p r o t . * w a s o b t a i n e d . N e v e r t h e l e s 

p h o s p h o r y l a t i o n , as d e t e r m i n e d f r o m A D P : 0 , w a s s t i l l 

r e l a t i v e l y g o o d , f o r a m e a n v a l u e o f 2 . 8 2 + - 0 . 04 w a s 

o b t a i n e d . 

T h e e n c l u s i o n o f B S A i n m e d i u m I , t o g i v e 

m e d i u m I I , p r o d u c e d a s i g n i f i c a n t I m p r o v e m e n t i n t h e 

m e a n R C 1 t o 3 . 7 9 ( p < _ 0 . 0 1 ) . T h i s o c c u r r e d b e c a u s e 

h i g h e r v a l u e s f o r s t a t e I I I r e s p i r a t i o n w e r e o b t a i n e d , 

6 7 . 2 9 as c o m p a r e d w i t h 5 3 . 7 0 p g A 0 . h r m g p r o t . 

http://A0.hr
http://A0.hr
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I n t h i s m e d i u m t h e m e a n A D P : 0 o b t a i n e d w a s 

2 . 6 6 * 0 . 2 3 h o w e v e r b u t w a s n o t s i g n i f i c a n t l y d i f f e r e n t 

f r o m t h e v a l u e c a l c u l a t e d f o r m e d i u m I (p"p?0.05 ) . 

M e d i u m I I I a p p e a r s t o p r o v i d e t h e b e s t 

c o n d i t i o n s o f t h e f o u r m e d i a f o r s a r c o s o m e s r e s p i r i n g 

p y r u v a t e a n d p r o l i n e . W h i l s t t h e Q 0 2 v a l u e s f o r 

s t a t e s I I I a n d I V a r e r e d u c e d a s c o m p a r e d w i t h m e d i a 

I a n d I I , i t i s s t a t e I V r e s p i r a t i o n t h a t i s m o s t a f f e c t e d . 

T h i s r e s u l t s i n s i g n i f i c a n t l y h i g h e r v a l u e s f o r t h e R C 1 

o f 9 . 47 +- 0 . 5 2 , (P = 0 . 0 0 1 ) . G o o d v a l u e s w e r e a l s o 

o b t a i n e d f o r A D P : 0 , a n d g a v e a m e a n o f 2 . 9 +- 0 . 0 5 . 

T h e i n c l u s i o n o f E D T A i n m e d i u m I V , f u r t h e r 

r e d u c e s s a r c o s o m a l Q O 2 , w i t h s t a t e I I I b e i n g t h e m o r e 

d r a m a t i c a l l y a f f e c t e d , m e a n v a l u e s o f 2 3 . 45 * 2 . 2 5 

a n d 4 8 . 69 * 5 . 86 jjg A O . h r \ m g p r o t . * w e r e 

o b t a i n e d i n m e d i a I V a n d I I I , r e s p e c t i v e l y . 

C o n s e q u e n t l y t h e m e a n R C 1 v a l u e o b t a i n e d 

i n m e d i u m I V w a s a l s o l o w e r , 7 . 0 5 * 1 as c o m p a r e d 

w i t h t h e h i g h e s t v a l u e o b t a i n e d i n m e d i u m I I I o f 

9 . 4 7 * 0 . 5 2 , t h e s e w e r e s t a t i s t i c a l l y d i f f e r e n t , 

(p < ^ 0 . 05 b u t > 0 . 0 1 ) . 

O n c e a g a i n h o w e v e r , A D P :0 w e r e l e s s a f f e c t e d 

a n d a m e a n o f 2 . 8 8 +- 0 . 04 w a s o b t a i n e d , w h i c h w a s n o t 

d i f f e r e n t f r o m t h e v a l u e d e t e r m i n e d i n m e d i u m I I I ( p > 0 . 0 5 ) . 
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D i s c u s s i o n 

X. E f f e c t o f i s o l a t i o n c o n d i t i o n s o n s a r c o s o m a l 
r e s p i r a t i o n 

T h e r e s u l t s o f m e a s u r e m e n t s o f r e s p i r a t o r y 

a c t i v i t y o f f l i g h t m u s c l e s a r c o s o m e s s h o w t h a t t h e 

a - g l y c e r o p h o s p h a t e - l i n k e d r e s p i r a t i o n i s l o w e r w h e n 

t h e s a r c o s o m e s w e r e i s o l a t e d u s i n g n a g a r s e . T w o 

f a c t o r s m u s t , t h e r e f o r e , b e t a k e n i n t o a c c o u n t . F i r s t , 

t h e c o m p o s i t i o n o f t h e i s o l a t i o n m e d i u m , w h i c h i s 

d i f f e r e n t f r o m t h a t u s e d i n t h e s t a n d a r d m e t h o d , i n 

t h a t i t c o n t a i n s S u c r o s e a n d E G T A i n s t e a d o f K C 1 a n d E D T A . 

V a n d e n B e r g h & S l a t e r ( 1 9 6 2 ) f o u n d t h a t h o u s e f l y 

s a r c o s o m e s i s o l a t e d i n K C 1 m e d i u m h a d h i g h e r r e s p i r a t o r y 

a c t i v i t i e s t h a n t h o s e i s o l a t e d i n s u c r o s e m e d i u m . 

T h i s h a s b e e n r e c e n t l y c o n f i r m e d b y S l a c k ( 1 9 7 5 ) , 

w h o c r i t i s i z e d , h o w e v e r , t h e a b i l i t y o f K C 1 m e d i u m t o 

m a i n t a i n h i g h s a r c o s o m a l a c t i v i t y a n d t o p r e v e n t l o s s 

o f e n d o g e n o u s m a t e r i a l d u r i n g s t o r a g e . S t e v e n s o n ( 1 9 6 8 ) 

p o i n t e d o u t , t h a t s w e l l i n g w a s o b s e r v e d i n E . M . i n 

m i t o c h o n d r i a i s o l a t e d i n a K C l - m e d i u m , as c o m p a r e d 

w i t h a s u c r o s e m e d i u m , i f E D T A ( I m M ) w a s i n c l u d e d . 

T h i s i s i n a c c o r d w i t h t h e o b s e r v a t i o n m a d e b y A z z o n e 

2 + 
& A z z i ( 1 9 6 6 ) , t h a t t h e r e m o v a l o f M g i o n s f r o m a n 

+ + 
i o n i c K m e d i u m p r o m o t e s K u p t a k e i n t o t h e m i t o c h o n d r i a . 

N e v e r t h e l e s s , m a n y w o r k e r s h a v e r e p o r t e d r e s u l t s i n 
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f a v o u r o f i o n i c r a t h e r t h a n a s u c r o s e i s o l a t i o n m e d i u m . 

G a m b l e & G a r t i d ( 1 9 7 0 ) s h o w e d t h a t t h e e n t r a n c e o f 

s u c r o s e i n t o t h e m a t r i x i s b a l a n c e d b y l o s s o f K + 

a n d i n o r g a n i c p h o s p h a t e . V a n D a m & T s o u ( 1 9 6 8 ) 

p r o p o s e d t h a t a d i s c h a r g e o f t h e K + g r a d i e n t w o u l d l e a d 

t o i n h i b i t i o n o f s u b s t r a t e t r a n s l o c a t i o n - t h e s a m e w a s 

s u g g e s t e d b y A t s m o n & D a v i s ( 1 9 6 7 ) a n d K l e i n & N e f f 

( 1 9 6 0 ) . F u r t h e r m o r e t h e r e s u l t s r e p o r t e d b y P a c k e r , 

P o l l a k , M u n n & G r e v i l l e ( 1 9 7 1 ) r e v e a l t h e p o s s i b i l i t y 

t h a t h i g h o s m o l a r i t y o f s u c r o s e m a y h a v e a d i r e c t l y 

i n j u r i o u s e f f e c t o n m e m b r a n e s i t e s t h r o u g h a n i n i t i a l 

d e h y d r a t i o n , r e s u l t i n g i n s w e l l i n g c a u s e d b y a l t e r a t i o n 

i n m e m b r a n e c o n f i g u r a t i o n . T h e i n v o l v e m e n t o f H + 

i n t h e i n t e r a c t i o n b e t w e e n p o t a s s i u m a n d s u c r o s e w a s 

p r o p o s e d b y G e a r & L e h n i n g e r ( 1 9 6 8 ) t h a t s a l t - f r e e 

m i t o c h o n d r i a t r a n s f e r r e d t o a n i o n i c m e d i u m , w i l l 

e x h i b i t a p o t a s s i u m i n - h y d r o g e n - o u t e x c h a n g e , w h e r e a s 

t h e e x c h a n g e w o u l d o c c u r i n t h e o p p o s i t e d i r e c t i o n i f 

s a l t - c o n t a i n i n g m i t o c h o n d r i a a r e t r a n s f e r r e d t o a s u c r o s e 

m e d i u m a n d , c o n s e q u e n t l y , t h e m i t o c h o n d r i a w o u l d 

e x p e r i e n c e b o t h a n anion e f f l u x t h r o u g h l o s s o f b i n d i n g 

s i t e s , a n d u n c o u p l i n g t h r o u g h p r o t o n u p t a k e . T h e r o l e 

2 + 

o f Ca i n t h e s e p r o c e s s e s w i l l b e d e a l t w i t h s e p a r a t e l y 

( s e e C h a p t e r 6 ) . 
S e c o n d l y n a g a r s e i t s e l f m i g h t a l t e r s o m e o f t h e 
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p r o p e r t i e s o f t h e s a r c o s o m a l me m b r a n e ( s ) , s i n c e s o m e 
e v i d e n c e a l r e a d y e x i s t s t h a t n a g a r s e m a y c a u s e a 
l e a k a g e o f e n d o g e n o u s t r i c a r b o x y l i c a c i d c y c l e 
i n t e r m e d i a t e s a n d m a y e v e n i n a c t i v a t e t h e i n n e r 
m e m b r a n e c a r r i e r ( C h a p p e l l & H a n s f o r d , 1 9 7 2 ) . I n 
a d d i t i o n , t h e p o s s i b i l i t y t h a t m e c h a n i c a l d a m a g e o c c u r s 
d u r i n g h o m o g e n i z a t i o n c a n n o t b e r u l e d o u t . H o m o g e n i z a t i o n 
i s n e c e s s a r y , f o r w i t h o u t i t n a g a r s e a c t i o n w a s f o u n d t o 
b e u n s a t i s f a c t o r i l y s l o w , a n d o x i d a t i v e l e v e l s o f n a g a r s e 
p r e p a r e d s a r c o s o m e s w e r e s l i g h t l y i n h i b i t e d ( S l a c k , 1975 ) . 

P y r u v a t e - 1 i n k e d r e s p i r a t i o n , o n t h e o t h e r h a n d , 

w a s a f f e c t e d m u c h l e s s b y t h e i s o l a t i o n t e c h n i q u e . I t 

i s p o s s i b l e t h a t t h e c o m p o s i t i o n o f t h e r e a c t i o n m e d i u m , 

w h i c h w a s d i f f e r e n t f r o m t h a t u s e d f o r a - g l y c e r o p h o s p h a t e -

s u p p o r t e d r e s p i r a t i o n ( s e e l a t e r ) , m a y h a v e r e s t o r e d 

a n y l o s s o f r e s p i r a t o r y a c t i v i t y c a u s e d b y t h e n a g a r s e 

i s o l a t i o n p r o c e d u r e . O n t h e o t h e r h a n d , t h e p o s s i b i l i t y 

t h a t n a g a r s e i t s e l f o r , i n c o m b i n a t i o n w i t h h o m o g e n i z a t i o n , 

d e l e t e r i o u s l y a l t e r s s a r c o s o m a l m e m b r a n e s , d o e s n o t 

a p p e a r t o h a v e a f f e c t e d t h e p y r u v a t e + p r o l i n e r e s p i r a t i o n . 

R e c e n t l y , B u r s e l l ( 1 9 7 5 ) r e p o r t e d a n e w m e t h o d 

f o r i s o l a t i n g f l i g h t m u s c l e s a r c o s o m e s w i t h h i g h 

r e s p i r a t o r y a c t i v i t y . T h i s m e t h o d i n v o l v e d t h e u s e o f 

t h e p o t a s s i u m s a l t o f D - a s p a r t a t e i n t h e i s o l a t i o n m e d i u m t o 

r e p l a c e K C 1 o r s u c r o s e as a n o s m oe f f e c t o r . T h e r e a s ­

o n i n g b e h i n d t h e u s e o f a s p a r t a t e w a s t o p r o v i d e a n i s o l a t i o n 



- 5 0 -

m e d i u m o f a m o r e p h y s i o l o g i c a l n a t u r e . H o w e v e r , 20 m M 

s u c r o s e w a s i n c l u d e d i n a s e c o n d m e d i u m , u s e d f o r 

w a s h i n g t h e s a r c o s o m e s . S h o r t l y a f t e r w a r d s , S l a c k & 

B u r s e l l ( 1 9 7 6 a ) , r e p o r t e d a n i s o l a t i o n m e d i u m t h a t 

2 + 2 + 
c o n t a i n e d C a i n a d d i t i o n t o M g , t h e s a r c o s o m e s w e r e 

w a s h e d i n a 40 m M s u c r o s e m e d i u m , a n d f i n a l l y r e s u s -

p e n d e d ( s t o r e d ) i n a 0 . 3 2 M s u c r o s e s o l u t i o n , c o n t a i n i n g , 

2 + 

a m o n g s t o t h e r c o n s t i t u e n t s , l o w c o n c e n t r a t i o n o f M g 

M o r e r e c e n t l y , S l a c k & B u r s e l l ( 1 9 7 7 ) r e p o r t e d w o r k o n 

b l o w f l y f l i g h t m u s c l e m i t o c h o n d r i a , w h i c h h a v e b e e n 

i s o l a t e d , s t o r e d a n d a s s a y e d i n m e d i a c o n t a i n i n g 0 . 2 5 M 

s u c r o s e , o r 0 . 1 6 M p o t a s s i u m a s p a r t a t e . W h y t h e 

a u t h o r s u s e d t h e r e a g e n t s t h e y d i d , i n d i f f e r e n t c o n c e n t ­

r a t i o n s f r o m t i m e t o t i m e i s n o t a l w a y s m a d e c l e a r b y 

t h e m . 

O n e f e a t u r e o f t h e i r p r o c e d u r e s i s t h e l a r g e f a l l 

i n R C 1 v a l u e s , d u r i n g r e p e a t e d a s s a y s , f r o m t h e v e r y 

h i g h i n i t i a l v a l u e s t h e y o b t a i n e d . T h i s a p p e a r s t o b e 

c a u s e d b y m a r k e d i n c r e a s e s i n s t a t e I V r e s p i r a t i o n w i t h 

e a c h s u c c e s s i v e a d d i t i o n o f A D P ( B u r s e l l & S l a c k 1 9 7 6 ) . 

F r o m t h e r e s u l t s p r e s e n t e d i n T a b l e ( 3 . 1 ) , i t i s 

c l e a r t h a t p y r u v a t e - l i n k e d o x i d a t i v e p h o s p h o r y l a t i o n i s 

o n l y p a r t i a l l y a f f e c t e d b y t h e r m a l l y i n d u c e d c h a n g e s i n 

f l i g h t m u s c l e s a r c o s o m e s . 
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I t i s w e l l e s t a b l i s h e d t h a t e x p o s i n g a n a n i m a l 

t o l e t h a l h e a t t r e a t m e n t s c a u s e s a d e c l i n e i n o x y g e n 

c o n s u m p t i o n o f t h e i n t a c t a n i m a l as w e l l a s i t s 

i s o l a t e d t i s s u e s . T h i s h a s b e e n d e m o n s t r a t e d i n 

b l o w f l y l a r v a e ( F r a e n k e l & H e r f o r d , 1 9 4 0 ) , A r i a n t a 

a r b u s t o r u m ( G r a i n g e r , 1 9 6 9 ) . 

D a v i s o n ( 1 9 7 0 ) c o n s i d e r e d t h e d e c l i n e i n 

o x i d a t i v e p h o s p h o r y l a t i o n o f s a r c o s o m e s i s o l a t e d f r o m 

h e a t t r e a t e d b l o w f l i e s t o b e t o o m a s s i v e t o be d u e 

t o i s o l a t i o n p r o c e d u r e a l o n e . 

M o r e o v e r , i t i s o f p a r t i c u l a r i n t e r e s t t h a t 

s o m e m e a s u r e o f c o u p l i n g i s s t i l l d e m o n s t r a b l e i n 

s a r c o s o m e s i s o l a t e d f r o m h e a t t r e a t e d a d u l t s , w h e n 

u s i n g s u b s t r a t e s o t h e r t h a n a-glycerophosphate. T h i s 

p h e n o m e n o n h a s b e e n a l s o o b s e r v e d b y D a v i s o n ( 1 9 7 0 ) , 

w h o p r o p o s e d s o m e f a c t o r s t o b e t a k e n i n t o a c c o u n t , s u c h 

as a l t e r e d p e r m e a b i l i t y o f s a r c o s o m a l m e m b r a n e s , 

d i s t u r b e d d i v a l e n t c a t i o n s d i s t r i b u t i o n , r e l e a s e o f 

e n d o g e n o u s u n c o u p l e r s , a n d / o r t h e r m a l i n a c t i v a t i o n o f 

r e s p i r a t o r y e n z y m e ( s ) . 

A n a l y s i n g t h e s e f a c t o r s , i t a p p e a r s t h a t s o m e 

m e a s u r e o f a l t e r e d m e m b r a n e p e r m e a b i l i t y h a s o c c u r r e d . 

T h i s h a s b e e n s h o w n e l e c t r o n m i c r o s c o p i c a l l y as g r o s s l y 

s w o l l e n s a r c o s o m e s i n t h e p r e s e n c e o f a - g l y c e r o p h o s p h a t e , 
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b u t n o t p y r u v a t e ( s e e C h a p t e r 8 ) . P e r h a p s t h e d i f f e r e n c e 

i n c o n c e n t r a t i o n b e t w e e n t h e t w o s u b s t r a t e s m a y a c c o u n t 

i n p a r t a t l e a s t f o r t h e d i f f e r e n c e s i n t h e d e g r e e o f 

s w e l l i n g ( f o r d e t a i l s e e C h a p t e r 8 ) . D a v i s o n ( 1 9 7 0 ) 

i n t e r p r e t e d i n c r e a s e d s u c c i n a t e o x i d a t i o n r a t e s i n 

s a r c o s o m e s i s o l a t e d f r o m h e a t t r e a t e d f l i e s o n t h e 

g r o u n d s o f a l t e r e d m e m b r a n a p e r m e a b i l i t y , r e s u l t i n g 

i n m o r e s u c c i n a t e p e n e t r a t i n g t h e m e m b r a n e , a l l o w i n g i t s 

o x i d a t i o n b y t h e c i t r i c a c i d c y c l e . T h e i n c r e a s e d 

p y r u v a t e o x i d a t i o n r a t e ( s t a t e I V ) o b s e r v e d i n t h e p r e s e n t 

s t u d y m i g h t a l s o b e a c c o u n t e d f o r i n t h i s w a y , a l t h o u g h 

D a v i s o n ( 1 9 7 0 ) f o u n d t h a t p y r u v a t e o x i d a t i o n p r i o r t o t h e 

a d d i t i o n o f A D P w a s s l i g h t l y d e p r e s s e d . T h e d i f f e r e n c e 

i n p y r u v a t e c o n c e n t r a t i o n ( 2 4 m M ) a n d t h e n a t u r e o f 

t h e p r i m e r (8 m M m a l a t e ) , a s c o m p a r e d w i t h 2 . 5 m M 

p y r u v a t e a n d 2 . 5 m M p r o l i n e u s e d i n t h e p r e s e n t s t u d y , 

m a y a c c o u n t f o r t h e d i s c r e p a n c y r e c o r d e d . H o w e v e r , 

a s i m i l a r d e c l i n e i n p y r u v a t e o x i d a t i o n i n t o t a l a b s e n c e 

o f A D P h a s a l s o b e e n o b s e r v e d i n t h i s s t u d y , w h i c h w i l l 

b e d i s c u s s e d l a t e r ( s e e C h a p t e r 7 ) . 

O n t h e o t h e r h a n d , a l t e r e d m e m b r a n e p e r m e a b i l i t y 

c a n n o t e x p l a i n d e p r e s s e d a - g l y c e r o p h o s p h a t e o x i d a t i o n b y 

s a r c o s o m e s i s o l a t e d f r o m h e a t t r e a t e d f l i e s , s i n c e t h i s 

s u b s t r a t e d o e s n o t h a v e t o be t r a n s l o c a t e d a c r o s s t h e 



53 -

i n n e r m e m b r a n e t o b e o x i d i s e d ( K l i n g e n b e r g & B u c h h o l z , 

1 9 7 0 ) . T h i s h a s b e e n f u l l y d i s c u s s e d e l s e w h e r e i n t h i s 

s t u d y ( s e e C h a p t e r 6 ) . 

A s i m i l a r d i f f e r e n t i a l s e n s i t i v i t y o f t h e s e t w o 

s y s t e m s ( a - g l y c e r o p h o s p h a t e a n d p y r u v a t e ) h a s b e e n 

d e m o n s t r a t e d b y o t h e r w o r k e r s . V a n d e n B e r g h & 

S l a t e r ( 1 9 6 2 ) h a v e s h o w n t h a t p y r u v a t e o x i d a t i o n w a s n o t 

a s d r a s t i c a l l y r e d u c e d b y s o n i c a t i o n a s ^ - g l y c e r o p h o s p h a t e 

o x i d a t i o n i n M u s c a d o m e s t i c a f l i g h t m u s c l e s a r c o s o m e s . 

F u r t h e r m o r e , T r i b e & A s h h u r s t ( 1 9 7 2 ) r e p o r t e d u n c o u p l i n g 

o f s a r c o s o m e s a s s o c i a t e d w i t h a g e , w h e n a - g l y c e r o p h o s -

p h a t e w a s u s e d as s u b s t r a t e ; t h i s w a s l e s s m a r k e d w h e n 

p y r u v a t e w a s t h e s u b s t r a t e . 

T h e s e c o n d p o s s i b l e f a c t o r i n h e a t i n j u r y , 

s u g g e s t e d b y D a v i s o n ( 1 9 7 0 ) , i s t h e d i s t u r b a n c e o f d i v a l e n t 

c a t i o n s d i s t r i b u t i o n . I n t h i s c o n t e x t W e h r l e , J u r k o w i t z , 

S c o t t & B r i e r l y , ( 1 9 7 6 ) h a v e r e c e n t l y r e p o r t e d t h a t s w o l l e n 

b e e f h e a r t m i t o c h o n d r i a p e r m i t E D T A t o e n t e r t h e m a t r i x , 

2 + 
r e s u l t i n g i n a 90 p e r c e n t r e d u c t i o n i n m i t o c h o n d r i a l M g , 

t h i s , i n t u r n , a l t e r s t h e m e m b r a n e p e r m e a b i l i t y t o 

2 + 

m o n o v a l e n t c a t i o n s . A l t h o u g h M g i s p r e s e n t l y i n c l u d e d 

i n t h e r e a c t i o n m e d i u m , i t i s n o t c e r t a i n t h a t i t c a n g a i n 

a c c e s s t o t h e m a t r i x t o r e p l a c e t h e l o s s i n i n t r a m i t o -
2 + 2 + 

c h o n d r i a l M g . I n t h i s r e g a r d , Ca s h o u l d n o t i n t e r f e r e 

s i n c e i t s a l l o s t e r i c e f f e c t i s n o t a p p l i c a b l e a t a - g l y c e r o -
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p h o s p h a t e c o n c e n t r a t i o n s as h i g h as 33 m M , u s e d i n t h e 

p r e s e n t s t u d y , u n l e s s s o m e t h e r m a l l y i n d u c e d c h a n g e s 

i n t h e m i t o c h o n d r i o n h a v e a l t e r e d t h i s c h a r a c t e r i s t i c 

( s e e C h a p t e r 6 ) . 

T h e t h i r d p o s s i b l e f a c t o r i s t h e r e l e a s e o f 

e n d o g e n o u s u n c o u p l e r s . T h e s e a r e l o n g c h a i n f a t t y 

a c i d s ( L e w i s & F o w l e r , 1 9 6 0 ; W o j t c z a k & W o j t c z a k , 

1 9 6 0 ) , w h i c h c a n be e f f e c t i v e l y r e m o v e d b y B S A ( S a c k t o r 

e t a l . 1 9 5 8 , W o j t c z a k & W o j t c z a k , 1 9 6 0 ) . D a v i s o n Q 9 7 0 ) 

t e s t e d t h e e f f e c t o f B S A o n s a r c o s o m e s i s o l a t e d f r o m 

h e a t t r e a t e d f l i e s i n p r e s e n c e a n d a b s e n c e o f B S A , b u t 

t h e r e w a s n o d i f f e r e n c e . H o w e v e r , t h r o u g h o u t t h i s 

s t u d y B S A w a s i n c l u d e d e i t h e r i n t h e i s o l a t i o n o r i n t h e 

r e a c t i o n m e d i u m ( s e e C h a p t e r s 2 a n d 3 ) . N e v e r t h e l e s s , 

i t i s q u i t e p o s s i b l e t h a t h e a t t r e a t m e n t m a y c a u s e t h e 

r e l e a s e o f a n e n d o g e n o u s u n c o u p l e r o f a d i f f e r e n t n a t u r e 

t h a t i s n o t r e m o v a b l e b y B S A , a n d s p e c i f i c a l l y u n c o u p l e s 

a - g l y c e r o p h o s p h a t e - l i n k e d o x i d a t i v e p h o s p h o r y l a t i o n . 

R o g e r s & H i g g i n s ( 1 9 7 6 ) , h a v e r e c e n t l y r e p o r t e d t h a t , 

i n r a t l i v e r m i t o c h o n d r i a , t h e a c t i o n o f a n i n h i b i t o r 

d e p e n d s u p o n t h e n a t u r e o f t h e r e c e p t o r s i t e f o r i n h i b i t i o n , 

w h e t h e r l i p o p h i l i c o r h y d r o p h i l i c . I n t e r e s t i n g l y e n o u g h , 

t h e y f o u n d n o t o n l y t h a t t h e d i f f e r e n t l y l i n k e d d e h y d r o ­

g e n a s e s o f t h e o x i d a t i v e p h o s p h o r y l a t i o n s y s t e m r e s p o n d 

d i f f e r e n t l y t o i n h i b i t i o n , b u t a l s o t h a t d e h y d r o g e n a s e s 
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l i k e s u c c i n a t e d e h y d r o g e n a s e a n d a - G P d e h y d r o g e n a s e , 
w h i c h a r e b o t h f l a v i n - 1 i nk e d , a r e d i f f e r e n t l y i n h i b i t e d , 
u s i n g t h e s a m e i n h i b i t o r i n b o t h c a s e s . I t w a s , t h u s , 
c o n c l u d e d t h a t d e p r e s s i o n o f r e s p i r a t o r y c o n t r o l d e p e n d s 
u p o n t h e s u s c e p t i b l e s i t e , w h i c h m a y b e d i f f e r e n t f o r 
d i f f e r e n t r e s p i r a t o r y s u b s t r a t e s . T h e p o s s i b i l i t y t h a t 
r e s p i r a t o r y e n z y m e ( s ) m i g h t h a v e b e e n t h e r m a l l y i n a c t ­
i v a t e d , w i l l b e d e a l t w i t h s e p a r a t e l y a t t h e l e v e l o f 
^ - g l y c e r o p h o s p h a t e d e h y d r o g e n a s e ( s e e C h a p t e r 7 ) . 

I I . E f f e c t o f t h e r e a c t i o n c o n d i t i o n s 

I t m u s t b e p o i n t e d o u t t h a t f l i g h t m u s c l e s a r c o s o m e s , 

e m p l o y e d i n t h i s p a r t , h a v e b e e n i s o l a t e d u s i n g t h e 

s t a n d a r d m e t h o d d e s c r i b e d i n C h a p t e r ( 2 ) . 

A s m e n t i o n e d e a r l i e r o n e o f t h e p a r a m e t e r s t h a t 

m a y a l t e r t h e r e s p i r a t o r y a c t i v i t y o f t h e m i t o c h o n d r i a i s 

t h e c o m p o s i t i o n o f t h e r e a c t i o n m e d i u m ( C h e f u r k a , 1 9 6 5 ) . 

T h e r e a c t i o n m e d i a c h o s e n h a v e t w o c o n s t i t u e n t s i n c o m m o n . 

F i r s t , t h e p r e s e n c e o f a p h o s p h a t e b u f f e r , w h o s e 

c o n c e n t r a t i o n i s 3 0 m M , s i n c e t h e r e i s s o m e e v i d e n c e 

( T u l p , S t a m & V a n D a m , 1 9 7 1 ) t h a t l o w P i c o n c e n t r a t i o n 

(5 m M ) w o u l d s t r o n g l y i n h i b i t a p r o b a b l e d i c a r b o x y l i c 

a c i d t r a n s l o c a t i n g s y s t e m i n t h e f l i g h t m u s c l e s a r c o s o m e s . 

F u r t h e r m o r e , i t h a s b e e n s u g g e s t e d t h a t m i t o c h o n d r i a i n 
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t h e p r e s e n c e o f d i v a l e n t c a t i o n s , b u t a b s e n c e o f p h o s p h a t e , 
w e r e f r a g i l e ( B r i e r l e y , 1 9 6 3 ) . O n t h e o t h e r h a n d , S a c k t o r 
& H u r l b u t , ( 1 9 6 6 ) r e p o r t e d t h a t t h e o p t i m a l P i 
r e q u i r e m e n t a p p e a r e d t o be b e t w e e n 5 - 1 0 m M , m o r e o r 
l e s s a t t h e p h y s i o l o g i c a l l e v e l o f P i i n i n s e c t m u s c l e . 
T h e s e c o n d c o m m o n c o n s t i t u e n t i n t h e f o u r r e a c t i o n m e d i a 
u s e d i n t h i s s t u d y i s t h e t r i s / H C l b u f f e r s y s t e m a t a 
c o n c e n t r a t i o n o f 20 m M . I n s p i t e o f t h e w i d e c o n t r o v e r s y 
a b o u t t h e s i d e e f f e c t s o f t r i s , t h e r e i s a g e n e r a l 
a g r e e m e n t t h a t i t s i n h i b i t o r y e f f e c t s a r e o b s e r v e d o n l y 
w h e n h i g h c o n c e n t r a t i o n s a r e a p p l i e d ( S a c k t o r & C h i l d r e s s 
( 1 9 6 7 ) p o i n t e d o u t t h a t a t c o n c e n t r a t i o n s a b o v e 2 0 m M 
N A D - l i n k e d s y s t e m s s h o w e d s i g n s o f i n h i b i t i o n . 

T h e r e i s a n e x t e n s i v e l i t e r a t u r e o n t h e r e q u i r e m e n t 

f o r B S A i n m e d i a t o o b t a i n h i g h l e v e l s o f r e s p i r a t o r y 

p e r f o r m a n c e . I n s o m e c a s e s t h e r e q u i r e m e n t f o r BSA 

a p p e a r s t o be a b s o l u t e ( S a c k t o r , 1 9 5 4 ; S a c k t o r , O ' N e i l l 

& C o c h r a n , 1 9 5 8 , i n M u s c a d o m e s t i c a ; W o j t c z a k & 

Wojtczak, 1960, in w a x - m o t h l a r v a e ) . O n t h e o t h e r h a n d , 

G r e g g e t__a l« ( 1 9 6 0 ) i n h o u s e f l y , N e w b u r g h , P o t t e r 

& C h e l d e l i n , b l o w f l y l a r v a e ( 1 9 6 0 ) a n d V a n d e n B e r g h & 

S l a t e r , h o u s e f l y ( 1 9 6 2 ) r e p o r t h i g h P : 0 r a t i o s w i t h o u t 

a d d e d s e r u m a l b u m i n . T h e a p p a r e n t p r o t e c t i v e e f f e c t o f 

s e r u m a l b u m i n w a s a t t r i b u t e d b y V a n d e n B e r g h & S l a t e r 

( 1 9 6 2 ) t o " i t s c a p a c i t y t o b i n d t h e f a t t y a c i d s t h a t f o r m 
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t h e a c t i v e c o m p o n e n t . . . . o f t h e e n d o g e n o u s 

u n c o u p l i n g a g e n t , e n z y m i c a l l y " , T h e d a m a g i n g 

e f f e c t o f f r e e f a t t y a c i d s o n m i t o c h o n d r i a l s t r u c t u r e 

h a s b e e n r e c o g n i s e d b y m a n y w o r k e r s ( L e h n i n g e r , 1 9 6 2 b ; 

P r e s s m a n & L a r d y , 1 9 5 6 ; a n d B o r s t , L o o s , C h r i s t & 

S l a t e r , 1 9 6 2 ) . T h i s h a s b e e n c o n f i r m e d b y o t h e r w o r k e r s 

( K a t e s , 1 9 6 0 a n d W a i t e , S c h e r p h o f , B o s h o u w e r & V a n 

D e e n e n , 1 9 6 9 ) , w h o p o s t u l a t e d t h e i n h i b i t o r y e f f e c t 

2 + 

o f Ca t o b e d u e t o i t s c a t a l y t i c a c t i o n u p o n t h e f a t t y 

a c i d s r e l e a s i n g e n z y m e ( p h o s p h o l i p a s e ) . C h e f u r k a ( 1 9 6 6 ) 

s u g g e s t e d t h a t t h e p r o t e c t i v e e f f e c t o f s e r u m a l b u m i n l i e s 

i n i t s c a p a c i t y t o t r a p t h e f a t t y a c i d s b u t n o t t o i n h i b i t 

t h e p h o s p h o l i p a s e a c t i v i t y . 

W i t h t h e a b o v e d i s c u s s i o n i n m i n d i t w a s t h o u g h t 

n e c e s s a r y t o i n c l u d e B S A i n m e d i u m I I so t h a t i t s e f f e c t 

c o u l d be d e t e r m i n e d i n c o m p a r i s o n w i t h s a r c o s o m a l 

r e s p i r a t i o n i n m e d i u m I . A s c a n b e s e e n f r o m T a b l e 3 . 2 

s a r c o s o m e s u s e d i n t h i s s t u d y d i d n o t a p p a r e n t l y u n d e r g o 

a n y r e l e a s e o f f a t t y a c i d s , s i n c e t h e a d d i t i o n o f s e r u m 

a l b u m i n d i d n o t h a v e a n y p r o n o u n c e d e f f e c t . T h i s i s 

p a r t i c u l a r l y t h e c a s e f o r a - g l y c e r o p h o s p h a t e s u p p o r t e d 

o x i d a t i o n , h o w e v e r a s i g n i f i c a n t l y h i g h e r R C 1 w a s o b t a i n e d 

f o r p y r u v a t e a n d p r o l i n e s u p p o r t e d o x i d a t i o n , a l t h o u g h 

t h e m e a n A D P : 0 w a s l o w e r i n m e d i u m I I a s c o m p a r e d 

t o m e d i u m I . M o r e s i g n i f i c a n t l y t h e r e s p i r a t o r y 
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p e r f o r m a n c e o f s a r c o s o m e s w i t h p y r u v a t e + p r o l i n e 

as s u b s t r a t e s , i s v e r y s i g n i f i c a n t l y p o o r e r i n m e d i a 

I & I I as c o m p a r e d t o m e d i u m I I I . T h i s a r g u e s t h a t 

i t i s a r e a c t i o n m e d i u m c o n s t i t u e n t , o t h e r t h a n B S A 

w h i c h i s e i t h e r m i s s i n g o r w h e n p r e s e n t h a s a 

d e l e t e r i o u s e f f e c t . 

O n e s i g n i f i c a n t d i f f e r e n t b e t w e e n m e d i a I I I 

2 + 
a n d I & I I i s t h e o m i s s i o n o f M g , a n d a r a i s e d 

K + c o n c e n t r a t i o n . R e c e n t l y , S l a c k & B u r s e l l ( 1 9 7 6 b ) 

2+ - 5 
r e p o r t t h a t M g a t c o n c e n t r a t i o n s a b o v e 10 M 

i n c r e a s e s t a t e I V p y r u v a t e r e s p i r a t i o n i n b l o w f l y 

f l i g h t m u s c l e s a r c o s o m e s , w h i c h , t h e y c o n s i d e r , i s 

i n p a r t d u e t o a s t i m u l a t i o n o f t h e s a r c o s o m a l A T P a s e . 

T h u s i t m a y be t h a t t h e r e l a t i v e l y h i g h s t a t e I V 

o b s e r v e d w i t h p y r u v a t e - 1 i n k e d r e s p i r a t i o n I n m e d i a 

2 + 

I a n d I I , I s a t t r i b u t a b l e t o t h e p r e s e n c e o f M g 

T h i s i s r e f l e c t e d o n p a r t i a l u n c o u p l i n g , r e s u l t i n g i n 

a f a i r l y l o w R C 1 . 

E a r l i e r w o r k e r s h a v e a l s o r e p o r t e d i n t a c t 

2 + 

m u s c l e m i t o c h o n d r i a p o s s e s s a M g s e n s i t i v e A T P a s e 

z z o n e & C a r a f o l i , 1 9 6 0 ) , h o w e v e r I t I s g e n e r a l l y 

b e l i e v e d i t i s l a t e n t u n l e s s t h e m i t o c h o n d r i a a r e 

d a m a g e d , S u g a n o & N a g a l ( 1 9 7 1 ) , W a l n o ( 1 9 7 0 ) . I n d e e d , 

u n c o u p l i n g a g e n t s , s u c h as D N P , a r e k n o w n t o s t i m u l a t e 
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t h i s A T P a s e a c t i v i t y . 

2 + 

T h e r e m o v a l o f M g f r o m m e d i a I a n d I I h a s 

l i t t l e e f f e c t o n ^ - g l y c e r o p h o s p h a t e s u p p o r t e d s u b s t r a t e 

r a t e o x i d a t i o n , b u t c a u s e s a s i g n i f i c a n t f a l l i n s t a t e I I I 

r e s p i r a t i o n w i t h t h i s s u b s t r a t e . I t I s u n l i k e l y t h a t 
2 + 

t h i s i s o w i n g t o a n y r e q u i r e m e n t f o r M g f r o m t h e 

a d e n i n e n u c l e o t i d e t r a n s l o c a t i o n s y s t e m , f o r p y r u v a t e 

r e s p i r a t i o n i s a p p a r e n t l y o p t i m a l i n t h i s m e d i u m I I I . 

2 + 

One m u s t c o n c l u d e , t h e r e f o r e , t h a t w h i l s t M g 

i s a r e q u i r e m e n t f o r m a x i m a l s a r c o s o m a l r e s p i r a t i o n 

p e r f o r m a n c e w i t h a-glycerophosphate , t h i s d i v a l e n t 

c a t i o n i s b e s t e x c l u d e d f r o m r e a c t i o n m e d i a w h e n p y r u v a t e 

a n d p r o l i n e a r e b e i n g r e s p i r e d . 

I t i s p o s s i b l e , t h a t t h i s d i f f e r e n t i a l e f f e c t r e s u l t s 

f r o m a n i n t e r a c t i o n o f e f f e c t s b e t w e e n t h e a b s e n c e o f 

d i v a l e n t , a n d i n c r e a s e d l e v e l s o f m o n o v a l e n t c a t i o n s . 
2 + 

A z z o n e & A z z i ( 1 9 6 6 ) s u g g e s t e d t h a t M g 
s t a b i l i z e s t h e p e r m e a b i l i t y o f m i t o c h o n d r i a l m e m b r a n e s 

+ 2 + 
t o K , s u c h t h a t a t l o w M g , p o t a s s i u m p e n e t r a t i o n 

w o u l d b e i n c r e a s e d . I t i s h o w e v e r d i f f i c u l t t o s e e w h y a n y 

d i f f e r e n t i a l e f f e c t o n t h e p h o s p h o r y l a t i n g s y s t e m s s h o u l d 

o c c u r , i f K + e n t r y i s a c t i n g b y i n t e r f e r e n c e w i t h t h e 

p r o t o n g r a d i e n t , a n d s o a f f e c t i n g c o u p l i n g ( M i t c h e l l & 

M o y l e , 1 9 6 9 ) . 
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C H A P T E R F O U R 
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R E C O V E R Y OF T H E B L O W F L Y , C A L L I P H O R A 

V I C I N A , F R O M H E A T I N J U R Y 

I n t r o d u c t i o n : 

T h e r a t i o n a l e b e h i n d t h e w o r k d e a l t w i t h i n 

t h i s C h a p t e r c o n c e r n s t h e r e a s o n a b l e a s s u m p t i o n t h a t 

t h e s t u d y o f r e c o v e r y f r o m a s u b l e t h a l ( L . D . Q ) o r 

L . D . g Q e x p o s u r e m i g h t g i v e a n i n s i g h t t o t h e n a t u r e 

o f t h e d a m a g e c a u s e d b y t h e h e a t t r e a t m e n t , a n d t h u s 

t h e c e l l u l a r r e p a i r m e c h a n i s m s . T o t h i s e n d t w o 

t y p e s o f e x p e r i m e n t s w e r e p l a n n e d . 1 . ' S p l i t - d o s e ' 

e x p e r i m e n t s a n d 2 . t h e t e m p e r a t u r e d e p e n d e n c y o f 

r e c o v e r y p r o c e s s . 

S p l i t - d o s e e x p e r i m e n t s h a v e b e e n w i d e l y u s e d 

I n t h e s t u d y o f i r r a d i a t i o n d a m a g e , i n i n s e c t s , as w e l l 

as i n r e p r e s e n t a t i v e s o f o t h e r p h y l a , f o r a r e c e n t 

r e v i e w o f t h i s w o r k o n i n s e c t s s e e R o c k s t e i n & M i g u e l 

( 1 9 7 3 ) . T h e e s s e n c e o f s u c h e x p e r i m e n t s w a s t o c o m p a r e 

t h e d a m a g i n g e f f e c t o f a p a r t i c u l a r d o s e o f X ~ i r r a d i a t i o n 

g i v e n as a s i n g l e d o s e o r as t w o a p p l i c a t i o n s s e p a r a t e d 

b y a s h o r t t i m e i n t e r v a l . S u c h w o r k h a s p r o v i d e d 

v a l u a b l e i n f o r m a t i o n o n t h e p e r m a n e n t a n d t e m p o r a r y 

n a t u r e o f i r r a d i a t i o n d a m a g e , s e e B a x t e r & B l a i r ( 1 9 6 9 ) 

a n d W e b b , H o l l i n g s w o r t h , M i l l & D a v l e s ( 1 9 7 6 ) . F e w 
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s i m i l a r s t u d i e s a r e r e p o r t e d i n the f i e l d of hea t i n j u r y . 

T h e w o r k of K a l l m a n (1963 ) and K v u u r , N e l s o n , 

F r e y & M c G a n n (1972) on c e l l s i n c u l t u r e i s p e r t i n e n t . 

T h e s e w o r k e r s c l e a r l y s h o w e d t h a t e x p o s u r e of c e l l 

l i n e s to s u b - o p t i m a l t e m p e r a t u r e s c a u s e s s u b - l e t h a l 

i n j u r y t h a t c an a c c u m u l a t e w i t h d o s e . T h e i r d a t a a l s o 

r e v e a l e d h o w e v e r s u c h d a m a g e can be r e p a i r e d . 

On the o t h e r h a n d , G e r n e r & S c h n e i d e r ( 1 9 7 5 ) , 

w o r k i n g w i t h H e l a c e l l s i n t e r p r e t e d t h e i r d a t a as s h o w i n g 

s u b - l e t h a l h e a t d a m a g e d i d n o t a c c u m u l a t e , t h i s 

i n t e r p r e t a t i o n c o n t r a s t s w i t h t h a t o f P a l z e r & H e i d e l b e r g e r 

(1973) who c o n c l u d e d H e l a c e l l s w e r e c a p a b l e o f r e p a i r o f 

s u b l e t h a l h e a t d a m a g e . 

T h e s e c o n d a p p r o a c h has b e e n to s t u d y the e f f e c t 

of t e m p e r a t u r e on the r a t e of r e p a i r o f a s t a n d a r d 

a p p l i c a t i o n o f h e a t . D a v i s o n & B o w l e r (1971) i n an e a r l i e r 

s t u d y on t h i s s t o c k of a n i m a l s s h o w e d t h a t r e p a i r o f 

hea t d a m a g e r e s u l t i n g f r o m an L . D . q e x p o s u r e r e q u i r e d 

48 h o u r s at 2 4 ° C . I t was no t c l e a r w h e t h e r t h i s p r o c e s s 

was t e m p e r a t u r e s e n s i t i v e , and c o n s e q u e n t l y w h e t h e r the 

r e p a i r o f hea t d a m a g e r e q u i r e d a c t i v e c e l l u l a r m e t a b o l i s m . 

Few s i m i l a r s t u d i e s have been c a r r i e d o u t on o r g a n i s m s , 

and p e r h a p s o n l y t he w o r k on m i c r o o r g a n i s m s i s r e a l l y 

p e r t i n e n t to t h i s p r o b l e m . C h r i s t o p h e r s e n (1973) 
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s u m m a r i s e s t h i s w o r k i n an e x t e n s i v e r e v i e w . Sub­

l e t h a l d a m a g e m o s t c o m m o n l y i s seen as a d e l a y i n 

m u l t i p l i c a t i o n ( P o s t g a t e & H u n t e r , 1963) and r e c o v e r y 

i s r e p o r t e d to r e q u i r e n u t r i e n t s u p p l e m e n t a t i o n of the 

g r o w t h m e d i u m ( C l a r k & O r d a l , 1 9 6 9 ) . H e i n m e n t s (1960) 

and I a n d o l a & O r d a l (1966) a m o n g s t o t h e r s s u g g e s t 

r e p a i r of sub l e t h a l d a m a g e r e q u i r e s e n z y m a t i c a c t i v i t y . 

S i m i l a r w o r k on m u l t i c e l l u l a r o r g a n i s m s has 

been h i n d e r e d by the l a c k of s u i t a b l e c r i t e r i a f o r 

e s t a b l i s h i n g t h a t c e l l u l a r s t r u c t u r e s have been d a m a g e d 

as a r e s u l t of hea t t r e a t m e n t . D a v i s o n & B o w l e r (1971) 

have c l e a r l y d e m o n s t r a t e d a good c o r r e l a t i o n e x i s t s i n 

C a l l i p h o r a e r y t h r o c e p h e l a b e t w e e n o r g a n i s m hea t d e a t h 

and d a m a g e to f l i g h t m u s c l e s a r c o s o m e s . I n d e e d i t 

i s the r e t u r n of s a r c o s o m a l e f f i c i e n c y to the l e v e l s 

o b t a i n i n g i n c o n t r o l f l i e s t h a t i s u sed as the i n d e x o f 

r e p a i r i n t h i s s t u d y . 

M a t e r i a l s and M e t h o d s 

A . G e n e r a l m e t h o d s 

T h e f l i e s u s e d w e r e r e a r e d and m a i n t a i n e d 

( 2 4 ° C t h r o u g h o u t ) a c c o r d i n g to the m e t h o d s t a t e d i n 

C h a p t e r 2 of t h i s t h e s i s . T h e h e a t i n g a p p a r a t u s , and 

a p p l i c a t i o n of hea t t r e a t m e n t have a l s o been d e s c r i b e d 
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i n C h a p t e r 2 . D u r i n g r e c o v e r y the f l i e s w e r e h o u s e d 

i n s m a l l c a g e s 22 c m x 22 c m x 22 c m c o n s t r u c t e d 

f r o m c o m m e r c i a l b i s c u i t t i n s w i t h t h r e e s i d e s r e m o v e d . 

T w o s i d e s w e r e c o v e r e d w i t h p o l y g l a z e , and the t h i r d 

had a m u s l i n s l e e v e a t t a c h e d . 

B. S p l i t - d o s e e x p e r i m e n t s 

960 a d u l t m a l e , 10 day o l d , b l o w f l i e s w e r e 

used i n t h i s s t u d y . The hea t dose g i v e n was 4 1 ° C f o r 

40 m i n . , t h i s b e i n g s l i g h t l y g r e a t e r t h a n the L . D . 5 0 

p o i n t f o r t h i s aged f l y r e a r e d and m a i n t a i n e d at 2 4 ° C , 

D a v i s o n ( 1 9 6 9 ) . T h e f l i e s w e r e u s e d i n g r o u p s of 80 

i n d i v i d u a l s , t e n o f w h i c h r e c e i v e d the hea t t r e a t m e n t 

as a s i n g l e d o s e . T h e r e m a i n d e r w e r e e x p o s e d f o r 

20 m i n . a t 4 1 ° C , f o l l o w e d by a p e r i o d a t 2 4 ° C , a f t e r 

w h i c h t h e y r e c e i v e d a f u r t h e r 20 m i n e x p o s u r e at 

4 1 ° C . T h e t i m e i n t e r v a l s b e t w e e n the s p l i t - d o s e s w e r e 

1 0 , 2 0 , 4 0 , 8 0 m i n . and 4 , 6 and 12 h o u r s . T h e r e m a i n i n g 

f l i e s w e r e r a n d o m l y s e l e c t e d f o r t h e s e s p l i t - d o s e 

p e r i o d s . F o l l o w i n g the c o m p l e t i o n of the h e a t i n g s the 

f l i e s w e r e r e t u r n e d to 2 4 ° C to r e c o v e r . 

P r e v i o u s w o r k by D a v i s o n & B o w l e r (1971) have 

s h o w n t h a t t h o s e f l i e s t h a t w i l l r e c o v e r do so w i t h i n 

2 d a y s at 2 4 ° C . L i f e t a b l e w o r k on the same s t o c k of 
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f i l e s has s h o w n f e w d e a t h s o c c u r n a t u r a l l y up to 20 d a y s 

o l d , T r i b e ( 1 9 6 6 ) . T h u s the c o m p l i c a t i o n of n a t u r a l 

d e a t h o c c u r r i n g d u r i n g the e x p e r i m e n t a l p e r i o d can be 

i g n o r e d . T h e e x p e r i m e n t was r e p e a t e d on 12 s e p a r a t e 

o c c a s i o n s and the n u m b e r s d y i n g at e a c h t r i a l w e r e 

s c o r e d and p o o l e d . T h e d a t a w e r e s u b j e c t e d to an 

a n a l y s i s of v a r i a n c e and the r e s u l t s a r e s h o w n i n 

T a b l e ( 4 . 1 ) and F i g u r e ( 4 . 1 ) . 

C. T e m p e r a t u r e - d e p e n d e n c e o f r e c o v e r y 

I n t h e s e e x p e r i m e n t s some 270 10 day o l d f i l e s 

w e r e h e a t e d t o an a p p r o x i m a t e L . D . 0 ( 4 0 ° C f o r 

40 m i n s . , D a v i s o n ( 1 9 6 9 ) . T h i r t y of t h e s e f i l e s w e r e 

t a k e n i m m e d i a t e l y f o l l o w i n g hea t t r e a t m e n t , and t h e i r 

f l i g h t m u s c l e s a r c o s o m e s i s o l a t e d as d e s c r i b e d i n 

C h a p t e r 2 . T h e r e s p i r a t o r y p e r f o r m a n c e ( Q O ^ . 

ADP : 0 r a t i o and RC1) was m e a s u r e d a l s o as d e s c r i b e d 

f u l l y i n C h a p t e r 2 . T h i s g r o u p was d e s i g n a t e d as the 

f l i e s a l l o w e d no r e c o v e r y i n T a b l e ( 4 . 2 ) . 

The r e m a i n i n g f l i e s w e r e p l a c e d a t e i t h e r 

1 5 ° +- 0 . 5 ° C , 2 4 ° +- 0 . 5 ° C o r 3 4 ° +- 0 . 5 ° C and a l l o w e d 

to r e c o v e r f r o m the hea t t r e a t m e n t . T h e t i m e d e p e n d e n c y 

o f r e c o v e r y was f o l l o w e d at e a c h t e m p e r a t u r e o f 
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r e c o v e r y by p e r i o d i c a l l y t a k i n g b a t c h e s o f 30 f l i e s , 
i s o l a t i n g the f l i g h t m i l s c l e s a r c o s o m e s and s u b s e q u e n t l y 
d e t e r m i n i n g t h e i r r e s p i r a t o r y p e r f o r m a n c e . T h e 
r e c o v e r y p e r i o d s a l l o w e d w e r e as f o l l o w s : 

A t 1 5 ° C, 2 d a y s , 4 d a y s and 6 d a y s 

A t 24 ° C , 1 day , 2 d a y s . 

A t 34 ° C , 8 h o u r s , 16 h o u r s and 24 h o u r s . 

Because the d i f f e r e n t m a i n t e n a n c e t e m p e r a t u r e s m i g h t 

a l s o c a u s e a c c l i m a t i o n c h a n g e s i n r e s p i r a t o r y p e r f o r m a n c 

c o n t r o l f l i e s w e r e p l a c e d a t 1 5 ° , 2 4 ° o r 3 4 ° C at the same 

t i m e as the e x p e r i m e n t a l f l i e s . T h e y w e r e t a k e n i n 

b a t c h e s of 30 a n i m a l s a t t he s ame t i m e i n t e r v a l s as the 

e x p e r i m e n t a l g r o u p f o r d e t e r m i n a t i o n s o f s a r c o s o m a l 

r e s p i r a t o r y p e r f o r m a n c e . 

T h i s e x p e r i m e n t was r e p e a t e d on s i x s e p a r a t e 

o c c a s i o n s , the d a t a w e r e c o m b i n e d and the mean v a l u e s 

of Q 0 2 > RC1 and ADP : 0 r a t i o s a r e p r e s e n t e d i n 

T a b l e ( 4 . 2 ) . T h e s e v a l u e s a r e p l o t t e d as a f u n c t i o n of 

r e c o v e r y p e r i o d s at e a c h t e m p e r a t u r e i n F i g s ( 4 . 2 ) , 

( 4 . 3 ) and ( 4 . 4 ) . 
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R e s u l t s 

A) Split - dose e x p e r i m e n t s 

A n a l y s i s of v a r i a n c e s h o w e d s i g n i f i c a n t v a r i a t i o n 

e x i s t e d b e t w e e n the v a r i o u s t r e a t m e n t s (P = 0 . 0 2 f o r 7 

and 86 d e g r e e s of f r e e d o m ) . T h e means o f n u m b e r s 

d y i n g , a t e a c h t r e a t m e n t , c a n t h e r e f o r e be c o m p a r e d ; 

t h e s e a r e s h o w n i n F i g . ( 4 . 1 ) i n the f o r m of a 

h i s t o g r a m . As c a n be c l e a r l y s e e n , the mean n u m b e r 

d y i n g as a r e s u l t o f a s i n g l e a p p l i c a t i o n ( c o n t r o l 

g r o u p ) was 6 . 0 * 0 . 6 2 (n = 1 2 ) , and o n l y w h e n the 

i n t e r v a l b e t w e e n the s p l i t - d o s e s was e i t h e r 6 o r 12 h o u r s , 

was s u r v i v a l s i g n i f i c a n t l y g r e a t e r t h a n i n t he c o n t r o l 

g r o u p . F o r the 6 h o u r i n t e r v a l the m e a n n u m b e r d y i n g 

was 3 . 4 5 * 0 . 7 2 (p = 0 . 0 2 ; n = 11) and f o r the 12 h o u r 

i n t e r v a l the mean n u m b e r d y i n g was 3 . 0 * 0 . 6 3 

(p = 0 . 0 1 ; n = 1 2 ) . A t the s h o r t e r t i m e i n t e r v a l s t h e n 

t he i n j u r i o u s e f f e c t o f hea t i s m e r e l y a d d i t i v e . 

B) E f f e c t of t e m p e r a t u r e on r e c o v e r y 

T h e r e s u l t s of the e f f e c t of t e m p e r a t u r e on 

r e c o v e r y f r o m hea t t r e a t m e n t a r e s h o w n i n T a b l e ( 4 . 2 ) , 

and w i l l be d e a l t w i t h i n t w o p a r t s . T h e e x p e r i m e n t a l 

g r o u p w i l l be c o n s i d e r e d f i r s t . I t m u s t be m e n t i o n e d 

t h a t i n a l l c a s e s s a r c o s o m a l r e s p i r a t o r y p e r f o r m a n c e 

was m e a s u r e d at 2 4 ° C . 



T a b l e 4 . 1 

E f f e c t o f g i v i n g an a p p r o x i m a t e 

L . D . g Q hea t t r e a t m e n t e i t h e r as 

a s i n g l e dose (40 m i n a t 4 1 ° C ) o r 

as a s p l i t - d o s e o f t w o s e p a r a t e 

20 m i n e x p o s u r e s on s u r v i v a l 

o f 10 day o l d a d u l t m a l e b l o w f l i e s . 
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F i g . 4 . 1 

M e a n n u m b e r of b l o w f l i e s d y i n g as a r e s u l t 

of the s t a t e hea t e x p o s u r e . S i n g l e - d o s e 

b l o w f l i e s r e c e i v e d a 40 m i n . e x p o s u r e at 

4 1 ° C ; the s p l i t - d o s e b l o w f l i e s r e c e i v e d a 

20 m i n e x p o s u r e at 4 1 ° C , f o l l o w e d by the 

s t a t e d p e r i o d a t 2 4 ° C b e f o r e r e c e i v i n g the 

f i n a l 20 m i n at 4 1 ° C . F l i e s w e r e h e a t e d i n 

g r o u p s o f t e n f o r e a c h t r e a t m e n t , and the 

means w e r e c o n s t r u c t e d f r o m 11 o r i n some 

c a s e s 12 r e p e a t e x p e r i m e n t s . T h e v e r t i c a l 

b a r s r e p r e s e n t one s t a n d a r d e r r o r o f the 

m e a n . 
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ike. 

A n L . D . 0 t r e a t m e n t t o ^ w h o l e o r g a n i s m has a 

m a r k e d e f f e c t on s a r c o s o m a l r e s p i r a t o r y p e r f o r m a n c e . 

T h i s c a n be seen m o s t c l e a r l y i m m e d i a t e l y a f t e r the 

h e a t i n g , and i t i s the A D P - s t i m u l a t e d o x y g e n 

c o n s u m p t i o n ( s t a t e I I I ) o f s a r c o s o m e s t h a t i s m o s t 

d r a m a t i c a l l y r e d u c e d (by a b o u t 40%) as c o m p a r e d w i t h 

s a r c o s o m e s f r o m c o n t r o l u n h e a t e d f l i e s . On the o t h e r 

hand s u b s t r a t e r a t e s a r e n o t s i g n i f i c a n t l y d i f f e r e n t . 

T h i s r e s u l t s i n a s i g n i f i c a n t r e d u c t i o n (p = 0 . 0 0 1 ) i n 

R C l and ADP : 0 r a t i o . 

1 5 ° C m a i n t a i n e d f l i e s 

I n the e x p e r i m e n t a l g r o u p s a r c o s o m e s f r o m f l i e s 

t a k e n 2 d a y s a f t e r r e c o v e r y a t 1 5 ° C s h o w e d no r e c o v e r y 

had o c c u r r e d at a l l w h e n c o m p a r e d w i t h t h o s e t a k e n 

i m m e d i a t e l y a f t e r h e a t i n g . O n l y a f t e r a f u r t h e r 2 day 

r e c o v e r y p e r i o d was t h e r e any r e s t o r a t i o n o f n o r m a l 

r e s p i r a t o r y f u n c t i o n i n i s o l a t e d s a r c o s o m e s . I n d e e d 

b o t h s t a t e I I I , and s u b s t r a t e r a t e r e s p i r a t i o n i n t he 

s a r c o s o m e s f r o m the e x p e r i m e n t a l f l i e s w e r e the s ame 

as i n t he c o n t r o l f l i e s , m a i n t a i n e d at 1 5 ° C f o r 4 d a y s . 

R C l and ADP : 0 r a t i o s h o w e v e r w e r e s t i l l s i g n i f i c a n t l y 

l o w e r t h a n i n c o n t r o l f l i e s ( i n i t i a l l e v e l s ) , a l t h o u g h 

t h e y w e r e n o t d i f f e r e n t f r o m t h o s e of c o n t r o l f l i e s k e p t 

f o r 4 d a y s at 1 5 ° C (p = 0 . 0 5 ) . I t was t h e r e f o r e d e c i d e d 



T a b l e 4 . 2 

E f f e c t o f t e m p e r a t u r e on the a b i l i t y to r e c o v e r 

f r o m 4 0 ° C : 40 m i n s u b l e t h a l h e a t t r e a t m e n t 

L . D . Q 

M e a s u r e m e n t s of r e s p i r a t o r y p e r f o r m a n c e w e r e 

made of s a r c o s o m e s i s o l a t e d f r o m the f l i g h t m u s c l e 

o f 10 day o l d a d u l t s , b u t a l l o w e d to r e c o v e r f o r the t i m e 

s h o w n at e i t h e r 1 5 ° , 2 4 ° o r 3 4 ° C . 

C o n t r o l f l i e s w e r e a l s o p l a c e d at 1 5 ° , 2 4 ° o r 

3 4 ° C and w e r e s a m p l e d a f t e r t he same t i m e i n t e r v a l s 

as w e r e the e x p e r i m e n t a l f l i e s . 

T h e m e a n v a l u e s s h o w n w e r e o b t a i n e d f r o m 

6 s e p a r a t e p r e p a r a t i o n s 

R e a c t i o n c o n d i t i o n s : -

50 m M K C L 

30 m M P h o s p h a t e b u f f e r a t p H 7 . 3 at 2 4 ° C 

5 m M M g C l . 6 H ) 

1 m M E D T A 

20 m M T r i s / H C l b u f f e r at pH 7 . 3 at 2 4 ° C 

S a r c o s o m e s i n a l l c a s e s w e r e i s o l a t e d u s i n g the 

' s t a n d a r d ' m e t h o d d e s c r i b e d i n C h a p t e r ( 2 ) . 

Q0^ = Jig A t o m s o f o x y g e n c o n s u m e d p e r h o u r p e r 

mg p r o t e i n . tyig A O . h r \ mg p r o t . ^) 

http://AO.hr
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F i g . 4 . 2 

R e c o v e r y o f the b l o w f l y , a t 15 C, f r o m 

s u b l e t h a l hea t t r e a t m e n t ( L . D . Q ) , as 

m e a s u r e d by the r e s p i r a t o r y p e r f o r m a n c e 

of i t s i s o l a t e d f l i g h t m u s c l e s a r c o s o m e s . 

S u b s t r a t e - r a t e 

A D P - s t i m u l a t e d r a t e 

R C l 

A D P : 0 

C o n t r o l e x p e r i m e n t a l 

O 

A 

O 

A 

e 

A 

T h e s t a n d a r d e r r o r R C l and A D P : 0 f a l l s 

w i t h i n the p o i n t s . 

R e a c t i o n and i s o l a t i o n c o n d i t i o n s see T a b l e ( 4 . 2 ) . 
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t o l e a v e the e x p e r i m e n t a l f l i e s f o r a f u r t h e r t w o d a y s 

a t 1 5 ° C to see i f any f u r t h e r r e l a t i v e c h a n g e of 

r e s p i r a t o r y f u n c t i o n t o o k p l a c e . As c a n be s e e n , 

s m a l l , b u t s t a t i s t i c a l l y s i g n i f i c a n t i n c r e a s e s o c c u r r e d 

i n b o t h s u b s t r a t e r a t e and s t a t e I I I r e s p i r a t i o n a f t e r 

6 d a y s r e c o v e r y a t 1 5 ° C . F u r t h e r m o r e , no d i f f e r e n c e s 

o c c u r r e d i n e i t h e r R C l o r ADP : 0 , t h e s e w e r e s t i l l 

s i g n i f i c a n t l y b e l o w the i n i t i a l v a l u e o b t a i n e d f o r t he 

c o n t r o l f l i e s . O n l y i n the case of R C l was the v a l u e 

l o w e r i n the s a r c o s o m e s f r o m the e x p e r i m e n t a l a n i m a l s 

as c o m p a r e d w i t h s a r c o s o m e s f r o m c o n t r o l a n i m a l s 

a f t e r 6 d a y s a t 1 5 ° C (p < . 0 . 0 5 ) . 

2 4 ° C m a i n t a i n e d f l i e s 

I n t h i s g r o u p of f l i e s , s i g n i f i c a n t r e p a i r f r o m 

the hea t d a m a g e has o c c u r r e d a f t e r 1 day r e c o v e r y . T h i s 

c a n be c l e a r l y seen i n c o m p a r i s o n w i t h ADP s t i m u l a t e d 

o x y g e n c o n s u m p t i o n i n t he e x p e r i m e n t a l g r o u p s , 

i m m e d i a t e l y a f t e r t he h e a t i n g . S t a t e I I I r e s p i r a t i o n has 

r i s e n f r o m 4 6 . 85 * 1.81 to 6 2 . 77 +- 2 . 43 ug A O . h r " 1 . 

rag p r o t . H o w e v e r , t h i s i s s t i l l s i g n i f i c a n t l y l e s s 

t h a n t h a t of the c o n t r o l g r o u p k e p t at 2 4 ° C f o r 1 day 

( p < 0 . 0 1 ) . R C l ( p < 0 . 0 1 ) , and m o r e s i g n i f i c a n t l y 

ADP : 0 (p4.0.001) a r e a l s o l e s s t h a n i n the c o n t r o l f l i e s 

http://AO.hr%221


F i g . 4 . 3 

R e c o v e r y of the b l o w f l y , a t 2 4 ° C , f r o m 

s u b l e t h a l hea t t r e a t m e n t ( L . D . Q ) , as 

m e a s u r e d by the r e s p i r a t o r y p e r f o r m a n c e 

of i t s i s o l a t e d f l i g h t m u s c l e s a r c o s o m e s 

S u b s t r a t e r a t e 

C o n t r o l e x p e r i m e n t a l 

• O 

A D P - s t i m u l a t e d r a t e 

RC1 

ADP : 0 

The s t a n d a r d e r r o r of RC1 and ADP : 0 f a l l s 

w i t h i n the p o i n t s . 

R e a c t i o n and i s o l a t i o n c o n d i t i o n s see T a b l e ( 4 . 2 ) 
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m a i n t a i n e d f o r 1 day at 2 4 ° C . 

H o w e v e r , a f t e r one f u r t h e r day r e c o v e r y at 2 4 ° C 

s a r c o s o m a l RC1 and ADP : 0 r a t i o s have I m p r o v e d i n 

t he e x p e r i m e n t a l g r o u p . I n b o t h c a s e s the v a l u e s o f 

2 . 3 1 +- 0 . 0 6 and 1.80 +- 0 . 02 r e s p e c t i v e l y a r e n o t 

s i g n i f i c a n t l y d i f f e r e n t f r o m the c o n t r o l s m a i n t a i n e d at 

2 4 ° C , w h i c h w e r e 2 . 48 +- 0 . 096 and 1. 79 +- 0 . 0 3 . 

S t a t e I I I r e s p i r a t i o n o f the s a r c o s o m e s f r o m the 

e x p e r i m e n t a l g r o u p , 7 2 . 88 * 3 . 5 ug A 0 . h r 

mg p r o t . * , i s h o w e v e r s i g n i f i c a n t l y l o w e r t h a n t h a t 

o f the c o n t r o l s , 8 4 . 57 * 2 . 6 ug A O . h r mg p r o t . 1 

(P < 0 . 0 1 ) . 

34 ° C m a i n t a i n e d f l i e s 

I n the e x p e r i m e n t a l g r o u p a t t h i s t e m p e r a t u r e , 

an 8 h o u r r e c o v e r y p e r i o d a l l o w s s i g n i f i c a n t r e c o v e r y 

to o c c u r . I t i s m a r k e d h o w e v e r by a l a r g e r i s e i n 

s u b s t r a t e r a t e r e s p i r a t i o n to 4 1 . 9 8 * 2 . 0 ug AO h r *. 

mg p r o t . * , t h i s i s j u s t s i g n i f i c a n t l y h i g h e r t h a n i n 

t he s a r c o s o m e s f r o m c o n t r o l f l i e s a f t e r 8 h o u r s at 

34 ° C ( p < ^ 0 . 0 5 ) . A l t h o u g h s a r c o s o m a l s t a t e I I I r e s p i r a t i o n 

f r o m the e x p e r i m e n t a l f l i e s i s l e s s t h a n t h a t f r o m the 

+ + 
c o n t r o l g r o u p , 6 6 . 90 - 6 as c o m p a r e d w i t h 7 6 . 30 - 5 . 4 2 

}ig A O . h r mg p r o t . t h i s i s n o t s t a t i s t i c a l l y 

http://A0.hr
http://AO.hr
http://AO.hr


F i g . 4 . 4 

R e c o v e r y of the b l o w f l y , a t 3 4 ° C , f r o m 

s u b l e t h a l hea t t r e a t m e n t ( L . „ D , Q ) as m e a s u r e d 

by t he r e s p i r a t o r y p e r f o r m a n c e of i t s 

i s o l a t e d f l i g h t m u s c l e s a r c o s o m e s . 

S u b s t r a t e - r a t e 

A D P - s t i m u l a t e d r a t e 

RC1 

ADP : 0 

C o n t r o l e x p e r i m e n t a l 

© o 

v * 

o • 

A A 

T h e s t a n d a r d e r r o r o f RC1 and ADP : 0 

f a l l s w i t h i n the p o i n t . 

R e a c t i o n and i s o l a t i o n c o n d i t i o n s see T a b l e ( 4 . 2 ) 
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s i g n i f i c a n t . R CI and ADP : 0 o f the e x p e r i m e n t g r o u p 
s a r c o s o m e s a r e h i g h l y s i g n i f i c a n t l y d i f f e r e n t f r o m the 
c o n t r o l s a r c o s o m e s (p = 0 . 0 0 1 i n b o t h c a s e s ) . 

A f u r t h e r 8 h o u r s r e c o v e r y at 3 4 ° C b r i n g s a 

f u r t h e r m a r k e d i m p r o v e m e n t i n the m e a s u r e d s a r c o s o m a l 

p a r a m e t e r s . S u b s t r a t e r a t e r e s p i r a t i o n f a l l s to the same 

l e v e l as i n the c o n t r o l g r o u p , w h i l s t s t a t e I I I r e s p i r a t i o n 

s h o w s o n l y an i n s i g n i f i c a n t f a l l o v e r the v a l u e f o r the 

8 h o u r r e c o v e r y g r o u p . I n t h i s ca se a l s o i t i s n o t 

s i g n i f i c a n t l y d i f f e r e n t f r o m s t a t e I I I r e s p i r a t i o n of the 

c o n t r o l g r o u p s a r c o s o m e s , the v a l u e s b e i n g 6 4 . 82 +- 5 . 2 

and 7 1 . 7 8 * 2 . 2 6 jig A 0 . h r mg p r o t . * f o r e x p e r i m e n t a l 

and c o n t r o l g r o u p s a r c o s o m e s , r e s p e c t i v e l y . T h e 

c o n s e q u e n c e i s an i m p r o v e m e n t i n t h i s 8 h o u r p e r i o d i n t he 

RC1 f r o m 1. 57 +- 0 . 05 t o 1.89 +- 0 . 0 7 , t h i s l a t t e r v a l u e i s 

s t i l l s i g n i f i c a n t l y l e s s t h a n t h a t of the c o n t r o l f l i e s a f t e r 

16 h o u r s at 3 4 ° C w h e r e the v a l u e i s 2 . 2 6 +- 0 .11 (p = 0 . 0 1 ) . 

T h e ADP : 0 of the t w o g r o u p s a r e i d e n t i c a l a t 1 . 6 7 . I n 

e x p e r i m e n t a l f l i e s m a i n t a i n e d f o r 1 day at 3 4 ° C o n l y 

RC1 i s s i g n i f i c a n t l y d i f f e r e n t f r o m the c o n t r o l g r o u p 

(p = 0 . 0 1 ) , a t 2 . 0 4 * 0 . 0 8 I t Is l e s s t h a n t h a t f o r c o n t r o l 

s a r c o s o m e s w h e r e a v a l u e o f 2 . 5 2 * 0 . 0 5 was f o u n d . 

http://A0.hr
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E f f e c t o f m a i n t e n a n c e t e m p e r a t u r e on 
s a r c o s o m a l p e r f o r m a n c e i n c o n t r o l f l i e s 

T h e i n i t i a l v a l u e s o f r e s p i r a t o r y f u n c t i o n i n 

s a r c o s o m e s f r o m c o n t r o l f l i e s a r e o f c o u r s e o b t a i n e d 

a t 2 4 ° C f r o m f l i e s m a i n t a i n e d at 2 4 ° G . T h e s e v a l u e s 

+ + - 1 -1 a r e 3 2 . 8 3 - 1.09 and 8 3 . 2 4 - 2 . 5 6 jig A 0 . h r . m g p r o t . 

f o r s u b s t r a t e r a t e and s t a t e I I I r e s p i r a t i o n r e s p e c t i v e l y . 

V a l u e s o f 2 . 5 4 * 0 . 04 f o r RC1 and 1.85 +- 0 . 0 4 f o r 

ADP : 0 w e r e o b t a i n e d f o r t h e s e s a r c o s o m e s . 

I n f l i e s k e p t on at 2 4 ° C no change was seen i n 

s u b s t r a t e r a t e o r s t a t e I I I r e s p i r a t i o n , c o n s e q u e n t l y 

RC1 r e m a i n e d f a i r l y c o n s t a n t . ADP : 0 v a l u e s at 

1.79 * 0 . 0 3 w e r e n o t d i f f e r e n t f r o m the i n i t i a l v a l u e s . 

T r a n s f e r o f c o n t r o l g r o u p f l i e s to 1 5 ° C b r o u g h t 

a s m a l l r i s e i n b o t h s u b s t r a t e r a t e and s t a t e I I I 

r e s p i r a t i o n of i s o l a t e d s a r c o s o m e s m e a s u r e d a t 2 4 ° C , 

h o w e v e r o n l y the s u b s t r a t e r a t e s w e r e d i f f e r e n t 

(p = 0 . 0 5 ) . ADP :0 ( 1 . 72 +- 0 . 0 7 ) was n o t s i g n i f i c a n t l y 

d i f f e r e n t f r o m the i n i t i a l v a l u e . D u r i n g the 6 day 

p e r i o d at 1 5 ° C b o t h s u b s t r a t e r a t e and s t a t e I I I 

r e s p i r a t i o n f e l l s i g n i f i c a n t l y to b e c o m e 2 6 . 85 * 1.37 

and 6 0 . 86 +- 3 . 58 jdg A O . h r mg p r o t . * r e s p e c t i v e l y . 

I n b o t h c a s e s t h e s e v a l u e s a r e s i g n i f i c a n t l y l e s s t h a n 

t h e i n i t i a l v a l u e s (p = 0 . 0 0 1 ) RC1 a l s o s h o w e d a 

http://A0.hr
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s i g n i f i c a n t f a l l d u r i n g the f i r s t 4 d a y s at 1 5 ° C , b u t was 

n o t s i g n i f i c a n t l y d i f f e r e n t f r o m the i n i t i a l v a l u e on 

the s i x t h day at 15 ° C . 

Sub s t r at e - r a t e r e s p i r a t i o n o f s a r c o s o m e s , 

i s o l a t e d f r o m c o n t r o l f l i e s k e p t at 3 4 ° C f o r 24 h o u r s , 

s h o w e d a t r e n d t o w a r d s a s i g n i f i c a n t d e c l i n e f r o m 

3 4 . 56 +- 2 . 34 to 2 7 . 55 +- 1. 53 ug A O . h r " 1 . mg p r o t . " 1 

(p < 0 . 0 1 ) . Such d e c l i n e was l e s s m a r k e d i n s t a t e I I I 

r e s p i r a t i o n o f the same s a r c o s o m e s . C o n s e q u e n t l y , 

a s l i g h t i m p r o v e m e n t was r e c o r d e d f o r RC1 v a l u e s , 

f r o m 2 .19 +- 0 . 0 7 to 2 . 3 2 +- 0 . 0 5 . ADP : 0 r a t i o was 

n o t a f f e c t e d d u r i n g the 24 h o u r p e r i o d at 3 4 ° C . 

D i s c u s s i o n 

As has b e e n e a r l i e r p o i n t e d o u t by B o w l e r 

(1963 a) a c a s u a l r e l a t i o n s h i p o b v i o u s l y e x i s t s b e t w e e n 

r e s i s t a n c e a c c l i m a t i o n and l e t h a l d e a t h p o i n t s of 

e c t o t h e r m a l a n i m a l s . T h u s i d e n t i f y i n g the c a u s e of 

d e a t h a t h i g h l e t h a l t e m p e r a t u r e s ( f i n d i n g the p r i m a r y 

l e s i o n ) , c o u l d l e a d to an u n d e r s t a n d i n g of t h e r m a l 

a c c l i m a t i o n , f o r i n s t a n c e a c c l i m a t i o n m u s t m o d i f y the 

f a c t o r s a s s o c i a t e d w i t h hea t d a m a g e . W i t h t h i s p o i n t 

i n m i n d the w o r k d e s c r i b e d on r e c o v e r y f r o m s u b l e t h a l 

hea t t r e a t m e n t s was c a r r i e d o u t . 
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T h e s p l i t - d o s e e x p e r i m e n t s w e r e a t t e m p t e d 

f o l l o w i n g the r a t i o n a l e of r a d i a t i o n w o r k , m u c h of w h i c h 

has been c a r r i e d ou t on i n s e c t s , see R o c k s t e i n & 

M i g u e l (1973 ) . T h e r a d i a t i o n w o r k has s h o w n t h a t t w o 

t y p e s of d a m a g e o c c u r i n i n s e c t s . A c u t e d a m a g e , 

c a u s e d by an L . D . ^ Q e x p o s u r e i s c l e a r l y r e p a i r a b l e , 

f o r B a x t e r & B l a i r ( 1969) show e v e n o v e r - r e c o v e r y may 

o c c u r , s u c h t h a t h i g h e r d o s e s a r e r e q u i r e d t o p r o d u c e 

an L . D _ 5 o i n D r o s o p h i l a r e c o v e r e d f r o m an e a r l i e r 

e x p o s u r e , as c o m p a r e d w i t h u n t r e a t e d c o n t r o l s . H o w e v e r 

i r r a d i a t i o n e x p o s u r e , e v e n at s u b l e t h a l d o s e s , i s l i f e 

s h o r t e n i n g i n i n s e c t s . T h i s p o i n t , t o g e t h e r w i t h the f a c t 

t h a t r e p e a t e d i n s u l t s a r e a d d i t i v e i n t h e i r e f f e c t , s u g g e s t 

t h i s d a m a g e c a n n o t be f u l l y r e p a i r e d . A c u t e r a d i a t i o n 

i n j u r y i s t h o u g h t to be c y t o p l a s m i c w h e r e a s the l i f e -

s h o r t e n i n g i n j u r y i s c h r o m o s o m a l ( B a x t e r & B l a i r , 1 9 6 9 ) . 

I t has e a r l i e r b e e n s h o w n , i n t h i s s t o c k o f f l i e s , 

t h a t f l i e s r e c o v e r i n g f r o m an a c u t e hea t s t r e s s ( L . D . ^ Q ) 

have a l i f e e x p e c t a n c y j u s t as l o n g as u n h e a t e d c o n t r o l 

f l i e s o f the s ame a g e , D a v i s o n ( 1 9 7 0 ) . I n t h i s r e s p e c t 

t h e n a c u t e hea t i n j u r y d i f f e r s f r o m i r r a d i a t i o n i n j u r y , 

f o r hea t d a m a g e once r e p a i r e d , i s no t a c c u m u l a t i v e . 

T h i s p o i n t has a l s o b e e n made f o r c o m p a r i s o n o f c o l d -

i n j u r y and i r r a d i a t i o n d a m a g e i n c u l t u r e d c e l l l i n e s , 
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K v u u r .e_t _a_l. , ( 1 9 7 2 ) . 

T h e s e p o i n t s s u p p o r t the h y p o t h e s i s t h a t hea t 

d a m a g e i s c y t o p l a s m i c r a t h e r t h a n c h r o m o s o m a l , B o w l e r 

e t al_. , (1973 ) . 

T h e c l e a r e s t p o i n t e m e r g i n g f r o m the s p l i t - d o s e 

e x p e r i m e n t s i s t h a t the e f f e c t s o f the s e p a r a t e hea t 

t r e a t m e n t s a r e m e r e l y a d d i t i v e , u n l e s s s e p a r a t e d by 

6 h o u r s o r m o r e . I n the l a t t e r c a se s u f f i c i e n t r e p a i r 

o c c u r s d u r i n g the p e r i o d at 2 4 ° C f o r the s e c o n d dose to 

c a u s e l e s s m o r t a l i t y t h a n the c o n t r o l dose a p p l i e d at a 

s i n g l e t r e a t m e n t . 

No e v i d e n c e i s o b t a i n e d w h i c h s u g g e s t s t h a t the 

f i r s t hea t dose i n d u c e s t h e r m a l r e s i s t a n c e m a k i n g the f i l e s 

m o r e t h e r m o t o l e r a n t w h e n e x p o s e d to the s e c o n d d o s e . 

F o r i n s u c h a ca se one w o u l d e x p e c t the s h o r t e r p e r i o d 

s p l i t - d o s e s to be l e s s e f f e c t i v e t h a n the l o n g e r p e r i o d 

s p l i t - d o s e s . Such i n d u c e d t h e r m o t o l e r a n c e was o b s e r v e d 

by G e r n e r & S c h n e i d e r (1975 ) i n H e l a c e l l s . P r i o r 

e x p o s u r e to 4 4 ° C f o r 1 h o u r f o l l o w e d by a 2 h o u r p e r i o d 

3 7 ° C r e s u l t e d i n i n c r e a s e d t h e r m a l t o l e r a n c e w h e n 

s u b s e q u e n t l y e x p o s e d to 4 4 ° C a g a i n . T h i s i n c r e a s e i n 

t o l e r a n c e was t i m e d e p e n d e n t at 3 7 ° C , r e a c h i n g a p l a t e a u 

a f t e r a b o u t 2 h o u r s . G e r n e r & S c h n e i d e r h o w e v e r f o u n d 

the c e l l s d i d n o t d e v e l o p t h i s t h e r m o t o l e r a n c e I f p l a c e d 
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a t 0 ° C , a t e m p e r a t u r e w h i c h i n h i b i t s H e l a c e l l m e t a b o l i s m . 

I t m i g h t a l s o be c o n c l u d e d t h a t the c e l l u l a r 

r e p a i r mechan i sms , w h a t e v e r t h e y a r e , a r e p a r t o f n o r m a l 

c e l l u l a r p r o c e s s e s , f o r i f t h e y w e r e n o t , the s p l i t - d o s e 

h e a t e d f l i e s m i g h t be e x p e c t e d to show a h i g h e r 

m o r t a l i t y t h a n the c o n t r o l s i n g l e t r e a t m e n t f l i e s . The 

r e a s o n i n g b e i n g t h a t i f the r e p a i r m e c h a n i s m i s o n l y 

i n v o k e d a f t e r t he d a m a g e c a u s e d by the f i r s t h e a t i n g , 

i t w o u l d have been o p e r a n t at t he t i m e o f the s e c o n d 

hea t e x p o s u r e i n the s p l i t - d o s e f l i e s . T h i s b e i n g so i t 

i s r e a s o n a b l e to s u p p o s e i t w o u l d t h e n be l i a b l e to be 

d a m a g e d , t h u s f u r t h e r i m p a i r i n g r e p a i r and r e c o v e r y . 

Such d a m a g e to any s p e c i a l r e p a i r m e c h a n i s m m i g h t be 

s u p p o s e d to i n c r e a s e m o r t a l i t y . I t was c l e a r l y n o t s o . 

The w o r k o f G e r n e r & S c h n e i d e r (1975) d i s c u s s e d 

a b o v e , as w e l l as t h a t by W e b b , et__al. (1976) s h o w i n g t h a t 

r e c o v e r y f r o m I r r a d i a t i o n d a m a g e i n D r o s o p h i l a i s a l s o 

t e m p e r a t u r e d e p e n d e n t , s u g g e s t s t h a t the s t u d y o f 

t e m p e r a t u r e d e p e n d e n c e o f r e p a i r of h e a t d a m a g e m i g h t 

be i n f o r m a t i v e . 

Some i n i t i a l w o r k on t h i s p r o b l e m was c a r r i e d o u t 

by D a v i s o n (1970) and r e p o r t e d by D a v i s o n & B o w l e r (1971) . 

T h e s e w o r k e r s r e p o r t e d t h a t the f l i g h t m u s c l e s a r c o s o m e 

m a k e s a g o o d m o d e l f o r s t u d y i n g hea t d e a t h , f o r t h e y 
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s h o w e d t h a t the f u n c t i o n a l e f f i c i e n c y o f s a r c o s o m e s has 

the same t h e r m a l s e n s i t i v i t y t o i n v i v o h e a t i n g s as does 

the w h o l e o r g a n i s m . T h a t i s , t h i s s y s t e m f u l f i l l s the 

c r i t e r i o n l a i d d o w n by Read ( 1 9 6 7 ) , t h i s b e i n g t h a t 

t he r e c o r d e d d e l e t e r i o u s change i n s a r c o s o m a l a c t i v i t y 

o c c u r r e d u n d e r the s ame c o n d i t i o n s w h i c h c a u s e d o r g a n i s 

h e a t d e a t h . F u r t h e r m o r e t h e y r e p o r t t h a t r e c o v e r y 

f r o m s u b l e t h a l ( L . D Q) and l e t h a l ( L . D . ^ ) e x p o s u r e 

o f b l o w f l i e s r e q u i r e s b e t w e e n 2 and 3 d a y s at 2 4 ° C . A t 

t he end of t h i s t i m e the f l i e s had a n o r m a l c a p a c i t y f o r 

f l i g h t and i s o l a t e d f l i g h t m u s c l e s a r c o s o m e s had the 

s ame Q 0 2 v a l u e s and RC1 and ADP : 0 r a t i o s as d i d 

s a r c o s o m e s f r o m c o n t r o l u n h e a t e d f l i e s . 

T h e r e s u l t s s h o w n i n T a b l e ( 4 . 2 ) a g r e e c l o s e l y 

w i t h t h o s e of D a v i s o n & B o w l e r (1971) , i n t h a t e x p o s u r e 

o f the w h o l e o r g a n i s m to an L . D . Q t r e a t m e n t s e r i o u s l y 

i m p a i r s s a r c o s o m a l e f f i c i e n c y . T h e s u b s t r a t e r a t e 

o x y g e n c o n s u m p t i o n was l i t t l e a f f e c t e d b u t the s t a t e I I I 

r e s p i r a t i o n of s a r c o s o m e s f r o m the e x p e r i m e n t a l g r o u p 

was o n l y a b o u t 60% of the c o n t r o l v a l u e s . RC1 was 

c o n s e q u e n t l y r e d u c e d f r o m a v a l u e above 2 to l e s s t h a n 

1 .5 ; i n b o t h r e p o r t s ADP : 0 r a t i o s w e r e a l s o s u b s t a n t ­

i a l l y l o w e r e d , b u t t h e y w e r e m e a s u r a b l e . 

D u r i n g r e c o v e r y at 2 4 ° C , see T a b l e ( 4 . 2 ) , the 

d a t a p r e s e n t e d h e r e a r e v e r y s i m i l a r to t h a t d e s c r i b e d 
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by D a v i s o n & B o w l e r (1971) . The e x t e n t of r e c o v e r y of 

n o r m a l s a r c o s o m a l f u n c t i o n i s a l i t t l e m o r e r a p i d i n 

t h a t i n the p r e s e n t w o r k , n o r m a l s a r c o s o m a l r e s p i r a t o r y 

e f f i c i e n c y i s r e s t o r e d a f t e r 2 d a y s , as c o m p a r e d w i t h 

d a t a f r o m c o n t r o l f l i e s , e x c e p t f o r s t a t e I I I r e s p i r a t i o n 

w h i c h i s b e l o w the c o n t r o l s a r c o s o m a l l e v e l . D a v i s o n 

& B o w l e r (1971) , on the o t h e r hand r e p o r t r a t h e r l e s s 

r e p a i r o c c u r r i n g a f t e r 1 day a t 2 4 ° C , and the v a r i o u s 

p a r a m e t e r s of s a r c o s o m a l e f f i c i e n c y ( R C 1 and ADP :0 ) 

w e r e s t i l l j u s t b e l o w the c o n t r o l g r o u p v a l u e s a f t e r 

2 d a y s . 

I n the p r e s e n t e x p e r i m e n t s I t i s n e c e s s a r y to 

e r e c t a se t o f c o n t r o l f l i e s , t r a n s f e r r e d to 1 5 ° , 2 4 ° 

o r 3 4 ° C at the s a m e t i m e as the e x p e r i m e n t a l h e a t e d 

f l i e s . T h e s e c o n t r o l s a r e e s s e n t i a l b e c a u s e i t i s n o t 

c e r t a i n w h e t h e r c h a n g e s i n s a r c o s o m a l e f f i c i e n c y w o u l d 

o c c u r as a r e s u l t o f t r a n s f e r to a new t e m p e r a t u r e r e g i m e , 

o r e v e n as a r e s u l t o f a g e . 

As can be seen f r o m T a b l e ( 4 . 2 ) r e c o v e r y i s 

m a r k e d l y t e m p e r a t u r e s e n s i t i v e , w i t h a of a b o u t 

3 o v e r the 1 5 ° to 34 ° C t e m p e r a t u r e r a n g e , i f the 

a s s u m p t i o n i s a c c e p t e d t h a t r e c o v e r y i s c o m p l e t e a f t e r 

6 d a y s at 1 5 ° C and 1 day at 34 ° C . T h i s m a r k e d t e m p e r a t u r e 

s e n s i t i v i t y i n f e r s t h a t a c t i v e c e l l u l a r m e c h a n i s m s a r e 
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i n v o l v e d i n the r e p a i r p r o c e s s . W h e t h e r d a m a g e d c e l l u l a r 

c o m p o n e n t s a r e d e g r a d e d and r e p l a c e d by n e w l y 

s y n t h e s i z e d ones i s n o t e s t a b l i s h e d by t h i s w o r k b u t i s 

c l e a r l y an i m p o r t a n t n e x t s t e p to t a k e . 

T h e e f f e c t of m a i n t e n a n c e t e m p e r a t u r e on 

s a r c o s o m a l e f f i c i e n c y i n c o n t r o l f l i e s i s a l s o q u i t e 

i n t e r e s t i n g , f o r t h i s may r e v e a l s o m e a c c l i m a t i o n 

e f f e c t on s a r c o s o m a l p e r f o r m a n c e . 

As can be seen f r o m T a b l e ( 4 . 2 ) , t r a n s f e r 

to 1 5 ° C does c a u s e a s u b s t a n t i a l r i s e i n s u b s t r a t e r a t e 

Q 0 2 f r o m 3 2 . 83 * 1.09 to 3 9 . 74 +- 2 . 12 ug A O . h r " 1 . 

mg p r o t . 1 a f t e r 2 d a y s . T h i s r a t e d e c l i n e s u n t i l a f t e r 

6 d a y s at 1 5 ° C i t b e c o m e s 2 6 . 8 5 * 1 . 3 7 . 

A s i m i l a r s t o r y h o l d s f o r s a r c o s o m a l s t a t e I I I 

r e s p i r a t i o n t o o , w h i c h f r o m the 1 5 ° C f l i e s s h o w s an 

i n s i g h i f i c a n t r i s e a f t e r 2 d a y s , b u t t h e n p r o g r e s s i v e l y 

f a l l s to be o n l y 6 0 . 86 * 3 . 5 8 }ig A O . h r ^ mg p r o t . 1 

a f t e r 6 d a y s at 1 5 ° C . T h i s v a l u e I s s i g n i f i c a n t l y l e s s 

t h a n t h a t o b t a i n e d f o r 2 4 ° C m a i n t a i n e d f l i e s (p = 0 . 0 0 1 ) . 

I n the f l i e s p l a c e d at 3 5 ° C s a r c o s o m a l s t a t e I I I 

r e s p i r a t i o n d e c l i n e s f r o m the i n i t i a l ( a f t e r 8 h o u r s ) 

+ + - 1 
h i g h v a l u e 7 6 . 30 - 5 . 42 to be 6 5 . 25 - 4 . 60 pg A O . h r . 

mg p r o t . h o w e v e r t h i s d e c l i n e i s n o t s i g n i f i c a n t , 

b u t the v a l u e i s s i g n i f i c a n t l y l o w e r t h a n t h a t o b t a i n e d 
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f r o m s a r c o s o m e s o f f l i e s m a i n t a i n e d at 2 4 ° C . 

T h i s s i t u a t i o n i s the c o n v e r s e o f w h a t i s n o r m a l l y 

e x p e c t e d f r o m a c o m p e n s a t i o n s t a n d p o i n t . T h a t i s i t i s 

u s u a l f o r l o w t e m p e r a t u r e a c c l i m a t i o n to r e s u l t i n a 

h i g h e r a c t i v i t y t h a n w a r m a c c l i m a t i o n . T h i s i s s een 

i n the p a r t i a l l y a c c l i m a t e d a n i m a l s at 3 4 ° C w h e r e s u b s t r a t e 

r a t e d e c l i n e s a f t e r 1 day to be 2 7 . 5 5 * 1.53 ug A O . h r *. 

- 1 
mg p r o t . 

V a l u e s f o r RC1 d e c l i n e s l i g h t l y on t r a n s f e r to a 

new t e m p e r a t u r e . I t i s p e r h a p s s i g n i f i c a n t t h a t t h e s e 

v a l u e s g r a d u a l l y i m p r o v e at 1 5 ° C to r e a c h 2 . 2 1 * 0 . 0 7 

a f t e r 6 d a y s , t h i s may r e f l e c t c o m p e n s a t o r y c h a n g e s 

o c c u r r i n g i n s a r c o s o m a l r e s p i r a t i o n . S m a l l b u t l a r g e l y 

i n s i g n i f i c a n t c h a n g e s i n ADP : 0 a l s o o c c u r on t r a n s f e r and 

m a i n t e n a n c e at 1 5 ° and 3 4 ° C as c o m p a r e d w i t h 2 4 ° C 

H o w e v e r t h e s e d a t a m u s t be c o n s i d e r e d i n r e l a t i o n 

to the i n v i t r o e f f e c t s o f t e m p e r a t u r e on s a r c o s o m a l 

p e r f o r m a n c e as r e p o r t e d by D a v i s o n (1971 a ) . He d e s c r i b e d 

the t e m p e r a t u r e c u r v e as h a v i n g 3 p h a s e s . T h e 

f i r s t phase o v e r a l o w t e m p e r a t u r e had r e l a t i v e l y l i t t l e 

e f f e c t on Q 0 2 » I n t h i s phase RC1 and ADP :0 r a t i o s w e r e 

m a x i m a l and o x i d a t i v e p h o s p h o r y l a t i o n was t i g h t l y c o u p l e d . 

A b o v e the p l a t e a u s a r c o s o m a l r e s p i r a t i o n was u n c o u p l e d 

and Q0 a g a i n i n c r e a s e d w i t h t e m p e r a t u r e . T h i s r e s u l t 
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was f o u n d w i t h 1 5 ° , 2 4 ° and 3 4 ° a c c l i m a t e d f l i e s . T h e 
QO^ t e m p e r a t u r e c u r v e s d i f f e r e d i n the p o s i t i o n of the 
p l a t e a u p h a s e , w h i c h m o v e d to a h i g h e r t e m p e r a t u r e 
r a n g e w i t h h i g h e r t e m p e r a t u r e a c c l i m a t i o n . F u r t h e r m o r e 
the 3 4 ° C a c c l i m a t e d f l i e s s h o w e d the h i g h e s t and the 
1 5 ° C a c c l i m a t e d f l i e s t he l o w e s t Q 0 2 i n the p l a t e a u 
p h a s e . 

H o w e v e r , i f t h i s d a t a and the p r e s e n t d a t a 

a r e c o m p a r e d , the s t a t e H I QC^ of 3 4 ° G a c c l i m a t e d 

f l i e s , m e a s u r e d at 2 4 ° C , i s n o t a t the p l a t e a u l e v e l , 

b u t i s i n the f i r s t phase (see D a v i s o n , 1971a) i t i s 

f o r t h i s r e a s o n the r e s p i r a t i o n r a t e of the 3 4 ° C 

a c c l i m a t e d f l i e s i s l o w e r t h a n t h o s e at 2 4 ° C , see 

T a b l e ( 4 . 2 ) . As c a n a l s o be seen f r o m D a v i s o n ' s w o r k , 

s a r c o s o m e s f r o m 1 5 ° C a c c l i m a t e d f l i e s have a l o w e r 

p o t e n t i a l f o r r e s p i r a t i o n as c o m p a r e d w i t h s a r c o s o m e s 

f r o m 2 4 ° C and m o r e p a r t i c u l a r l y f r o m 3 4 ° C a c c l i m a t e d 

a n i m a l s . 

He c o n c l u d e d , t h i s r e f l e c t e d an a c c l i m a t i o n 

i n d u c e d e f f e c t e i t h e r on r e s p i r a t o r y c h a i n o r c o u p l i n g 

e n z y m e i n o x i d a t i v e p h o s p h o r y l a t i o n . 
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C H A P T E R F I V E 
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T H E E F F E C T OF I N C U B A T I O N T E M P E R A T U R E , A N D 

R E A C T I O N T E M P E R A T U R E ON B L O W F L Y F L I G H T 

M U S C L E S A R C O S O M A L R E S P I R A T I O N 

I n t r o d u c t i o n 

A l a r g e l i t e r a t u r e e x i s t s d e m o n s t r a t i n g 

t e m p e r a t u r e - d e p e n d e n c e o f r e s p i r a t i o n i n many i n s e c t 

s p e c i e s , i n d e e d K e i s t e r & BucK, i n t h e i r 1964- r e v i e w , 

r e f l e c t t h a t t h i s i s p e r h a p s the m o s t o v e r d e m o n s t r a t e d 

p h e n o m e n o n i n i n s e c t p h y s i o l o g y . 

W o r k by N e w e l l and h i s c o - w o r k e r s c a s t some 

d o u b t s on the u n i v e r s a l i t y o f the K r o g h ' n o r m a l ' c u r v e 

( K r o g h , 1914) i n t e r p r e t a t i o n f o r a l l e c t o t h e r m a l a n i m a l s , 

N e w e l l (1966 ; 1967 ) . F r o m w o r k l a r g e l y on i n t e r t i d a l 

a n i m a l s , t h e s e w o r k e r s p r o p o s e d t h a t w h o l e o r g a n i s m 

r e s p i r a t i o n c o u l d be s e p a r a t e d i n t o ' a c t i v e ' and 

' r e s t i n g ' p h a s e s , and o n l y i n the f o r m e r phase was 

r e s p i r a t i o n t e m p e r a t u r e - d e p e n d e n t , N e w e l l & N o r t h c r o f t 

( 1 9 6 7 ) . T h e y d e s c r i b e d the ' r e s t i n g ' phase r e s p i r a t i o n 

as b e i n g t e m p e r a t u r e - i n d e p e n d e n t o v e r a w i d e 

t e m p e r a t u r e r a n g e . 

T r i b e & B o w l e r (1968) c r i t i c i z e d N e w e l l ' s 

i n t e r p r e t a t i o n of h i s d a t a on the f o l l o w i n g g r o u n d s . 

F i r s t i t i g n o r e d the v a s t l i t e r a t u r e w h i c h c l e a r l y 

d e m o n s t r a t e d t e m p e r a t u r e d e p e n d e n t r e s p i r a t i o n , f o r 
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e x a m p l e , i n i n s e c t s ( K e i s t e r & BucK; 1964-), c r u s t a c e a n s 
( V e r n b e r g , 1 9 5 9 ) , a n n e l i d s ( M a g n u m & S a s s a m a n , 1 9 6 9 ) , 
A m p h i b i a n s ( B i s h o p & G o r d o n , 1 9 6 7 ) , r e p t i l e s 
( A l e k s i u k , 1971) . N e w e l l & W a l k e y , (1966) and l a t e r 
N e w e l l & Pye , (1971) s u p p o r t e d t h e i r w h o l e o r g a n i s m 
w o r k by w o r k on m i t o c h o n d r i a f r o m a v a r i e t y o f 
s o u r c e s . A g a i n N e w e l l s h o w e d w i d e t e m p e r a t u r e -
i n d e p e n d e n t p l a t e a u s o f m i t o c h o n d r i a l r e s p i r a t i o n . 
T h i s w o r k has a l s o b e e n c r i t i c i s e d by T r i b e & B o w l e r , 
( 1968) and D a v i e s & T r i b e , (1969) f o r n o t o n l y the c h o i c e 
of i n a p p r o p r i a t e s u b s t r a t e s b u t a l s o the use of a-
t y p i c a l i s o l a t i o n p r o c e d u r e s and i n no case was the 
f u n c t i o n a l s t a t e o f the i s o l a t e d m i t o c h o n d r i a d e t e r m i n e d . 

N e v e r t h e l e s s , the i d e a s p r o p o s e d i n t h i s 

and s u b s e q u e n t p a p e r s , have g r e a t l y s t i m u l a t e d r e s e a r c h 

i n t o the t h e r m a l r e s p i r a t o r y p h y s i o l o g y o f e c t o t h e r m a l 

a n i m a l s . T h i s p o i n t has been a p t l y s t a t e d by W i e s e r 

(1973) i n ' a r e c e n t r e v i e w a r t i c l e . 

" E c t o t h e r m i c a n i m a l s ( s o m e t i m e s at l e a s t ) a r e 
n e i t h e r at the m e r c y of e n v i r o n m e n t a l t e m p e r a t u r e 
n o r a r e t h e y s i m p l e h o m e o s t a t i c s y s t e m s . T h e y 
m a y , i n f a c t , be c o n s i d e r e d as " m u l t i s t a b l e " 
s y s t e m s . . . i n w h i c h i n a n s w e r to a c.han\ge 
i n e n v i r o n m e n t a l t e m p e r a t u r e t h a t s t a t e of the 
s y s t e m i s c a l l e d i n t o a c t i o n w h i c h i s b e s t s u i t e d 
to the p r e v a i l i n g o r a n t i c i p a t e d t e m p e r a t u r e 
r e g i m e " . 
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T h e d o m i n a n t r o l e of m i t o c h o n d r i a i n c e l l u l a r r e s p i r a t i o n 
had l e d N e w e l l and h i s c o - w o r k e r s to seek an e x p l a n a t i o n , 
a t the b i o c h e m i c a l l e v e l , o f the t e m p e r a t u r e - i n d e p e n d e n t 
m e t a b o l i s m r e c o r d e d i n the i n t a c t o r g a n i s m ( N e w e l l 
& W a l k e y , 1966 , N e w e l l & Pye , 1971) . Such an 
e x p l a n a t i o n i s n e c e s s a r y f o r a p r i o r i r e a s o n i n g w o u l d 
s u g g e s t m e t a b o l i c r a t e s h o u l d f o l l o w the A r r h e n i u s 
l a w . 

H o w e v e r , w o r k on m i t o c h o n d r i a , f r o m a v a r i e t y 

o f t i s s u e and o r g a n i s m s o u r c e s , s h o w s r e s p i r a t i o n 

( K e m p , G r o o t , & R e i t s m a , 1969 ; S m i t h , 1973c and L e e & 

G r e a r , 1974) and a d e n i n e n u c l e o t i d e t r a n s l o c a t i o n 

( H e l d t & K l i n g e n b e r g , 1 9 6 8 ) , to be v e r y s e n s i t i v e to 

t e m p e r a t u r e . T h i s e a r l y w o r k p r o v i d e d a b a s i s f o r 

s u b s e q u e n t s t u d i e s of the e f f e c t of t e m p e r a t u r e on 

m i t o c h o n d r i a . M o s t n o t a b l e i s the w o r k by R a i s o n and 

h i s c o - w o r k e r s on the i n f l u e n c e of t e m p e r a t u r e on 

r e s p i r a t o r y e n z y m e s y s t e m s ( R a i s o n , 1973 ) . T h e s e 

i n v e s t i g a t i o n s w e r e c a r r i e d ou t on m i t o c h o n d r i a 

i s o l a t e d f r o m h o m e o t h e r m i c and p o i k i l o t h e r m i c a n i m a l s 

( L y o n s & R a i s o n , 1970a ; K u m a m o t o , R a i s o n & L y o n s , 

1971) , as w e l l as c h i l l i n g r e s i s t a n t and c h i l l i n g s e n s i t i v e 

p l a n t s ( L y o n s & R a i s o n , 1970 b ) ; m e a s u r i n g s t a t e I I I 

and s t a t e I V of s u c c i n a t e o x i d a t i o n . T h e a r r h e n i u s 

p l o t s of h i s r e s u l t s s h o w e d a d i s c o n t i n u i t y i n b o t h 
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r e s p i r a t o r y r a t e s at a b o u t 2 5 ° and 1 2 ° i n ho m e o t h e r m i c 
a n i m a l s and c h i l l i n g s e n s i t i v e p l a n t s r e s p e c t i v e l y . 
T h i s r e l a t i o n s h i p was l i n e a r f o r p o i k i l o t h e r m i c a n i m a l s 
and c h i l l i n g r e s i s t a n t p l a n t s i n b o t h r e s p i r a t o r y s t a t e s 
(see R a i s o n , L y o n s , M e h l h o r n & K e i t h , 1971 , 
M c M u r c h i e , R a i s o n & C a i r n c r o s s , 1 9 7 3 ) . F r o m 
s p i n - l a b e l s t u d i e s R a i s o n and h i s c o l l e a g u e s c a m e to 
the c o n c l u s i o n t h a t change i n E , i . e . b r e a k s i n 
A r r h e n i u s plots, c a n be c o n s i d e r e d a d i r e c t i n d i c a t i o n 
o f a t e m p e r a t u r e - i n d u c e d phase change i n the m e m b r a n e 
l i p i d s ( R a i s o n , e t a l 1971) . 

S i m i l a r s t u d i e s have b e e n c a r r i e d o u t by S m i t h 

on m i t o c h o n d r i a I s o l a t e d f r o m f i s h t i s s u e s . He 

r e p o r t s t h a t b o t h s t a t e I I I & I V r e s p i r a t i o n show a 

l i n e a r A r r h e n i u s p l o t f r o m m i t o c h o n d r i a f r o m a v a r i e t y 

of f i s h . He too d e s c r i b e s n o n - l i n e a r p l o t s f o r 

m a m m a l i a n m i t o c h o n d r i a r e s p i r a t i o n ( S m i t h , 1973 c ) . 

L e s s a t t e n t i o n has b e e n p a i d to I n s e c t m i t o c h o n d r i a , 

b u t the e a r l i e r w o r k o f D a v i s o n (1971 a ) , u s i n g the s ame 

s t o c k of b l o w f l i e s a l s o s h o w s a m a r k e d t e m p e r a t u r e 

s e n s i t i v i t y of s a r c o s o m a l r e s p i r a t i o n . D a v i s o n (1971 a) 

r e p o r t e d the e x i s t e n c e o f a p l a t e a u , w h e r e t e m p e r a t u r e 

has l i t t l e e f f e c t on r e s p i r a t i o n , t h i s was f o l l o w e d by 

a s h a r p i n c r e a s e w i t h I n c r e a s i n g t e m p e r a t u r e . D a v l e s 
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& T r i b e ( 1 9 6 9 ) , on t he o t h e r h a n d , f o u n d t h a t o x y g e n 

c o n s u m p t i o n of i s o l a t e d b l o w f l y f l i g h t m u s c l e s a r c o s o m e s 

was t e m p e r a t u r e d e p e n d e n t and t h a t t h e r e was no e v i d e n c e 

o f a p l a t e a u o f t e m p e r a t u r e - i n d e p e n d e n t r e s p i r a t i o n . 

M u c h l e s s a t t e n t i o n has b e e n f o c u s e d on the 

e f f e c t s o f p r e i n c u b a t i o n , a t d i f f e r e n t t e m p e r a t u r e s , 

on s u b s e q u e n t l y d e t e r m i n e d r e s p i r a t o r y p e r f o r m a n c e . 

T h e e a r l i e r w o r k by D a v i s o n & B o w l e r , (1971) 

and s i m i l a r d a t a p r e s e n t e d h e r e ( C h a p t e r 3 ) , s h o w s 

t h a t s a r c o s o m a l f u n c t i o n i s i m p a i r e d f o l l o w i n g e x p o s u r e 

o f the f l y to h i g h l e t h a l and s u b - l e t h a l t e m p e r a t u r e s . 

T h i s begs t he q u e s t i o n of w h e t h e r s u c h t e m p e r a t u r e 

e x p o s u r e s a c t d i r e c t l y on t he s a r c o s o m e o r I n d i r e c t l y 

by a change i n the c e l l u l a r e n v i r o n m e n t . 

L i t t l e w o r k on t h e r m a l p r e i n c u b a t i o n of 

m i t o c h o n d r i a has b e e n c a r r i e d o u t w i t h the p u r p o s e o f 

a t t e m p t i n g t o i d e n t i f y the l e s i o n s c a u s e d by hea t 

d a m a g e . T h e f a c t t h a t i s o l a t e d m i t o c h o n d r i a a r e 

s u s c e p t i b l e t o m o d e r a t e t e m p e r a t u r e s i s e v i d e n t f r o m 

the s t r e s s p l a c e d by many w o r k e r s on m a i n t a i n i n g 

m i t o c h o n d r i a on i c e d u r i n g l o n g a s s a y p e r i o d s , see 

r e m a r k s made by S l a c k , ( 1 9 7 5 ) . On the o t h e r h a n d , the 

p r e i n c u b a t i o n of a l i q u o t s o f m i t o c h o n d r i a i n t he o x y g e n 

e l e c t r o d e r e a c t i o n c h a m b e r , b e f o r e the i n t r o d u c t i o n of 
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s u b s t r a t e s , has b e e n u s e d t o o b t a i n a b e t t e r r e s p i r a t o r y 

p e r f o r m a n c e , S a c k t o r & C h i l d r e s s ( 1 9 6 7 ) , H a n s f o r d , 

(1975 ) . 

T h e f o l l o w i n g e x p e r i m e n t s a r e d e s i g n e d to 

c o m p a r e the e x t e n t of hea t d a m a g e c a u s e d f o l l o w i n g t h e r m a l 

p r e i n c u b a t i o n i n v i t r o w i t h heat da mage i n v i v o c a u s e d 

by l e t h a l hea t t r e a t m e n t s . W i t h t h i s i n m i n d f l i e s 

a c c l i m a t e d at 1 5 ° , 2 4 ° and 3 4 ° C w e r e u s e d to d e t e r m i n e 

w h e t h e r c h a n g e s o c c u r r e d on s a r c o s o m a l t h e r m a l 

r e s i s t a n c e , i n p a r a l l e l w i t h c h a n g e s i n w h o l e o r g a n i s m 

r e s i s t a n c e o c c u r r i n g a f t e r s u c h p e r i o d s of a c c l i m a t i o n . 

M a t e r i a l s and M e t h o d s 

P r e p a r a t i o n o f s a r c o s o m e s 

S a r c o s o m e s w e r e i s o l a t e d f r o m 10 day o l d a d u l t 

b l o w f l i e s u s i n g the ' s t a n d a r d ' p r o c e d u r e g i v e n i n d e t a i l 

i n C h a p t e r ( 2 ) . 

M e a s u r e m e n t of s a r c o s o m a l r e s p i r a t o r y 
p e r f o r m a n c e at d i f f e r e n t t e m p e r a t u r e s 

F i v e o x y g e n e l e c t r o d e s w e r e s e t up s i m u l t a n ­

e o u s l y at 5 t e m p e r a t u r e s i n t h e r a n g e 5 ° to 3 7 ° C . T h e 

t e m p e r a t u r e o f the w a t e r b a t h s was m a i n t a i n e d at the 

a p p r o p r i a t e t e m p e r a t u r e to w i t h i n * 0 . 1 ° C , u s i n g 
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a ' S u n v i c ' r e l a y and Jumo t h e r m o r e g u l a t o r . E a c h 
s a r c o s o m a l p r e p a r a t i o n was s t o r e d on i c e p r i o r to u s e , 
and r e s p i r a t i o n was f o l l o w e d a t a d i f f e r e n t t e m p e r a t u r e 
i n e a c h o x y g e n e l e c t r o d e . W h e r e p o s s i b l e the w a t e r b a t h 
t e m p e r a t u r e s w e r e r a i s e d , and a f t e r a p e r i o d o f 
s t a b i l i z a t i o n , s a r c o s o m a l r e s p i r a t i o n was a g a i n f o l l o w e d 
at the new t e m p e r a t u r e . I n no case h o w e v e r w e r e 
s a r c o s o m e s u s e d l a t e r t h a n 60 m l n s . a f t e r e x t r a c t i o n . 

T h e d a t a c o l l e c t e d f r o m w o r k at t h i r t e e n d i f f e r e n t 

t e m p e r a t u r e s Is g i v e n i n T a b l e ( 5 . 1 ) and F i g . ( 5 . 1 ) , 

and w e r e d e r i v e d f r o m f i v e s e p a r a t e s a r c o s o m a l 

p r e p a r a t i o n s . 

O x y g e n c o n s u m p t i o n ( Q 0 2 ) , ADP : 0 and RC1 

w e r e d e t e r m i n e d u s i n g the " s t a n d a r d " r e a c t i o n m e d i u m , 

and f o l l o w i n g the same p r o c e d u r e as g i v e n I n C h a p t e r 

( 2 ) . 33 m M a - g l y c e r o p h o s p h a t e was u s e d as s u b s t r a t e 

and o x i d a t i o n f o l l o w e d i n the p r e s e n c e and a b s e n c e o f 

0 . 5 u m o l e A D P . 

T h e o x y g e n t e n s i o n of the r e a c t i o n m e d i u m was 

o b t a i n e d f r o m d a t a p r e s e n t e d by D a v i s o n , ( 1 9 7 0 ) . 

P r e i n c u b a t i o n o f s a r c o s o m e s : 

T h e b l o w f l i e s u s e d I n t h i s s e r i e s o f e x p e r i m e n t s 

w e r e r e a r e d at 2 4 ° C and at e c l o s l o n w e r e p l a c e d a t 

1 5 ° , 2 4 ° o r 3 4 ° C to a c c l i m a t e f o r 10 d a y s . S a r c o s o m a l 
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p r e p a r a t i o n s w e r e t h e n made u s i n g the s t a n d a r d p r o c e d u r e 

as d e s c r i b e d i n C h a p t e r ( 2 ) . 

P r e p a r a t i o n s w e r e d i v i d e d i n t o e q u a l v o l u m e s , 

and one a l i q u o t p l a c e d on i c e and the o t h e r p i p e t t e d 

i n t o a g l a s s t e s t t ube ( d i a m e t e r 1.5 c m , l e n g t h 10 c m ) , 

p r e v i o u s l y e q u i l i b r a t e d a t one o f the f o l l o w i n g -

t e m p e r a t u r e s : 3 0 ° , 3 1 ° , 3 3 ° , 3 5 ° , 3 6 ° o r 4 1 ° C . T h e s e 

w a t e r b a t h t e m p e r a t u r e s w e r e m a i n t a i n e d to w i t h i n 

* 0 . 1 ° C u s i n g a ' S u n v i c ' c o n t r o l and a Jumo t h e r m o -

r e g u l a t o r . 

S a r c o s o m e s f r o m f l i e s a c c l i m a t e d to 2 4 ° C 

w e r e p r e i n c u b a t e d at 3 0 ° , 3 1 ° , 3 3 ° , 3 5 ° , 3 6 ° and 4 1 ° 

f o r v a r y i n g p e r i o d s of t i m e , and i n a l l c a s e s b u t the 

l a s t t e m p e r a t u r e t h e d a t a s h o w n i n T a b l e s ( 5 . 3 - 5 . 6 ) 

i s f r o m t w o s e p a r a t e p r e p a r a t i o n s made f o r e a c h 

t e m p e r a t u r e , e x c e p t f o r p r e i n c u b a t i o n s at 3 1 ° and 3 3 ° , 

w h e r e e a c h p r e p a r a t i o n was d i v i d e d i n t o 3 e q u a l p a r t s . 

T w o o f t h e s e p a r t s w e r e p l a c e d at the e x p e r i m e n t a l 

t e m p e r a t u r e , and the t h i r d at 0 ° C to s e r v e as a c o n t r o l 

f o r b o t h e x p e r i m e n t a l t e m p e r a t u r e s . 

S a r c o s o m e s f r o m f l i e s a c c l i m a t e d at 1 5 ° and 

3 4 ° C w e r e e x p o s e d to 3 6 ° C o n l y . F o u r e x p e r i m e n t a l and 

t w o c o n t r o l p r e p a r a t i o n s w e r e u s e d f o r e a c h a c c l i m a t e d 

g r o u p . 
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I n a l l c a s e s the e f f e c t o f t h e p r e i n c u b a t i o n 
was d e t e r m i n e d by f o l l o w i n g r e s p i r a t o r y r a t e s at 2 4 ° C , 
u s i n g 33 m M a - g l y c e r opho spha te as s u b s t r a t e i n the 
p r e s e n c e and a b s e n c e of 0 .5 u m o l e A D P . 50 u l 
s a m p l e s of the p r e p a r a t i o n w e r e w i t h d r a w n ( a f t e r 
s h a k i n g ) f o r use i n the o x y g e n e l e c t r o d e . U s u a l l y the 
s a m p l i n g a l t e r n a t e d b e t w e e n the s a r c o s o m e s at the 
e x p e r i m e n t a l t e m p e r a t u r e and c o n t r o l s a r c o s o m e s h e l d 
on i c e , i n any e v e n t b o t h the a l i q u o t s w e r e s a m p l e d o v e r 
the same t i m e p e r i o d as i s i n d i c a t e d i n the r e s u l t s i n 
T a b l e s ( 5 . 3 - 5 . 7 ) . 

R e s u l t s : 

A . E f f e c t of r e a c t i o n t e m p e r a t u r e on r e s p i r a t o r y 
p e r f o r m a n c e 

I t m u s t f i r s t be e m p h a s i z e d t h a t the d a t a p r e s e n t e d 

i n t h i s s e c t i o n a r e o b t a i n e d f r o m f l i e s r e a r e d and 

m a i n t a i n e d t h r o u g h o u t at 2 4 ° C . T h e y a r e t h u s a c c l i m a t e d 

at 2 4 ° C . F u r t h e r m o r e a - g l y c e r o p h o s p h a t e was the o n l y 

s u b s t r a t e u s e d i n t h i s s e r i e s o f e x p e r i m e n t s . 

T h e c o m p l e t e d a t a , s h o w i n g the e f f e c t o f r e a c t i o n 

t e m p e r a t u r e on i n s t a t e I I I and s u b s t r a t e r a t e 

o x i d a t i o n , R C 1 , and ADP : 0 , a r e g i v e n i n T a b l e ( 5 . 1 ) . 

T h e e f f e c t o f r e a c t i o n t e m p e r a t u r e on i s a l s o s h o w n 

i n the f o r m o f an A r r h e n i u s p l o t i n F i g . ( 5 . 1 ) . F o r 



T a b l e 5 . 1 

E f f e c t of the r e a c t i o n t e m p e r a t u r e on 

t he r e s p i r a t o r y p e r f o r m a n c e of i s o l a t e d 

b l o w f l y f l i g h t m u s c l e s a r c o s o m e s . 

S a r c o s o m e s w e r e i s o l a t e d u s i n g the " s t a n d a r d 

m e t h o d d e s c r i b e d i n C h a p t e r ( 2 ) . R e a c t i o n 

c o n d i t i o n s , see T a b l e 4 . 2 . T h e mean v a l u e s 

s h o w n w e r e o b t a i n e d f r o m 5 s e p a r a t e 

p r e p a r a t i o n s . 

n . m = n o t m e a s u r a b l e 



J - CM CO -=»• O 
O H O 0 H 

• • • • • 

c O O O 0 O 
CO 
<u • • + 1 + 1 + | + 1 + 1 
a a 

+ 1 + 1 + 1 + 1 

o • CO CO on 0 0 LfN 
CO a 0 0 C\J OJ 
O < • • • 
u H H H H H 

CO LTN o \ CVJ OJ C— 
O H H O H 

CD • • • • 
H O O 0 O O 
•d 0 

+ 1 + 1 CO H 0 + 1 + | + 1 + 1 + | 
O • 

+ 1 + 1 + 1 

a K H H on ON - 3 - OJ 
CO on -3- LTN CO 

•p • • • • • 
.a H H H H H 
(aC 

H 
<H CD 

-p 
>cf cd 
<D u 

+5 .— O O on ON LfN CO 
ct) CO ON VO CM 
H CD M • • • • • • 

O •P H H H CM CVJ H OJ 
CO cd 

• H H CD + 1 + 1 + 1 + 1 + 1 + 1 
H p -p 

+ 1 + 1 + 1 + 1 + 1 

fl 1 a 05 m co CM ON 
O • •H -p CO ex) on H ON VO 

•P •P CO • • • • • • 
<u O CO H 0 LfN irv CM 
f H 5H 1 H H on on on -3-
p1 

P I PH 
-p Q 
cd DO <£! 
!H O J 0 

O 
p Gf • 
a H CD 

1 -P 
•p U cd O -=t H -=i- -si- O 

Xi on ON co ro ON 
CJ 1 • • • • • • 
o • 0) H O OJ H H O 

•H O •p 
•P < cd + 1 + 1 + 1 + 1 + 1 + 1 
ed 

+ 1 + 1 + 1 + 1 

OJ bO •p CO H CM on 
CO on H co 

— , 0 • • • • • • 
OH P H i n CM on on on 
O CO H H CM OJ CM CM 

43 
O 0 
0) 0 

CH LfN 
*H • . 
w LA CO O on LTN co 

a H H H H 
V 

EH 

1 



vo on L f \ CM J -

o o O H O 
• • • • • 

o o o O o • 

+ 1 + 1 + 1 
B 

+ 1 + 1 + 1 + 1 + 1 a a 
L A VO 0 0 o J -

VO t - VO CM 
• « • • • 

H H H H H 

O CM VO CM t - t-
CM H CM CM on H o 

• • • • « • • 

O o O O o o o 
+ 1 + 1 + 1 + 1 + 1 + 1 + 1 

c— o VO ON H vo 
ON on o co VO LTN 

• • • • • a • 

H CM CM CM H H rH 

t -
LTN t— CO O ON CM H 

O i n • CO 
• • • • • ro • 

CM H 

+ 1 + 1 + 1 + 1 + 1 + 1 + 1 

O CM t- o o H ON 
H O oo CO - 4 - CO CM 

• •—'• • • • • 

CM J - LTS H vo CM H 
ir\ VO CO ON CO O 

H 
CM 
H 

vo rn on J - r— J " CO 
ON t - H VO LTN CM t -

• • • • • • • 

H H on CM - 3 - CM 

+ 1 + 1 + 1 + 1 + 1 + 1 + 1 

Ox on H ON on O 
OO H LTN H vo on 

• • • « • • • 

VO VO ITN CO on t— 
CM CM on J - vo t— 

H J - t - ON H -=t- ir­
CM CM CM CM on on on 



T a b l e 5 . 2 

Changes i n the v a l u e s and 

a c t i v a t i o n e n e r g y of i s o l a t e d 

b l o w f l y f l i g h t m u s c l e s a r c o s o m e s 

r e s p i r i n g on a - g l y c e r o p h o p h a t e . 

V a l u e s a r e c a l c u l a t e d f r o m the 

d a t a p r e s e n t e d i n T a b l e ( 5 . 1 ) . 
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c o n v e n i e n c e the e f f e c t o f t e m p e r a t u r e on t h e s e v a r i o u s 
p a r a m e t e r s w i l l be d i s c u s s e d s e p a r a t e l y . 

i ) S u b s t r a t e r a t e o x i d a t i o n 

I t c an be seen f r o m F i g . ( 5 . 1 ) , t h a t the 

A r r h e n i u s p l o t i s n o n - l i n e a r and c a n be d i v i d e d i n t o 

t h r e e d i s t i n c t p h a s e s , w i t h ' b r e a k s ' a t a b o u t 1 0 ° 

and 2 4 ° C . 

Phase 1 ( 5 ° - 1 0 ° C ) T h e e f f e c t o f t e m p e r a t u r e i n 

t h i s phase was c h a r a c t e r i s e d by a h i g h v a l u e f o r E 

( 1 9 . 9 2 K c a l . m o l e * ) , o x i d a t i o n r a t e s m o r e t h a n d o u b l e d 

b e t w e e n 5 ° and 1 0 ° C f r o m 1 1 . 3 6 t o 2 2 . 8 6 jig A O . h r " 1 . 

mg p r o t . As c a n be s een f r o m T a b l e ( 5 . 2 ) t h i s g a v e 

a h i g h Q ^ Q v a l u e i n t h i s t e m p e r a t u r e r a n g e o f 3 . 5 8 . 

Phase 2 ( 1 0 ° - 2 4 ° C ) T h i s phase i s c h a r a c t e r i s e d by 

the l o w e s t E a o f o n l y 2 . 2 8 k c l . m o l e I n d e e d v e r y 

l i t t l e r i s e i n QC^ i s s een o v e r t h i s t e m p e r a t u r e r a n g e , i t 

i n c r e a s e d o n l y by 5 ug AO f r o m 2 2 . 8 6 to 2 7 . 8 4 ^ig A O . h r 1 

mg p r o t . a r i s e t h a t i s i n s i g n i f i c a n t (P/> 0 . 0 5 ) of 

1 . 1 5 . T h u s I n t h i s t e m p e r a t u r e r a n g e s u b s t r a t e 

r e s p i r a t i o n i s e f f e c t i v e l y t e m p e r a t u r e - i n d e p e n d e n t . 

Phase 3 T h i s phase e x t e n d e d f r o m 2 4 ° C to the u p p e r 

http://AO.hr%221
http://AO.hr
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t e m p e r a t u r e s t u d i e d , 3 7 ° C . The E f o r t h i s t e m p e r a t u r e 
a 

r a n g e i s 1 4 . 0 0 k c a l . m o l e ' * , and o x i d a t i o n r a t e r i s e s 

s h a r p l y f r o m 2 7 . 8 4 to 7 7 . 3 ug A O . h r mg p r o t . 

T a b l e ( 5 . 2 ) s h o w s the c a l c u l a t e d v a l u e f o r o f 

2 . 2 2 , c l o s e to the p r e d i c t e d v a l u e f r o m the ' K r o g h ' 

n o r m a l c u r v e . 

i i ) S t a t e I I I o x i d a t i o n ( A D P - s t i m u l a t e d r e s p i r a t i o n ) 

T h e A r r h e n i u s p l o t , i n t h i s c a s e , c an be 

d i v i d e d i n t o f o u r d i s t i n c t p h a s e s , w i t h ' b r e a k s ' a t 

a b o u t 1 0 ° , 1 8 ° and 2 7 ° C . ( see F i g . 5 . 1 ) . 

Phase 1: ( 5 ° - 1 0 ° C ) T h i s p h a s e , a l s o , was c h a r a c t ­

e r i s e d by a h i g h v a l u e f o r E ( 2 7 . 7 6 k c a l . m o l e * ) , 

o x i d a t i o n r a t e s n e a r l y t r i p l e d b e t w e e n 5 ° and 1 0 ° C f r o m 

11.36 to 3 0 . 38 jig A O . h r mg p r o t . 1 g i v i n g a v e r y 

h i g h Q 1 Q v a l u e o f 5 . 9 3 . 

Phase 2 : (10° - 18°C) In thls phase a l o w v a l u e f o r E Q 

( 7 . 5 2 k c a l . m o l e *) was o b s e r v e d . T h e i n c r e a s e i n 

o v e r t h i s t e m p e r a t u r e r a n g e was o n l y by a b o u t 12 pg A O , 

f r o m 3 0 . 38 to 4 2 . 69 ug A O . h r " 1 . mg p r o t . " 1 The Q 1 Q 

v a l u e c a l c u l a t e d was 1 .58 . 

Phase 3:Cl8° - 27°C) Over t h i s t e m p e r a t u r e r a n g e o x i d a t i o n 

http://AO.hr
http://AO.hr
http://AO.hr%221


F i g . 5 . 1 

A n A r r h e n i u s p l o t o f the d a t a p r e s e n t e d 

i n T a b l e ( 5 . 1 ) . 

O r d i n a t e : l o g s c a l e r e p r e s e n t i n g o x i d a t i o n 

r a t e s of a - g l y c e r o p h o s p h a t e 

e x p r e s s e d as ug A O . h r mg p r o t . 

Abscissa : R e c i p r o c a l o f the a b s o l u t e 

t e m p e r a t u r e . 

V a l u e s f o r A c t i v a t i o n e n e r g y o f the i n d i v i d u a l 

p h a s e s , a r e g i v e n . (See a l s o T a b l e 5 . 2 ) 

S u b s t r a t e r a t e r e s p i r a t i o n O 

S t a t e I I I r e s p i r a t i o n A 

http://AO.hr
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r a t e s d o u b l e d f r o m 4 2 . 6 9 to 8 5 . 8 7 ug A O . h r * . m g p r o t . * 

and a r e l a t i v e l y h i g h E v a l u e was o b t a i n e d ( 1 3 . 2 7 

k c a l . m o l e * ) i Q j q was 2 . 1 6 . 

Phase 4 ( 2 7 ° - 3 7 ° C ) T h i s phase was c h a r a c t e r i s e d 

by a l o w v a l u e f o r E & ( 4 . 6 7 k c a l . m o l e ^ ' ) . T h e i n c r e a s e 

i n the o x i d a t i o n r a t e s was f r o m 8 5 . 87 to 121 .29 

ug A O . h r mg p r o t . Q^q v a l u e of 1.41 was r e c o r d e d . 

T e m p e r a t u r e d e p e n d e n c e of RC1 

R e s p i r a t o r y c o n t r o l i s w i d e l y u s e d as an i n d e x 

o f the t i g h t n e s s o f c o u p l i n g o f o x i d a t i v e p h o s p h o r y l a t i o n . 

As c a n be s e e n f r o m T a b l e ( 5 . 1 ) the h i g h e s t v a l u e s 

f o r RC1 w e r e o b t a i n e d i n the r a n g e 24 to 2 9 ° C and o n l y 

h e r e w e r e v a l u e s g r e a t e r t h a n 2 o b t a i n e d . As c a n a l s o 

be s een f r o m T a b l e ( 5 . 1 ) , a t 5 ° C the a d d i t i o n of ADP 

t o the r e a c t i o n m e d i u m f a i l e d to s t i m u l a t e o x i d a t i o n 

r a t e s , and c o n s e q u e n t l y an RC1 o f 1 was o b t a i n e d . As 

r e a c t i o n t e m p e r a t u r e was r a i s e d RC1 i n c r e a s e d up t o 

2 7 ° C w h e r e t he h i g h e s t v a l u e o f 2 . 4 6 was o b t a i n e d . L o w 

v a l u e s of RC1 w e r e o b t a i n e d p a r t i c u l a r l y at t e m p e r a t u r e s 

b e l o w 1 5 ° C , and the v a l u e of 1.82 f o r RG1 o b t a i n e d at 

1 8 ° C i s s t i l l s i g n i f i c a n t l y l e s s t h a n t h a t o b t a i n e d at 

2 7 ° C ( p < 0 . 0 1 ) . 

http://AO.hr
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As the t e m p e r a t u r e was r a i s e d above 2 7 ° C , 
RC1 p r o g r e s s i v e l y f e l l , and was s i g n i f i c a n t l y l e s s t h a n 
2 . 4 6 at 3 4 ° C and 3 7 ° C w h e n v a l u e s of 1.61 and 1.56 
w e r e o b t a i n e d r e s p e c t i v e l y ( p ^ O . O l ) (see F i g . 5-la) 

AD P : 0 

T h e t h e o r e t i c a l m a x i m u m v a l u e f o r ADP : 0 , 

w h e n Q f - g l y c e r o p h o s p h a t e i s the s u b s t r a t e , i s 2 . As 

can be seen the h i g h e s t v a l u e s w e r e o b t a i n e d i n 

the r a n g e 21° - 2 9 ° C w h e n ADP : 0 w e r e f o u n d g r e a t e r 

t h a n 1 .6 . T h e s e c o m p a r e w i t h the h i g h e s t v a l u e s g i v e n 

e a r l i e r i n C h a p t e r ( 3 ) ( 1 . 8 0 ) , w h e r e the e f f e c t o f r e a c t i o n 

c o n d i t i o n s on o x i d a t i v e p h o s p h o r y l a t i o n was r e p o r t e d , 

see T a b l e (3 . 2 ) . 

I t i s n o t p o s s i b l e , u s i n g p o l a r o g r a p h i c 

t e c h n i q u e s to d e t e r m i n e ADP : 0 w h e n v e r y l o w v a l u e s 

f o r RC1 a r e o b t a i n e d . C o n s e q u e n t l y ADP : 0 w e r e no t 

m e a s u r a b l e at 5 ° C o r at 3 4 ° o r 3 7 ° C . I n d e e d b e l o w 

2 1 ° C the v a l u e s c a l c u l a t e d f o r ADP : 0 f e l l d r a m a t i c a l l y 

to be a p p a r e n t l y a b o u t 1 at 1 0 . 5 ° C . (see F i g . 5 . 1 a ) . 



F i g . 5 . 1 a 

E f f e c t o f the r e a c t i o n t e m p e r a t u r e on 

the r e s p i r a t o r y p e r f o r m a n c e o f 

i s o l a t e d b l o w f l y f l i g h t m u s c l e s a r c o s o m e s . 

( F r o m d a t a p r e s e n t e d i n T a b l e 5 . 1 ) 



Effect of reaction temp, on ADP: 0 ratio 
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B) T h e e f f e c t of t h e r m a l p r e i n c u b a t i o n on 
s a r c o s o m a l r e s p i r a t o r y p e r f o r m a n c e 

i . P r e i n c u b a t i o n of S a r c o s o m e s at 3 0 ° G 

As can be seen f r o m T a b l e ( 5 . 3 ) and F i g . ( 5 . 2 ) , 

s u b s t r a t e r a t e o x i d a t i o n was l i t t l e a f f e c t e d by 

p r e i n c u b a t i o n of s a r c o s o m e s at 3 0 ° C , as c o m p a r e d 

w i t h s a r c o s o m e s m a i n t a i n e d at a b o u t 0 °c on i c e . O n l y 

the v a l u e o b t a i n e d a f t e r 40 m i n s p r e i n c u b a t i o n a p p e a r e d 

to be s i g n i f i c a n t l y l e s s at 1 8 . 8 2 as c o m p a r e d w i t h 

2 2 . 46 ug A O . h r mg p r o t . * i n c o n t r o l s . 
i 

C o n s i d e r i n g n e x t A D P - s t i m u l a t e d r e s p i r a t i o n 

( s t a t e I I I ) t h e r e Is no o b v i o u s t r e n d i n the e f f e c t of 

p r e i n c u b a t i o n at 0 ° C w i t h t h e l o w e s t v a l u e f o r QO 

b e i n g o b t a i n e d a f t e r 10 m i n s ( 4 2 . 4 pg A O . h r \ mg p r o t . 

and the h i g h e s t a f t e r 40 m i n s ( 4 7 . 9 8 ug A O . h r * 

mg p r o t . * ) , h o w e v e r the v a l u e a f t e r 120 m i n s was s t i l l 

4 5 . 9 6 ug A O . h r * mg p r o t . and i t m u s t be c o n c l u d e d 

t h a t AD P-s t i m u l a t ed r a t e o x i d a t i o n i s w e l l m a i n t a i n e d 

d u r i n g s t o r a g e ( p r e i n c u b a t i o n ) a t 0 ° C . I n the 

e x p e r i m e n t a l s a r c o s o m e s , p r e i n c u b a t e d at 3 0 ° C , 

h o w e v e r s t a t e I I I r a t e s w e r e c o n s i s t e n t l y , i f n o t 

s i g n i f i c a n t l y , h i g h e r t h a n t h o s e o b t a i n e d i n the c o n t r o l s 

f o r up to 80 m i n s p r e i n c u b a t i o n . A v e r y s i g n i f i c a n t 

2 h r s . p r e i n c u b a t i o n at 3 0 ° C , h o w e v e r , the v a l u e 

b e i n g r e d u c e d to o n l y 21 .69 ug A O . h r \ mg p r o t . 

http://AO.hr
http://AO.hr
http://AO.hr
http://AO.hr
http://AO.hr


Table 5 . 3 

E f f e c t of p r e i n c u b a t i o n at 3 0 ° C on the 

s u b s e q u e n t r e s p i r a t o r y p e r f o r m a n c e o f 

i s o l a t e d b l o w f l y f l i g h t m u s c l e s a r c o s o m e s . 

( o x i d a t i v e p h o s p h o r y l a t i o n m e a s u r e d at 2 4 ° C ) . 

S u b s t r a t e : 33 m M a - g l y c e r opho sp ha te 

I s o l a t i o n : ' S t a n d a r d ' m e t h o d ( see C h a p t e r 

R e a c t i o n c o n d i t i o n s : See T a b l e ( 4 . 2 ) 

T h e m e a n v a l u e s s h o w n w e r e o b t a i n e d f r o m 

2 s e p a r a t e p r e p a r a t i o n s . Range of v a l u e s 

i s g i v e n i n b r a c k e t s . 

QO v a l u e s a r e e x p r e s s e d as ug A O . h r \ mg p r o t . 

http://AO.hr
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F i g . 5 . 2 

E f f e c t of p r e i n c u b a t i o n at 30 C on the 

r e s p i r a t o r y p e r f o r m a n c e of i s o l a t e d 

b l o w f l y f l i g h t m u s c l e s a r c o s o m e s . 

O x i d a t i v e p h o s p h o r y l a t i o n was 

m e a s u r e d at 2 4 ° C . 

( F r o m d a t a p r e s e n t e d i n T a b l e 5 . 3 ) 

S u b s t r a t e - r a t e 

A D P - s t i m u l a t e d r a t e 

C o n t r o l 
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A 

e x p e r i m e n t a l 
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a r e d u c t i o n of m o r e t h a n 50% as c o m p a r e d w i t h c o n t r o l 

v a l u e s . 

I n c o n s e q u e n c e , RC1 s h o w e d d i f f e r e n c e s b e t w e e n 

c o n t r o l and e x p e r i m e n t a l s a r c o s o m e s . H i g h e r v a l u e s 

f o r RC1 w e r e o b t a i n e d b e t w e e n 10 and 40 m i n s 

p r e i n c u b a t i o n f o r e x p e r i m e n t a l as c o m p a r e d to c o n t r o l 

s a r c o s o m e s , as c a n be s een f r o m c o m p a r i s o n o f t he 

r a n g e o f v a l u e s o b t a i n e d . L o n g e r p r e i n c u b a t i o n t i m e s 

h o w e v e r , r e s u l t e d i n a f a l l i n v a l u e s o f R C 1 , so t h a t 

a f t e r 2 h o u r s p r e i n c u b a t i o n the v a l u e was 1.10 f o r 

e x p e r i m e n t a l and 2.15 f o r c o n t r o l s a r c o s o m a l , 

r e s p e c t i v e l y . 

d e c r e a s e d o v e r the f i r s t 60 m i n s f r o m 1.97 to 1 . 6 7 , 

h o w e v e r t h i s v a l u e was f o u n d to be c o n s i s t e n t o v e r the 

f o l l o w i n g 60 m i n s . I n e x p e r i m e n t a l s a r c o s o m e s 

ADP : 0 r a t i o d i d n o t show a m a j o r d i f f e r e n c e as 

c o m p a r e d w i t h t he c o n t r o l v a l u e s . N e v e r t h e l e s s the 

h i g h e s t v a l u e o f 1.95 was o b t a i n e d a f t e r 20 m i n s 

p r e i n c u b a t i o n at t h i s t e m p e r a t u r e , and the lowest v a l u e 

o f 1.63 a f t e r 80 m i n s . A f t e r 120 m i n s . h o w e v e r 

ADP : 0 r a t i o was n o t m e a s u r a b l e . 

ADP 
e 

0 r a t i o . , o b t a i n e d f o r c o n t r o l s a r c o s o n j / s 
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i i . P r e i n c u b a t i o n of S a r c o s o m e s at 3 1 ° C 

As can be seen p r e i n c u b a t i o n at 3 1 ° C g a v e 

r i s e to an i n c r e a s e i n s u b s t r a t e r a t e o x i d a t i o n . T h i s 

i s p a r t i c u l a r l y n o t i c a b l e f o r p r e i n c u b a t i o n s o f 10 m i n s 

and l o n g e r , w h e r e the d i f f e r e n c e s a r e c l e a r l y 

s i g n i f i c a n t as the r a n g e of v a l u e s o b t a i n e d , at e a c h 

s a m p l e p o i n t , do n o t o v e r l a p . D u r i n g the 80 m i n 

d u r a t i o n of the e x p e r i m e n t t he o x i d a t i o n r a t e s r o s e 

i n c o n t r o l s a r c o s o m e s f r o m 3 3 . 5 5 to 3 8 . 6 8 ug. A O . h r 1 . 

mg p r o t . a r i s e t h a t i s p r o b a b l y n o t s i g n i f i c a n t . 

T h e r i s e i n s u b s t r a t e r a t e i n the e x p e r i m e n t a l 

s a r c o s o m e s d u r i n g the p r e i n c u b a t i o n at 3 1 ° C i s 

g r e a t e r t h a n i n c o n t r o l s . H o w e v e r , t h i s r i s e i s no t 

a p r o g r e s s i v e one f o r o x i d a t i o n r a t e s , a f t e r 60 o r 80 

m i n s , a r e no g r e a t e r t h a n a f t e r say 20 m i n s p r e i n c u b ­

a t i o n , see T a b l e ( 5 . 4 ) . 

S t a t e I I I r e s p i r a t i o n i n the c o n t r o l s a m p l e o f 

s a r c o s o m e s s h o w s a t r e n d t o w a r d s i n c r e a s e d r a t e s w i t h 

l o n g e r t i m e s s p e n t at 0 ° C . T h e h i g h e s t r a t e was f o u n d 

a f t e r 45 m i n s and was 9 8 . 7 6 ( 9 5 . 5 1 - 102. 01) ug A O . h r " 1 . 

mg p r o t . s u b s e q u e n t l y the m e a s u r e d r a t e was a b o u t 

8 9 . 5 ug A O . h r ^ . m g p r o t . I n t he s a r c o s o m e s h e l d at 

3 1 ° C h o w e v e r the h i g h e s t s t a t e I I I r e s p i r a t i o n was 

f o u n d up to a b o u t 20 m i n s w h e n v a l u e s of a b o u t 

110 j i g A O . h r " 1 . mg p r o t . " 1 w e r e o b t a i n e d . S u b s e q u e n t l y 

http://AO.hr


T a b l e 5 . 4 . 

E f f e c t of p r e i n c u b a t i o n at 31 C on the 

r e s p i r a t o r y p e r f o r m a n c e of i s o l a t e d 

b l o w f l y f l i g h t m u s c l e s a r c o s o m e s . 

O x i d a t i v e p h o s p h o r y l a t i o n was m e a s u r e d 

at 2 4 ° C , u n d e r t he same c o n d i t i o n s 

d e s c r i b e d i n T a b l e ( 5 . 3 ) . 

Means a r e d e r i v e d f r o m 2 s e p a r a t e 

expe r i m e n t s. 
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F i g . 5 . 3 

E f f e c t o f p r e i n c u b a t i o n at 31 C on the 

r e s p i r a t o r y p e r f o r m a n c e of i s o l a t e d 

b l o w f l y f l i g h t m u s c l e s a r c o s o m e s . 

O x i d a t i v e p h o s p h o r y l a t i o n was m e a s u r e d 

a t 2 4 ° C , ( F r o m d a t a p r e s e n t e d i n 

T a b l e 5 . 4 ) . 

C o n t r o l e x p e r i m e n t a l 

S u b s t r a t e - r a t e O © 

A D P - s t i m u l a t e d r a t e A A 
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t h e r e was a d e c l i n e i n s t a t e I I I r e s p i r a t i o n and v a l u e s 
o f o n l y 63 ug A O . h r \ mg p r o t . * w e r e f o u n d a f t e r 60 
and 80 m i n s a t 3 1 ° G . 

T h e m e a s u r e d v a l u e s o f RC1 i n the c o n t r o l g r o u p 

a r e v e r y s i m i l a r t h r o u g h o u t the 80 m i n u t e s a m p l i n g 

p e r i o d , i n d e e d the e x t r e m e v a l u e s o b t a i n e d a r e 2 . 1 

and 2 . 5 4 , the mean v a l u e s v a r y o n l y b e t w e e n 2.13 and 

2 . 4 6 . No o b v i o u s t r e n d e x i s t s . 

I n the e x p e r i m e n t a l s a r c o s o m e s , h e l d at 3 1 ° C , 

h o w e v e r the h i g h e s t mean v a l u e f o r R C 1 , 2 . 4 8 , i s 

o b t a i n e d a f t e r 5 m i n s . T h e r e a f t e r , RG1 v a l u e s f a l l 

p r o g r e s s i v e l y to be o n l y a b o u t 1.3 a t the l o n g e s t 

p r e i n c u b a t i o n t i m e s . I t i s c l e a r h o w e v e r t h a t the m e a n 

RC1 o b t a i n e d f o r the e x p e r i m e n t a l s r a c o s o m e s i s 

s i g n i f i c a n t l y h i g h e r up to 10 m i n s p r e i n c u b a t i o n , t h a n 

i n the c o n t r o l s a r c o s o m e s . 

No t r e n d i s a p p a r e n t i n the v a l u e s o b t a i n e d 

f o r ADP : 0 i n t he c o n t r o l s a r c o s o m e s , and the m e a n 

v a l u e s o b t a i n e d r a n g e d b e t w e e n 1.68 ( a f t e r 30 m i n s on 

i c e ) to 1.95 ( a f t e r 25 m i n s on i c e ) . 

I n c o m p a r i n g t he v a l u e s o b t a i n e d f o r ADP : 0 

f o r the e x p e r i m e n t a l s a r c o s o m e s , no t r e n d i s a p p a r e n t , 

and o n l y a f t e r the l o n g e r e x p o s u r e t i m e s , p a r t i c u l a r l y 

80 m i n s , d i d the v a l u e f a l l s i g n i f i c a n t l y to 1 . 2 2 . 

http://AO.hr
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i i l . P r e i n c u b a t i o n o f s a r c o s o m e s a t 33 ° C 

As c a n be seen f r o m T a b l e ( 5 . 5 ) and F i g . ( 5 . 4 ) 

p r e i n c u b a t i o n at 3 3 ° c a u s e d an i n c r e a s e i n s u b s t r a t e 

r a t e o x i d a t i o n as c o m p a r e d w i t h s a r c o s o m e s m a i n t a i n e d 

on i c e . T h i s i n c r e a s e was s een a l r e a d y a f t e r 5 m i n 

p r e i n c u b a t i o n , w h e r e a v a l u e o f 41.10 u g A O . h r *. 

mg p r o t . * was o b t a i n e d . T h i s v a l u e i s p r o b a b l y 

s i g n i f i c a n t l y h i g h e r t h a n t h a t o b t a i n e d f r o m c o n t r o l 

s a r c o s o m e s , w h i c h was 3 3 . 5 5 j a g A O . h r mg p r o t . as 

the t w o r a n g e s o f v a l u e s o b t a i n e d a r e n o n - o v e r l a p p i n g . 

T h e r i s e i n s u b s t r a t e r a t e o x i d a t i o n o f s a r c o s o m e s 

p r e i n c u b a t e d at 3 3 ° C i s g r e a t e r t h a n i n c o n t r o l s a r c o s o m e s , 

and i s a p r o g r e s s i v e one r e a c h i n g 5 1 . 2 1 jigAO. h r 

mg p r o t . \ w i t h the e x c e p t i o n of the v a l u e o b t a i n e d 

a f t e r 40 m i n . p r e i n c u b a t i o n , see T a b l e ( 5 . 5 ) . 

A D P - s t i m u l a t e d r e s p i r a t i o n b e h a v e d v e r y s i m i l a r 

to t h a t d e s c r i b e d f o r 3 1 ° p r e i n c u b a t i o n . Q 0 2 v a l u e s 

w e r e h i g h e r f o r t h e e x p e r i m e n t a l as c o m p a r e d w i t h the 

c o n t r o l s a r c o s o m e s up to a b o u t 35 m i n s p r e i n c u b a t i o n . 

W i t h the v a l u e s f o r the e x p e r i m e n t a l s a r c o s o m e s b e i n g 

a b o u t 100 jig A O . h r * . m g p r o t . i n c o n t r a s t to v a l u e s 

of 70 - 80 jig A O . h r mg p r o t . *, f o r c o n t r o l s a r c o s o m e s . 

T h e r e a f t e r the °* e x p e r i m e n t a l s a r c o s o m e s f e l l to 

be l e s s t h a n t h a t o f c o n t r o l s , w h i c h i n c r e a s e d , d u r i n g 

the n e x t 45 m i n s a t 3 3 ° C . 

http://AO.hr
http://AO.hr
http://AO.hr
http://AO.hr


T a b l e 5. 5 

E f f e c t of p r e i n c u b a t i o n a t 3 3 ° C on the 

r e s p i r a t o r y p e r f o r m a n c e of i s o l a t e d 

b l o w f l y f l i g h t m u s c l e s a r c o s o m e s . 

O x i d a t i v e p h o s p h o r y l a t i o n was m e a s u r e d 

at 2 4 ° C , u n d e r the s ame c o n d i t i o n s 

d e s c r i b e d i n T a b l e ( 5 . 3 ) . 

T h e mean v a l u e s s h o w n w e r e d e r i v e d f r o 

2 s e p a r a t e e x p e r i m e n t s . 
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F i g . 5 . 4 

E f f e c t o f p r e i n c u b a t i o n a t 33 C on the 

r e s p i r a t o r y p e r f o r m a n c e o f i s o l a t e d 

b l o w f l y f l i g h t m u s c l e s a r c o s o m e s . 

O x i d a t i v e p h o s p h o r y l a t i o n was m e a s u r e d 

at 2 4 ° C , ( F r o m d a t a p r e s e n t e d i n 

T a b l e 5 . 5 ) 

S u b s t r a t e - r a t e 

A D P - s t i m u l a t e d r a t e 

C o n t r o l e x p e r i n 

O e 
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T h e m e a s u r e d v a l u e s o f RC1 i n the e x p e r i m e n t a l 
s a r c o s o m e s , h e l d at 3 3 ° C , w e r e h i g h e r t h a n t h o s e of the 
c o n t r o l s a r c o s o m e s up to 20 m i n s , and the h i g h e s t v a l u e 
( 2 . 5 8 ) was f o u n d a f t e r 5 m i n s p r e i n c u b a t i o n . 
S u b s e q u e n t l y t h e r e was a p r o g r e s s i v e f a l l i n RC1 v a l u e s , 
w h i c h r e a c h e d 1.47 a f t e r 80 m i n s . 

The e f f e c t o f p r e i n c u b a t i o n of s a r c o s o m e s at 

3 3 ° C on ADP : 0 r a t i o i s s i m i l a r to t h a t o b s e r v e d at 

3 1 ° C . No t r e n d i s a p p a r e n t ; and o n l y a f t e r 80 m i n s a 

s i g n i f i c a n t f a l l to 1.34 was o b s e r v e d . 

i v . P r e i n c u b a t i o n of s a r c o s o m e s at 3 5 ° C 

As c a n be seen f r o m T a b l e ( 5 . 6 ) , p r e i n c u b a t i o n 

a t 3 5 ° C had no c o n s i s t e n t n o r d r a m a t i c e f f e c t on 

s u b s t r a t e r a t e o x i d a t i o n . I n d e e d the v a l u e s o b t a i n e d 

f o r the e x p e r i m e n t a l s a r c o s o m e s a r e p r o b a b l y n o t 

d i f f e r e n t f r o m the c o n t r o l s a r c o s o m e s h e l d on i c e . 

S t a t e I I I r e s p i r a t i o n i n s a r c o s o m e s h e l d a t 

35 ° C d i d n o t show a t r e n d t o w a r d s I n c r e a s e d r a t e s as 

s een w i t h p r e v i o u s l y d e s c r i b e d t e m p e r a t u r e s ( 3 1 ° & 3 3 ° C ) 

I n s t e a d a p r o g r e s s i v e f a l l i n s t a t e I I I r e s p i r a t i o n was 

o b s e r v e d , the v a l u e s o b t a i n e d o f p r e i n c u b a t i o n t i m e s of 

30 m i n s and l a t e r , a r e p r o b a b l y s i g n i f i c a n t l y l o w e r t h a n 

t he c o n t r o l v a l u e s f o r the r a n g e s of v a l u e s o b t a i n e d a r e 

n o n o v e r l a p p i n g . A f t e r 60 m i n s s t a t e I I I r e s p i r a t i o n was 



T a b l e 5 . 6 

E f f e c t of p r e i n c u b a t i o n at 3 5 ° , 3 6 ° & 4 1 ° C , 

on the r e s p i r a t o r y p e r f o r m a n c e of i s o l a t e d 

b l o w f l y f l i g h t m u s c l e s a r c o s o m e s . O x i d a t i v e 

p h o s p h o r y l a t i o n was m e a s u r e d at 2 4 ° C , u n d e r 

the same c o n d i t i o n s d e s c r i b e d i n T a b l e ( 5 . 3 ) . 

The mean v a l u e s w e r e o b t a i n e d f r o m t w o 

s e p a r a t e p r e p a r a t i o n s , e x c e p t f o r 4 1 ° G , w h e r e 

a s i n g l e p r e p a r a t i o n has b e e n u s e d . 
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F i g . 5 . 5 

E f f e c t of p r e i n c u b a t i o n a t 3 5 ° C on 

the r e s p i r a t o r y p e r f o r m a n c e o f 

i s o l a t e d b l o w f l y f l i g h t m u s c l e 

s a r c o s o m e s . O x i d a t i v e p h o s ­

p h o r y l a t i o n was m e a s u r e d at 

2 4 ° C . 

( F r o m d a t e p r e s e n t e d i n T a b l e 5 . 6 ) 

C o n t r o l e x p e r i m e n t a l 

S u b s t r a t e - r a t e O © 
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on ly 38. 43 p g . A O . h r . mg p r o t . i n sa rcosomes held 

at 3 5 ° C , wh ich is a p p r o x i m a t e l y h a l f the c o r r e s p o n d i n g 

c o n t r o l v a l u e . 

In sa rcosomes kept on ice d u r i n g the 60 mins 

d u r a t i o n of the e x p e r i m e n t s ta te I I I r e s p i r a t i o n showed 

a s m a l l i nc r ea se f r o m 62.53 to 71.47 pg A O . h r 

mg p r o t . * see Tab le ( 5 . 6 ) and F i g . ( 5 . 5 ) . 

The measured mean va lues of RC1 th roughou t 

the e x p e r i m e n t were l ess i n e x p e r i m e n t a l sa rcosomes 

than those ob ta ined i n c o n t r o l s a r c o s o m e s . The h ighes t 

va lue (2 .16) was ob ta ined a f t e r 5 m i n s . p r e i n c u b a t i o n b u t , 

w i t h l onge r t i m e s at 3 5 ° , RG1 showed a p r o g r e s s i v e 

dec r ea se , and was only 1.21 a f t e r 60 m i n s . The mean 

RC1 values of c o n t r o l sa rcosomes ranged between 2.14 

and 2 .48 d u r i n g the 60 m i n p e r i o d on i c e . 

No t r e n d is apparent i n the ADP :0 r a t i o s i n 

e x p e r i m e n t a l s a rcosomes up to 45 mins p r e i n c u b a t i o n 

at 3 5 ° C , where va lues r a n g i n g between 1.66 and 1.89 

were o b t a i n e d . These va lues are a l m o s t i d e n t i a l to 

those ob ta ined i n c o n t r o l s a r c o s o m e s . A f t e r 60 mins 

p r e i n c u b a t i o n at 3 5 ° C ADP : 0 r a t i o d e c l i n e d to 1.47. 

v . P r e i n c u b a t i o n of Sarcosomes at 3 6 ° C 

As can be seen f r o m Tab le ( 5 . 6 ) p r e i n c u b a t i o n 

at 3 6 ° C has l i t t l e e f f e c t on s u b s t r a t e r a t e Q 0 9 v a l u e s , 

http://pg.AO.hr
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indeed these data f o r the e x p e r i m e n t a l sa rcosomes are 
p r o b a b l y not s i g n i f i c a n t l y d i f f e r e n t f r o m those of c o n t r o l 
s a rcosomes on i c e . 

State I I I r e s p i r a t i o n i n c o n t r o l sa rcosomes was 

not s i g n i f i c a n t l y a f f e c t e d by 40 mins exposure at 0 ° C . 

I n the sa rcosomes he ld at 3 6 ° C however the h ighes t 

va lue (69 . 77 u g A O . h r mg p r o t . ^)was obta ined 

a f t e r 10 mins p r e i n c u b a t i o n . Subsequen t ly , there was a 

dec l i ne in s ta te I I I r e s p i r a t i o n , and a va lue of on ly 

35 .79 yg A O . h r * .mg p r o t . * was found a f t e r 40 m i n s . 

(see F i g . 5 . 6 ) . 

The mean va lues of RC1 in the c o n t r o l g roup are 

r a n g i n g between 2.13 and 2 . 3 7 . I n the e x p e r i m e n t a l 

s a r c o s o m e s , held at 3 6 ° C however mean RC1 va lues were 

t h r o u g h o u t the e x p e r i m e n t l o w e r than the c o r r e s p o n d i n g 

c o n t r o l v a l u e s . The h ighes t va lue (2 .21 ) was ob ta ined 

a f t e r 10 mins p r e i n c u b a t i o n at 3 6 ° G , w h i c h showed a 

p r o g r e s s i v e d e c l i n e and reached 1.18 a f t e r 40 m i n s . The 

mean va lues f o r ADP : 0 were not s i g n i f i c a n t l y a f f e c t e d 

by 40 mins exposure at 0 ° C . In c o n t r a s t , the mean va lues 

f o r ADP : 0 f o r e x p e r i m e n t a l s a rcosomes at 3 6 ° C showed 

a s i g n i f i c a n t d e c l i n e , f a l l i n g f r o m 1. 84 ( 1 . 75 - 1.98) 

a f t e r 10 mins to 1. 41 ( 1 . 35 - 1. 47 ) a f t e r 40 m i n s . 

http://ugAO.hr
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F i g . 5 .6 

E f f e c t of p r e i n c u b a t i o n at 3 6 ° and 

41°C on the r e s p i r a t o r y p e r f o r m a n c e 

of i s o l a t e d b l o w f l y f l i g h t musc le 

s a r c o s o m e s . O x i d a t i v e p h o s p h o r y l a t i o n 

was measured at 2 4 ° C . ( F r o m dates, 

p r e sen t ed in Tab le 5 . 6 ) 
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v i . P r e i n c u b a t i o n of sa rcosomes at 41°C 

P r e i n c u b a t i o n t i m e s at t h i s t e m p e r a t u r e were 

s h o r t , only 2.5 or 7 m i n s , and had no s i g n i f i c a n t e f f e c t 

on s u b s t r a t e ra te o x i d a t i o n . A l t h o u g h the d u r a t i o n of 

the e x p e r i m e n t was r e l a t i v e l y s h o r t , a d r a m a t i c f a l l 

i n s ta te I I I r e s p i r a t i o n was observed f r o m 81.00 to 

34 .69 ug A O . h r mg p r o t . * w i t h i n 7 m i n s . As a 

r e s u l t RC1 f e l l f r o m 2.61 to 1.11 and ADP : 0 r a t i o was 

not measurab le a f t e r t h i s t i m e (see T a b l e 5 .6 and 

F i g . 5 . 6 ) 

C) E f f e c t of a c c l i m a t i o n of a n i m a l s to 15° or 3 4 ° C 
on response of sa rcosomes to p r e i n c u b a t i o n at 3 6 ° C 

i . • 15°C acclimated f l i e s 

Sarcosomes f r o m 15° a c c l i m a t e d f l i e s had 

a s u b s t r a t e r a t e o x i d a t i o n u n a f f e c t e d by a 30 min 

exposure at 0 ° C . Exposure at 3 6 ° C d id cause a f a l l 

i n mean QC^ f r o m 38. 54 to 32 .9 ug A O . h r * . m g p r o t . 

but i t is u n l i k e l y t h i s is a s i g n i f i c a n t d e c l i n e in QC^. 

A D P - s t i m u l a t e d r e s p i r a t i o n was a lso u n a f f e c t e d 

i n the c o n t r o l sa rcosomes d u r i n g a 30 m l n p e r i o d at 

0 ° C . I n c o n t r a s t , the e x p e r i m e n t a l s a rcosomes were 

m a r k e d l y a f f e c t e d by exposure at 3 6 ° C . T h i s is 

p a r t i c u l a r l y e v i d e n t a f t e r 20 mins exposure where the 

http://AO.hr
http://AO.hr
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mean Q*^ had f a l l e n to b-e on ly 50% of the va lue f o r 
c o n t r o l s a r c o s o m e s . This d e c l i n e con t inued and became 
on ly one t h i r d of that f o r c o n t r o l s a r c o s o m e s . (see 
Tab le 5. 7 and F i g . 5 . 7 ) . 

T h i s is r e f l e c t e d i n the d i f f e r e n c e s i n RC1 

ob ta ined f o r c o n t r o l and e x p e r i m e n t a l s a r c o s o m e s . 

F o r the f o r m e r mean va lues of about 2 .4 were ob ta ined 

th roughou t the p e r i o d of the e x p e r i m e n t ; whereas 

f o r the e x p e r i m e n t a l sa rcosomes RC1 va lues d e c l i n e d 

w i t h t i m e at 3 6 ° C , be ing 2. 03, 1. 24 and 1 a f t e r 

10, 20 and 30 mins e x p o s u r e , r e s p e c t i v e l y . 

In the va lues ob ta ined f o r ADP : 0 in c o n t r o l 

s a rcosomes no t r e n d is appa ren t ; the va lues ob ta ined 

were 1. 84, 1. 79 and 1.81 a f t e r 10, 20, and 30 mins 

on i c e , r e s p e c t i v e l y . 

In the e x p e r i m e n t a l sa rcosomes ADP : 0 showed 

a f a l l w i t h exposure t i m e . The mean va lue ob ta ined 

a f t e r 10 mins exposure (1 .82) is not d i f f e r e n t f r o m 

that ob ta ined f r o m c o n t r o l sa rcosomes on i c e . H o w e v e r , 

a f t e r 20 mins exposure the mean value ob ta ined was 

only 1.58 and a f u r t h e r 10 m i n exposure r e s u l t e d i n 

a comple t e loss of d e m o n s t r a b l e c o u p l i n g . 
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i i . 3 4 ° C a c c l i m a t e d f l i e s 

As can be seen f r o m Tab le ( 5 . 7 ) p r e i n c u b a t i o n 

at 3 6 ° C gave r i s e to a s m a l l decrease in the v a l u e s 

of s u b s t r a t e r a t e o x i d a t i o n , f r o m 27. 28 a f t e r 10 mins 

to 21.90 jag A O . h r * . m g p r o t . * a f t e r 30 m i n s . H o w e v e r , 

these d i f f e r e n c e s are not s i g n i f i c a n t as the range of the 

va lues ob ta ined at each sample po in t is o v e r l a p p i n g . 

Subs t ra te r a t e o x i d a t i o n i n c o n t r o l s a rcosomes 

i n c r e a s e d f r o m 26. 91 to 3 0.10 ug A O . h r \ mg p r o t . * 

d u r i n g the 30 mins d u r a t i o n of the e x p e r i m e n t , but 

aga in these va lues are not s i g n i f i c a n t l y d i f f e r e n t f r o m 

each o t h e r . 

State I I I r e s p i r a t i o n d e c l i n e d f r o m 52 . 30 to 

only 21 . 90 ^igAO . h r mg p r o t . * i n sa rcosomes 

p r e i n c u b a t e d at 3 6 ° C . As can be c l e a r l y seen the 

l a t t e r va lue is i d e n t i c a l to that ob ta ined f o r s u b s t r a t e 

r a t e o x i d a t i o n a f t e r the same p e r i o d of t i m e (30 m i n s ) , 

r e s u l t i n g , consequen t ly i n an RC1 of only 1. 

No t r e n d is apparent i n the va lues ob ta ined f o r 

s ta te I I I r e s p i r a t i o n in c o n t r o l s a r c o s o m e s . These 

Values were s i m i l a r t h roughou t the e x p e r i m e n t 

(see F i g . 5 . 7 ) . 

http://AO.hr
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Table 5 . 7 . 

E f f e c t of p r e i n c u b a t i o n at 36 C on the 

r e s p i r a t o r y p e r f o r m a n c e of sa rcosomes 

i s o l a t e d f r o m the f l i g h t musc le of b l o w f l i e s 

a c c l i m a t e d to 15° & 3 4 ° C . O x i d a t i v e 

p h o s p h o r y l a t i o n was measured at 2 4 ° C , 

under the same c o n d i t i o n s d e s c r i b e d in 

Tab le ( 5 . 3 ) . 

The mean va lues are ob ta ined f r o m 4 and 

2 separa te p r e p a r a t i o n s f o r e x p e r i menta l s 

and c o n t r o l s , r e s p e c t i v e l y . 
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F i g . 5.7 

E f f e c t of p r e i n c u b a t i o n at 36 C on the 

r e s p i r a t o r y p e r f o r m a n c e of sa rcosomes 

i s o l a t e d f r o m the f l i g h t musc le of 

b l o w f l i e s a c c l i m a t e d p r e v i o u s l y at 

15 ° or 3 4 ° C f o r 10 days . 

( F r o m data p resen ted i n Tab le 5 . 7 ) 

O x i d a t i v e p h o s p h o r y l a t i o n was measured 

at 2 4 ° C under the c o n d i t i o n s d e s c r i b e d i n 

T a b l e ( 4 . 2 ) and was expressed as u g A O . h r ^. 

mg p r o t . ^. Points r e p r e s e n t mean va lues 

of 4 separa te p r e p a r a t i o n s . 

Data at Otime is the i n i t i a l c o n t r o l va lues 

15 ° C-ac c l i mated 3 4 ° C - acc l i mated 

Subs t ra t e ra te O © 

A D P - s t i mula ted r a t e A A 
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R CI va lues f o r c o n t r o l s a rcosomes were found 

r a n g i n g between 2 .52 and 2 . 7 9 . The h ighes t va lue 

was ob ta ined a f t e r 10 mins p e r i o d on i c e , and the 

l o w e s t a f t e r 30 m i n s . In the e x p e r i m e n t a l s a rcosomes 

h o w e v e r , a 10 minute p r e i n c u b a t i o n p e r i o d r e s u l t e d 

i n RC1 value of 1.91, w h i c h is s i g n i f i c a n t l y l o w e r 

than the c o r r e s p o n d i n g c o n t r o l v a l u e . A f t e r 20 mins 

the mean RC1 was found to be on ly 1.57; however the 

range of the va lues is o v e r l a p p i n g w i t h that ob ta ined 

a f t e r 10 mins p r e i n c u b a t i o n , but a f t e r 30 mins RC1 

value of 1 was o b t a i n e d . 

No t r e n d was obvious in ADP : 0 va lues f o r 

c o n t r o l s a r c o s o m e s . T h r o u g h o u t the e x p e r i m e n t these 

values were s i m i l a r , r a n g i n g between 1.77 and 1.83. 

In e x p e r i m e n t a l s a r c o s o m e s , a f a l l i n mean ADP :0 

va lues was obse rved f r o m 1.70 to 1.54 a f t e r 20 minu te 

p r e i n c u b a t i o n at 3 6 ° C . H o w e v e r , t h i s d i f f e r e n c e Is 

p r o b a b l y not a s i g n i f i c a n t one. A f t e r 30 mins however 

ADP : 0 was not measurab le owing to the loss of 

r e s p i r a t o r y c o n t r o l . 
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D i s c u s s i o n 

The e f f e c t of r e a c t i o n t e m p e r a t u r e on 

m i t o c h o n d r i a l p e r f o r m a n c e has been f o l l o w e d by many 

w o r k e r s . F r e q u e n t l y , such s tud ies have concerned 

d e t e r m i n a t i o n of o x i d a t i o n r a t e s , p re sen ted as 

A r r h e n i u s c u r v e s , e . g . Lyons & Raison (1970 a & b) 

S m i t h , (1973 c ) . Howeve r , a t t e n t i o n has been d r a w n 

by Held t & K l i n g e n b e r g (1968) to low t e m p e r a t u r e 

s e n s i t i v i t y of m i t o c h o n d r i a l adenine n u c l e o t i d e 

t r a n s l o c a s e . K e m p , et a l . , (1969) concluded that i t 

was Indeed t h i s t r a n s l o c a t i o n p rocess that was r a t e 

l i m i t i n g i n o x i d a t i v e p h o s p h o r y l a t i o n i n r a t l i v e r 

m i t o c h o n d r i a i n the t e m p e r a t u r e range 0 - 2 3 ° C . 

The most i n t e r e s t i n g f e a t u r e of A r r h e n i u s p l o t s 

of o x i d a t i o n r a t e s of m i t o c h o n d r i a is t h a t , i n most 

cases , b r e a k s , or d i s c o n t i n u i t i e s ( a s they are u s u a l l y 

c a l l e d ) o c c u r . These b reaks y i e l d d i s t i n c t phases ove r 

d i f f e r e n t t e m p e r a t u r e ranges and consequen t ly d i s t i n c t 

a c t i v a t i o n e n e r g i e s , s ince these are c a l c u l a t e d f r o m the 

s lopes of the d i f f e r e n t phases . 

H o w e v e r , some d i f f e r e n c e s of o p i n i o n are held 

c o n c e r n i n g the causes o f , and t h e r e f o r e i n t e r p r e t a t i o n 

o f , " b r e a k s " in A r r h e n i u s c u r v e s . Ra ison (1973), and 

Kumamoto et a l . , (1971) c l e a r l y s ta ted the c u r r e n t l y 
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held v i e w s on the na tu re of " b r e a k s " f o r membrane-
bound enzymes . 

In an a u t h o r a t i v e t e x t , D i x o n and Webb (195 8) 

o b j e c t e d to the i n t e r p r e t a t i o n made by S ize r and 

Josephson (1942), that A r r h e n i u s p l o t s f o r the a c t i v i t y 

of c r y s t a l l i n e enzymes , such as i n v e r t a s e , l i p a s e , 

T r y p s i n and p e p s i n , show a d i s c o n t i n u i t y at 0°Cowing 

to a phase change in the w a t e r w h i c h f o r m s one of the 

r e a c t a n t s . The o b j e c t i o n was on the g rounds tha t a 

change i n a c t i v a t i o n energy at 0°Cwas a lso obse rved 

w i t h p a n c r e a t i c l i p a s e i n a r e a c t i o n m i x t u r e c o n t a i n i n g 

36. 5 % g l y c e r o l . D r o s t - H a n s e n , (1972) , on the o the r 

hand, a t t r i b u t e d many of the t h e r m a l anomal i e s i n 

enzyme k i n e t i c s to the a l t e r a t i o n i n the p h y s i c a l 

p r o p e r t i e s of v i c i n a l w a t e r . I t was the s i m i l a r i t y 

be tween the t e m p e r a t u r e at w h i c h changes i n a c t i v a t i o n 

energy a re obse rved and the t e m p e r a t u r e at w h i c h 

changes are observed i n the s t r u c t u r e of wa te r a d j a c e n t 

to an i n t e r f a c e , that l ed h i m to t h i s p o s t u l a t i o n . He 

s t r e s s e d tha t these t h e r m a l anoma l i e s occur at o r near 

the same t e m p e r a t u r e f o r a l l sys tems r e g a r d l e s s of the 

c h e m i c a l na tu r e of the s u b s t r a t e s i n v o l v e d . The 

t e m p e r a t u r e s ment ioned are 1 7 ° , 2 8 ° , 4 3 ° and 6 0 ° C . 

He emphas ized that changes i n v i c i n a l wa t e r must be 

s u p e r i m p o s e d upon the changes i n the b i o l o g i c a l m a c r o -
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m o l e c u l e s , and these w i l l undoub ted ly be i n f l u e n c e d 

by e n v i r o n m e n t a l changes . Raison and h is c o - w o r k e r s 

b e l i e v e that the re is no doubt that " b r e a k s " or t r u e 

d i s c o n t i n u i t i e s i n A r r h e n i u s p l o t s do e x i s t . T h i s con ­

c l u s i o n is suppor t ed by the o b s e r v a t i o n of l a r g e gaps 

between two n o n - i n t e r s e c t i n g s t r a i g h t l i n e s at the 

t r a n s i t i o n t e m p e r a t u r e . T h e r e f o r e , K u m a m o t o , 

et a l . , (1971) adopted , f o r the i n t e r p r e t a t i o n of 

these b r e a k s , a t h e o r y w h i c h employs a phase change. 

They s ta ted that t h i s t heo ry "can adequate ly 

accommodate a l l the data f o r t e m p e r a t u r e " b r e a k s " 

i n A r r h e n i u s p l o t s " . F u r t h e r m o r e , they took i t tha t 

t h i s concept should c o v e r a l a r g e number of s y s t e m s , 

such as whole o r g a n i s m s , s u b c e l l u l a r o r g a n e l l e s and 

m e m b r a n e s , and o t h e r s . 

The two p l a t e a u s , obse rved i n the s u b s t r a t e 

r a t e and s ta te I I I r e s p i r a t i o n , at t e m p e r a t u r e s above 

the b reak at 1 0 . 5 ° (see F i g . 5 .1) In p a r t c o n f i r m the 

r e s u l t s r e p o r t e d by Dav i son (1971 a ) . I n h is R/T 

c u r v e s , D a v i s o n observed a p l a t eau at the l e v e l of 

s u b s t r a t e r e s p i r a t i o n , w h i c h s t a r t e d at 24° and 

extended to 3 4 ° . He d id not obse rve the f i r s t sharp b r e a k , 

f o r h i s e x p e r i m e n t a l t e m p e r a t u r e only ranged between 

14° and 3 9 ° C . 
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F o r ^ - g l y c e r o p h o s p h a t e o x i d a t i o n ( s u b s t r a t e 

r a t e ) the p la teau extends to about 24 °C b e f o r e a 

second d i s c o n t i n u i t y o c c u r s . 

State I I I r e s p i r a t i o n g ives a p l o t of a d i f f e r e n t 

n a t u r e ; here the p l a t eau extends on ly to about 1 8 ° C , 

above w h i c h the s lope of the cu rve i n c r e a s e s (to 

13.27 k c a l . m o l e " 1 f r o m 7 .52 k c a l . m o l e " 1 ) to 2 7 ° C 

where a t h i r d d i s c o n t i n u i t y o c c u r s . The d i v e r g e n c e 

of the c u r v e s f o r s u b s t r a t e r a t e and s ta te I I I o x i d a t i o n 

over t h i s t e m p e r a t u r e range r e s u l t s In i n c r e a s i n g 

va lues be ing ob ta ined f o r RC1 as r e a c t i o n t e m p e r a t u r e 

inc rease s. 

The i nc r ea se i n slope f o l l o w i n g a " b r e a k " i n 

an A r r h e n i u s p l o t is an i n t e r e s t i n g f e a t u r e of these 

c u r v e s and r e q u i r e s an e x p l a n a t i o n ; f o r i t is more usua l 

f o r the Ea of the s lopes of the l i n e s to be s m a l l e r as 

the p r o g r e s s i o n o c c u r s f r o m l o w e r to h i g h e r t e m p e r a t u r e s . 

D a v i s o n (1971 a ) , who a l so found t h i s phenomenon, 

a t t r i b u t e d i t to h i g h t e m p e r a t u r e u n c o u p l i n g of o x i d a t i v e 

p h o s p h o r y l a t i o n . T h i s may also be the case In the p r e sen t 

s t udy , f o r RC1 va lues are seen to f a l l p r o g r e s s i v e l y as 

the t e m p e r a t u r e r i s e s above 2 7 ° C . At 3 4 ° and 3 7 ° C 

i t was no l o n g e r p o s s i b l e to d e t e r m i n e ADP : 0. 
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T h e d a t a of N e w e l l & W a l k e y , (1966) and 
N e w e l l & N o r t h c r o f t , ( 1 9 6 7 ) , w h i c h show m i t o c h o n d r i a 
f r o m a v a r i e t y of s o u r c e s , h a v i n g a l o w , and 
e s s e n t i a l l y te mpe r a t u r e - i n d e p e n d e n t r e s p i r a t i o n , 
b u t w h i c h s u d d e n l y show a d r a m a t i c i n c r e a s e at a 
h i g h t e m p e r a t u r e , c a n p r o b a b l y be b e s t e x p l a i n e d i n 
the same w a y . F o r i n c e r t a i n c a s e s at l e a s t , s u b s t r a t e s 
w e r e p r o v i d e d w h i c h t he m i t o c h o n d r i a w e r e n o t 
n o r m a l l y p e r m e a b l e t o . A t h i g h r e a c t i o n t e m p e r a t u r e s , 
m e m b r a n e d a m a g e p r e s u m a b l y o c c u r r e d w h i c h a l l o w e d 
the s u b s t r a t e to p e n e t r a t e . 

Few o t h e r r e p o r t s e x i s t s h o w i n g t h i s 

p h e n o m e n o n and i t i s m o s t l i k e l y to be b e c a u s e the 

s t u d i e s have n o t c o n t i n u e d to the h i g h e r r e a c t i o n 

t e m p e r a t u r e s , w h e r e m i t o c h o n d r i a l m e m b r a n e s m i g h t 

be d a m a g e d . L e e & G e a r , ( 1974) i n a c o m p r e h e n s i v e 

s t u d y , c a r r i e d ou t t h e i r s t u d i e s on r a t l i v e r 

m i t o c h o n d r i a o n l y to 3 6 ° C , w h e r e a s S m i t h , (1973 c ) 

and K e m p e t , . a l . , ( 1969) c o n f i n e d t h e m s e l v e s t o an 

e v e n l o w e r t e m p e r a t u r e r a n g e . 

T h e c a u s e o r c a u s e s of the b r e a k s i n the 

A r r h e n i u s p l o t s c a n o n l y be a m a t t e r of s p e c u l a t i o n . 

I n s i m p l e r s y s t e m s , n o n - l i n e a r p l o t s have b e e n 

o b t a i n e d f o r a w i d e v a r i e t y o f m e m b r a n e - b o u n d 

e n z y m e s . M o s t n o t a b l e a r e the No. — K — A T P a s e 
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(Gruener & A v i - D o r , 1966 ; B o w l e r & D u n c a n , 1968; 

T a n i g u c h i & I l d a , 1972; T a n a k a & T e r u y a , 1973) and 

2+ 2 + 

Ca - Mg - A T P a s e ( C h a r n o c k & F r a n k e l , 1971; 

D e a m e r , 1 9 7 3 ) . 

A g r e a t d e a l o f e v i d e n c e i s now a v a i l a b l e f o r 

the d e p e n d e n c e o f me m b r a n e - b o u n d e n z y m e s on the 

l i p i d c o m p o n e n t o f the m e m b r a n e f o r a c t i v i t y . 

F l e i s c h e r , B r i e r l e y , K l o u w e n & S l a u t t e r b a c k (1962) 

h a v e d e m o n s t r a t e d s u c h r e q u i r e m e n t i n e n z y m e s o f 

the e l e c t r o n t r a n s p o r t s y s t e m . F u r t h e r m o r e , m a n y 

s u c h e n z y m e s w e r e f o u n d to show a p a r t i a l o r o b l i g a t e 

r e q u i r e m e n t f o r u n s a t u r a t e d f a t t y a c i d s ( R o t h f i e l d & 

F i n k e l s t e i n , 1968; S e k u z u , J u r t s h u k & G r e e n , 1963; 
it at. 

C u n n i n g h a m & H a g e r , 1971) . P r o u d l o c k / i n their e x p e r i m e n t s 

on d i e t r e g u l a t e d y e a s t s , s h o w e d s i m i l a r r e s u l t s on t h e i r 

m i t o c h o n d r i a ( P r o u d l o c k , H a s l a m & L i n n a n e , 1 9 6 9 ) . 

S i n c e s u c h l i p i d s a r e e x p e c t e d to c h a n g e t h e i r 

s t a t e w i t h c h a n g i n g t e m p e r a t u r e s , one w o u l d e x p e c t t h i s 

to be r e f l e c t e d on the a c t i v i t y of me m b r a n e - b o u n d 

e n z y m e s . I n d e e d , t h e r e i s g r o w i n g e v i d e n c e f o r t h i s 

p h e n o m e n o n . S e v e r a l w o r k e r s have e s t a b l i s h e d a c l o s e 

c o r r e l a t i o n b e t w e e n the t r a n s i t i o n t e m p e r a t u r e o f 

e n z y m e a c t i v i t y and the t r a n s i t i o n t e m p e r a t u r e o f the 
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m o l e c u l a r m o b i l i t y p a r a m e t e r of a h y d r o p h o b i c p r o b e 

( R a i s o n , e t a l . , 1971; G r i s h a m & B a r n e t t , 1973; 

R o t t e m , C i r i l l o , D e K r u y f f , S h i n i t z k y & R a z i n , 1 9 7 3 ) . 

T h e e f f e c t o f t e m p e r a t u r e on r e s p i r a t i o n of 

m a m m a l i a n and a v i a n m i t o c h o n d r i a u s u a l l y g i v e s r i s e 

to n o n - l i n e a r A r r h e n i u s p l o t s , w i t h one o r m o r e 

d i s c o n t i n u i t i e s . S m i t h (1973 c ) L y o n s & R a i s o n , ( 1 9 7 0 a ) , 

L e n a z , S e c h i , P a r e n t i - C a s t e l l i , L a n d i & B e r t o l i ( 1 9 7 2 ) , 

R o b e r t s , A r i n e , R o c h e l l e & C h a f f e e ( 1 9 7 2 ) , K e m p 

e t a l . , ( 1 9 6 9 ) , L e e & G r e a r , ( 1 9 7 4 ) . H o w e v e r , s i m i l a r 

s y s t e m s f r o m e c t o t h e r m a l a n i m a l s have b e e n r e p o r t e d 

t o y i e l d l i n e a r A r r h e n i u s p l o t s , S m i t h , (1973 c ) and 

L y o n s & R a i s o n , (1970 a ) f o r f i s h ; b u t Pye (1973) and 

D a v i s o n , (1971 a ) r e p o r t n o n - l i n e a r p l o t s f o r f r o g and 

i n s e c t m i t o c h o n d r i a , r e s p e c t i v e l y . 

T h e i n t e r p r e t a t i o n o f f e r e d by o t h e r w o r k e r s o f 

the e f f e c t o f t e m p e r a t u r e on t h e i r m i t o c h o n d r i a l s y s t e m s 

a r e o f i n t e r e s t . S m i t h , (1973 c ) , p o i n t s ou t c l e a r l y 

t h a t A r r h e n i u s p l o t s o f r e s p i r a t i o n u s i n g s u c c i n a t e and 

g l u t a m a t e a r e s i m i l a r , and a l s o t h a t s w i t c h i n g f r o m 

s t a t e I I I ( a d e n i n e n u c l e o t i d e t r a n s l o c a s e l i m i t e d ) to DNP 

u n c o u p l e d r e s p i r a t i o n does n o t a f f e c t the p l o t . He 

c o n s i d e r s t h i s may i n d i c a t e t h a t t h e e f f e c t of t e m p e r a t u r e 

on the e n z y m e s i s n o t c r u c i a l . R a i s o n et a l . , (1971) 
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r e a c h e d m u c h the same c o n c l u s i o n . L e e & G e a r , ( 1 9 7 4 ) 

a l s o c o n c l u d e d t h a t the d i s c o n t i n u i t i e s a r e c a u s e d by 

some p r o c e s s c o m m o n to the e n t i r e r e s p i r a t o r y c h a i n , 

f o r t h e y a r e c o m m o n to b o t h o x i d a t i o n and 

p h o s p h o r y l a t i o n , i n d e e d the i n t a c t e n e r g y - t r a n s d u c i n g 

m e m b r a n e i s n e c e s s a r y . T h e y d e s c r i b e s o m e e n z y m e s , 

m a l a t e d e h y d r o g e n a s e ( m a t r i x ) and r o t e n o n e - i n s e n s i t i v e 

N A D H c y t . c r e d u c t a s e ( o u t e r me mbrone)gave l i n e a r 

A r r h e n i u s p l o t s . 

W h e t h e r ' b r e a k s a r e c a u s e d as a r e s u l t o f 

phase c h a n g e s o c c u r r i n g i n m i t o c h o n d r i a l l i p i d s , 

o r a m o i e t y o f l i p i d s , i s p r o b l e m a t i c a l . I n t r i n s i c 

m e m b r a n e e n z y m e s do u s u a l l y g i v e n o n - l i n e a r 

p l o t s , b u t L e n a z e t a l . , (1972) s u g g e s t s c a u t i o n be 

applied in interp r e t a 11 o n , as t h e y f o u n d the ' b r e a k ' 

t e m p e r a t u r e was d i f f e r e n t f o r d i f f e r e n t e n z y m e s ' 

s y s t e m s f r o m b e e f h e a r t m i t o c h o n d r i a , and c y t o c h r o m e 

o x i d a s e s h o w e d no ' b r e a k ' a t a l l . 

I f ' b r e a k s ' a r e s i m p l y r e l a t e d to the f a t t y a c i d 

c o m p o s i t i o n of p h o s p h o l i p i d s t h e n one m i g h t e x p e c t m o r e 

u n i f o r m i t y of r e s p o n s e to t e m p e r a t u r e by t h e s e s e v e r a l 

e n z y m e s y s t e m s . T h i s i s a l s o t r u e f o r b l o w f l y 

s a r c o s o m e s as r e p o r t e d h e r e , f o r the c u r v e s f o r s t a t e 

I I I and s u b s t r a t e r a t e o x i d a t i o n a r e d i f f e r e n t . L e e & 
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G e a r , ( 1974) a l s o f o u n d d i v e r s e f f e c t s o f t e m p e r a t u r e 
on a v a r i e t y of m i t o c h o n d r i a l f u n c t i o n s . 

A n o t h e r i n t e r e s t i n g f e a t u r e o f s t u d i e s on the 

e f f e c t of t e m p e r a t u r e on me m b r a n e - b o u n d e n z y m e s i s 

t he f a c t t h a t the i n t a c t n e s s of the m e m b r a n e i s r e q u i r e d 

f o r ' b r e a k s ' i n the A r r h e n i u s p l o t s to be s h o w n at any 

t e m p e r a t u r e . T h i s has b e e n d e m o n s t r a t e d i n s o n i c a t e d 

r a t l i v e r m i t o c h o n d r i a by L e e & G e a r ( 1 9 7 4 ) . A 

s i m i l a r e f f e c t was f o u n d i n the p r e s e n c e o f d e t e r g e n t s 

o r p h o s p h o l i p a s e s ( T a n i g u c h i & I l d a , 1972 ; R a i s o n , 

L y o n s & T h o m s o n , 1971; C h a r n o c k , Cook & C a s e y , 1971) . 

As c a n be s e e n , the r e s u l t s r e p o r t e d i n the 

l i t e r a t u r e on t h i s s u b j e c t a r e r a t h e r c o n t r a d i c t o r y ; and 

the d i s c r e p a n c i e s r e n d e r an i n t e r p r e t a t i o n o f the 

o b s e r v a t i o n s made i n t h i s s t u d y , as w e l l as o t h e r s , 

to be no t an ea sy o n e . M a n y q u e s t i o n s r e m a i n to be 

a n s w e r e d , w h e t h e r i t i s the a d e n i n e n u c l e o t i d e s 

t r a n s l o c a t i o n , d e s p i t e t he a l m o s t s i m i l a r e f f e c t o b s e r v e d 

on the s u b s t r a t e r e s p i r a t i o n i n t he a b s e n c e of e x o g e n o u s 

A D P ; o r a te mpe r a t u r e - i n d u c e d phase t r a n s i t i o n i n 

the l i p i d s o f the m i t o c h o n d r i a l m e m b r a n e ( s ) ; a l t h o u g h the 

v e r y r e c e n t w o r k r e p o r t e d by F e o , C a n u t o , G a r c e a r , 

A v o g a d r o , V i l l a & C e l a s c o (1976) s h o w e d t h a t a 

t r a n s i t i o n s t a r t e d a t - 1 7 ° and c e n t r e d a r o u n d - 6 ° f o r 

t o t a l l i p i d e x t r a c t e d f r o m r a t l i v e r m i t o c h o n d r i a ; 
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a n o t h e r t r a n s i t i o n s t a r t e d at a b o u t + 5 5 ° C and c e n t r e d 
a r o u n d + 7 0 ° C f o r w h o l e l i v e r m i t o c h o n d r i a , w h e r e a s 
b r e a k s i n A r r h e n i u s p l o t s w e r e r e c o r d e d at a b o u t 
2 7 ° , 2 0 ° and 2 4 ° f o r su cc i n a te - cy t . c r e d u c t a s e , 
N A D H - c y t . c r e d u c t a s e and A T P a s e f o r the s ame 
m i t o c h o n d r i a , r e s p e c t i v e l y . 

H o w e v e r , i t c an be s a f e l y c o n c l u d e d , t h a t 

t e m p e r a t u r e d e p e n d e n t c h a n g e s a r e t a k i n g p l a c e i n the 

m i t o c h o n d r i a l m e m b r a n e ( s ) , s i n c e s o n i c a t i o n ( L e e & 

G e a r , 1974) o r the a p p l i c a t i o n o f a d e t e r g e n t ( R a i s o n , 

1973) a b o l i s h the d i s c o n t i n u i t y i n A r r h e n i u s p l o t s . 

H o w e v e r , no a t t e m p t was made i n the p r e s e n t s t u d y to 

i n v e s t i g a t e s u c h e f f e c t on i n s e c t f l i g h t m u s c l e 

s a r c o s o m e s . F u r t h e r m o r e , b l o w f l y f l i g h t m u s c l e 

s a r c o s o m e s a p p e a r to be a b l e to i l l u s t r a t e a c o n s i d ­

e r a b l e a m o u n t o f a d a p t a b i l i t y to t h e r m a l s t r e s s o v e r 

a r e l a t i v e l y w i d e r a n g e of t e m p e r a t u r e i n b o t h 

s u b s t r a t e , as w e l l as s t a t e I I I r e s p i r a t i o n , i n o r d e r 

to m a i n t a i n the b e s t p o s s i b l e r e s p i r a t o r y c o n t r o l , w h i c h 

i s a s e n s i t i v e p a r a m e t e r i n m e a s u r i n g s a r c o s o m a l 

r e s p i r a t o r y p e r f o r m a n c e . P h o s p h o r y l a t i o n , h o w e v e r , 

has p r o v e d to be m o r e s e n s i t i v e to e x t r e m e t e m p e r a t u r e s . 

N e v e r t h e l e s s , d r a w i n g a d i s t i n c t i o n b e t w e e n 

t e m p e r a t u r e - i n d u c e d c h a n g e s i n i n s e c t f l i g h t m u s c l e 
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s a r c o s o m e s and m i t o c h o n d r i a f r o m o t h e r s o u r c e s i s 

a s u b j e c t o f a c o n s i d e r a b l e i n t e r e s t and t h e r e f o r e 

d e m a n d s f u r t h e r i n v e s t i g a t i o n s . 

T h e e l e v a t e d s u b s t r a t e r a t e o x i d a t i o n w h i c h 

o c c u r r e d a t r e a c t i o n t e m p e r a t u r e s above a b o u t 2 7 ° C 

(see F i g . 5 . 1 ) , may s i m p l y be the n o r m a l r e s p o n s e 

to t e m p e r a t u r e r i s e . H o w e v e r , i t c o u l d a l s o o c c u r 

t h r o u g h a r a i s e d t e m p e r a t u r e ' d e t e r i o r a t i o n ' of the 

s a r c o s o m e s r e s u l t i n g i n a p a r t i a l u n c o u p l i n g of 

o x i d a t i v e p h o s p h o r y l a t i o n . I t i s of c o u r s e l i k e l y t h a t 

the p h e n o m e n o n i s c a u s e d by an i n t e r a c t i o n o f the t w o 

t e m p e r a t u r e i n d u c e d e v e n t s . T h e p r e i n c u b a t i o n 

e x p e r i m e n t s w e r e c a r r i e d o u t i n p a r t to e l u c i d a t e t h i s 

pheno m e n o n . 

W i t h t he p o i n t i n m i n d t h a t h i g h e x p e r i m e n t a l 

t e m p e r a t u r e s m i g h t c a u s e m i t o c h o n d r i a l m e m b r a n e s 

to d e t e r i o r a t e , i t i s i n t e r e s t i n g t h a t e v e n f o r m a m m a l i a n 

m i t o c h o n d r i a 2 5 ° C i s f r e q u e n t l y c h o s e n as the r e a c t i o n 

t e m p e r a t u r e r a t h e r t h a n 3 7 ° C ; f o r e x a m p l e B e l l a m y , 

( 1 9 6 2 ) ; G e a r & L e h n i n g e r , ( 1 9 6 8 ) ; B u t l e r & J u d a h , ( 1 9 7 0 ) . 

I n b l o w f l y f l i g h t m u s c l e s a r c o s o m e s , i f t h i s i s 

t r u e t h e n h i g h r e a c t i o n t e m p e r a t u r e s i n v i t r o m o r e 

s e r i o u s l y a f f e c t t he c o u p l i n g p r o c e s s t h a n the r e s p i r a t o r y 
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c h a i n e n z y m e s . T h e v e r y h i g h r a t e s o f o x i d a t i o n may 

r e f l e c t t e m p e r a t u r e i n d u c e d i n c r e a s e i n p e r m e a b i l i t y 

to s u b s t r a t e s . 

P r e i n c u b a t i n g i s o l a t e d m i t o c h o n d r i a at a g i v e n 

t e m p e r a t u r e p r i o r to i n i t i a t i n g r e s p i r a t i o n at the s ame 

t e m p e r a t u r e has b e e n r e p o r t e d on s e v e r a l o c c a s i o n s . 

S a c k t o r & C h i l d r e s s (1967) p o i n t e d o u t t h a t r a t e of 

p y r u v a t e o x i d a t i o n d e c r e a s e d as e l a p s e d t i m e b e t w e e n 

the a d d i t i o n of m i t o c h o n d r i a and o f s u b s t r a t e i n c r e a s e d ; 

t h i s l o s s , h o w e v e r , c o u l d be p r e v e n t e d by i n c l u d i n g 

BSA and A T P i n the r e a c t i o n m e d i u m . H a n s f o r d , ( 1 9 7 2 ) , 

i n v e s t i g a t i n g the e f f e c t o f p h o s p h a t e c o n c e n t r a t i o n on 

the r a t e o f o x y g e n u p t a k e by b l o w f l y m i t o c h o n d r i a as 

f u n c t i o n o f t e m p e r a t u r e , p r e i n c u b a t e d s a r c o s o m e s at 

t e m p e r a t u r e s as h i g h as 3 0 . 5 ° f o r up to 8 m i n u t e s , 

m o r e r e c e n t l y s t i l l , H a n s f o r d ( 1 9 7 5 ) , i n a s t u d y of 

the i n t e r a c t i o n b e t w e e n u n c o u p l e r and A T P h y d r o l y s i s , 

p r e i n c u b a t e d b l o w f l y s a r c o s o m e s at 2 2 ° C f o r up to 

10 m i n u t e s . W h e t h e r s u c h t r e a t m e n t w o u l d n o t c a u s e 

m e m b r a n e d e t e r i o r a t i o n , i s n o t made c l e a r . 

W i t h t h i s i n m i n d t he e f f e c t of p r e i n c u b a t i o n 

a t t e m p e r a t u r e s s u b - l e t h a l to the i n t a c t o r g a n i s m was 

d e t e r m i n e d on i s o l a t e d s a r c o s o m a l p e r f o r m a n c e . 
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T h e d a t a p r e s e n t e d i n T a b l e s ( 5 . 3 ) to ( 5 . 7 ) 
r e q u i r e s o m e d e t a i l e d d i s c u s s i o n . F i r s t , w h e n 
c o n s i d e r i n g Q0 v a l u e s , i t c a n be seen t h a t Q0 of 
c o n t r o l s a r c o s o m e s v a r i e s b e t w e e n e x p e r i m e n t s , i t i s 
f o r t h i s r e a s o n t h a t e a c h p r e i n c u b a t i o n at 3 0 ° o r 
h i g h e r m u s t be a c c o m p a n i e d by p r e i n c u b a t i o n o f an 
a l i q u o t o f the s ame p r e p a r a t i o n on i c e . 

One i n t e r e s t i n g f e a t u r e i s t h a t s u b s t r a t e r a t e 

o x i d a t i o n QO2 v a l u e s a r e l i t t l e a f f e c t e d by p r e i n c u b a t i o n 

a t 0 ° C ( c o n t r o l s ) e v e n f o r l o n g p e r i o d s . P r e i n c u b a t i o n 

a t 3 0 ° C e v e n f o r 120 m i n s a l s o has no u n c o u p l i n g 

o r i n h i b i t i n g e f f e c t on a - g l y c e r o p h o s p h a t e o x i d a t i o n . 

A t h i g h e r p r e i n c u b a t i o n t e m p e r a t u r e s h o w e v e r s u b s t r a t e 

r a t e QC^ w e r e f o u n d to be s l i g h t l y s t i m u l a t e d by 

p r e i n c u b a t i o n , t h i s was f o u n d a f t e r s o m e 30 m i n s a t 3 1 ° C , 

b u t i n as soon as 5 m i n s at 3 3 ° C . A t 3 5 ° C , p r e i n c u b ­

a t i o n f o r 60 m i n s had n e i t h e r s t i m u l a t o r y n o r i n h i b i t o r y 

e f f e c t on Q t ^ * S h o r t e r p r e i n c u b a t i o n t i m e s w e r e u s e d at 

b o t h 3 6 ° C and 4 1 ° C and i n b o t h c a s e s p r e i n c u b a t i o n was 

w i t h o u t an e f f e c t on * o r s u b s t r a t e r a t e o x i d a t i o n . 

T h e s i t u a t i o n r e g a r d i n g s t a t e I I I r e s p i r a t i o n 

i s s o m e w h a t d i f f e r e n t . P r e i n c u b a t i o n at 3 0 ° C c a u s e d 

a s l i g h t b u t p r o b a b l y i n s i g n i f i c a n t s t i m u l a t i o n of 

s t a t e I I I r e s p i r a t i o n , b u t a f t e r 2 h r s . ADP a d d i t i o n 

f a i l e d to s t i m u l a t e r e s p i r a t i o n . I n c o n s e q u e n c e t h e 
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h i g h e s t RC1 v a l u e s w e r e f o u n d i n the e x p e r i m e n t a l 
s a r c o s o m e s ( e x c e p t at 80 and 120 m l n s ) . M u c h the 
same p a t t e r n was f o u n d f o r s t a t e I I I Q 0 2 v a l u e s of 
s a r c o s o m e s p r e i n c u b a t e d at 3 1 ° C and 3 3 ° C , w i t h 
p r e i n c u b a t i o n c a u s i n g a m a r k e d s t i m u l a t i o n f o r 
p e r i o d s o f t i m e up to 45 m i n s . Once a g a i n m u c h 
l o n g e r e x p o s u r e t i m e s w e r e d e l e t e r i o u s and a m a r k e d 
r e d u c t i o n i n Q 0 2 was f o u n d . Once a g a i n t h i s r e s u l t s 
i n the e x p e r i m e n t a l p r e i n c u b a t e d s a r c o s o m e s g i v i n g 
h i g h e r v a l u e s f o r RC1 t h a n the c o l d k e p t c o n t r o l s . 

A t 3 5 ° C h o w e v e r , p r e i n c u b a t i o n f a i l e d to 

s t i m u l a t e s t a t e I I I r e s p i r a t i o n , i n d e e d i t was i n h i b i t o r y 

at a l l e x p o s u r e t i m e s l o n g e r t h a n 5 m i n s . I n no c a se 

was a h i g h e r RC1 o b t a i n e d f o r p r e i n c u b a t e d as c o m p a r e d 

w i t h c o n t r o l s a r c o s o m e s . T h i s was d i s t i n c t l y the 

p a t t e r n f o r 3 6 ° and 4 1 ° C p r e i n c u b a t e d s a r c o s o m e s a l s o 

w h e r e i n the l a t t e r l i t t l e r e s p i r a t o r y c o n t r o l c o u l d be 

d e m o n s t r a t e d a f t e r 7 m l n s p r e i n c u b a t i o n . 

I t w o u l d s e e m t h a t the c h a n g e s o c c u r r i n g I n 

RC1 v a l u e s may be the m o s t s e n s i t i v e I n d i c a t o r of 

t h e r m a l d a m a g e . I t Is a l s o q u i t e c l e a r t h a t s a r c o s o m e s 

a r e m u c h m o r e t e m p e r a t u r e s e n s i t i v e to I n v i t r o t h a n 

i n v I v o h e a t i n g . D a v i s o n & B o w l e r (1971) r e p o r t , f r o m 

the same s t o c k of f l i e s t h a t t e m p e r a t u r e s as h i g h as 
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40 C f o r 40 m i n s a r e n e c e s s a r y i n v i v o to c a u s e d a m a g e 

to s a r c o s o m a l f u n c t i o n . F u r t h e r m o r e , as has been s h o w n 

i n t h i s t h e s i s , i t i s p o s s i b l e to m a i n t a i n a d u l t f l i e s 

a t 3 4 ° C f o r l o n g p e r i o d s w i t h o u t any o b v i o u s d a m a g e to 

t h e i r f l i g h t a p p a r a t u s . S a r c o s o m e s s u b s e q u e n t l y i s o l a t e d 

a l s o have a n o r m a l r e s p i r a t o r y f u n c t i o n , see T a b l e 5 . 7 

and C h a p t e r ( 4 ) . 

I t s e e m s r e a s o n a b l e to s u g g e s t t h a t the e n z y m e s 

o f the o x i d a t i o n p a t h w a y a r e r e l a t i v e l y u n a f f e c t e d by 

e x p o s u r e to t e m p e r a t u r e s b e t w e e n 3 0 ° and 4 1 ° C , one 

c a n say t h i s f o r e v e n a f t e r 40 m i n s p r e i n c u b a t i o n at 

3 6 ° s u b s t r a t e r a t e o x i d a t i o n s h o w e d no i n h i b i t o n , t h i s 

i s a l s o t r u e f o l l o w i n g 7 m i n s p r e i n c u b a t i o n at 4 1 ° C . I n 

b o t h c a s e s h o w e v e r , t h e s e p r e i n c u b a t i o n t i m e s s e r i o u s l y 

i n h i b i t s t a t e I I I r e s p i r a t i o n . As s u b s t r a t e r a t e o x i d a t i o n 

was n o t s een to i n c r e a s e m a r k e d l y , f o l l o w i n g 

p r e i n c u b a t i o n , e v e n a t l o n g e r e x p o s u r e t i m e s at 3 0 ° , 

3 1 ° and 3 3 ° , i t w o u l d s u g g e s t t h a t o x i d a t i v e p h o s p h o r y ­

l a t i o n i s n o t u n c o u p l e d u n d e r t h e s e c o n d i t i o n s . R a t h e r 

i t w o u l d s e e m t h a t p h o s p h o r y l a t i o n I s i n h i b i t e d , and so 

r e s u l t s i n b r i n g i n g s t a t e I I I r e s p i r a t i o n to s u b s t r a t e r a t e 

l e v e l s . W i t h t h i s i n m i n d , i t w o u l d have b e e n u s e f u l to 

d e t e r m i n e , w h e t h e r t h i s i n h i b i t e d s t a t e I I I r e s p i r a t i o n 

I n p r e l n c u b a t e d s a r c o s o m e s c o u l d be s t i m u l a t e d by 

u n c o u p l e r s s u c h as D N P . I t s e e m s t h a t the v e r y l o n g 
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t i m e s r e q u i r e d at 3 0 ° and 3 1 ° C to b r i n g a b o u t d a m a g e , 
may be m o r e ' a g e i n g ' r a t h e r t h a n a t h e r m a l p h e n o m e n o n . 

A s i m i l a r w o r k , on s p i n a c h c h l o r o p l a s t s , has 

b e e n r e c e n t l y p u b l i s h e d by S a n t a r i u s , ( 1 9 7 5 ) . I t was 

f o u n d t h a t hea t t r e a t m e n t c a u s e d I n a c t i v a t i o n of 

p h o t o p h o s p h o r y l a t i o n , the c o u p l i n g f a c t o r ( C F 1 ) m o r e 

hea t s t a b l e t h a n p h o t o p h o s p h o r y l a t i o n , and t h a t hea t 

c a u s e s i r r e v e r s i b l e c h a n g e s i n the p e r m e a b i l i t y of 

c h l o r o p l a s t m e m b r a n e e . 

One f e a t u r e of t h e r m a l s e n s i t i v i t y i s t h a t i n 

e c t o t h e r m a l a n i m a l s i t s h o u l d be m o d i f i a b l e by c h a n g e s 

i n the t h e r m a l h i s t o r y of the a n i m a l , R e a d , ( 1 9 6 7 ) , 

B o w l e r et a l ( 1 9 7 3 ) . W i t h t h i s i n m i n d , s o m e b l o w f l i e s 

w e r e p l a c e d a t 1 5 ° C and 34 ° C to a c c l i m a t e p r i o r t o the 

i s o l a t i o n of t h e i r s a r c o s o m e s , w h i c h w e r e t h e n 

p r e i n c u b a t e d a t 3 6 ° , a f te r w h i c h t h e i r r e s p i r a t o r y 

p e r f o r m a n c e d e t e r m i n e d at 2 4 ° C . T h e s e c a n a l s o be 

c o m p a r e d w i t h s a r c o s o m e s so t r e a t e d f r o m f l i e s 

m a i n t a i n e d at 2 4 ° C , d a t a p r e v i o u s l y d i s c u s s e d and g i v e n 

i n T a b l e ( 5 . 6 ) . 

I n s a r c o s o m e s f r o m a l l t h r e e g r o u p s o f 

a c c l i m a t e d f l i e s , p r e i n c u b a t i o n e i t h e r at 0 ° ( c o n t r o l s ) 

o r at 3 6 ° C c a u s e d no m a r k e d e f f e c t s on s u b s t r a t e r a t e 
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o x i d a t i o n . Once a g a i n s t a t e I I I r e s p i r a t i o n i s m o r e 

d r a m a t i c a l l y a f f e c t e d , b e i n g p r o g r e s s i v e l y i n h i b i t e d 

as p r e i n c u b a t i o n t i m e i n c r e a s e s . No o b v i o u s a c c l i m ­

a t i o n e f f e c t c a n be s e e n . I n the e x t r e m e a c c l i m a t i o n 

s t a t e s ( 1 5 ° and 3 4 ° C ) r e s p i r a t o r y c o n t r o l i s l o s t 

a f t e r 30 m i n s e x p o s u r e . The 1 5 ° C a c c l i m a t e d g r o u p 

may be t he m o r e s e n s i t i v e , f o r RC1 s h o w s the m o s t 

r a p i d d e c l i n e and i s b u t 1. 24 a f t e r 20 m i n s p r e i n c u b ­

a t i o n c o m p a r e d w i t h 1.57 f o r s a r c o s o m e s f r o m 3 4 ° 

a c c l i m a t e d f l i e s . T h e 2 4 ° C a c c l i m a t e d f l i e s , h o w e v e r , 

have s a r c o s o m e s w h i c h a p p e a r the m o r e r e s i s t a n t and 

have an RC1 t h a t I s s t i l l 1.84 a f t e r 20 m i n s . 

T h e a p p a r e n t t h e r m o s t a b i l i t y of the s u b s t r a t e 

r a t e r e s p i r a t i o n , o b s e r v e d t h r o u g h o u t the p r e i n c u b ­

a t i o n e x p e r i m e n t s d e s c r i b e d a b o v e , s u g g e s t s t h a t t h e 

e n z y m e s p a r t i c i p a t i n g i n t h i s p a t h w a y a r e n o t l i k e l y 

to be s u s c e p t i b l e to i n v i t r o hea t a p p l i c a t i o n . I n d e e d , 

a - g l y c e r o p h o s p h a t e d e h y d r o g e n a s e has b e e n s h o w n 

e l s e w h e r e i n t h i s t h e s i s (see C h a p t e r 7 ) , to be r e s i s t a n t 

to t e m p e r a t u r e s as h i g h as 5 0 ° C , w h e n a s s a y e d u n d e r 

c o n d i t i o n s e x c l u d i n g the r e s p i r a t o r y c h a i n f r o m the p r o c e s s 

o f e l e c t r o n t r a n s f e r . T h i s f i n d i n g , t o g e t h e r w i t h t h o s e 

r e p o r t e d In t h i s C h a p t e r , s t r o n g l y s u g g e s t t h a t the 

o x i d a t i v e e n z y m e s y s t e m as a w h o l e , i n b l o w f l y f l i g h t 



- 125 -

m u s c l e s a r c o s o m e s , i s n o t s e n s i t i v e to hea t e x p o s u 
u n d e r the c o n d i t i o n s d e s c r i b e d a b o v e . 
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E F F E C T OF C A L C I U M ON S A R C O S O M A L 

g-GLYCEROPHOSPHATE O X I D A T I O N 

I n t r o d u c t i o n : 

D a v i s o n , (1970) d e s c r i b e d a d i f f e r e n t i a l t h e r m a l 

s e n s i t i v i t y of b l o w f l y f l i g h t m u s c l e s a r c o s o m a l o x i d a t i v e 

p h o s p h o r y l a t i o n w h e n ^ - g l y c e r o p h o s p h a t e was u s e d as a 

s u b s t r a t e as c o m p a r e d w i t h p y r u v a t e and m a l a t e . I n 

C h a p t e r ( 3 ) t h i s p r e l i m i n a r y f i n d i n g by D a v i s o n , (1970) 

has b e e n s t u d i e d f u r t h e r . T h e d a t a p r e s e n t e d t h e r e 

c l e a r l y p o i n t to the p o s s i b i l i t y t h a t the i n i t i a l e n z y m e i n 

a - g l c e r o p h o s p h a t e o x i d a t i o n as b e i n g the t h e r m a l 

s e n s i t i v e f o c u s . 

^ - g l y c e r o p h o s p h a t e d e h y d r o g e n a s e i s t h o u g h t 

to be l o c a t e d on t h e o u t e r s u r f a c e o f the i n n e r m e m b r a n e 

( D o n n e l l a n , B a r k e r , Wood & B e e c h e y , 1970; K l i n g e n b e r g 

& B u c h h o l z , 1970) a l t h o u g h r e c e n t l y S l a c k & B u r s e l l 

(1977) have , q u e s t i o n e d t h i s i n t e r p r e t a t i o n . I t has b e e n 

s h o w n by H a n s f o r d & C h a p p e l l (1967) t h a t a-glycerphos-

p h a t e d e h y d r o g e n a s e I s an a l l o s t e r i c e n z y m e , m a x i m a l l y 

s t i m u l a t e d by 10 ^gm - lon. l Ca? + . T h i s f i n d i n g c l e a r l y 

e x p l a i n i n g the i n h i b i t o r y e f f e c t of E D T A ( E s t a b r o o k & 

S a c k t o r , 1958) and E G T A ( H a n s f o r d & C h a p p e l l , 1967) 

on ^ - g l y c e r o p h o s p h a t e o x i d a t i o n by f l i g h t m u s c l e 

s a r c o s o m e s. 
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K l i n g e n b e r g & B u c h h o l z (1970) and H a n s f o r d 

2 + 

(1971) have a l s o s h o w n a s i m i l a r Ca a c t i v a t i o n f o r 

a - g l y c e r o p h o s p h a t e o x i d a t i o n i n s a r c o s o m e s f r o m l o c u s t 

and the p e r i o d i c a l c i c a d a , M a g i c i c a d a s e p t e n d i c e m 

f l i g h t m u s c l e , r e s p e c t i v e l y . I t Is s i g n i f i c a n t t h a t the 

e n z y m e i s a c t i v a t e d m a x i m a l l y by c o n c e n t r a t i o n s of f r e e 

c a l c i u m t h a t a r e c l o s e to t h o s e e s t i m a t e d to a c t i v a t e 

m y o f i b r i l l a r A T P a s e ( S a c k t o r , 1 9 7 0 ) . T h e l e v e l of 

e x t r a m i t o c h o n d r i a l f r e e c a l c i u m i n r e s t i n g m u s c l e i s 

a p p a r e n t l y so l o w t h a t a-glycerophosphate d e h y d r o g e n a s e 

w o u l d n o t be a l l o s t e r i c a l l y a c t i v a t e d ( H a n s f o r d & 

C h a p p e l l , 1967) and w o u l d be r e l a t i v e l y i n a c t i v e at the 

e s t i m a t e d c & l l u l a r c o n c e n t r a t i o n of a - g l y c e r o p h o s p h a t e , 

2 m M ( S a c k t o r & W o r m s e r - S h a v i t , 1 9 6 6 ) . T h u s the 

a l l o s t e r i c a c t i v a t i o n by r a i s e d c a l c i u m f a c i l i t a t e s the 

r a p i d i n c r e a s e i n s a r c o s o m a l f u n c t i o n t h a t f o l l o w s the 

d e m a n d f o r A T P by m u s c l e f i b r e s i n c o n t r a c t i o n ( f o r 

a r e c e n t r e v i e w a r t i c l e see S a c k t o r , 1 9 7 4 ) . 

W i t h t h i s r e g a r d i t i s a l s o p e r t i n e n t t h a t S m i t h , 

(1966) r e p o r t s i n s e c t f l i g h t m u s c l e p o s s e s s e s a s c a n t 

s a r c o p l a s m i c r e t i c u l u m . T h i s r a i s e d a q u e s t i o n as to 

the i d e n t i t y o f the o r g a n e l l e s u n d e r t a k i n g the f u n c t i o n 

2 + 

o f Ca s e q u e s t r a t i o n . H o w e v e r , C a r a f o l i , H a n s f o r d , 

S a c k t o r & L e h n i n g e r , (1971) have s t u d i e d the i n t e r a c t i o n 
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2 + 
o f Ca w i t h b l o w f l y f l i g h t m u s c l e s a r c o s o m e s , and 

2+ s 

f o u n d t h a t Ca i s a c c u m u l a t e d by r e / p i r i n g b l o w f l y 

s a r c o s o m e s w i t h a l o w e f f i c i e n c y . T h e a u t h o r s 

c o n c l u d e d t h a t s u c h a c c u m u l a t i o n o c c u r s t h r o u g h 

s l o w , c o n c e n t r a t i o n - d e p e n d e n t , p h y s i c a l d i f f u s i o n 

t h r o u g h the m e m b r a n e , and i s n o t m e d i a t e d by the 

a c t i o n of a s p e c i f i c c a r r i e r . 

D a w s o n , D u n n e t t & S e l w y n (1971) , and H a n s f o r d 

(1971 ; 1972) have w o r k e d on the m e c h a n i s m o f the 

2 + 
s t i m u l a t i o n o f r e s p i r a t i o n by e x o g e n o u s Ca S l a c k & 

2 + 

B u r s e l l (1977) have a l s o s u g g e s t e d Ca. m i g h t be 

i n v o l v e d i n the s t i m u l a t i o n o f s u b s t r a t e t r a n s p o r t i n t o 

the s a r c o s o m e s o f b l o w f l i e s . 

T o r e t u r n to the p a r t i c u l a r s t i m u l a t i o n of 

a-glycerophosphate d e h y d r o g e n a s e , i t w o u l d s e e m 

p o s s i b l e t h a t i f i n v i v o h e a t i n g does a f f e c t t h i s e n z y m e 

t h e n i t s a l l o s t e r i c b e h a v i o u r m i g h t r e v e a l t h i s t h e r m a l 

s e n s i t i v i t y as s u g g e s t e d by H o c h a c h k a & S o m e r o ( 1 9 7 3 ) . 

T h i s i s b e c a u s e a l l o s t e r i s m r e q u i r e s a h i g h l e v e l of 

s t r u c t u r a l o r d e r i n the e n z y m e m o l e c u l e , and hea t i s a 

w e l l d o c u m e n t e d p e r t u r b a t o r of p r o t e i n t e r t i a r y 

s t r u c t u r e ( B r a n d t 1967 ) . I f s u c h t h e r m a l l y i n d u c e d 

p e r t u r b a t i o n s o c c u r to the a - g l y c e r o p h o s p h a t e 

d e h y d r o g e n a s e , a t hea t d e a t h t e m p e r a t u r e s the p r o p e r t y 

of a l l o s t e r i c s t i m u l a t i o n by c a l c i u m may be l o s t b e f o r e 
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c a t a l y t i c f u n c t i o n ( S t a d t m a n 1 9 6 6 ) . I n t h i s way i t may 

e x p l a i n w h y s u b s t r a t e o x i d a t i o n o f a - g l y c e r o p h o s p h a t e 

i s r e d u c e d i n s a r c o s o m e s f r o m L . D t r e a t e d f l i e s 

w h i l s t p y r u v a t e o x i d a t i o n ( s t a t e I V ) by the same 

s a r c o s o m e s i s , i f a n y t h i n g , i n c r e a s e d . 

M a t e r i a l s and m e t h o d s : 

S a r c o s o m e s w e r e i s o l a t e d f r o m e i t h e r c o n t r o l 

o r L . D , . 0 hea t t r e a t e d b l o w f l i e s (10 day o l d ) as 

d e s c r i b e d i n C h a p t e r 3 . a - g l y c e r o p h o s p h a t e d e h y d r o g ­

enase a c t i v i t y was d e t e r m i n e d as the r a t e o f o x y g e n 

c o n s u m p t i o n by s a r c o s o m e s i n p r e s e n c e of a - g l y c e r o -

p h o s p h a t e , by c o n v e n t i o n a l p o l a r o g r a p h i c m e t h o d s as 

d e s c r i b e d e a r l i e r i n C h a p t e r 2 . 

E n z y m e a c t i v i t y was f o l l o w e d i n the c o n d i t i o n s 

b e l o w : 

1. C a l c i u m f r e e m e d i u m : 

100 mM KC1 
10 m M T r i s HC1 b u f f e r pH 7 . 1 at 2 4 ° C . 

1 m M E G T A 

2 . C a l c i u m c o n t a i n i n g m e d i u m : 

100 mM KCl 
10 mM Tr i s HCl buffer pH 7.1 at 24°C 
10"5- g m - i o n . 1 " 1 c a 2 + 
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T h i s l o w l e v e l o f c a l c i u m was m a i n t a i n e d by 

2 + 

u s i n g a Ca - E G T A b u f f e r s y s t e m . E q u a l v o l u m e s 

o f 1 m M E G T A and 1 m M C a & 2 w e r e m i x e d . T h e 

m e t h o d u sed t o c a l c u l a t e the l e v e l o f f r e e c a l c i u m 

i s t h a t s u g g e s t e d by P o r t z e h l , C a l d w e l l & Ruegg ( 1 9 6 4 ) . 
Both r e a c t i o n m e d i a w e r e f u l l y e q u i l i b r a t e d 

3 

w i t h a i r a t 2 4 ° C f o r s e v e r a l h o u r s . 2 c m of m e d i u m 

was p i p e t t e d i n t o the r e a c t i o n c h a m b e r o f the o x y g e n 

e l e c t r o d e . T h i s was f o l l o w e d by 3 u l o f an a l c o h o l i c 

s o l u t i o n of c a r b o n y 1 - cy an i d e - p - t r i f 1 u o r o m e t h o x y 

p h e n y l h y d r a z o n e ( F C C P ) to g i v e a f i n a l c o n c e n t r a t i o n 

o f 0 . 5 p M . 

50 u l o f s a r c o s o m a l s u s p e n s i o n was t h e n added 

and t h i s was f o l l o w e d by 50 ^ i l of ^ - g l y c e r o p h o s p h a t e 

s o l u t i o n w h i c h s t a r t e d the r e a c t i o n . 

T h e s u b s t r a t e c o n c e n t r a t i o n s ( f i n a l ) u s e d 

w e r e as f o l l o w s : 

1 , 2 , 4 , 5 , 6 , 8, 10, 15 2 0 , 2 5 , 3 0 , 3 5 , 40 and 50 m M . 

A l l a d d i t i o n s to the r e a c t i o n c h a m b e r w e r e made u s i n g 

t e r u m o m i c r o s y r i n g e s. 

A n y one se t of s u b s t r a t e c o n c e n t r a t i o n s w e r e 

f o l l o w e d on the same s a m p l e o f s a r c o s o m e s , w o r k i n g 

f r o m the h i g h e r to the l o w e r s u b s t r a t e c o n c e n t r a t i o n s . 
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T h e e x p e r i m e n t was r e p e a t e d f i v e t i m e s f o r 

c o n t r o l and t h r e e t i m e s f o r s a r c o s o m e s f r o m L . D. 

t r e a t e d f l i e s . T h e d a t a s h o w n i n T a b l e ( 6 . 1 ) s h o w s 

the mean v a l u e s o b t a i n e d f o r QO^ a s w e l l as the r a n g e of 

v a l u e s at d i f f e r e n t c o n c e n t r a t i o n s o f a -g lycerophospha te . 

The mean v a l u e s a r e a l s o p l o t t e d v e r s u s s u b s t r a t e 

c o n c e n t r a t i o n i n F i g . ( 6 . 1 ) . 

P r o t e i n a s s a y was c a r r i e d o u t as d e s c r i b e d i n 

C h a p t e r ( 2 ) . A l l c h e m i c a l s w e r e p u r c h a s e d f r o m S i g m a 

C h e m i c a l C o . , L t d . , e x c e p t F C C P w h i c h was p u r c h a s e d 

f r o m Boehr lnger C h e m i c a l s . 

R e s u l t s 

T h e a l l o s t e r i c e f f e c t o f i n c l u d i n g 10 ^ g m - i o n . l * 

2 + 

Ca i n the r e a c t i o n m e d i u m i s c l e a r l y s h o w n i n F i g . ( 6 . 1 ) 

and i n m o r e d e t a i l i n T a b l e ( 6 . 1 ) I n F i g . ( 6 . 1 ) t he se 

d a t a f r o m s a r c o s o m e s f r o m b o t h c o n t r o l and L . D n 

t r e a t e d f l i e s a r e s h o w n as a p l o t of V a g a i n s t S 

S a r c o s o m e s f r o m c o n t r o l f l i e s 

2 + 

T a k i n g the r e a c t i o n i n the a b s e n c e of Ca f i r s t , 

i t can be s een t h a t the r a t e - s u b s t r a t e c o n c e n t r a t i o n c u r v e 

has a s i g m o i d a l s h a p e . A t s u b s t r a t e c o n c e n t r a t i o n s 

b e l o w 10 m M a - g l y c e r opho s p ha t e l o w r a t e s of o x y g e n 

c o n s u m p t i o n w e r e r e c o r d e d . W h i l s t the h i g h e s t r a t e s , 
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( a b o u t 40 ug A O . h r 1 . mg p r o t . *) w e r e f o u n d o n l y w h e n 
a - g l y c e r op ho s pha te c o n c e n t r a t i o n s w e r e h i g h e r t h a n 
30 m M . The e s t i m a t e d v a l u e f o r a p p . K t n ( S o , 5) i s 
14 m M . 

I n c o n s t r a s t , i n the p r e s e n c e o f f r e e c a l c i u m 

r a p i d o x i d a t i o n r a t e s w e r e o b s e r v e d e v e n at I m M 

^ - g l y c e r o p h o s p h a t e , Q 0 2 = 13. 45 jig A O . h r * mg p r o t . * 

V a l u e s as h i g h as t h i s w e r e o b s e r v e d i n the a b s e n c e o f 

f r e e c a l c i u m o n l y at m u c h h i g h e r s u b s t r a t e 

c o n c e n t r a t i o n s . V a l u e s f o r QO^ a p p r o x i m a t i n g to V i m a x 

f o r the e n z y m e w e r e o b t a i n e d at s u b s t r a t e c o n c e n t r a t i o n s 

of 10 m M . T h e f o r m o f the c u r v e i s a c l a s s i c a l 

r e c t a n g u l a r h y p e r b o l a of M i c h a e l i s - M e n t e n k i n e t i c s . 

T h e a p p . K m f o r t he e n z y m e i n t he p r e s e n c e of 

10 ^ m g - i o n . l * f r e e c a l c i u m f a l l s to a b o u t 2 m M 

a - g l y c e r o p h o s p h a t e . 

S a r c o s o m e s f r o m hea t t r e a t e d f l i e s 

As c a n be seen f r o m F i g . ( 6 . 1 ) the m o s t d r a m a t i c 

e f f e c t of the i n v i v o h e a t i n g on the a - g l y c e r o p h o s p h a t e 

d e h y d r o g e n a s e a c t i v i t y i s to s i m p l y d e p r e s s the 

a c t i v i t y w i t h o u t d e s t r o y i n g the a b i l i t y to r e s p o n d to 

2 + 
the a l l o s t e r i c e f f e c t o r , Ca 

T h e s u b s t r a t e c o n c e n t r a t i o n - v e l o c i t y c u r v e 

http://AO.hr
http://AO.hr
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2 + i n the a b s e n c e of f r e e Ca i s s t i l l s i g m o i d a l i n s h a p e . 
As i n the c o n t r o l f l i e s v a l u e s a r e v e r y l o w b e l o w 

5 m M a - g l y c e r o p h o s p h a t e , the v a l u e s o b t a i n e d a r e o n l y 

a b o u t 30% of t h o s e o b t a i n e d f o r c o n t r o l s a r c o s o m a l 

e n z y m e a c t i v i t y i n t h i s c o n c e n t r a t i o n r a n g e , s i m i l a r 

to the e f f e c t e a r l i e r r e p o r t e d i n T a b l e ( 3 . 1 ) . Q 0 2 

v a l u e s a p p r o a c h i n g V m a x d i d n o t a p p e a r to have b e e n 

r e a c h e d e v e n at 50 m M ^ - g l y c e r o p h o s p h a t e , t h i s i s 

i n c o n t r a s t w i t h c o n t r o l s a r c o s o m a l e n z y m e k i n e t i c s . 

T h e v a l u e f o r the Q 0 2 was o n l y 1 8 . 6 8 u g A O . h r \ 

mg p r o t . *, w h e r e a s the v a l u e f o r Q0 was o n l y 

1 8 . 6 8 jig A O . h r *. mg p r o t . w h e r e a s the v a l u e f o r 

2+ - 1 
Q 0 2 a t V m a x i n p r e s e n c e of Ca was 21 .37 ug A O . h r 

mg p r o t . T h e s e v a l u e s a r e o n l y a b o u t h a l f the r a t e s 

f o r V m a x o b t a i n e d f o r the e n z y m e f r o m c o n t r o l 

s a r c o s o me s. 

I t i s s i g n i f i c a n t h o w e v e r t h a t in the s a r c o s o m e s 

f r o m the h e a t e d f l i e s t he a d d i t i o n of 10 ^ g m - i o n . 1 * 

2 + 
Ca c o n v e r t s the s u b s t r a t e c o n c e n t r a t i o n - v e l o c i t y 

c u r v e f r o m a s i g m o i d a l to a r e c t a n g u l a r h y p e r b o l i c 

2 + 
f o r m . H o w e v e r the a p p . K m i n p r e s e n c e o f Ca is 

7 m M ^ - g l y c e r o p h o s p h a t e , t h i s b e i n g m u c h l o w e r t h a n 

2 + 
the v a l u e c a l c u l a t e d i n a b s e n c e of Ca , w h i c h was 20 m M , 

http://ugAO.hr
http://AO.hr
http://AO.hr


T a b l e 6. 1 

S a t u r a t i o n k i n e t i c s of b l o w f l y f l i g h t 

m u s c l e s a r c o s o m a l a - g l y c e r o p h o s p h a t e 

d e h y d r o g e n a s e f r o m c o n t r o l u n t r e a t e d , 

and L . D . , _ Q t r e a t e d a d u l t s , i n the 

-5 

p r e s e n c e and a b s e n c e of 10 g - i o n . l 

f r e e C a ^ + ' 

o. 5 uM F C C P was p r e s e n t i n a l l c a s e s 

I s o l a t i o n : N a g a r s e m e t h o d ( see C h a p t e r 3 ) 

R e a c t i o n c o n d i t i o n s 100 m M KC1 

10 m M T r i s / H C l b u f f e j 
a t pH 7 . 1 at 2 4 ° C . 

R e a c t i o n t e m p e r a t u r e : 24 C. 
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F i g 6 . 1 

S a t u r a t i o n k i n e t i c s of a - g l y c e r o p h o s p h a t e 

d e h y d r o g e n a s e . (See T a b l e 6 . 1 ) . 

O r d i n a t e : O x i d a t i o n r a t e (QO ) e x p r e s s e d 

as ug A O . h r mg p r o t . 

A b s c i s s a : a - g l y c e r opho s p h a t e c o n c e n t r a t i o n i n m M 

2 + 
C o n t r o l , i n the a b s e n c e o f Ca 

C o n t r o l , i n the p r e s e n c e of 10 ^ g - i o n . ( 
f r e e Ca 2 + . 

L . D . n t r e a t e d , i n the a b s e n c e of C a ^ + . 

L. D . _ t r e a t e d i n p r e s e n c e of 10 ^ g - i o n 
5 0 2 + 

f r e e Ca 

A r r o w s on the a b s c i s s a 

f o r e a c h g r a p h w i t h the 

r e p r e s e n t the a p p . K m v a l u e 

c o r r e s p o n d i n g s y m b o l . 
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D i s c u s s i o n 

T h e d a t a p r e s e n t e d i n T a b l e ( 6 . 1 ) and F i g . ( 6 . 1 ) 

a r e c o n s i s t e n t w i t h t h o s e o b t a i n e d by H a n s f o r d & 

C h a p p e l l , (1967) on f l i g h t m u s c l e s a r c o s o m e s f r o m 

2 + 

C a l l l p h o r a v o m i t o r a . T h e y d e s c r i b e d Ca 

(10 ^ g m - i o n . l *) r e d u c e d the a p p . K m f o r s u b s t r a t e 

f r o m a b o u t 10 to 2 m M . I n the p r e s e n t w o r k t h i s 

r e d u c t i o n i s f r o m 14 to 2 m M . 
H a n s f o r d & C h a p p e l l , (1967) e x c l u d e d the 

2 + 
p o s s i b i l i t y t h a t t h i s Ca a c t i v a t i o n of a - g l y c e r o p h o s -

p h a t e o x i d a t i o n was m e r e l y on the r e s p i r a t o r y c h a i n 

2 + 

and e n e r g y c o n s e r v i n g s y s t e m s b e c a u s e Ca was 

w i t h o u t e f f e c t on any a s p e c t o f p y r u v a t e o x i d a t i o n . 

T h e y a l s o d e m o n s t r a t e d , by c o m p a r i n g r e s u l t s w i t h 

s o n i c a t e d and I n t a c t s a r c o s o m e s , t h a t t h i s e f f e c t was 

no t m e d i a t e d t h r o u g h a s t i m u l a t i o n o f p e n e t r a t i o n o f 

the s a r c o s o m a l m e m b r a n e of e i t h e r s u b s t r a t e o r 

p r o d u c t . T h i s s t r o n g l y s u g g e s t s t h a t the a - g l y c e r -

p h o s p h a t e d e h y d r o g e n a s e i s d i r e c t l y a l i o s t e r i c a l l y 

s t i m u l a t e d by c a l c i u m . 

H o w e v e r , t h i s l e a d s t o the q u e s t i o n of the 

l o c a l i z a t i o n o f the d e h y d r o g e n a s e . A v a r i e t y o f 

w o r k e r s ( K l i n g e n b e r g & B u c h h o l z , 1970; B a l b o n l , 1 9 7 2 ) 

have s t u d i e d t h i s p r o b l e i Y ^ a n d the g e n e r a l l y h e l d v i e w 
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i s t h a t t h i s e n z y m e i s l o c a t e d on the o u t e r s u r f a c e of 

t he i n n e r m i t o c h o n d r i a l m e m b r a n e , w h i c h means t h a t 

a r - g l y c e r o p h o s p h a t e i s o x i d i z e d w i t h o u t h a v i n g to be 

t r a n s l o c a t e d a c r o s s the i n n e r m e m b r a n e . 

2 + 

T h i s a l s o a r g u e s a g a i n s t the Ca s t i m u l a t i o n 

o f a - g l y c e r o p h o s p h a t e o x i d a t i o n b e i n g m e d i a t e d by an 

e f f e c t on p e r m e a t i o n o f the s a r c o s o m a l m e m b r a n e . 

R e c e n t l y , h o w e v e r . a c o n t r a r y v i e w has b e e n p r o p o s e d by 

S l a c k & B u r s e l l (1977) f r o m w o r k on the b l o w f l y , 

S a r c o p h a g a m o d o s a . They c l a i m e d t h a t a - G P d e h y d r o ­

g e n a s e i s l o c a t e d on the i n n e r , r a t h e r t h a n the o u t e r 

s u r f a c e of the i n n e r m e m b r a n e . T h i s c o n c l u s i o n has 

been b a s e d on the o b s e r v a t i o n t h a t N A D H o x i d a t i o n , 

w h i c h i s m e d i a t e d by an i n t r a m i t o c h o n d r i a l l y s i t u a t e d 

e n z y m e , i s p a r a l l e l to a - g l y c e r o p h o s p h a t e o x i d a t i o n , 

w h e n the m i t o c h o n d r i a a r e s u b j e c t e d t o i n c r e a s i n g 

I n t e n s i t i e s of s o n l c a t l o n . T h e y q u e s t i o n e d the p r e v i o u s l y 

r e p o r t e d v i e w t h a t a - g l y c e r o p h o s p h a t e d e h y d r o g e n a s e Is 

l o c a t e d on the o u t e r s u r f a c e o f the i n n e r m e m b r a n e , which 

has been s u p p o r t e d by e x p e r i m e n t s i n v o l v i n g the 

r e d u c t i o n of the n o n - p e n e t r a n t f e r r i c y a n i d e to f e r r o -

c y a n i d e on a d d i t i o n o f a - g l y c e r o p h o s p h a t e i n a n t i m y c i n A 

t r e a t e d m i t o c h o n d r i a . T h e i r c r i t i c i s m was b a s e d on the 

a r g u m e n t t h a t h i g h c o n c e n t r a t i o n s of a - g l y c e r o p h o s p h a t e 
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m i g h t a l t e r t he p e r m e a b i l i t y of the i n n e r m e m b r a n e , 

t h e r e b y e n a b l i n g the n o r m a l l y n o n - p e n e t r a n t f e r r i c y a n i d e 

to p e n e t r a t e the m e m b r a n e and so r e v e r s i n g the 

i n h i b i t i o n , b e i n g c a p a b l e o f d e n a t u r i n g a n t i m y c i n A 

( W a l t e r & L a r d y , 1 9 6 4 ) . S l a c k & B u r s e l l ( 1977) 

c o n c l u d e d , t h e r e f o r e , t h a t t he m e m b r a n e t r a n s p o r t of 

a - g l y c e r o p h o s p h a t e i s d e p e n d e n t on m e m b r a n e 

t r a n s l o c a t i o n . 

2 + 

Ca a l s o a c t s as an a l l o s t e r i c i n h i b i t o r of 

f l i g h t m u s c l e s a r c o s o m a l i s o c i t r a t e d e h y d r o g e n a s e 

( V a u . g h a n & N e w s h o l m e , 1 9 7 0 ) , an e n z y m e l o c a t e d 

i n t r a m i toe hond r i a l l y , a c c o r d i n g to C a r a f o l i , e t a l . ( 1 9 7 1 ) . 

I n I n s e c t s the m o d u l a t i o n o f t h o s e t w o e n z y m e s m u s t 

o c c u r s i m u l t a n e o u s l y on the i n i t i a t i o n of f l i g h t 

( C a r a f o l i e t a l . , 1971) . 

F u r t h e r m o r e , the p o s s i b i l i t y t h a t the h i g h 

c o n c e n t r a t i o n s of a - g l y c e r o p h o s p h a t e u s e d , m i g h t a f f e c t 

the s t r u c t u r e of the m i t o c h o n d r i a l m e m b r a n e , has b e e n 

s u g g e s t e d by W o j t c z a k , V l o d o w e r & Z b o r o w s k i , ( 1 9 6 3 ) . 

T h i s may w e l l have b e e n t h e ca se i n t he r a t l i v e r 

m i t o c h o n d r i a u s e d by t h e s e w o r k e r s f o r a - g l y c e r o p h o s p h a t e 

i s n o t the n o r m a l s u b s t r a t e f o r t h e s e m i t o c h o n d r i a . S t i l l 

the c o n c e n t r a t i o n o f a - g l y c e r o p h o s p h a t e u s e d i n the p r e s e n t 

s t u d y , and by o t h e r w o r k e r s , on f l i g h t m u s c l e s a r c o s o m e s 

a r e f r e q u e n t l y m u c h h i g h e r t h a n t h o s e e x p e r i e n c e d 
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p h y s i o l o g i c a l l y ( S a c k t o r & W o r m s e r - Sha v i t 1 9 6 6 ) . 

H o w e v e r , K l i n g e n b e r g & B u c h h o l z (1970) r e p o r t e d t h a t 

^ - g l y c e r o p h o s p h a t e c o n c e n t r a t i o n s as h i g h as 50 m M , 

h a r d l y i n d u c e d s w e l l i n g i n f l i g h t m i t o c h o n d r i a , t h i s 

t h e y t o o k to be i n d i c a t i v e of an u n a l t e r e d m e m b r a n e 

p e r m e a b i l i t y . T h u s t h e r e s e e m s to be some 

2 + 

u n c e r t a i n t y o f the e x a c t m e c h a n i s m o f Ca s t i m u l a t i o n 

of a - g l y c e r o p h o s p h a te o x i d a t i o n . T h e t h o r o u g h w o r k 

by H a n s f o r d & C h a p p e l l (1967 ) i s c o m p e l l i n g , 

p a r t i c u l a r l y as the a l l o s t e r i c b e h a v i o u r o f the e n z y m e 

was o b s e r v e d i n b o t h i n t a c t and s o n i c a t e d s a r c o s o m e s . 

2 + 

Ca i n t e r a c t i o n o n l y b e i n g l o s t w h e n s a r c o s o m a l 

m e m b r a n e s w e r e t r e a t e d w i t h t r i t o n . 

A v a r i e t y of e n z y m e s have been s h o w n to be 

d e s e n s i t i z e d to t h e i r a l l o s t e r i c e f f e c t o r s , b e f o r e l o s s 

o f c a t a l y t i c a c t i v i t y , w h e n e x p o s e d to s u c h a g e n t s as 

m e r c u r i c s a l t s , f r e e z i n g d i g e s t i o n w i t h p r o t e a s e s e t c . 

A s p a r t a t e t r a n s c a r b o m y l a s e l o s t s e n s i t i v i t y 

to c y t i d i n e t r i p h o s p h a t e i n h i b i t i o n f o l l o w i n g e x p o s u r e 

to m e r c u r i c s a l t s , o r u r e a ( G e r h a r t & P a r d e e , 1 9 6 2 ) . 

I n ca se o f t r e h a l o s e s y n t h e t a s e a l s o the l o s s o f 

s u s c e p t i b i l i t y to a l l o s t e r i c c o n t r o l f o l l o w i n g t r e a t m e n t 

w i t h m e r c u r i c s a l t s o r e x p o s u r e to h i g h i o n i c s t r e n g t h , 

i s a c c o m p a n i e d by a c o n v e r s i o n f r o m s i g m o l d a l to 
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M i c h a e l i s - M e n t e n t y p e k i n e t i c s ( M u r p h y & W y a t t , 1 9 6 5 ) . 

I n a n u m b e r of c a se s the e x p o s u r e o f the e n z y m e 

to hea t a l s o d e s t r o y s i t s a l l o s t e r i c p r o p e r t i e s . T h i s 

has b e e n s h o w n i n p h o s p h o r i b o s y l - A T P p y r o p h o s p h a t a s e 

e x t r a c t e d f r o m S a l m o n e l l a t y p h i m u r i u m ( M a r t i n , 1963 ) , 

a s p a r t a t e t r ans c a r b a my l a s e f r o m E s c h e r i c h i a c o l i 

( G e r h a r t & P a r d e e , 1 9 6 2 ) , and a c e t o h y d r o x y a c i d 

s y n t h e t a s e i n Sa l m o n e l l a t y p h i m u r i u m ( B a u e r 1 e , 

F r e u n d l i c h , S t o r m e r & U m b a r g e r , 1964 ) . H o w e v e r i n t h e s e 

ca se s the h e a t e x p o s u r e u s e d has b e e n v e r y U n p h y s i o l o g i c a l , 

t h a t i s t e m p e r a t u r e s o f a b o u t 5 0 ° C o r m o r e . 

I n t h i s r e s p e c t , v e r y f e w , i f a n y , r e p o r t s o c c u r 

i n w h i c h the s e n s i t i v i t y o f the a l l o s t e r i c p r o p e r t i e s 

o f an e n z y m e have been s t u d i e d f o l l o w i n g t he e x p o s u r e 

to i n v i v o t e m p e r a t u r e s t h a t a r e j u s t l e t h a l to the 

o r g a n i s m . 

I n the p r e s e n t s t u d y , b o t h i n the p r e s e n c e and 

a b s e n c e of c a l c i u m , l e t h a l hea t t r e a t m e n t c a u s e s an 

i n c r e a s e i n the c a l c u l a t e d a p p . K m f o r a - g l y c e r o p h o s -

p h a t e d e h y d r o g e n a s e . But u n l i k e s o m e i n s t a n c e s d i s c u s s e d 

e a r l i e r t h e r e i s no c h a n g e i n the s a t u r a t i o n k i n e t i c s 

o f the e n z y m e . I n s a r c o s o m e s f r o m b o t h h e a t e d and 

c o n t r o l f l i e s , s i g m o i d a l k i n e t i c s a r e o b t a i n e d i n a b s e n c e , 

and M i c h a e l i s - M e n t e n k i n e t i c s i n the p r e s e n c e of c a l c i u m . 



- 140 -

H o w e v e r i n the a b s e n c e o f c a l c i u m the a p p . K m f o r 

a - g l y ce r opho s p ha te r i s e s by 6 m M f o r the e n z y m e 

f r o m h e a t e d f l i e s . A s i m i l a r r i s e o c c u r s i n the 

a p p . K m i n the p r e s e n c e of c a l c i u m , w h e n the v a l u e 

r i s e s f r o m 2 to 7 m M w h e n the f l i e s a r e h e a t e d . 

I t i s n o t p o s s i b l e to e s t i m a t e w h e t h e r the 

e f f e c t i v e n e s s o f c a l c i u m as a s t i m u l a t o r of a - g l y c e r o -

p h o s p h a t e d e h y d r o g e n a s e i s a l t e r e d f o l l o w i n g the i n v i v o 

hea t e x p o s u r e . H o w e v e r , i t i s n o t i c e a b l e t h a t the 

a m o u n t the a p p . K m i s r e d u c e d i n c o n t r o l and hea t 

e x p o s e d e n z y m e by the p r e s e n c e o f c a l c i u m i s a b o u t 

12 m M i n b o t h c a s e s . 

I t i s c l e a r h o w e v e r t h a t c a t a l y t i c e f f i c i e n c y i s 

s e r i o u s l y a f f e c t e d f o r , u n d e r c o n d i t i o n s t h a t g i v e V m a x , 

e n z y m e a c t i v i t y i s r e d u c e d by a b o u t 50% f o l l o w i n g 

i n v i v o h e a t i n g s . 

As L a r d y , L e e & T a k e m o r i (1960) r e p o r t t h a t 

a-glycerophosphate d e h y d r o g e n a s e i s t he r a t e l i m i t i n g 

e n z y m e i n a - g l y c e r o s pho s p h a t e o x i d a t i o n , i t i s t e m p t i n g 

to a s s u m e the i n a c t i v a t i o n i n o x i d a t i o n d e s c r i b e d above 

r e s u l t s f r o m hea t d a m a g e to a - g l y c e r o p h o s p h a t e 

d e h y d r o g e n a s e . T h i s a s s u m p t i o n i s s u p p o r t e d by the 

d a t a p r e s e n t e d i n T a b l e ( 3 . 1 ) C h a p t e r ( 3 ) . H e r e an 

L . D . J Q hea t t r e a t m e n t c a u s e s l o s s of r e s p i r a t o r y 
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c o n t r o l and i n h i b i t i o n o f s u b s t r a t e r a t e (and s t a t e I I I ) 

r e s p i r a t i o n by up to 50% w h e n a - g l y c e r o p h o s p h a t e i s 

the s u b s t r a t e . H o w e v e r , w h e n p y r u v a t e and p r o l i n e 

a r e b e i n g r e s p i r e d s t a t e I V r e s p i r a t i o n i s i n c r e a s e d 

i n s a r c o s o m e s f r o m h e a t e d f l i e s as c o m p a r e d w i t h 

c o n t r o l f l i e s T h i s i m p l i e s t h a t the p a r t of the r e s p i r ­

a t o r y c h a i n , c o m m o n to b o t h s u b s t r a t e s , ( i . e . p a s t 

c o e n z y m e Q - c y t o c h r o m e b ) i s n o t d a m a g e d by the 

h ea t i n g . 

A t t h i s p o i n t , t h e r e f o r e , i t s e e m s r e a s o n a b l e 

to s u g g e s t the m i t o c h o n d r i a l ^ - g l y c e r o p h o s p h a t e 

d e h y d r o g e n a s e i s one t h e r m a l s e n s i t i v e s t r u c t u r e , i n 

t h a t i t s c a t a l y t i c e f f i c i e n c y i s r e s t r i c t e d f o l l o w i n g hea t 

a p p l i e d i n v i v o . W i t h t h i s i n m i n d f u r t h e r w o r k u s i n g 

dye r e d u c t i o n to a s s a y 01 - g l y c e r opho s ph a te d e h y d r o g e n a s e 

w i l l be c a r r i e d o u t . U s i n g t h i s t e c h n i q u e the need t o 

use the w h o l e r e s p i r a t o r y c h a i n i n the a s s a y i s a v o i d e d . 

T h i s w o r k i s p r e s e n t e d i n C h a p t e r ( 7 ) , and f u r t h e r e x p l o r e 

the p o s s i b i l i t y of a-glycerophosphate d e h y d r o g e n a s e 

b e i n g i n a c t i v a t e d by hea t i n g i n v i v o and i n v i t r o . 
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C H A P T E R S E V E N 
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T H E A C T I V I T Y OF A N D T H E R M OS E N S I T I V I T Y 
OF S A R C O S O M A L a - G L Y CE R OPHOS PH A T E 

D E H Y R O D G E N A S E 

I n t r o d u c t i o n : 

T h e r e s u l t s p r e s e n t e d i n C h a p t e r ( 3 ) 

t o g e t h e r w i t h t h o s e r e p o r t e d by D a v i s o n (1970) s t r o n g l y 

i n d i c a t e t h a t the f a i l u r e of a - g l y c e r o p h o p h a se -

s u p p o r t e d o x i d a t i v e p h o s p h o r y l a t i o n m e c h a n i s m , 

e x h i b i t e d by s a r c o s o m e s i s o l a t e d f r o m h e a t - t r e a t e d 

a n i m a l s , c a n n o t be at the l e v e l o f the r e s p i r a t o r y 

c h a i n . T h i s c o m m e n t i s j u s t i f i e d by the o b s e r v a t i o n 

t h a t s a r c o s o m e s f r o m hea t t r e a t e d a n i m a l s c a r r y ou t 

o x i d a t i v e p h o s p o r y l a t i o n w h e n p y r u v a t e and p r o l i n e 

a r e u sed as s u b s t r a t e s , see C h a p t e r ( 3 ) . T h i s i s 

p a r t i c u l a r l y p u z z l i n g b e c a u s e the c o n v e n t i o n a l v i e w 

i s t h a t e l e c t r o n s , i r r e s p e c t i v e o f the s u b s t r a t e 

s o u r c e , a r e f e d i n t o a c o m m o n e l e c t r o n t r a n s f e r 

p a t h w a y ( L e h n i n g e r , 1964; P u l l m a n & S c h a t z , 1 9 6 7 ; 

L a r d y & F e r g u s o n , 1 9 6 9 ) . 

H o w e v e r the r e s u l t s m e n t i o n e d a b o v e , and 

p r e s e n t e d i n d e t a i l i n C h a p t e r ( 3 ) , c o n f i r m the 

p r e l i m i n a r y o b s e r v a t i o n s made by D a v i s o n ( 1 9 7 0 ) . 

I m p l i c i t i n D a v i s o n ' s (1970) i n t e r p r e t a t i o n 

of h i s r e s u l t s i s t h a t o x i d a t i v e p h o s p h o r y l a t i o n 
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a s s o c i a t e d w i t h a - g l y c e r o p h o s p h a t e may be c a r r i e d ou t 
« 

by a r e s p i r a t o r y a s s e m b l y , d i f f e r e n t to t h o s e a s s o c i a t e d 

w i t h o t h e r s u b s t r a t e s . T h i s i s p e r h a p s s u p p o r t e d 

by the r e c e n t r e p o r t by R o g e r s & H i g g i n s (1976) t h a t , 

i n r a t l i v e r m i t o c h o n d r i a , the d e g r e e of i n h i b i t i o n of 

r e s p i r a t i o n by te t r a a l k y l a m m o n i u m b r o m i d e s , d e p e n d s 

u p o n the r e s p i r a t o r y s u b s t r a t e s u s e d . 

D a v i s o n (1970) has a l s o m e n t i o n e d the p o s s i b i l i t y 

o f t h e r m a l i n a c t i v a t i o n of the r e s p i r a t o r y e n z y m e s 

a s s o c i a t e d w i t h a - g l y c e r o p h o s p h a t e - d e p e n d e n t r e s p i r a t i o n . 

I n t h i s r e g a r d , i t i s n o t e w o r t h y to r e m e m b e r t h a t the 

r e s u l t s p r e s e n t e d i n C h a p t e r ( 4 ) on r e c o v e r y f r o m 

s u b l e t h a l hea t t r e a t m e n t , s u g g e s t t h a t b i o s y n t h e t l c 

p r o c e s s e s may be i n v o l v e d i n the r e p a i r m e c h a n i s m 

f o l l o w i n g hea t d a m a g e . 

S i m i l a r t h e r m a l i n a c t i v a t i o n has b e e n r e p o r t e d 

f o r s e v e r a l r e s p i r a t o r y e n z y m e s o f S t a p h y l o c o c c u s 

a u r e u s ( B l u h m & O r d a l , 1 9 6 9 ) , and f o r s o m e l i v e r 

m i t o c h o n d r i a l e n z y m e s f r o m a r e s p r e s e n t a t l v e s e r i e s of 

v e r t e b r a t e a n i m a l s ( S m i t h , 1973 a, b ) . 

A t t h i s s t a g e i t s e e m s q u i t e r e a s o n a b l e to e x p e c t 

t h a t h e a t i n j u r y m i g h t be at the l e v e l of a - g l y c e r o p h o s p h a t e 

d e h y d r o g e n a s e ( E C . 1.1.99. 5 ) ; the f i r s t e n z y m e I n a - g l y c e r o p h o s 

p h a t e r e s p i r a t o r y p a t h w a y . T h e r e f o r e , t h i s C h a p t e r w i l l 
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r e p r e s e n t a d e t a i l e d i n v e s t i g a t i o n i n t o the n a t u r e of 

t h i s e n z y m e , i t s a c t i v i t y and t h e r m o s t a b i l i t y . T h e 

r e s u l t s w i l l be d i s c u s s e d i n the l i g h t o f o t h e r r e l e v a n t 

p a r t s o f t h i s s t u d y , t o g e t h e r w i t h the r e s u l t s r e p o r t e d 

by D a v i s o n (1970) and D a v i s o n & B o w l e r (1971) . 

M a t e r i a l s and M e t h o d s : 

A ) M e a s u r e m e n t of s a r c o s o m a l a - g l y c e r op ho s pha te 
d e h y d r o g e n a s e a c t i v i t y 

S a r c o s o m a l c n - g l y c e r o p h o s p h a t e d e h y d r o g e n a s e 

a c t i v i t y was m e a s u r e d u s i n g the m e t h o d d e s c r i b e d by 

L e e & L a r d y ( 1 9 6 5 ) . 

T h e e s s e n c e of the t e c h n i q u e i s b a s e d on the 

r e d u c t i o n of the t e t r a z o l i u m s a l t ( I N T ) by e l e c t r o n s 

t r a n s f e r r e d d i r e c t l y f r o m the d e h y d r o g e n a s e v i a 

p h e n a z i n e m e t h o s u l p h a t e ( P M S ) , r e s u l t i n g i n the 

f o r m a t i o n of i n s o l u b l e f o r m a z a n . T h e o p t i c a l d e n s i t y 

of a s o l u t i o n o f t h i s f o r m a z a n i n t o l u e n e i s p r o p o r t i o n a l 

to the e n z y m e a c t i v i t y . 

S a r c o s o m e s w e r e i s o l a t e d f r o m the f l i g h t 

m u s c l e o f 10 b l o w f l i e s , aged 1, 10 o r 20 d a y s , u s i n g 

the s t a n d a r d i s o l a t i o n t e c h n i q u e ( see C h a p t e r 2 ) . 

3 
H o w e v e r , the f i n a l p e l l e t was r e s u s p e n d e d i n 8 c m 

of the r e s u s p e n s i o n m e d i u m , C h a p t e r 2 g i v i n g a 
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p r e p a r a t i o n w i t h s a r c o s o m a l p r o t e i n c o n c e n t r a t i o n o f 

l e s s t h a n 0 . 0 5 mg/50u l P r e p a r a t i o n s w i t h p r o t e i n 

c o n c e n t r a t i o n s h i g h e r t h a n t h a t , w e r e f o u n d to g i v e 

n o n - l i n e a r a c t i v i t y w i t h t i m e , u n d e r the p r e s e n t a s s a y 

cond i t i o n s . 

R e a c t i o n m e d i u m : 

66 m M a - g l y ce r o p h o s p h a t e 

2 m M P o t a s s i u m c y a n i d e 

33 m M P h o s p h a t e b u f f e r at pH 7 . 3 at 2 4 ° C 

A r t i f i c i a l e l e c t r o n a c c e p t o r : 

0 . 0 4 4 % I N T ( 2 - p - l o d o p h e n y l - 3 - p - n i t r o -
p h e n y l - 5 - p h e n y l m o n o t e t r a z o l i u m 

c h l o r i d e ) 

0 . 0 9 % PMS ( p h e n a z l n e m e t h o s u l p h a t e ) 

made up s e p a r a t e l y i n 33 m M p h o s p h a t e 
b u f f e r at pH 7 . 3 at 2 4 ° C . 

A s s a y P r o c e d u r e : 

1) F i v e g l a s s t e s t t u b e s w e r e w r a p p e d i n a l u m i n i u m 

f o i l and h e l d i n a w a t e r b a t h m a i n t a i n e d at 2 4 ° C . 

3 

2) I n t o each t ube 0 . 5 c m o f the r e a c t i o n m e d i u m 

was i n t r o d u c e d and a l l o w e d to e q u i l i b r a t e f o r 

5 m i n u t e s . 

3 ) T h i s was f o l l o w e d by an a d d i t i o n of 50 ^ i l o f the 

m i t o c h o n d r i a l p r e p a r a t i o n and a l l o w e d t o s t a n d 
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f o r a f u r t h e r 5 m i n u t e s . 

4 ) T h e r e a c t i o n was i n i t i a t e d by the a d d i t i o n of 
3 

0 .5 c m o f a m i x t u r e of e q u a l v o l u m e s o f the 

a r t i f i c i a l e l e c t r o n a c c e p t o r s , 

5 ) The r e a c t i o n was t e r m i n a t e d by the a d d i t i o n of 
3 

0 . 5 c m of 10% t r i c h l o r o a c e t i c a c i d ( T C A ) 

a f t e r 0 , 2 , 4 , 6 o r 8 m i n u t e s . 

6 ) The t u b e s w e r e t h e n t a k e n ou t of the w a t e r 
3 

b a t h and 4 c m of t o l u e n e w e r e added i n t o 

e a c h to s o l u b i l i z e the f o r m a z a n f o r m e d a f t e r 

the r e d u c t i o n o f the I N T . 

7 ) C o m p l e t e s o l u b i l i z a t i o n was a c h i e v e d by 

m i x i n g t h o r o u g h l y on a w h i r l i - m i x e r f o r a 

f e w s e c o n d s . 

8) T h e t u b e s w e r e t h e n c e n t i f u g e d i n a G a l l e n k a m p 

J u n i o r c e n t r i f u g e f o r 2 m i n u t e s at 1000 x g . 

9) T h e u p p e r l a y e r , w h i c h c o n s i s t e d of t o l u e n e 

and s o l u b i l i z e d f o r m a z a n , was c a r e f u l l y 

d e c a n t e d and the i n t e n s i t y o f the c o l o u r was 

r e a d at 500 mu i n a Baush & L a m b s p e c t r o n i c 2 0 . 

10) T h e s ame s t e p s w e r e r e p e a t e d u s i n g s a r c o s o m e s 

I s o l a t e d f r o m L . D . t r e a t e d 1 0 - d a y o l d f l i e s . 
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E x t r a c a r e was t a k e n to a v o i d e x p o s i n g the 

t ubes to d i r e c t s u n l i g h t , o r any b r i g h t l i g h t , at a l l 

s t a g e s of the e x p e r i m e n t s i n c e the P M S - I N T s o l u t i o n 

was e x t r e m e l y s e n s i t i v e to l i g h t . 

T h e hea t t r e a t m e n t s g i v e n to the e x p e r i m e n t a l 

f l i e s o f d i f f e r e n t ages w e r e as f o l l o w s : 

1 day o l d a d u l t s 97 m i n u t e s at 4 1 ° C . 

10 day o l d a d u l t s 3 7 . 22 m i n u t e s at 4 1 ° C . 

20 day o l d a d u l t s 3 9 . 7 5 m i n u t e s at 4 1 ° C . 

T h e s e hea t d o s e s w e r e u sed as t h e y c o r r e s p o n d 

to the L . D . . - Q t r e a t m e n t f o r e a c h age ( D a v i s o n , 1 9 6 9 ) . 

B) E f f e c t of t h e r m a l p r e i n c u b a t i o n i n v i t r o o f s a r c o s o m e s 
on ^ - g l y c e r o p h o s p h a t e d e h y d r o g e n a s e 

a c t i v i t y 

S a r c o s o m e s w e r e i s o l a t e d f r o m the f l i g h t 

m u s c l e o f t e n 1 0 - d a y o l d b l o w f l i e s , u s i n g the " s t a n d a r d " 

i s o l a t i o n p r o c e d u r e (see C h a p t e r 2 ) . 

G l a s s t e s t t u b e s w e r e e q u i l i b r a t e d f o r 20 

m i n u t e s i n a w a t e r b a t h at one of the f o l l o w i n g t e m p e r a t u e s 

4 0 ° , 4 2 ° , 4 3 ° , 5 0 ° and 5 5 ° C . 

T h e t e m p e r a t u r e o f e a c h b a t h was m a i n t a i n e d a t •- 0 . 1 ° C 

w i t h a t h e r m o r e g u l a t o r and ' S u n v i c ' c o n t r o l . A 50 jil 

a l i q u o t o f the s a r c o s o m a l p r e p a r a t i o n , c o n t a i n i n g 
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a p p r o x i m a t e l y 0 . 0 5 mg p r o t e i n , was i n t r o d u c e d i n t o 
e a c h t u b e s a n d t h e n p r e i n c u b a t e d f o r the f o l l o w i n g 
p e r i o d o f t i m e : 

5 , 10, 15, 2 0 , 3 0 , 4 0 , 5 0 , 6 0 , 8 0 , 100 and 120 m i n s . 

A f t e r the p r e i n c u b a t i o n p e r i o d , the t u b e s w e r e t h e n 

t r a n s f e r r e d to a 2 4 ° C w a t e r b a t h and a l l o w e d to 

e q u i l i b r a t e f o r 5 m i n s . T h e r m a l i n a c t i v a t i o n of the 

e n z y m e was f o l l o w e d , u s i n g the m e t h o d of dye 

r e d u c t i o n d e s c r i b e d above (see S e c t i o n A ) . 

C) E f f e c t of f r e e z i n g and t h a w i n g 

As f o r e x p e r i m e n t s i n v e s t i g a t i n g t h i s e f f e c t 

on i s o l a t e d b l o w f l y f l i g h t m u s c l e s a r c o s o m e s , o x i d a t i o n 

r a t e s of a - g l y c e r o p h o s p h a t e o r p y r u v a t e + p r o l i n e w e r e 

m e a s u r e d p o l a r o g r a p h i c a l l y I n a r e a c t i o n m e d i u m t h a t 

c o n t a i n e d : 

154 m M K c l 

10 m M t r l s / H c l b u f f e r a t pH 7 . 3 at 2 4 ° C . 

33 m M p h o s p h a t e b u f f e r at p H 7 . 3 a t 2 4 ° C . 
3 

0 . 4 mg BS A / c m 

T h e a s s a y was c a r r i e d o u t a t 2 4 ° C , and 

s a r c o s o m e s w e r e I s o l a t e d I n a l l c a s e s u s i n g the n a g a r s e 

i s o l a t i o n t e c h n i q u e ( see C h a p t e r 3 ) . 
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F r e e z i n g 

T h i s t r e a t m e n t was g i v e n to the i s o l a t e d 

s a r c o s o m e s by p l a c i n g the p r e p a r a t i o n f o r 12 h o u r s i n 

a deep f r e e z e at - 2 0 ° C . 

The p r e p a r a t i o n was a l l o w e d to s t a n d at r o o m 

t e m p e r a t u r e f o r a b o u t 15 m i n s . to t h a w . S a r c o s o m e s 

f r o m b o t h c o n t r o l and L . D . _ t r e a t e d f l i e s w e r e 

s u b j e c t e d to t h i s p r o c e d u r e . 

Re s u i t s 

A ) ^ - g l y c e r o p h o s p h a t e d e h y d r o g e n a s e a c t i v i t y : 

The d a t a g i v e n i n T a b l e ( 7 . 1 ) , r e p r e s e n t v a l u e s 

f o r ^ - g l y c e r o p h o s p h a t e d e h y d r o g e n a s e a c t i v i t y of 

s a r c o s o m e s i s o l a t e d f r o m the f l i g h t m u s c l e o f c o n t r o l 

and h e a t - t r e a t e d a d u l t b l o w f l i e s of d i f f e r e n t a g e s . I t 

c an be c l e a r l y seen t h a t l o w e n z y m e a c t i v i t y i s a c h a r a c ­

t e r i s t i c of one day o l d f l i e s . T h i s a c t i v i t y h o w e v e r , 

i n c r e a s e d o v e r t w o f o l d by the age o f 10 d a y s , and r e m a i n e d 

at t h a t h i g h e r l e v e l i n s a r c o s o m e s i s o l a t e d f r o m 20 day 

o l d f l i e s . 

H o w e v e r , i n s a r c o s o m e s i s o l a t e d f r o m a d u l t f l i e s , 

w h i c h have b e e n g i v e n the L . D . ^ ^ hea t t r e a t m e n t c o r r e s ­

p o n d i n g to t h e i r a g e , a d e c l i n e o f 1 9 . 2 , 1 7 . 8 and 16 .5 p e r 

c e n t was r e c o r d e d i n s a r c o s o m a l e n z y m e a c t i v i t y of 1, 10 



T a b l e 7 . 1 

a - g l y c e r o p h o s p h a t e d e h y d r o g e n a s e a c t i v i t y of 

s a r c o s o m e s i s o l a t e d f r o m the f l i g h t m u s c l e of 

1, 10 o r 20 day o l d b l o w f l i e s , o f e i t h e r c o n t r o l 

( u n h e a t e d ) f l i e s o r f l i e s g i v e n a hea t t r e a t m e n t 

e q u i v a l e n t to an L . D . 5 Q d o s e . a-glycerophosphate 

d e h y d r o g e n a s e a c t i v i t y was d e t e r m i n e d u n d e r the 

f o l l o w i n g c o n d i t i o n s : 

R e a c t i o n m e d i u m 

66 m M a - g l y e r c opho s pha te 

2 m M P o t a s s i u m c y a n i d e 

33 m M P h o s p h a t e b u f f e r a t p H 7 . 3 a t 2 4 ° C 

A r t i f i c i a l e l e c t r o n a c c e p t o r : 

0 . 0 4 4 % I N T 

0 . 0 9 % PMS 

made up s e p a r a t e l y i n 33 m M p h o s p h a t e b u f f e r a t 

pH 7 . 3 at 2 4 ° C . 

E n z y m e a c t i v i t y i s e x p r e s s e d as A O D ^ ^ Q m i n \ rag p r o t . 

M e a n v a l u e s f r o m 10 s e p a r a t e e x t r a c t i o n s * 1 s t a n d a r d 

e r r o r a r e g i v e n . 
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and 20 day o l d f l i e s , r e s p e c t 

a c t i v i t y l e v e l s w e r e no t s t a t i 

d i f f e r e n t f r o m t h o s e o b t a i n e d 

(p y 0 . 05 ) . 

i v e l y . H o w e v e r , the e n z y m e 

s t i c a l l y s i g n i f i c a n t l y 

f r o m c o n t r o l s a r c o s o m e s 

B) T a b l e ( 7 . 2 ) and F i g . ( 7 . 1 ) p r e s e n t a - g l y c e r o -

p h o s p h a t e d e h y d r o g e n a s e t h e r m a l i n a c t i v a t i o n , w h e n 

i s o l a t e d s a r c o s o m e s have b e e n p r e i n c u b a t e d at the g i v e n 

t e m p e r a t u r e s f o r the i n d i c a t e d p e r i o d s of t i m e , b e f o r e 

b e i n g a s s a y e d at 2 4 ° C . T w o c o n t r o l v a l u e s a r e g i v e n f o r 

each te mp e r a tu r e , r e p r e s e n t i n g e n z y m e a c t i v i t y at the 

b e g i n n i n g and the end of the e x p e r i m e n t . V a l u e s f o r 

e n z y m e a c t i v i t y a f t e r the v a r i o u s t r e a t m e n t s , a r e 

e x p r e s s e d i n t e r m s of p e r c e n t a g e of e n z y m e a c t i v i t y 

i n c o n t r o l s a r c o s o m e s r e c o r d e d at t he b e g i n n i n g o f the 

e x p e r i m e n t . As c a n be s e e n , t e m p e r a t u r e s as h i g h as 

4 0 ° C r e q u i r e d up to 60 m i n u t e s p r e i n c u b a t i o n p e r i o d 

to b r i n g a b o u t 50% i n a c t i v a t i o n to ^ - g l y c e r o p h o s p h a t e 

d e h y d r o g e n a s e . I n d e e d a f t e r 2 h o u r s p r e i n c u b a t i o n a t 

t h i s t e m p e r a t u r e , e n z y m e a c t i v i t y was s t i l l m e a s u r a b l e . 

A s i m i l a r e f f e c t was r e c o r d e d w h e n t h e t e m p e r a t u r e 

was r a i s e d to 4 2 ° C . A t 4 3 ° C , h o w e v e r , a 10% i n a c t i v a t i o n 

was o b s e r v e d a f t e r o n l y 10 m i n u t e s of p r e i n c u b a t i o n ; t h i s 

p e r c e n t a g e i n c r e a s e d g r a d u a l l y w i t h t i m e , and r e a c h e d 

15, 25 and a b o u t 30 p e r c e n t a f t e r 2 0 , 30 and 40 m i n u t e s 



T a b l e 7 . 2 . 

E f f e c t of t h e r m a l p r e i n c u b a t i o n i n v i t r o 

on the a c t i v i t y of a - g l y c e r o p h o s p h a t e 

d e h y d r o g e n a s e of s a r c o s o m e s i s o l a t e d f r o m 

the f l i g h t m u s c l e of 1 0 - d a y o l d a d u l t 

b l o w f l i e s . 

M e a s u r e m e n t s o f the e n z y m e a c t i v i t y was 

c a r r i e d o u t u n d e r the s ame c o n d i t i o n s 

d e s c r i b e d i n T a b l e ( 7 . 1 ) . 

E n z y m e a c t i v i t y i s e x p r e s s e d as 

OD . m i n . mg p r o t . 
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F i g . 7 . 1 

E f f e c t o f p r e i n c u b a t i o n i n v i t r o o n 

t h e a c t i v i t y o f ^ - g l y c e r o p h o s p h a t e 

d e h y d r o g e n a s e o f s a r c o s o m e s i s o l a t e d 

f r o m t h e f l i g h t m u s c l e o f 1 0 - d a y o l d 

a d u l t b l o w f l i e s . 

R e s i d u a l a c t i v i t y o f s a r c o s o m a l g l y c e r o ­

p h o s p h a t e d e h y d r o g e n a s e a c t i v i t y 

( & O . D . g Q Q m i n * m g p r o t . a f t e r 

p r e i n c u b a t i o n o f s a r c o s o m e s f o r v a r y i n g 

p e r i o d s o f t i m e a t 4 0 ° , 4 2 ° , 4 3 ° , 5 0 ° 

a n d 5 5 ° C . A t t h e l a t t e r t e m p e r a t u r e 

p r e i n c u b a t i o n w a s c a r r i e d o u t i n p r e s e n c e 

- 5 - 1 2 + 
a n d a b s e n c e o f 10 g - i o n 1 o f f r e e Ca 

A c t i v i t y w a s d e t e r m i n e d a t 2 4 ° C u n d e r t h e 

c o n d i t i o n s d e s c r i b e d i n T a b l e ( 7 . 1 ) . 

T h e p o i n t s o n t h e o r d i n a t e r e p r e s e n t t h e 

a c t i v i t y l e v e l p r i o r t o p r e i n c u b a t i o n . 
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p r e i n c u b a t i o n r e s p e c t i v e l y . W h e n t h e t e m p e r a t u r e w a s 

r a i s e d t o 5 0 ° C , a b o u t 5 0 % i n a c t i v a t i o n r e q u i r e d , a l s o , 

a l o n g p e r i o d o f p r e i n c u b a t i o n , a p p r o x i m a t i n g 6 0 

m i n u t e s , t o o c c u r . N e v e r t h e l e s s , 5 5 ° G w a s a d e q u a t e l y 

h i g h t o c a u s e 5 0 % i n a c t i v a t i o n w i t h i n 20 m i n u t e s o f 

p r e i n c u b a t i o n , a n d a f t e r 40 a n d 60 m i n u t e s , e n z y m e 

a c t i v i t y o f 0 . 5 5 a n d 0 . 4 7 u n i t s w a s r e c o r d e d , w h i c h w a s 

o n l y 21 a n d 18 p e r c e n t o f t h e c o n t r o l i n i t i a l v a l u e , 

r e s p e c t i v e l y . T h e s a m e e f f e c t o f t h i s t e m p e r a t u r e w a s 

o b s e r v e d o n e n z y m e a c t i v i t y , w h e n t h e r e a c t i o n m e d i u m 

- 5 2 + 
i n c l u d e d 10 g - i o n / 1 o f f r e e Ca ( s e e C h a p t e r 6 ) . 

C ) E f f e c t o f f r e e z i n g a n d t h a w i n g o n s a r c o s o m e s 

T h e d a t a r e c o r d e d i n T a b l e ( 7 . 3 ) s h o w t h a t t h e 

o x i d a t i o n r a t e s o f p y r u v a t e + p r o l i n e a n d a - g l y c e r o p h o s -

p h a t e b y u n t r e a t e d n a ga r s e - i s o l a t e d b l o w f l y f l i g h t m u s c l e 

s a r c o s o m e s , w e r e 4 . 3 4 * 0 . 3 3 a n d 2 8 . 05 * 1 . 7 0 

ug A O . h r \ m g p r o t . r e s p e c t i v e l y . W h e n s u c h a 

p r e p a r a t i o n w a s f r o z e n o v e r n i g h t a t - 2 0 ° C a n d t h a w e d 

t h e f o l l o w i n g m o r n i n g t h e s e r a t e s o f o x i d a t i o n d e c l i n e d 

c o n s i d e r a b l y , g i v i n g a v a l u e o f o n l y 1.15 * 0 . 1 4 f o r 

p y r u v a t e a n d p r o l i n e , a d e c l i n e o f a b o u t 73 p e r c e n t . 

a - g l y c e r o p h o s p h a t e g a v e , a f t e r s u c h t r e a t m e n t , 

+ 
r e s p i r a t o r y r a t e s o f 1 8 . 7 4 - 2 . 8 3 , s h o w i n g a f a l l o f 

http://AO.hr


T a b l e 7 . 3 

T h e e f f e c t o f f r e e z i n g a n d t h a w i n g o f 

s a r c o s o m e s , i s o l a t e d b y ' n a g a r s e ' m e t h o d , f r o m 

c o n t r o l a n d L . D . 5 Q t r e a t e d f l i e s ( 4 1 ° f o r 

40 m i n s ) o n o x i d a t i o n r a t e s i n p r e s e n c e o f 

3 3 m M a - g l y c e r o p h o s p h a t e o r 2 . 5 m M p y r u v a t e 

+ 2 . 5 m M p r o l i n e . 

O x i d a t i o n r a t e s a r e s h o w n as m e a n v a l u e s 

+ - i - i 

s . e . as ug A O . h r . m g p r o t . . T h e f i g u r e 

i n b r a c k e t s i s t h e n u m b e r o f p r e p a r a t i o n s u s e d . 

A c t i v i t y w a s d e t e r m i n e d a t 2 4 ° C u n d e r t h e f o l l o w i 

c o n d i t i o n s : 

154 m M K C 1 , 10 m M T r i s / H C l b u f f e r a t 

p H 7 . 3 a t 2 4 ° C , 3 0 m M p h o s p h a t e b u f f e r 

3 
a t p H 7 . 3 a t 24 C , 0 . 4 m g B S A / c m . 

http://AO.hr
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a p p r o x i m a t e l y 33 p e r c e n t . On t h e o t h e r h a n d , 
s a r c o s o m e s i s o l a t e d f r o m L . D . ^ ^ t r e a t e d , 10 d a y 
o l d a d u l t f l i e s , u s i n g t h e n a g a r s e i s o l a t i o n p r o c e d u r e 
d e s c r i b e d , s h o w e d a d e c l i n e o f o n l y 25 p e r c e n t w h e n 
u s i n g p y r u v a t e a n d p r o l i n e as s u b s t r a t e , w h e r e a s 
a - g l y c e r op ho s p h a t e o x i d a t i o n r a t e d e c l i n e d b y a b o u t 
4 0 p e r c e n t . W h e n a p r e p a r a t i o n , i s o l a t e d f r o m 
L . D . t r e a t e d f l i e s , w a s f r o z e n a n d t h a w e d i n t h e 
s a m e m a n n e r d e s c r i b e d e a r l i e r , a f a l l o f a p p r o x i m a t e l y 
60 p e r c e n t a n d 58 p e r c e n t w a s r e c o r d e d f o r p y r u v a t e + 
p r o l i n e a n d a-glycerophosphate as s u b s t r a t e s r e s ­
p e c t i v e l y . 

D i s c u s s i o n : 

I n v e s t i g a t i o n s , i n v o l v i n g a p o s s i b l e t h e r m a l 

i n a c t i v a t i o n a t t h e l e v e l o f a - g l y c e r o p h o s p h a t e 

d e h y d r o g e n a s e , h a v e b e e n c a r r i e d o u t . I t w a s f o u n d , 

t h a t t h e I n s i g n i f i c a n t r e d u c t i o n i n t h e e n z y m e a c t i v i t y 

i s n o t c o m p a t i b l e w i t h t h e d e p r e s s i o n o f a - g l y c e r o -

p h o s p h a t e o x i d a t i o n o b s e r v e d w i t h s a r c o s o m e s i s o l a t e d 

f r o m h e a t t r e a t e d f l i e s . F u r t h e r m o r e , a - g l y c e r o p h o s -

p h a t e d e h y d r o g e n a s e p r o v e d t o be r e l a t i v e l y t h e r m o ­

s t a b l e , f o r t e m p e r a t u r e s a s h i g h as 5 0 ° C p r o d u c e d o n l y 

25 p e r c e n t i n a c t i v a t i o n a f t e r a p r e i n c u b a t i o n p e r i o d o f 

20 m i n u t e s . A t 5 5 ° C a b o u t 15 m i n u t e s w e r e r e q u i r e d t o 
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p r o d u c e 5 0 p e r c e n t i n a c t i v a t i o n ( s e e F i g . 7 . 1 ) T h i s 

i s n o t s u r p r i s i n g , f o r e n z y m e s a r e g e n e r a l l y k n o w n 

t o b e t h e r m o s t a b l e , a n d m a n y a r e i n a c t i v a t e d a t 

t e m p e r a t u r e s o n l y a b o v e a b o u t 55 t o 6 0 ° C ( L e h n i n g e r , 

1 9 7 5 ) . M o r e o v e r , t h e t e m p e r a t u r e t o l e r a b l e l i m i t s 

a r e , i n g e n e r a l , n a r r o w e s t f o r i n t a c t a n i m a l s , s o m e w h a t 

w i d e r a t t h e l e v e l o f t i s s u e s a n d c e l l s , a n d e v e n m u c h 

w i d e r w h e n i n a c t i v a t i o n i s m e a s u r e d o n i s o l a t e d 

e n z y m e s ( P r o s s e r , 1973 ) . 

^ - g l y c e r o p h o s p h a t e d e h y d r o g e n a s e m a n i f e s t s 

a v a r i e t y o f r e s p o n s e s t o t e m p e r a t u r e i n d i f f e r e n t 

a n i m a l s . I t h a s b e e n f o u n d s e n s i t i v e t o t e m p e r a t u r e 

c h a n g e s i n t h e s c r e w w o r m f l y ( B u s h & N e c k , 1 9 7 6 ) , 

b u t t h e r m o s t a b l e i n m i c r o o r g a n i s m s , B a c i l l u s 

s t e a i - o t h e r m o p h i l u s ( A m e l u n x e n , S a u v a n & M i r a , 1 9 7 4 ) . 

I n t h e c r a y f i s h C a m b a r u s b a r t o n i , c o l d a c c l i m a t i o n 

i n c r e a s e d t h e e n z y m e a c t i v i t y I n t h e a b d o m i n a l m u s c l e , 

b u t d e c r e a s e d I t I n t h e h e p a t o p a n c r e a s o f t h e s a m e a n i m a l 

( P o p h a m & D a n d y 1 9 7 6 ) . 

a - g l y c e r o p h o s p h a t e d e h y d r o g e n a s e , i s k n o w n t o 

c o n t a i n i r o n a s a m e t a l c o m p o n e n t , w h i c h i s e s s e n t i a l 

f o r I t s c a t a l y t i c a c t i v i t y ( L e h n i n g e r , 1 9 7 5 ) . T h e 

p o s s i b i l i t y t h a t i n v i v o h e a t t r e a t m e n t m i g h t h a v e l i b e r a t e d 

t h i s m e t a l c o m p o n e n t , i s r u l e d o u t b y t h e f a c t t h a t t h e 
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e n z y m e h a s t o l e r a t e d i n v i t r o p r e i n c u b a t i o n t e m p e r a t u r e 

as h i g h as 5 0 ° C . H o w e v e r , Y a k o v l e v a & G r u b n i t s k i i , 

( 1 9 7 0 ) h a v e d e s c r i b e d t h e e v a l u a t i o n o f e n z y m e t h e r m o ­

s t a b i l i t y b y d e t e r m i n i n g i t s c a t a l y t i c a c t i v i t y as b e i n g 

n o t a l w a y s s u f f i c i e n t . T h i s v i e w w a s b a s e d o n t h e 

o b s e r v a t i o n t h a t b u l l - l i v e r g l u t a m a t e d e h y d r o g e n a s e 

m a n i f e s t s d i f f e r e n t t h e r m o s t a b i l i t y i n i t s c a t a l y t i c 

a n d a l l o s t e r i c p r o p e r t i e s w h e n f o r w a r d a n d r e v e r s e 

r e a c t i o n s o c c u r ; t h e e n z y m e i s l e s s t h e r m o s t a b l e i n t h e 

d i r e c t i o n o f t h e f a s t e r r e a c t i o n . F u r t h e r m o r e , i t h a s 

b e e n d e m o n s t r a t e d b y T u n g ( 1 9 6 1 ) t h a t i n a - g l y c e r o -

p h o s p h a t e d e h y d r o g e n a s e o f b r a i n m i t o c h o n d r i a t h e 

d e g r e e o f i n h i b i t i o n b y c h o l a t e d e p e n d s u p o n t h e n a t u r e 

o f t h e e l e c t r o n a c c e p t o r ; i t i s d r a s t i c w h e n t h e a c c e p t o r 

i s a t m o s p h e r i c o x y g e n , w h e r e a s l o w c o n c e n t r a t i o n s o f 

c h o l a t e a c c e l e r a t e t h e r e a c t i o n w h e n e s t i m a t e d b y 

m e t h y l e n e b l u e . W h e n p h e n a z i n e m e t h o s u l f a t e i s u s e d 

as e l e c t r o n a c c e p t o r , i n c r e a s i n g t h e a m o u n t o f c h o l a t e 

d e c r e a s e s t h e o x i d a t i o n r a t e t o a l e v e l l e s s t h a n t h a t 

o b s e r v e d w i t h m e t h y l e n e b l u e . 

I t i s p o s s i b l e t h a t i n v i v o h e a t t r e a t m e n t m a y 

w e l l i n t e r r u p t t h e a c t i o n o f t h e g l y c e r o l 1 - p h o s p h a t e 

c y c l e ( B u c h e r c y c l e ) . T h i s i s b e c a u s e t h e c y t o p l a s m i c 

a - g l y c e r o p h o s p h a t e d e h y d r o g e n a s e h a s b e e n r e p o r t e d 
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t o be r e l a t i v e l y t h e r m o l a b i l e ( Y o u n g & P a c e , 1 9 5 8 ) . 

F u r t h e r m o r e , t h e n o n p r o t e i n c o m p o n e n t o f t h i s e n z y m e 

h a s b e e n f o u n d r e m o v a b l e b y s e v e r a l w a y s i n c l u d i n g h e a t 

t r e a t m e n t ( V a n E y s , N u e n k e & P a t t e r s o n , 1 9 5 9 ) . H o w e v e r , 

t h i s s h o u l d n o t i n t e r f e r e w i t h t h e f u n c t i o n o f i s o l a t e d 

s a r c o s o m e s w h e r e " B u c h e r c y c l e " i s a l r e a d y i n t e r r u p t e d , 

a n d t h e a c t i o n i s o n e - s i d e d , i n c o m p l e t e . 

T h e r e i s n o w a c c u m u l a t i n g e v i d e n c e t h a t t h e 

a c t i v i t y o f me m b r a n e - b o u n d e n z y m e s i s d e p e n d e n t o n t h e 

s t r u c t u r e o f t h e m e m b r a n e . F l e i s c h e r e t a l . , ( 1 9 6 2 ) 

i n v e s t i g a t i n g t h e r o l e o f p h o s p h o l i p i d s i n e l e c t r o n 

t r a n s f e r , f o u n d t h a t t h e l i p i d c o m p o n e n t o f t h e m e m b r a n e 

i s r e q u i r e d b y t h e e n z y m e s o f t h e e l e c t r o n t r a n s f e r s y s t e m 

t o s h o w t h e i r a c t i v i t y . I n a d d i t i o n , C u n n i n g h a m & H a g e r 

( 1 9 7 1 ) , r e p o r t e d a n a l l o s t e r i c e f f e c t o f p h o s p h o l i p i d o n 

c r y s t a l l i n e p y r u v a t e o x i d a s e f r o m E s c h e r i c h i a c o l i . I n 
yd 

b e e f h e a r t m i t o c h o n d r i a , h y d r o x y b u t y r i c a p o d e h ^ r o g e n a s e 

w a s f o u n d t o r e q u i r e l i p i d f o r a c t i v i t y ( S e k u z u e t a l . , 

1 9 6 3 ) . Y e a s t m i t o c h o n d r i a c l e a r l y d e m o n s t r a t e d t h e e f f e c t 

o f m e m b r a n e f a t t y a c i d c o m p o s i t i o n o n t h e i r f u n c t i o n , 

b y s h o w i n g h i g h P / 0 r a t i o s a n d r e s p i r a t o r y c o n t r o l i n 

y e a s t s g i v e n a d i e t , w h i c h c o n t a i n e d h i g h l e v e l s o f 

u n s a t u r a t e d f a t t y a c i d s , a n d v i c e v e r s a ( P r o u d l o c k e t a l . , 1 
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I n t h e p r e s e n t s t u d y I n v i v o h e a t t r e a t m e n t m i g h t 

h a v e p a r t i a l l y d e l i p i d a t e d t h e s a r c o s o m e s , a n d i n d o i n g 

s o a l t e r i n g s p e c i f i c a c t i v i t i e s o f me m b r a n e - b o u n d 

e n z y m e s , i n c l u d i n g a - g l y c e r o p h o s p h a t e d e h y d r o g e n a s e . 

T h i s , h o w e v e r , w o u l d r a i s e t h e q u e s t i o n as t o w h y t h i s 

i n a c t i v a t i o n w a s n o t o b s e r v e d w h e n t h e e n z y m e w a s 

a s s a y e d w i t h d y e r e d u c t i o n . T h e s t i m u l a t o r y e f f e c t 

o f K C N o n g l y c e r o p h o s p h a t e d e h y d r o g e n a s e , r e p o r t e d 

b y E m m e l o t & Bos ( 1 9 6 2 ) , m a y a c c o u n t i n . p a r t f o r t h i s 

d i s c r e p a n c y . 

T h e r e s u l t s p r e s e n t e d i n T a b l e ( 7 . 3 ) p r o v i d e 

s o m e i n f o r m a t i o n a b o u t t h e n a t u r e o f t w o d i f f e r e n t 

m i t o c h o n d r i a l s y s t e m s u n d e r s t u d y s e r v i n g o x i d a t i v e 

p h o s p h o r y l a t i o n . T h e o b j e c t i v e o f t h e s e e x p e r i m e n t s 

w a s a c o m p a r a t i v e s t u d y o n t h e s e t w o s y s t e m s as a 

f u n c t i o n o f i n v i v o h e a t t r e a t m e n t , a n d i n v i t r o f r e e z i n g 

a n d t h a w i n g o f i s o l a t e d s a r c o s o m e s i n t o t a l a b s e n c e o f 

A D P . N e i t h e r a - g l y c e r o p h o s p h a t e n o r p y r u v a t e o x i d a t i o n 

s h o w e d s i g n s o f u n c o u p l i n g f o l l o w i n g f r e e z i n g a n d 

t h a w i n g o f i s o l a t e d s a r c o s o m e s , s u g g e s t i n g t h a t f r e e z i n g 

d i r e c t l y i n a c t i v a t e s t h e e n z y m e s a s s o c i a t e d w i t h b o t h 

s y s t e m s . S i m i l a r r e d u c t i o n i n a c t i v i t y h a s b e e n 

r e p o r t e d b y F i s h b e i n & G r i f f i n ( 1 9 7 6 ) , m e a s u r i n g s u c c i n a t e 

s t a t e I V r e s p i r a t i o n b y i s o l a t e d f r o z e n a n d t h a w e d m o u s e 
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l i v e r m i t o c h o n d r i a , w h e n l i q u i d n i t r o g e n w a s u s e d as 
f r e e z i n g a g e n t . T h e y a t t r i b u t e d t h i s t o d a m a g e t o t h e 
e l e c t r o n t r a n s f e r c h a i n . 

W h a t e v e r t h e d a m a g e i s , t h e r e a p p e a r s t o b e a 

q u a n t i t a t i v e c o r r e l a t i o n b e t w e e n a - g l y c e r o p h o s p h a t e 

o x i d a t i o n r a t e i n L . D . ^ Q t r e a t e d , a n d f r o z e n - t h a w e d 

s a r c o s o m e s . T h e r e d u c t i o n i s a p p r o x i m a t e l y o f t h e s a m e 

m a g n i t u d e , s u g g e s t i n g t h a t t h e d a m a g e , c a u s e d b y h e a t 

t r e a t m e n t , m i g h t b e s t r u c t u r a l . F u r t h e r m o r e , t h e 

d r a s t i c f a l l i n p y r u v a t e o x i d a t i o n , c a u s e d b y f r e e z i n g 

a n d t h a w i n g , i n d i c a t e s t h a t t h e d a m a g e i s n o t l i k e l y t o b e 

m e r e l y a t t h e l e v e l o f t h e r e s p i r a t o r y c h a i n , s i n c e t h e 

l a t t e r i s c o m m o n f o r b o t h s y s t e m s ( L e h n i n g e r , 1 9 6 4 ) . 

T h i s c o n c l u s i o n c a n , a l s o , be v a l i d f o r L . D . Q h e a t 

t r e a t m e n t , t o w h i c h t h e t w o s y s t e m s r e s p o n d e d d i f f e r e n t l y , 

s h o w i n g a r e d u c t i o n o f a b o u t 4 0 a n d 25 p e r c e n t f o r 

a - g l y c e r o p h o s p h a t e a n d p y r u v a t e r e s p e c t i v e l y . 

H o w e v e r , w h e n b o t h t r e a t m e n t s a r e a p p l i e d o n 

t h e s a m e p r e p a r a t i o n t h e e f f e c t I s d i f f e r e n t , a - g l y c e r o ­

p h o s p h a t e o x i d a t i o n a p p e a r s t o h a v e s u f f e r e d a n a d d i t i v e 

e f f e c t o f b o t h t r e a t m e n t s , r e s u l t i n g i n a f u r t h e r r e d u c t i o n 

o f u p t o a b o u t 6 0 p e r c e n t , w h e r e a s h e a t t r e a t m e n t p r i o r t o 

f r e e z i n g a n d t h a w i n g a p p e a r s t o be b e n e f i c i a l f o r p y r u v a t e 

o x i d a t i o n . T h i s p r o t e c t i n g e f f e c t o f i n v i v o h e a t t r e a t m e n t 

a g a i n s t i n v i t r o f r e e z i n g m a y b e d u e t o t h e r e l e a s e o f a 
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c o n s t i t u e n t , w h i c h a c t e d as a s p e c i f i c c r y o p r o t e c t a n t 

f o r p y r u v a t e o x i d a t i o n . F i s h b e i n & G r i f f i n ( 1 9 7 6 ) 

r e p o r t e d t h a t s u c r o s e i s a v e r y p o w e r f u l c r y o p r o t -

e c t a n t f o r s u c c i n a t e c y t o c h r o m e C r e d u c t a s e , h o w e v e r , 

i t p r o t e c t e d t h e m i t o c h o n d r i a l s t r u c t u r e o n l y 

m o d e r a t e l y , a n d o x i d a t i v e p h o s p h o r y l a t i o n i n e f f i c i e n t l y . 
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C H A P T E R E I G H T 
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E L E C T R O N M I C R O S C O P I C A P P E A R A N C E O F 
S A R C O S O M E S , I S O L A T E D F R O M C O N T R O L 
A N D H E A T - T R E A T E D B L O W F L I E S , D U R I N G 
R E S P I R A T I O N I N D I F F E R E N T R E S P I R A T O R Y 

S T A T E S 

I n t r o d u c t i o n : 

I n s e c t f l i g h t m u s c l e s a r c o s o m e s a r e l a r g e 

r e l a t i v e t o m i t o c h o n d r i a f r o m o t h e r s o u r c e s . S m i t h 

f o r e x a m p l e , w h o w a s o n e o f t h e e a r l y w o r k e r s i n t h i s 

f i e l d , d e s c r i b e d s a r c o s o m a l a p p e a r a n c e i n t h e d r a g o n 

f l y A e s h n a s p . S m i t h ( 1 9 6 1 b ) a n d t h e b l o w f l y C a l l i p h o r a 

e r y t h r o c e p h a l a S m i t h ( 1 9 6 3 ) f l i g h t m u s c l e . D a v i s o n , 

(1971 b) and T r i b e & A s h h u r s t , ( 1 9 7 2 ) h a v e a l s o u s e d 

s a r c o s o m e s f r o m t h i s s p e c i e s i n t h e i r w o r k . F l i g h t 

m u s c l e s a r c o s o m e s f r o m t h e h o n e y b e e , A p i s m e l l i f e r a 

( H e r o l d , 1 9 6 5 ) a n d t e t t i g o n i i d , H o m o r o c o r y p h u s 

n i t i d u l u s v i c i n u s ( A n s t e e , 1 9 7 1 ) h a v e a l s o b e e n s i m i l a r l y 

d e s c r i b e d . I n m o s t o f t h e s e r e p o r t s , s a r c o s o m e s a r e 

r e p o r t e d t o h a v e a d i m e n s i o n o f a b o u t 3 um l o n g . T h e 

m o s t s t r i k i n g f e a t u r e , i n t h e u l t r a s t r u c t u r e o f b l o w f l y 

s a r c o s o m e s , i s t h e c r i s t a e . T h e s e w e r e d e s c r i b e d b y 

S m i t h , ( 1 9 6 3 ) as b e i n g " u n u s u a l l y h i g h l y o r i e n t e d , 

f o r m i n g s u b p a r a l l e l a r r a y s o f a b o u t 3 0 c r i s t a e p e r 

m i c r o n , w h o s e s u c c e s s i v e f e n e s t r a t i o n s a r e p r e c i s e l y 

a l i g n e d o n e b e h i n d t h e n e x t . " 
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S u c h s a r c o s o m e s a r e , t h e r e f o r e , e x p e c t e d t o 
b e v e r y v u l n e r a b l e a n d f r a g i l e t o i s o l a t i o n p r o c e d u r e s . 
T h u s , a n u l t r a s t r u c t u r a l s t u d y o f i s o l a t e d s a r c o s o m e s 
w i l l b e h e l p f u l i n i n t e r p r e t i n g t h e i r f u n c t i o n a l s t a t e , 
f o l l o w i n g h e a t i n g i n v i v o . I t i s p e r t i n e n t t h a t 
s a r c o s o m a l f u n c t i o n i s k n o w n t o b e d e p e n d e n t u p o n t h e i r 
s t r u c t u r a l i n t e g r i t y ( L e h n i n g e r , 1 9 6 4 ) . 

T h e r e v e r s i b l e u l t r a s t r u c t u r a l c h a n g e s , w h i c h 

o c c u r a s a r e s u l t o f c h a n g e s i n t h e e n e r g y s t a t e o f 

s a r c o s o m e s i s a n o t h e r a s p e c t , w h i c h i s d i f f i c u l t t o 

f o l l o w i n s i t u . T h e s e c o n f o r m a t i o n a l c h a n g e s h a v e b e e n 

s t u d i e d b y f i x a t i o n o f i s o l a t e d m i t o c h o n d r i a , r e s p i r i n g i n 

a k n o w n e n e r g y s t a t e . F o l l o w i n g f i x a t i o n t h e m i t o c h o n d r i 

a r e p r e p a r e d u s i n g r o u t i n e t e c h n i q u e s f o r e l e c t r o n 

m i c r o s c o p y . T h e o r i g i n a l o b s e r v a t i o n s o f t h i s k i n d w e r e 

m a d e b y H a c k e n b r o c k , ( 1 9 6 6 ) , u s i n g m o u s e l i v e r 

m i t o c h o n d r i a , c o n f i r m i n g e a r l i e r s u g g e s t i o n s m a d e b y 

L e h n i n g e r ( 1 9 5 9 , 1 9 6 2 b ) . S i m i l a r o b s e r v a t i o n s h a v e 

b e e n r e p o r t e d f r o m G r e e n ' s l a b o r a t o r y ( s e e P e n n i s t o n , 

H a r r i s , A s a i & G r e e n , 1 9 6 8 ) a n d G o y e r & K r a l l ( 1 9 6 9 ) 

i n o t h e r m a m m a l i a n m i t o c h o n d r i a . 

I n m o u s e l i v e r m i t o c h o n d r i a , t h e m a i n f o r m s 

d e s c r i b e d b y H a c k e n b r o c k , ( 1 9 6 6 ) a r e : 

i ) O r t h o d o x c o n f o r m a t i o n w h i c h i s c h a r a c t e r i z e d b y a 



- 163 -

l a r g e m a t r i x v o l u m e r e s u l t i n g i n d e c r e a s e d i n t r a c r i s t a l 
s p a c e a n d o u t e r c o m p a r t e m e n t v o l u m e . T h i s f o r m w a s 
e x h i b i t e d b y m i t o c h o n d r i a i n c u b a t e d f o r 15 m i n u t e s i n 
r e s p i r a t o r y s t a t e s I a n d I V r e s p i r a t i o n . 

i i ) C o n d e n s e d c o n f o r m a t i o n , w h i c h i s c h a r a c t e r i z e d 

b y a d e c r e a s e d m a t r i c a l v o l u m e r e s u l t i n g i n a l a r g e 

o u t e r c o m p a r t m e n t a n d i n t r a c r i s t a l s p a c e . T h i s 

c o n f o r m a t i o n i s d i s p l a y e d , w i t h v a r i o u s d e g r e e s o f 

i n t e n s i t y , i n s t a t e s I I , I I I a n d a f t e r s h o r t ( 1 . 5 m l n s ) 

i n c u b a t i o n i n s t a t e s I a n d I V r e s p i r a t i o n . 

O n t h e o t h e r h a n d , i n b e e f h e a r t m i t o c h o n d r i a 

t h e m a i n c o n f o r m a t i o n a l c h a n g e s d e s c r i b e d b y G r e e n 

a n d h i s c o - w o r k e r s ( s e e G r e e n , A s a i , H a r r i s & 

P e n n i s t o n , 1 9 6 8 ) a r e : 

i ) N o n - e n e r g i z e d c o n f i g u a t i o n , w h i c h i s c h a r a c t e r i z e d 

b y t h i n , e l e c t r o n - d e n s e p a i r s o f m e m b r a n e s t i g h t l y 

c o m p r e s s e d t o g e t h e r . S u c h c o n f i g u r a t i o n i s d i s p l a y e d 

i n t h e p r e s e n c e o f r e s p i r a t o r y i n h i b i t o r s ( a n t i m y c i n , 

o r r u t a m y c i n ) . 

i i ) E n e r g i z e d c o n f i g u r a t i o n , w h i c h i s h a l l m a r k e d b y 

p a i r s o f d a r k l y s t a i n e d p a r a l l e l m e m b r a n e s s e p a r a t e d 

b y a l e s s e l e c t r o n - d e n s e r e g i o n . T h i s c o n f i g u r a t i o n 

t o o k p l a c e i n t h e p r e s e n c e o f o x i d i z a b l e s u b s t r a t e . 

i i i ) E n e r g i z e d - t w i s t e d c o n f i g u r a t i o n , w h o s e d i a g n o s t i c 



F i g . 8 . 1 

S c h e m a t i c r e p r e s a t i o n , s h o w i n g t h e 

m a i n c o n f l g u r a t i o n a l c h a n g e s a t 

d i f f e r e n t e n e r g y s t a t e s a s d e s c r i b e d 

b y o t h e r w o r k e r s 

A ) M o u s e l i v e r m i t o c h o n d r i a 

OR = o r t h o d o x , C O N = C o n d e n s e d 

( H a c k e n b r o c k , 1 9 6 6 ) 

B ) B e e f h e a r t m i t o c h o n d r i a 

1) N o n - e n e r g i z e d 

2 ) E n e r g i z e d 

3 ) E n e r g i z e d - t w i s t e d 

( G r e e n e t a l . , 1 9 6 8 ) 
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f e a t u r e s a r e , t h e h i g h l y t w i s t e d c h a r a c t e r o f t h e c r i s t a l 

m e m b r a n e s , a n d t h e a b s e n c e o f a n e l e c t r o n - t r a n s p a r e n t 

r e g i o n b e t w e e n t h e m . T h i s c o n f i g u r a t i o n i s d i s p l a y e d 

b y m i t o c h o n d r i a i n c u b a t e d i n t h e p r e s e n c e o f o x i d i z a b l e 

s u b s t r a t e a n d i n o r g a n i c p h o s p h a t e . T h e e n e r g l z e d -

t w i s t e d c o n f i g u r a t i o n c a n b e d i s c h a r g e d , a n d t r a n s f o r m e d 

2 + 

i n t o n o n e n e r g i z e d , b y u s i n g u n c o u p l e r s , A D P o r Ca 

( s e e F i g . 8 . 1 ) 

S u c h c o n f o r m a t i o n a l c h a n g e s h a v e , a l s o b e e n 

r e p o r t e d f o r C a l l i p h o r a e r y t h r o e e p h a l a ( T r i b e & A s h h u r s t , 

1 9 7 2 ) , P h o r m i a r e g i n a , a n d M u s c a d o m e s t i c a ( S m i t h , 

S m i t h & Y u n i s , 1 9 7 0 ) . 

O n t h e o t h e r h a n d , B u t l e r & J u d a h , ( 1 9 7 0 ) h a v e u r g e d 

c a u t i o n c o n c e r n i n g s u c h w o r k a n d s u g g e s t e d t h a t t h e 

d i f f e r e n c e s i n c o n f o r m a t i o n r e p o r t e d m i g h t be a r t i f a c t s 

o f f i x a t i o n p r o c e d u r e s . 

T o h e l p i n t e r p r e t t h e b i o c h e m i c a l w o r k r e p o r t e d 

e l s e w h e r e i n t h i s s t u d y , w h i c h s h o w s t h a t i n v i v o h e a t i n g 

d i s r u p t s s a r c o s o m a l f u n c t i o n , i t h a s b e e n d e e m e d 

i m p o r t a n t t o c o n f i r m w h e t h e r s a r c o s o m e s f r o m h e a t e d 

f l i e s u n d e r g o t h e c o n f o r m a t i o n a l c h a n g e s i n s t r u c t u r e , 

r e p o r t e d b y H a c k e n b r o c k , ( 1 9 6 6 ) . 

I n f a c t t h e r e i s l i t t l e p u b l i s h e d w o r k i n t h i s 
b 

f i e l d . H o w e v e r , D a v i s o n (19 71 /̂) h a s s h o w n d r a m a t i c 

c h a n g e s I n t h e m o r p h o l o g y o f t h e f l i g h t m u s c l e s a r c o s o m e s 
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o c c u r i n s i t u , a f t e r s e v e r e h e a t t r e a t m e n t s , g i v e n t o t h e 

i n t a c t a n i m a l . 

I n t h e p r e s e n t s t u d y u l t r a s t r u c t u r a l c h a n g e s o f 

I s o l a t e d s a r c o s o m e s w i l l b e i n v e s t i g a t e d , as w e l l a s , 

t h e e f f e c t o f h e a t t r e a t m e n t o n t h e i r m o r p h o l o g y , 

t o g e t h e r w i t h t h e r e s p o n s e o f c o n f i g u r a t i o n a l c h a n g e s , 

m e n t i o n e d a b o v e , i n p r e s e n c e o f a - g l y c e r o p h o s p h a t e , 

a n d p y r u v a t e a s s u b s t r a t e s . I t m u s t b e r e - e m p h a s i z e d 

t h a t a - g l y c e r o p h o s p h a t e - s u p p o r t e d s y s t e m f a i l e d t o s h o w 

s t a t e I I I r e s p i r a t i o n , w h e n s a r c o s o m e s w e r e i s o l a t e d 

f r o m l e t h a l l y h e a t t r e a t e d f l i e s , w h e r e a s s t a t e l l l 

r e s p i r a t i o n w a s o b s e r v a b l e i n t h e s a m e s a r c o s o m e s , b u t 

w i t h p y r u v a t e a s s u b s t r a t e , ( s e e C h a p t e r 3 ) . 

T h e o b s e r v a t i o n s w i l l b e d i s c u s s e d i n t h e l i g h t 

o f t h o s e p r e v i o u s l y r e p o r t e d , w i t h p a r t i c u l a r e m p h a s i s 

o n D a v i s o n ' s ( 1 9 7 1 b ) o b s e r v a t i o n s o n t h e o n e h a n d , a n d 

t h e r e s u l t s p r e s e n t e d i n C h a p t e r ( 3 ) o n t h e o t h e r . 

M a t e r i a l s a n d m e t h o d s : 

S a r c o s o m e s w e r e e x t r a c t e d f r o m 1 0 - d a y o l d f l i e s 

u s i n g t h e ' s t a n d a r d ' i s o l a t i o n p r o c e d u r e d e s c r i b e d i n 

C h a p t e r 2 . 

O x y g e n c o n s u m p t i o n w a s m e a s u r e d p o l a r o g r a -

p h i c a l l y a t 24 ° C . 
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H o w e v e r , f o r r e a s o n s g i v e n l a t e r , t h e r e a c t i o n m e d i u m 

c o n t a i n e d : 

154 m M K C L 

1 m M E G T A 

3 0 m M P h o s p h a t e b u f f e r a t p H 7 . 3 a t 2 4 ° C 

10 m M T r i s / H C l b u f f e r a t p H 7 . 3 a t 2 4 ° C 

0 . 4 m g B S A / m l 

F i x a t i v e a n d e m b e d d i n g m e d i u m : 

A ) G l u t a r a l d e h y d e f i x a t i v e : 

2% G l u t a r a l d e h y d e 

2% A c r o l e i n 

0 . 3 2 M S u c r o s e 

5 0 m M C a c o d y l a t e b u f f e r a t p H 7 . 4 a t 24 

B) O s m i u m f i x a t i v e 

2% O s m i u m t e t r o x i d e 

0 . 3 2 M S u c r o s e 

5 0 m M c a c o d y l a t e b u f f e r a t p H 7 . 4 o n i c 

E m b e d d i n g m e d i u m : ( E p o x y r e s i n ) 

E p o n 812 47 g 

D D S A 21 g 

M N A 3 2 g 

D M P - 3 0 1 .4 c m 
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F i x a t i o n a n d e m b e d d i n g p r o c e d u r e : 

3 

1) T w o c m r e a c t i o n m e d i u m , c o n t a i n i n g s a r c o s o m e s 

a t t h e d e s i r e d e n e r g y s t a t e ( s e e F i g . 8 . 2 ) , w e r e t a k e n 

r a p i d l y o u t o f t h e r e a c t i o n c h a m b e r o f t h e o x y g e n 
3 

e l e c t r o d e w i t h a 5 c m p i p e t t e , m i x e d w i t h a n e q u a l 
3 

v o l u m e o f t h e g l u t a r a l d e h y d e f i x a t i v e A i n 15 c m 

p o l y t h e n e c e n t r i f u g e t u b e s a n d a l l o w e d t o s t a n d a t r o o m 

t e m p e r a t u r e f o r 15 m i n u t e s . 

2 ) T h e t u b e s w e r e c e n t r l f u g e d a t 3 6 0 0 r . p . m 

( 2 2 0 0 x g ) f o r 10 m i n u t e s I n a r e f r i g e r a t e d 2 L M S E c e n t r i f u g e 

3 

3 ) P e l l e t s w e r e r e s u s p e n d e d I n 2 c m o f t h e o s m i u m 

f i x a t i v e B a n d a l l o w e d t o s t a n d f o r 60 m i n u t e s o n i c e . 

4 ) T h e t u b e s w e r e r e c e n t r i f u g e d a t 3 6 0 0 r . p . m . 

( 2 2 0 0 x g ) i n t h e s a m e c e n t r i f u g e f o r a f u r t h e r 10 m i n u t e s . 

5 ) P e l l e t s w e r e d e h y d r a t e d I n a s e r i e s o f e t h a n o l 

c o n c e n t r a t i o n s ( 5 0 % - 7 0 % - 9 5 % a n d a b s o l u t e e t h a n o l ) 

f o r 10 m i n u t e s e a c h . T h i s w a s f o l l o w e d b y 2 x 15 m i n u t e s 

o f p r o p y l e n e o x i d e , l e f t o v e r n i g h t i n a 5 0 / 5 0 m i x t u r e o f 

p r o p y l e n e o x i d e a n d e p o n e m b e d d i n g m e d i u m ( s e e a b o v e ) . 



F i g . 8 . 2 

S c h e m a t i c r e p r e s e n t a t i o n o f a n 

o x y g e n e l e c t r o d e t r a c e , s h o w i n g 

t h e p o i n t s a t w h i c h f i x a t i o n o f t h e 

r e s p i r i n g s a r c o s o m e s w a s 

a c h i e v e d . 
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6 ) P e l l e t s w e r e i n f i l t r a t e d f o r 6 h o u r s i n a b s o l u t e 

e p o n , t h e n t r a n s f e r r e d t o f o i l d i s h e s c o n t a i n i n g a b s o l u t e 

e p o n , w h i c h w a s p o l y m e r i z e d a t 6 0 ° f o r 48 h o u r s . 

7 ) U l t r a - t h i n s e c t i o n s w e r e c u t w i t h g l a s s k n i v e s 

u s i n g e i t h e r a R e i c h e r t O m v 3 o r L K B u l t r a m i c r o t o m e . 

8 ) T h e s e c t i o n s w e r e m o u n t e d o n u n c o a t e d g r i d s , 

s t a i n e d w i t h u r a n y l a c e t a t e ( M e r c e r & B i r b e c k 1 9 6 6 ) , 

f o l l o w e d b y l e a d c i t r a t e a n d e x a m i n e d w i t h a n A E I E M 8 0 1 

e l e c t r o n m i c r o s c o p e o p e r a t e d a t 8 0 K V . 

9 ) T h e e n t i r e e x p e r i m e n t w a s r e p e a t e d t w i c e u s i n g 

c o n t r o l s a r c o s o m e s , a n d s a r c o s o m e s i s o l a t e d f r o m L . D . 

t r e a t e d 1 0 - d a y o l d f l i e s . 

O b s e r v a t i o n s 

A) C o n t r o l u n h e a t e d s a r c o s o m e s 

33 m M a - g l y c e r o p h o s p h a t e w a s t h e o n l y s u b s t r a t e 

u s e d . S a r c o s o m e s w e r e r e m o v e d f r o m t h e r e a c t i o n 

c h a m b e r a t t h e p o i n t s s h o w n i n F i g . 8 . 2 ( X ) B , C & D . 

S u b s t r a t e r a t e r e s p i r a t i o n 

F i g . 8 . 3 A s h o w s t h e a p p e a r a n c e o f t h e s a r c o s o m e s 
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i n " s u b s t r a t e r a t e " r e s p i r a t i o n . T h e v a s t m a j o r i t y o f 
r 

t h e s a r c o s o m e s a p p e a r e d i n t a c t , b u t a f e w a r e f r a c t u r e d . 

S o m e s a r c o s o m e s a l s o a p p e a r v a c u o l a t e d i n t h a t t h e 

c r i s t a e do n o t e n t i r e l y f i l l t h e i n t r a m i t o c h o n d r i a l s p a c e . 

I n t h e s e , a n d a l l t h e o t h e r e l e c t r o n m i c r o g r a p h s 

o f s a r c o s o m e s i t I s d i f f i c u l t t o d e t e r m i n e t h e e x t e n t o f 

t h e m a t r i x a n d i n t r a c r i s t a l s p a c e s . T h i s i s b e c a u s e 

o f t h e v e r y c l o s e p a c k i n g o f t h e c r l s t a l m e m b r a n e s 

I n t h e s e s a r c o s o m e s . T h i s m a k e s t h e I d e n t i f i c a t i o n o f 

t h e v a r i o u s c o n f o r m a t i o n a l s t a t e s , d e s c r i b e d b y 

H a c k e n b r o c k ( 1 9 6 6 ) a n d r e p o r t e d e a r l i e r I n t h e I n t r o d u c t i o n , 

v e r y d i f f i c u l t t o I n t e r p r e t I n s a r c o s o m e s . 

H o w e v e r , n o s a r c o s o m e s I n w h a t c o u l d b e d e s c r i b e d 

as a " d i s c h a r g e d " o r " n o n - e n e r g i z e d " f o r m w e r e s e e n 

i n s u b s t r a t e r e s p i r a t i o n . 

S t a t e I I I R e s p i r a t i o n 

S a r c o s o m e s r e m o v e d f r o m t h e r e a c t i o n c h a m b e r 

i n s t a t e I I I r e s p i r a t i o n ( F i g . 8 . 3 B ) w e r e o f m i x e d 

a p p e a r a n c e . A g a i n v e r y f e w s e e m e d d a m a g e d o r f r a c t u r e d 

i n a n y w a y . H o w e v e r , m a n y s a r c o s o m e s w e r e i n t h e 

" d i s c h a r g e d " f o r m , as d e s c r i b e d b y T r i b e & A s h h u r s t 

( 1 9 7 2 ) , t h a t I s h a v i n g a c o n d e n s e d m a t r i x l e a d i n g t o s p a c e s 

d e v e l o p i n g i n t r a c r l s t a l l y , s e e F i g . 8 . 3 B . A l t h o u g h t h e 



F i g . 8 . 3 

T h r e e e l e c t r o n m i c r o g r a p h s s h o w i n g s a r c o s o m e s 

r e s p i r i n g a t d i f f e r e n t e n e r g y s t a t e s , i s o l a t e d f r o m 

t h e f l i g h t m u s c l e o f c o n t r o l ( u n h e a t e d ) 1 0 - d a y o l d 

a d u l t b l o w f 1 i e s . 

S u b s t r a t e 

I s o l a t l o n 

R e a c t i o n 
m e d i u m 

33 m M a - g l y c e r o p h o s p h a t e 

" S t a n d a r d " m e t h o d ( s e e C h a p t e r 2 ) 

154 m M K C 1 , 1 m M E G T A , 

3 0 m M P h o s p h a t e b u f f e r a t p H 7 . 3 

a t 24 0 , 
10 m M T r i s / H C 1 b u f f e r a t p H 7 . 3 

a t 2 4 ° 

F i x a t i v e : 1 ) 2% G l u t a r a l d e h y d e 

2% A c r o l e i n 

2 ) 2% O s m i u m t e t r o x i d e . 

A ) S a r c o s o m e s f i x e d a t t h e p o i n t B s h o w n i n 

F i g . 8 . 2 ( X ) , i n " s u b s t r a t e r a t e " r e s p i r a t i o n . T h e 

m a j o r i t y a r e i n t a c t , s o m e a r e f r a c t u r e d o r v a c u o l a t e d , 

N o " d i s c h a r g e d f o r m i s a p p a r e n t , a l l s e e m t o b e 

" e n e r g i z e d " . 

B ) S a r c o s o m e s f i x e d a t t h e p o i n t C s h o w n i n F i g . 8 . 2 ( X ) 

i n s t a t e I I I r e s p i r a t i o n . A m i x e d p o p u l a t i o n o f 

" e n e r g i z e d " a n d " d i s c h a r g e d " s a r c o s o m e s c a n b e 

s e e n . 

G ) S a r c o s o m e s f i x e d a t t h e p o i n t D s h o w n i n F i g . 8 . 2 ( X ) 

i n s t a t e I V r e s p i r a t i o n . A m i x e d p o p u l a t i o n c a n b e 
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F i g . 8 . 3 ( c o n t . ) 

s e e n . M o s t o f t h e s a r c o s o m e s a r e " e n e r g i z e d " 

s o m e a r e " d i s c h a r g e d " . F r a c t u r e d a n d 

v a c u o l a t e d s a r c o s o m e s a r e a l s o e v i d e n t . 

E = E n e r g i z e d 

D = D i s c h a r g e d 

f r = f r a c t u r e d 

V = v a c u o l a t e d 

O m = O u t e r m e m b r a n e 

i m = I n n e r m e m b r a n e 

G = C r i s t a e 

A l l p l a t e s a r e t h e s a m e m a g n i f i c a t i o n as i n d i c a t e d 

i n C . 
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s a r c o s o m e s s h o w i n g t h i s " d i s c h a r g e d " f o r m d o s o t o 
g r e a t e r o r l e s s e r e x t e n t s . S o m e s a r c o s o m e s h o w e v e r 
r e m a i n i n t h e " e n e r g i z e d " f o r m . 

S t a t e I V R e s p i r a t i o n 

F i g . 8.3 c s h o w s t h e a p p e a r a n c e o f s a r c o s o m e s 

t a k e n i n s t a t e I V r e s p i r a t i o n . O n c e m o r e t h e v a s t 

m a j o r i t y a r e I n t a c t . A s c a n b e s e e n , m i x e d p o p u l a t i o n s 

e x i s t w i t h b o t h " e n e r g i z e d " a n d " d i s c h a r g e d " f o r m s 

e v i d e n t . I t i s n o t p o s s i b l e t o d i s t i n g u i s h w i t h c e r t a i n t y 

t h e a p p e a r a n c e o f t h e s a r c o s o m e s i n s t a t e s I I I a n d I V 

o n t h i s e v i d e n c e . 

B ) S a r c o s o m e s f r o m f l i e s g i v e n L . D . 5 0 h e a t t r e a t m e n t 

i ) ^ - g l y c e r o p h o s p h a t e - s u p p o r t e d r e s p i r a t i o n 

T h e s a r c o s o m e s w e r e t a k e n f r o m t h e r e a c t i o n 

c h a m b e r a t t h e p o i n t s s h o w n i n F i g . 8 . 2 ( Y ) A - C . 

F i g . 8 . 4 A s h o w s , i n l o w m a g n i f i c a t i o n , t h e 

a p p e a r a n c e o f t h e s a r c o s o m e s i m m e d i a t e l y a f t e r a d d i t i o n 

t o t h e r e a c t i o n m e d i u m , b u t b e f o r e t h e a d d i t i o n o f 

s u b s t r a t e . A s c a n be s e e n , s e v e r a l a r e r u p t u r e d , i n 

s o m e t h e y a r e C - s h a p e d . T h e r e i s a l s o l i t t l e e v i d e n c e o f 

s w e l l i n g o f s a r c o s o m e s . A s c a n be s e e n a t h i g h e r 



F i g . 8 . 4 

E l e c t r o n m i c r o g r a p h s s h o w i n g s a r c o s o m e s 

i s o l a t e d f r o m the f l i g h t m u s c l e o f 1 0 - d a y 

o l d a d u l t b l o w f l i e s g i v e n an L . D . ^ Q h ea t 

t r e a t m e n t . F i x a t i o n was a c h i e v e d a f t e r 

a d d i t i o n of s a r c o s o m e s t o the r e a c t i o n m e d i u m , 

at the p o i n t A s h o w n i n F i g . 8 . 2 ( Y ) . 

F o r i s o l a t i o n , and r e a c t i o n and f i x a t i o n 

c o n d i t i o n s see F i g . ( 8 . 3 ) . 

A ) l o w m a g n i f i c a t i o n s h o w i n g i n t a c t , r u p t u r e d 

and C - s h a p e d s a r c o s o m e s . 

B) h i g h e r m a g n i f i c a t i o n s h o w i n g many s a r c o s o m e s 
& 

C) i n the " n o n - e n e r g i z e d " f o r m . N o t e the dense 

g r a n u l e s f o r m e d i n the s a r c o s o m e s . 
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m a g n i f i c a t i o n ( F i g . 8 . 4 B & C) many of the s a r c o s o m e s 
a r e n o t i n the " e n e r g i z e d " f o r m r a t h e r t h e y a r e c l o s e r 
i n a p p e a r a n c e to the " n o n - e n e r g i z e d " c o n f i g u i a t i o n 
. d e s c r i b e d f o r b e e f h e a r t m i t o c h o n d r i a r e s p i r i n g i n t he 
p r e s e n c e o f a n t i m y c i n o r r u t a m y c i n , G r e e n et a l . , ( 1 9 6 8 ) . 
I n some s a r c o s o m e s t h e r e a r e a l s o dense g r a n u l e s f o r m e d , 
t h e s e w e r e no t e v i d e n t i n any c o n t r o l s a r c o s o m e s . 

S u b s t r a t e - r a t e r e s p i r a t i o n 

T h e a p p e a r a n c e o f the s a r c o s o m e s i s s h o w n i n 

F i g . 8 . 5 A . M a n y now a p p e a r g r o s s l y s w o l l e n , s o m e e v e n 

to the p o i n t of r u p t u r e . T h o s e s a r c o s o m e s t h a t a r e n o t 

y e t s w o l l e n a r e a p p a r e n t l y i n the " d i s c h a r g e d " c o n f i g u r a t i o n . 

F i g . 8 . 5 B a l s o s h o w s , at h i g h e r m a g n i f i c a t i o n , g r o s s l y 

s w o l l e n s a r c o s o m e s . N o t e t h a t dense g r a n u l e s o c c u r 

i n b o t h s w o l l e n and u n s w o l l e n s a r c o s o m e s . 

State I I I r e s p i r a t i o n 

T h e m o s t s i g n i f i c a n t d i f f e r e n c e i n the a p p e a r a n c e 

o f the m i c r o g r a p h s o f the p e l l e t s of s a r c o s o m e s , a f t e r 

the a d d i t i o n of A D P , i s the h i g h b a c k g r o u n d of s a r c o s o m a l 

f r a g m e n t s , see F i g . 8 . 6 A . G r o s s l y s w o l l e n s a r c o s o m e s 

a r e e v i d e n t , and the n o r m a l s a r c o s o m e s a p p e a r t o be i n 

t h e " d i s c h a r g e d " c o n f i g u r a t i o n . 

F i g . 8 . 6 B s h o w s at h i g h e r m a g n i f i c a t i o n a s a r c o s o m e 

i n the f i n a l s t a g e s o f s w e l l i n g , as w e l l as many c r i s t a l 



F i g . 8 .5 

E l e c t r o n m i c r o g r a p h s s h o w i n g s a r c o s o m e s 

i s o l a t e d f r o m the f l i g h t m u s c l e of 1 0 - d a y 

o l d a d u l t b l o w f l i e s , g i v e n an L . D . ^ Q hea t 

t r e a t m e n t . 

F i x a t i o n was a c h i e v e d i n p r e s e n c e o f 33 m M 

a-glycerop h o s p h a t e , at the p o i n t B s h o w n i n 

F i g . 8. 2 ( Y ) . 

F o r i s o l a t i o n , r e a c t i o n and f i x a t i o n c o n d i t i o n s 

see F i g . ( 8 . 3 ) 

A ) L o w m a g n i f i c a t i o n , s h o w i n g i n t a c t , s w o l l e n 

and r u p t u r e d s a r c o s o m e s . M a n y of the 

i n t a c t s a r c o s o m e s a r e a p p a r e n t l y i n the 

" d i s c h a r g e d " f o r m . Dense g r a n u l e s a r e 

a l s o e v i d e n t . 

B) H i g h e r m a g n i f i c a t i o n s h o w i n g g r o s s l y s w o l l e n 

s a r c o s o mes . 

S = s w o l l e n . 

s f = s a r c o s o m a l f r a g m e n t s . 
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F i g . 8 .6 

E l e c t r o n m i c r o g r a p h s s h o w i n g s a r c o s o m e s 

i s o l a t e d f r o m the f l i g h t m u s c l e o f 1 0 - d a y o l d 

a d u l t b l o w f l i e s , g i v e n an L . D _ hea t 

t r e a t m e n t . 

F i x a t i o n was a c h i e v e d i n p r e s e n c e of 33 m M 

a - g l y c e r o p h o s p h a t e and 1 u m o l e A D P , at the 

p o i n t C s h o w n i n F i g . 8 . 2 ( Y ) . 

F o r i s o l a t i o n , r e a c t i o n and f i x a t i o n c o n d i t i o n s , 

see F i g . ( 8 . 3 ) . 

A ) L o w m a g n i f i c a t i o n s h o w i n g " d i s c h a r g e d " , 

s w o l l e n and f r a g m e n t e d s a r c o s o m e s . 

B) H i g h e r m a g n i f i c a t i o n , s h o w i n g many c r i s t a l 

f r a g m e n t s , g r o s s l y s w o l l e n s a r c o s o m e s and 

i n t a c t s a r c o s o m e s a p p a r e n t l y d i s p l a y i n g 

the " d i s c h a r g e d " f o r m . T h e dense g r a n u l e s 

a r e a l s o e v i d e n t . 

C. f r = C r i s t a l f r a g m e n t s . 
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f r a g m e n t s f r o m b r o k e n s a r c o s o m e . No te a l s o the n o r m a l 

s a r c o s o m e s , a g a i n w h i c h s e e m to d i s p l a y the " d i s c h a r g e d " 

c o n f i g u r a t i o n . S w o l l e n , u n s w o l l e n and c r i s t a l f r a g m e n t s 

a l l p o s s e s s dense g r a n u l a r a c c r e t i o n s . 

No te t h a t as r e s p i r a t o r y c o n t r o l i s l o s t i n s a r c o s o m e s 

f r o m h e a t e d f l i e s , when r e s p i r i n g on ^ - g l y c e r o p h o s p h a t e , 

no a t t e m p t has b e e n made t o d e t e r m i n e the a p p e a r a n c e of 

the p e l l e t s f r o m s a r c o s o m e s i n s t a t e I V r e s p i r a t i o n . 

i i ) P y r u v a t e + p r o l i n e - d e p e n d e n t r e s p i r a t i o n 

T h e s a r c o s o m e s w e r e r e m o v e d f r o m the r e a c t i o n 

c h a m b e r at the p o i n t s s h o w n i n F i g . ( Z ) A - D . 

S u b s t r a t e r a t e r e s p i r a t i o n 

F i g . 8 . 7 A s h o w s the a p p e a r a n c e of the s a r c o s o m a l 

p e l l e t t a k e n f r o m the r e a c t i o n c h a m b e r w h e n r e s p i r i n g 

p y r u a t e + p r o l i n e . T h e r e i s a m i x e d p o p u l a t i o n . A 

p r o p o r t i o n show s i g n s of s w e l l i n g , b u t many o t h e r s a r e 

n o r m a l , o f the l a t t e r g r o u p , s a r c o s o m e s d i s p l a y i n g the 

" d i s c h a r g e d " and the e n e r g i z e d c o n f i g u r a t i o n can be s e e n . 

N o t e a l s o the i n c i d e n c e of dense g r a n u l e s i n the c r i s t a e . 

F i g . ( 8 . 7 B & C) show i n d e t a i l b o t h s w o l l e n and n o r m a l 

s a r c o s o m e s f r o m the same p e l l e t s . 



F i g . 8 .7 

E l e c t r o n m i c r o g r a p h s s h o w i n g s a r c o s o m e s 

i s o l a t e d f r o m the f l i g h t m u s c l e of 1 0 - d a y o l d 

a d u l t b l o w f l i e s , g i v e n an L . D . ^ hea t 

t r e a t m e n t . 

F i x a t i o n was a c h i e v e d i n p r e s e n c e of 2 . 5 m M 

p y r u v a t e p l u s 2 . 5 m M p r o l i n e , a t p o i n t B s h o w n 

i n F i g . 8. 2 ( Z ) . 

F o r i s o l a t i o n , r e a c t i o n and f i x a t i o n c o n d i t i o n s 

see F i g . ( 8 . 3 ) . 

A ) L o w m a g n i f i c a t i o n s h o w i n g a p r o p o r t i o n of the 

s a r c o s o m e s w i t h s i g n s of s w e l l i n g , the o t h e r s 

a r e n o r m a l and a p p e a r to be d i s p l a y i n g the 

" d i s c h a r g e d " and " e n e r g i z e d " f o r m s . 

B) H i g h e r m a g n i f i c a t i o n o f t he s ame p e l l e t 
& 
C) d e s c r i b e d a b o v e . 

The dense g r a n u l e s a r e a l s o o b s e r v a b l e . 
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S t a t e I I I r e s p i r a t i o n 

A g a i n the g e n e r a l a p p e a r a n c e o f the e l e c t r o n 

m i c r o g r a p h seen a t l o w m a g n i f i c a t i o n , i s of a m i x e d 

p o p u l a t i o n of s a r c o s o m e s , see F i g . 8 . 8 A . T h e r e i s 

p e r h a p s m o r e c r i s t a l d e b r i s t h a n i s e v i d e n t i n F i g . 8 .7 

b u t t h e r e does n o t s e e m to be a g r e a t e r p r o p o r t i o n o f 

s a r c o s o m e s t h a t a r e s w o l l e n . 

T h e n o r m a l l o o k i n g s a r c o s o m e s a l m o s t a l l s e e m 

to be i n the " d i s c h a r g e d " c o n f i g u r a t i o n . D e n s e g r a n u l a r 

a c c r e t i o n s a r e a g a i n i n e v i d e n c e , see F i g s . 8 .8 B & C. 

S t a t e I V r e s p i r a t i o n 

F i g . 8 . 9 A s h o w s at l o w p o w e r the a p p e a r a n c e of 

the s a r c o s o m e s i n s t a t e I V r e s p i r a t i o n . M o r e s a r c o s o m e s 

a p p e a r to be at an a d v a n c e d s t a t e o f s w e l l i n g , and t h i s 

p r o b a b l y a c c o u n t s f o r the l a r g e a m o u n t o f s a r c o s o m a l 

d e b r i s i n t he b a c k g r o u n d . S a r c o s o m e s i n b o t h " e n e r g i z e d " 

and " d i s c h a r g e d " f o r m s a r e p r e s e n t , h o w e v e r , h i g h e r 

m a g n i f i c a t i o n v i e w s c a n be seen i n F i g s . 8 .9 B & C. 

D i s c u s s i o n : 

A l t h o u g h s o m e c o n f i g u r a t i o n a l c h a n g e s have b e e n 

o b s e r v e d i n the p r e s e n t s t u d y , t h e y a r e i n no w a y i d e n t i c a l 

w i t h t h o s e r e p o r t e d f o r mouse l i v e r ( H a c k e n b r o c k , 1 9 6 6 ) o r 



F i g . 8 .8 

E l e c t r o n m i c r o g r a p h s s h o w i n g s a r c o s o m e s 

i s o l a t e d f r o m the f l i g h t m u s c l e of 1 0 - d a y 

o l d a d u l t b l o w f l i e s , g i v e n an L . D . hea t 

t r e a t m e n t . 

F i x a t i o n was a c h i e v e d i n p r e s e n c e of 2 . 5 m M 

p y r u v a t e p l u s 2 . 5 m M p r o l i n e , and 1 u M o l e A D P , 

at the p o i n t C s h o w n i n F i g . 8 . 2 ( Z ) . 

F o r i s o l a t i o n , r e a c t i o n and f i x a t i o n c o n d i t i o n s 

see F i g . ( 8 . 3 ) . 

A ) Low m a g n i f i c a t i o n s h o w i n g a m i x e d p o p u l a t i o n 

o f s a r c o s o m e s . T h e m a j o r i t y a r e i n t a c t , f e w 

a r e s w o l l e n o r f r a g m e n t e d . 

B) H i g h e r m a g n i f i c a t i o n s h o w i n g a l m o s t a l l the 
& 

C) s a r c o s o m e s s een to be i n the " d i s c h a r g e d " 

f o r m . 

Dense g r a n u l a r a c c r e t i o n s a r e i n e v i d e n c e . 
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Fig. 8. 9 

E l e c t r o n m i c r o g r a p h s s h o w i n g s a r c o s o m e s i s o l a t e d 

f r o m the f l i g h t m u s c l e of 1 0 - d a y o l d a d u l t 

b l o w f l i e s , g i v e n an L . D . hea t t r e a t m e n t . 
o u 

F i x a t i o n was a c h i e v e d i n p r e s e n c e of 2 . 5 m M 

p y r u v a t e p l u s 2 . 5 m M p r o l i n e , and 1 u m o l e ADP 

( s t a t e I V ) , a t the p o i n t D s h o w n i n F i g . 8 . 2 ( Z ) . 

F o r i s o l a t i o n , r e a c t i o n and f i x a t i o n c o n d i t i o n s 

see F i g . ( 8 . 3 ) . 

A ) L o w m a g n i f i c a t i o n s h o w i n g s a r c o s o m a l d e b r i s 

i n t he b a c k g r o u n d , s o m e s a r c o s o m e s a r e at 

an a d v a n c e d s t a t e o f s w e l l i n g . T h e m a j o r i t y 

of the s a r c o s o m e s a r e i n t a c t and seen to 

d i s p l a y b o t h " e n e r g i z e d " and " d i s c h a r g e d " 

f o r m s . 

B) H i g h e r m a g n i f i c a t i o n o f the s a r c o s o m e s d e s c r i b e d 

a b o v e . 

Dense g r a n u l e s c an a l s o be s e e n . 
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b e e f h e a r t m i t o c h o n d r i a ( G r e e n et a l . , 1 9 6 8 ) . T h e r e a r e 

m a j o r d i f f e r e n c e s i n many r e s p e c t s ; f o r e x a m p l e a 

h i g h l y c o n d e n s e d f o r m o f m o u s e l i v e r m i t o c h o n d r i a l i n n e r 

c o m p o n e n t s and an e x p a n d e d o u t e r c o m p a r t m e n t a r e n o t 

c l e a r l y r e c o g n i z a b l e i n i n s e c t s a r c o s o m e s . T h e 

c h a r a c t e r i s t i c f e a t u r e s of the c r i s t a e of b e e f h e a r t 

m i t o c h o n d r i a d i s p l a y e d i n the e n e r g i z e d - t w i s t e d 

c o n f i g u r a t i o n w e r e n o t as d i a g n o s t i c a l l y o b s e r v e d i n the 

p r e s e n t s t u d y . The i n t e r p r e t a t i o n of t he se d i f f e r e n c e s 

may be b a s e d on the d i s - s i m i l a r i t y b e t w e e n m a m m a l i a n 

and i n s e c t m i t o c h o n d r i a l s t r u c t u r e . I n the l a t t e r case 

s a r c o s o m e s m a n i f e s t an e x t r e m e c l o s e - p a e k i n g of 

c r i s t a e , C a l l i p h o r a ( p r e s e n t s t u d y ; S m i t h , 1963; D a v i s o n 

1971b) , ( f o r a v a r i e t y of i n s e c t s see S m i t h , 1961a, 

1961b, 1 9 6 2 ) , w h i c h may be up to 30 c r i s t a e p e r m i c r o n . 

F o r t h i s r e a s o n i t i s o f t e n d i f f i c u l t to i d e n t i f y the m a t r i x 

f r o m the i n t r a c r i s t a l spac e s . G r e e n & H a t e f i , (1961) 

c o n c l u d e d t h a t the g r e a t e r the n u m b e r o f c r i s t a e p e r 

u n i t a r e a , the g r e a t e r the o x i d a t i v e f u n c t i o n o f the 

m i t o c h o n d r i a . F u r t h e r m o r e , t h e y a t t r i b u t e d the 

r e l a t i v e l y l o w d e n s i t y of c r i s t a e c o n t a i n e d i n l i v e r 

m i t o c h o n d r i a n o t o n l y to t h e i r l o w r a t e of a c t i v i t y , b u t 

a l s o to t h e i r i n v o l v e m e n t i n a u x i l i a r y f u n c t i o n s o t h e r 

t h a n the p r i m a r y m i t o c h o n d r i a l f u n c t i o n . 
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I s o l a t e d b l o w f l y f l i g h t m u s c l e s a r c o s o m e s w i t h 
m o r e o r l e s s s i m i l a r m o r p h o l o g y to t h o s e d e s c r i b e d a b o v e 
have been p r e v i o u s l y r e p o r t e d ( T r i b e & A s h h u r s t , 1 9 7 2 ) . 

T h e c r i t i c i s m s o f B u t l e r & Judah (1970) m u s t be 

m e n t i o n e d . T h e y have q u e s t i o n e d s u c h f u n c t i o n a l l y 

i n d u c e d m o r p h o l o g i c a l c h a n g e s i n i s o l a t e d m i t o c h o n d r i a 

and p r e s e n t e d e v i d e n c e a f t e r d e t a i l e d i n v e s t i g a t i o n s 

t h a t t h e s e c h a n g e s m i g h t be a r t i f a c t s . T h e i r a r g u m e n t 

was b a s e d on the o b s e r v a t i o n s t h a t v a r i o u s f i x a t i v e s 

p r o d u c e v a r i o u s m o r p h o l o g i c a l p a t t e r n s ; the s a m e e f f e c t 

was seen to be b r o u g h t a b o u t w h e n v a r i o u s os m o e f f ec to r s 

w e r e u s e d . F u r t h e r m o r e , the d e p t h o f s e c t i o n i n g was 

a l s o r e c o r d e d to be a s i g n i f i c a n t f a c t o r ; a l t h o u g h t h i s 

h a s , a l r e a d y , b e e n a d m i t t e d by Hac kenb r o c k , ( 1 9 6 6 ) , 

who p o i n t e d ou t t h a t s u c h a r i s k has b e e n a v o i d e d by 

u s i n g q u i c k - s a m p l i n g and m i c r o p e l l e t p r o c e d u r e s . 

B r o n k & J a s p e r , (1970) have a l s o q u e s t i o n e d t h a t 

m i t o c h o n d r i a l c o n d e n s a t i o n i s o b l i g a t o r y f o r o x i d a t i v e 

p h o s p h o r y l a t i o n . 

S j o s t r a n d ' s v i e w was a l s o c a u t i o u s i n t h i s 

c o n t e x t . On s e v e r a l o c c a s i o n s , he and h i s c o - w o r k e r s 

p o i n t e d o u t t h a t c o n v e n t i o n a l l y u sed f i x a t i v e s and 

d e h y d r a n t s a r e r e s p o n s i b l e f o r m o d i f i c a t i o n s o b s e r v e d 

i n the s t r u c t u r e o f m i t o c h o n d r i a l m e m b r a n e s by p r o t e i n 
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d e t i a t u r a t i o n ( S j o s t r a n d & B a r a j a s , 1968; S j o s t r a n d & 

K r e t z e r , 1975 ) . F u r t h e r m o r e , S j o s t r a n d & B e r n h a r d , 

(1976) have s h o w n t h a t t h e r e i s a c o r r e l a t i o n b e t w e e n the 

a p p e a r a n c e o f i n t r a c r i s t a l space and p r o t e i n d e n a t u r a t i o n ; 

t h a t i s when no s u c h space was o b s e r v e d i n p r e p a r a t i o n s 

w h e r e c a r e was t a k e n to r e d u c e the r i s k s f o r 

d e n a t u r a t i o n o f m i t o c h o n d r i a l m e m b r a n e p r o t e i n s . I t 

was o b v i o u s f r o m t h e i r r e s u l t s t h a t o s m i u m t e t r o x i d e 

can p r o d u c e a r t i f a c t u a l i n t r a c r i s t a l s p a c e s . 

M o s t r e c e n t l y , S j o s t r a n d (1977) q u e s t i o n e d 

m e a s u r e m e n t s of m i t o c h o n d r i a l m e m b r a n e t h i c k n e s s 

i n t h a t , a l t e r a t i o n s m i g h t have t a k e n p l a c e c a u s e d 

by n o n r e v e r s i b l e p l a s t i c f l o w of t he e m b e d d i n g m a t e r i a l 

and the m e m b r a n e m a t e r i a l d u r i n g s e c t i o n i n g . 

M u s c a t e l l o , G u a r r i e . r a - B o b y l e v a & B u f f a , ( 1 9 7 2 ) , 

c a r r i e d ou t d e t a i l e d i n v e s t i g a t i o n s on c o n f i g u r a t i o n a l 

c h a n g e s c a u s e d by c h a n g e s i n r e s p i r a t o r y s t a t e s i n 

u n f i x e d , n e g a t i v e l y s t a i n e d r a t l i v e r m i t o c h o n d r i a . T h e y 

w e r e a b l e to d e m o n s t r a t e many r e l e v a n t f e a t u r e s of 

c o n f i g u r a t i o n a l c h a n g e s , w h i c h w e r e i n a c c o r d w i t h 

o b s e r v a t i o n s made on s i m i l a r m a t e r i a l u s i n g d i f f e r e n t 

t e c h n i q u e s r e p o r t e d by o t h e r w o r k e r s ; f o r e x a m p l e , 

H a c k e n b r o c k , ( 1 9 6 6 ) , H a r r i s , P e n n i s t o n , A s a i & G r e e n , 

( 1 9 6 8 ) , P a c k e r & T a p p e l , (1960) and P e n n i s t o n e t a l . , ( 1 9 6 8 ) . 
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H o w e v e r , s o m e d i s c r e p a n c i e s have b e e n r e c o r d e d as to 

the l e n g t h of the t i m e e l a p s i n g d u r i n g t r a n s i t i o n f r o m 

one r e s p i r a t o r y s t a t e to the o t h e r . M o r e o v e r , 

s t a t i s t i c a l l y s i g n i f i c a n t v a r i a t i o n s w e r e f o u n d i n 

the e x t e n t o f m e t a b o l i c a l l y l i n k e d s t r u c t u r a l c h a n g e s 

w h e n d i f f e r e n t s u b s t r a t e s w e r e u s e d . I n t h e i r 

c o n c l u s i o n M u s c a t e l l o et a l . , (1972) d i d n o t s u p p o r t the 

h y p o t h e s i s p r o p o s e d by H a c k e n b r o c k (1966) and G r e e n & 

H a r r i s , ( 1 9 6 9 ) , t h a t r e v e r s i b l e c h a n g e s i n c o n f i g u r a t i o n 

may f o r m a b a s i s f o r the m e c h a n i s m of e n e r g y 

t r a n s f o r m a t i o n s i n m i t o c h o n d r i a and t h a t a h i g h - e n e r g y 

f o r m o f the e l e c t r o n t r a n s p o r t m e m b r a n e may s e r v e 

to p r o d u c e A T P - s y n t h e s i s . 

I n the p r e s e n t s t u d y , the r e a c t i o n m e d i u m t h a t 

i n c u b a t e d s a r c o s o m e s to be p r o c e s s e d f o r e l e c t r o n 

2 + 
m i c r o s e op i c a l s t u d i e s d i d n o t i n c l u d e M g . T h a t was 

2 + 
done to a v o i d the p o s s i b i l i t y of a M g - i n d u c e d d i s c h a r g e 

o f a p r o b a b l e ene r g i z ed - tw i s t ed c o n f i g u r a t i o n , and to 

e n s u r e a l o w s t a t e I V p y r u v a t e - s u p p o r t e d r e s p i r a t i o n . 

2 + 

Ca has been s h o w n to d i s c h a r g e ene r g iz ed - tw i s t e d 

c o n f i g u r a t i o n i n b e e f h e a r t m i t o c h o n d r i a ( G r e e n et a l . , 

1 9 6 8 ) . 

T h e c o n t r a d i c t o r y s t a t e o f the l i t e r a t u r e on the 

i n t e r p r e t a t i o n o f s u c h d a t a , and p a r t i c u l a r l y on the 
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r e l a t i o n s h i p b e t w e e n the s t r u c t u r a l a p p e a r a n c e and 

f u n c t i o n a l s t a t e of i s o l a t e d s a r c o s o m e s , makes t h i s 

p r e s e n t w o r k d i f f i c u l t to i n t e r p r e t . T h e p r o b l e m i s 

e x a c e r b a t e d by the d i s s i m i l a r i t y i n a p p e a r a n c e of 

b l o w f l y f l i g h t m u s c l e s a r c o s o m e s and t h o s e u sed by 

H a c k e n b r o c k , (1966) and G r e e n et a l . , (1968) to d e s c r i b e 

t he d i f f e r e n t e n e r g i z e d s t a t e s of m i t o c h o n d r i a . 

As has b e e n p o i n t e d o u t i n the R e s u l t s s e c t i o n , 

no c l e a r s t r u c t u r a l c h a n g e s w e r e seen i n s a r c o s o m e s 

i n s t a t e s I I I and I V , as m i g h t be p r e d i c t e d f r o m the w o r k 

o f G r e e n et a l . , ( 1 9 6 8 ) . I t i s c l e a r , h o w e v e r , t h a t i n 

' s u b s t r a t e r a t e ' r e s p i r a t i o n , p r i o r to the a d d i t i o n of 

A D P , t h e r e was no v i s u a l e v i d e n c e f o r s a r c o s o m e s i n 

t h e " d i s c h a r g e d " f o r m . T h i s was n o t t r u e of s a r c o s o m e s 

i n s t a t e I I I r e s p i r a t i o n w h e r e s a r c o s o m e s of v a r i o u s f o r m s 

c o u l d be i d e n t i f i e d . I t was p a r t i c u l a r l y e v i d e n t t h a t 

r e l a t i v e c h a n g e s had o c c u r r e d i n v o l v i n g the m a t r i x and 

i n t r a c r i s t a l s p a c e s . I t was n o t p o s s i b l e to d i s t i n g u i s h 

b e t w e e n s a r c o s o m e s i n s t a t e I I I and I V r e s p i r a t i o n , the 

s ame t y p e o f m i x e d p o p u l a t i o n s e x i s t e d . 

W h a t i s v e r y c l e a r h o w e v e r i s t h a t s a r c o s o m e s 

f r o m f l i e s r e c e i v i n g an L . D . , _ Q t r e a t m e n t d i s p l a y a 

d i f f e r e n t a p p e a r a n c e f r o m t h o s e f r o m c o n t r o l f l i e s . 

S a r c o s o m e s t a k e n a f t e r s u s p e n s i o n i n the r e a c t i o n m e d i u m , 
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b u t b e f o r e s u b s t r a t e a d d i t i o n , a p p e a r to be i n the 
" n o n - e n e r g i z e d " c o n f i g u r a t i o n as d e s c r i b e d by G r e e n 
e t a l . , ( 1968) f o r b e e f h e a r t m i t o c h o n d r i a i n the p r e s e n c e 
o f i n h i b i t o r s s u c h as a n t i m y c i n . 

A l s o i n c o n t r a s t to s a r c o s o m e s f r o m c o n t r o l 

f l i e s , o b v i o u s s i g n s of s w e l l i n g c a n be seen i n s o m e 

s a r c o s o m e s . T h i s s w e l l i n g s e e m s to be e i t h e r p r o g r e s s i v e 

w i t h t i m e , o r i s i n d u c e d by the a d d i t i o n of s u b s t r a t e 

to the r e a c t i o n m e d i u m . T h i s i s b e c a u s e many s a r c o s o m e s 

f r o m h e a t e d f l i e s , t a k e n w h e n r e s p i r i n g © - g l y c e r o p h o s p h a t e , 

show g r o s s s w e l l i n g , s o m e a r e e v e n at the p o i n t o f 

r u p t u r e . The s w e l l i n g c l e a r l y c o n t i n u e s a f t e r the a d d i t i o n 

o f ADP and f r o m the h i g h l e v e l s of s a r c o s o m a l f r a g m e n t s , 

s een i n the b a c k g r o u n d , many s a r c o s o m e s have c l e a r l y 

b u r s t by t h i s t i m e . 

T h e o n l y " n o r m a l " l o o k i n g s a r c o s o m e s p r e s e n t , 

s e e m to be i n t he " d i s c h a r g e d " f o r m . T h i s i s i n m a r k e d 

c o n t r a s t to c o n t r o l s a r c o s o m e s i n s t a t e I I I r e s p i r a t i o n 

w h e r e b o t h the " d i s c h a r g e d " a n d " e n e r g i z e d " f o r m s e x i s t 

i n the s ame p e l l e t , see F i g . 8 . 3 . 

T h u s q u i t e m a r k e d d i f f e r e n c e s e x i s t b e t w e e n the 

c o n t r o l and e x p e r i m e n t a l s a r c o s o m e s , the l a t t e r f r o m 

h e a t - t r e a t e d f l i e s , a r e c h a r a c t e r i z e d by the h i g h d e g r e e 

o f s w e l l i n g and r u p t u r e , and the a p p a r e n t a b s e n c e of the 
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e n e r g i z e d s t a t e . One f u r t h e r p o i n t , a l s o n o t e d by 

D a v i s o n (1971b) u s i n g s a r c o s o m e s i n s i t u , i s the a p p e a r ­

ance of m a n y dense g r a n u l e s a s s o c i a t e d w i t h c r i s t a l 

m e m b r a n e i n the e x p e r i m e n t a l s a r c o s o m e s . 

As has b e e n s h o w n i n C h a p t e r ( 3 ) , r e s p i r a t o r y 

c o n t r o l i n s a r c o s o m e s f r o m L . D .,_ ^ h e a t e d f l i e s c a n n o t be 

d e m o n s t r a t e d w h e n ^ - g l y c e r o p h o s p h a t e as the s u b s t r a t e , 

b u t i s p r e s e n t w h e n p y r u v a t e and p r o l i n e a r e b e i n g 

r e s p i r e d . T h i s p o i n t m a k e s i t n e c e s s a r y to d e t e r m i n e 

w h e t h e r the s a m e m o r p h o l o g i c a l e f f e c t c a n be s een i n 

s a r c o s o m e s , f r o m L . D . _ t r e a t e d a n i m a l s , r e s p i r i n g 

p y r u v a t e and p r o l i n e , as has j u s t b e e n d i s c u s s e d f o r 

a - g l y c e r o p h o s p h a t e - d e p e n d e n t r e s p i r a t i o n . 

F r o m c o m p a r i s o n s o f the a p p e a r a n c e o f s a r c o s o m e s 

i n F i g s . 8 .7 - 8 . 9 w i t h the c o r r e s p o n d i n g f i g u r e s o b t a i n e d 

d u r i n g a - g l y c e r o p h o s p h a t e d e p e n d e n t r e s p i r a t i o n , the 

f o l l o w i n g o b s e r v a t i o n s c a n be m a d e . 

F i r s t s w e l l i n g o c c u r s i n a p r o p o r t i o n of s a r c o s o m e s 

and i n s t a t e I I I and I V r e s p i r a t i o n , the o b v i o u s q u a n t i t i e s 

of s a r c o s o m a l d e b r i s , r e f l e c t the b r e a k i n g up of s w o l l e n 

s a r c o s o m e s . H o w e v e r the s w e l l i n g p r o c e s s does n o t s e e m 

to p r o c e d e as r a p i d l y i n p y r u v a t e and p r o l i n e r e s p i r a t i o n , 

o r n o t to s u c h a g r e a t e x t e n t . 

T h e ' n o r m a l ' u n s w o l l e n s a r c o s o m e s i n ' s u b s t r a t e 
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r a t e " r e s p i r a t i o n a r e i n a m i x e d p o p u l a t i o n , w i t h b o t h 

1 ene r g i z e d 1 and ' d i s c h a r g e d ' c o n f i g u r a t i o n s b e i n g d i s p l a y e d . 

T h i s i s a g a i n i n c o n t r a s t to t he a p p e a r a n c e i n s u b s t r a t e 

r a t e r e s p i r a t i o n by a-glycerophosphate w h e r e a l l a p p e a r 

to be i n the d i s c h a r g e d f o r m . A f t e r the a d d i t i o n of 

ADP ( s t a t e I I I r e s p i r a t i o n ) a l l s a r c o s o m e s a p p e a r to 

t a k e up the " d i s c h a r g e d " c o n f i g u r a t i o n , w h e r e a s i n 

s t a t e I V r e s p i r a t i o n m i x e d p o p u l a t i o n s a r e seen a g a i n . 

T h u s , i t does s e e m t h a t e v e n i n s a r c o s o m e s f r o m 

L . D . _ t r e a t e d f l i e s , i f p y r u v a t e and p r o l i n e a r e the 

s u b s t r a t e s , t h e n the s a r c o s o m e s c a n d i s p l a y c o n f o r m ­

a t i o n a l c h a n g e s . T h i s i s i n m a r k e d c o n t r a s t to the 

s i t u a t i o n i n the same s a r c o s o m e s r e s p i r i n g a - g l y c e r o -

p h o s p h a t e . 

A p o i n t o f s i m i l a r i t y t h r o u g h o u t i s the a p p e a r a n c e 

o f the dense g r a n u l e s i n s a r c o s o m e s f r o m h e a t e d f l i e s . 

T h e s e s e e m to be a c c r e t i o n s on c r i s t a l m e m b r a n e s , 

and e v e n c a n be seen i n the f r a g m e n t s of r u p t u r e d 

s a r c o s o m e s . 

S i m i l a r w o r k , i n v e s t i g a t i n g u l t r a s t r u c t u r a l 

c h a n g e s i n hea t d a m a g e d s a r c o s o m e s , b u t i n s i t u has 

b e e n c a r r i e d o u t by D a v i s o n , (1971b) , who p r e d i c t e d 

t h a t h i s o b s e r v a t i o n s may be q u i t e d i f f e r e n t to t h o s e i n 

hea t d a m a g e d i s o l a t e d s a r c o s o m e s . H i s p r e d i c t i o n was 
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b a s e d on a r e p o r t se t f o r t h by W e i n b a c h , G a r b u s & 
S h e f f i e l d , (1967 ) t h a t the i n j e c t i o n of p e n t a c h l o r o p h e n o l 
i n t o r a t s c a u s e d no m o r p h o l o g i c a l c h a n g e s i n t h e i r 
l i v e r m i t o c h o n d r i a i n s i t u , b u t w h e n i s o l a t e d t h e y 
d i s p l a y e d d i s t o r t e d m o r p h o l o g y and r e d u c e d r e s p i r a t o r y 
p e r f o r m a n c e . Such c h a n g e s w e r e i d e n t i c a l to t h o s e 
o b s e r v e d w h e n the d r u g was a p p l i e d i n v i t r o . H o w e v e r , 
a c o m p a r i s o n b e t w e e n i n s i t u and i n v i t r o s t u d i e s of 
s a r c o s o m e s of h e a t t r e a t e d b l o w f l i e s may r e v e a l s o m e 
i n f o r m a t i o n a b o u t the n a t u r e of the d a m a g e . M o s t o b v i o u s 
i s the s u s c e p t i b i l i t y o f the s a r c o s o m e s to i s o l a t i o n , 
a l t h o u g h t h i s m i g h t n o t be the p r i m a r y l e s i o n i n the 
f a i l u r e o f o x i d a t i v e p h o s p h o r y l a t i o n , s i n c e s u b m i t o c h o n -
d r i a l f r a c t i o n s a r e c a p a b l e of c a r r y i n g ou t t h i s f u n c t i o n . 
( L e h n i n g e r , 1 9 7 5 ) . 

As has b e e n e m p h a s i z e d , s w e l l i n g i s a d o m i n a n t 

f e a t u r e o f s a r c o s o m e s f r o m h e a t e d f l i e s . A s e r i e s o f 

a r t i c l e s c o n c e r n e d w i t h the m e c h a n i s m of s w e l l i n g i n 

b e e f h e a r t m i t o c h o n d r i a has b e e n p u b l i s h e d by G r e e n ' s 

l a b o r a t o r y . G r e e n and h i s c o - w o r k e r s c o n c l u d e d t h a t 

t h e r e a r e t w o t y p e s o f s w e l l i n g ( A s a l , B l o n d l n , V a i l & 

G r e e n , 1 9 6 9 ) ; ( i ) an e n e r g i z e d s w e l l i n g , w h i c h t a k e s 

p l a c e by e l e c t r o n t r a n s f e r o r A T P - h y d r o l y s i s , and ( i i ) a 

p s e u d o e n e r g l z e d s w e l l i n g , w h i c h t a k e s p l a c e n o t u n d e r 

e n e r g i z e d c o n d i t i o n s , b u t i n the p r e s e n c e of a p p r o p r i a t e 
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s a l t s . I n t h i s c o n t e x t , i t i s n o t e w o r t h y t h a t p s e u d o -

e n e r g i z e d s w e l l i n g m a n i f e s t e d c o n f i g u r a t i o n a l c h a n g e s 

i n b e e f h e a r t m i t o c h o n d r i a l i n n e r m e m b r a n e , s i m i l a r 

t o t h o s e o b s e r v e d at d i f f e r e n t e n e r g y s t a t e s . T h i s r a i s e s 

q u e s t i o n s as to w h e t h e r the s a l t s d i r e c t l y i n d u c e t h a t 

e f f e c t o r do t h e y e f f e c t i v e l y e n e r g i z e t he m e m b r a n e ? 

I t was f o u n d t h a t the e n t i r e s w e l l i n g p r o c e s s i s a 

c o n c e r t e d p h e n o m e n o n ( B l o n d i n , V a i l & G r e e n , 1 9 6 9 ; 

B l o n d i n & G r e e n , 1 9 6 9 ) . 

I n t h i s r e g a r d , the w o r k c a r r i e d o u t i n L e h n i n g e r ' 

l a b o r a t o r y i s of g r e a t i n t e r e s t . A s e r i e s o f a r t i c l e s 

has b e e n p u b l i s h e d i n v e s t i g a t i n g the s w e l l i n g p r o c e s s i n 

i s o l a t e d r a t l i v e r m i t o c h o n d r i a ( L e h n i n g e r & S c h n e i d e r , 

1959; L e h n i n g e r , Ray & S c h n e i d e r , 1959; L e h n i n g e r & 

G o t t e r e r , 1960; L e h n i n g e r , 1962a ; N e u b e r t & L e h n i n g e r , 

1 9 6 2 ) . I t was f o u n d t h a t c e r t a i n p h y s i o l o g i c a l l y o c c u r r i n g 

s u b s t a n c e s ( e . g . i n o r g a n i c p h o s p h a t e , t h y r o x i n e ) d r i v e 

s u c h m i t o c h o n d r i a t o u n d e r g o s w e l l i n g . Such s w e l l i n g 

2 + 

c a n be r e v e r s e d by A T P i n the p r e s e n c e o f Mg and 

BSA ( L e h n i n g e r , 1 9 5 9 ) . H o w e v e r , A T P f a i l e d t o r e v e r s e 

m i t o c h o n d r i a l s w e l l i n g i n d u c e d by g l u t a t h i o n e i f the 

m i t o c h o n d r i a e m p l o y e d a r e p r e s e n t i n r e l a t i v e l y d i l u t e 

s u s p e n s i o n s . T h i s o b s e r v a t i o n l e d L e h n i n g e r and h i s 

c o - w o r k e r s to the f i n d i n g t h a t g l u t a t h i o n e c a u s e s l e a k a g e 

i n t o the m e d i u m and d i l u t i o n of a c r i t i c a l f a c t o r , w h i c h 

was d e s i g n a t e d as " c o n t r a c t i o n f a c t o r " , w h o s e p r e s e n c e 



- 184 -

a t a c e r t a i n e f f e c t i v e c o n c e n t r a t i o n i s r e q u i r e d i n 

e x t r u s i o n o f w a t e r f r o m m i t o c h o n d r i a . I n t e r e s t i n g l y 

e n o u g h t h i s f a c t o r was f o u n d to be h e a t - l a b l l e . T h e 

s u b j e c t has been r e v i e w e d by L e h n i n g e r (see 

L e h n l n g e r , 1962 b ) . 

H o w e v e r , t h e s e o b s e r v a t i o n s w o u l d n o t h a v e 

b e e n p o s s i b l e to make on s a r c o s o m e s f i x e d i n s i t u . 

N e v e r t h e l e s s , t h e r e i s one m a j o r c o m m o n f e a t u r e 

cf hea t e f f e c t , t h a t i s the e x i s t e n c e of e l e c t r o n dense 

g r a n u l e s . D a v i s o n (1971 b ) s u g g e s t e d t w o a l t e r n a t i v e 

a n s w e r s to the n a t u r e o f t h e s e g r a n u l e s , 1) t h e y w e r e 

a p r e c i p i t a t i o n of i n o r g a n i c i o n s , and i i ) t h e y may be 

p a r t s of the i n n e r m i t o c h o n d r i a l m e m b r a n e w h i c h have 

b e c o m e r o l l e d I n b a l l - s h a p e d m a s s e s . 

A s h h u r s t , ( 1 9 6 7 ) , o b s e r v i n g s i m i l a r dense 

d e p o s i t s on e l e c t r o n m i c r o g r a p h s o f o s m i u m f i x e d 

f l i g h t m u s c l e s a r c o s o m e s of g i a n t w a t e r - b u g s i n s 1 tu , 

s u g g e s t e d t h a t t h e i r p r e f e r e n t i a l occu r rence o v e r t h e 

m a t r i x may be i n d i c a t i v e of s o m e s u b s t a n c e i n d i s c r e t e 

a r e a s r e a d i l y s t a i n a b l e w i t h l e a d . I n the b l o w f l y , 

h o w e v e r , s u c h p h e n o m e n o n was n o t c l e a r l y o b s e r v a b l e 

i n u n t r e a t e d s a r c o s o m e s , and the occur rence o f s u c h 

s u b s t a n c e I n e x p e r i m e n t a l s a r c o s o m e s s u g g e s t s t h a t the 

a r e c e r t a i n t h e r m a l l y I n d u c e d a l t e r a t i o n s i n the 
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s t a i n a b i l i t y o f s o m e m i t o c h o n d r i a l c o m p o n e n t s . T h i s 

may p r e s e n t a b a s i s f o r f u r t h e r i n v e s t i g a t i o n s . 

F u r t h e r m o r e , the f a c t t h a t s u c h opaque g r a n u l e s w e r e 

n o t o b s e r v a b l e w h e n L . D . ^ g t r e a t e d s a r c o s o m e s f i x e d , 

s t a i n e d and s e c t i o n e d i n s i t u ( D a v i s o n 1970) s u g g e s t s 

t h a t i s o l a t i o n of s a r c o s o m e s , f o l l o w i n g L . D . _ 
o u 

t r e a t m e n t g i v e n to the i n t a c t a n i m a l , m i g h t e n h a n c e 

p r e c i p i t a t i o n o f s u c h d e p o s i t s . A l t e r n a t i v e l y , the 

s w e l l i n g t h a t i s o l a t e d , h e a t t r e a t e d s a r c o s o m e s 

u n d e r g o m a k e s t h e s e g r a n u l e s m o r e e a s i l y o b s e r v a b l e . 

I n s p i t e o f a l l the u n c e r t a i n t i e s o v e r i n t e r p r e t a t i o n of 

s u c h w o r k , m o r p h o l o g i c a l d i f f e r e n c e s e x i s t b e t w e e n 

c o n t r o l and h e a t - t r e a t e d s a r c o s o m e s . M o s t 

i n t e r e s t i n g i s the d i f f e r e n t a p p e a r a n c e of h e a t - t r e a t e d 

s a r c o s o m e s r e s p i r i n g a - g l y c e r o p h o s p h a t e and p y r u v a t e , 

f o r t h i s c o r r e l a t e s c l o s e l y w i t h o t h e r b i o c h e m i c a l 

d i f f e r e n c e s r e p o r t e d i n C h a p t e r 3 . 
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C H A P T E R N I N E 
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T E M P E R A T U R E STRESS A N D B R A I N 
N E U R O S E C R E T O R Y C E L L S I N T H E 

B L O W F L Y C A L L I P H O R A V I C I N A 

I n t r o d u c t i o n 

I t i s l o n g u n d e r s t o o d t h a t h o r m o n e s p l a y an 

i m p o r t a n t i n t e g r a t i v e r o l e i n many a s p e c t s of 

o r g a n i s m f u n c t i o n , t h i s i s t r u e n o t o n l y i n v e r t e b r a t e s 

b u t a l s o i n i n v e r t e b r a t e s . T h e l i t e r a t u r e on a r t h r o p o d s 

i s p a r t i c u l a r l y w e l l d o c u m e n t e d . 

W h a t i s l e s s w e l l a p p r e c i a t e d i s the c e l l u l a r 

a c t i o n of many h o r m o n e s , and w h i l s t the c y c l i c A M P 

m e d i a t e d a c t i o n o f many m a m m a l i a n h o r m o n e s has been 

r e c e n t l y d e m o n s t r a t e d , the s i t e o f a c t i o n of i n s e c t 

h o r m o n e s , f o r e x a m p l e , r e m a i n s to be d e m o n s t r a t e d 

c o n c l u s i v e l y . 

H o r m o n e s have a l s o b e e n s h o w n to have m e t a b o l i c 

e f f e c t s i n i n s e c t s . C l a r k e and h i s c o - w o r k e r s c l a i m 

t h a t b r a i n n e u r o s e c r e t i o n s s t i m u l a t e p r o t e i n s y n t h e s i s , 

C l a r k e & L a n g l e y ( 1 9 6 3 ) , C l a r k e & G i l l o t t ( 1 9 6 7 ) . 

N o v a k (1966) has s u g g e s t e d b r a i n n e u r o s e c r e t i o n s 

a r e the s o u r c e of " a c t i v a t i o n " h o r m o n e , a h o r m o n e w i t h 

a v a r i e t y o f d i r e c t and i n d r e c t e f f e c t s on i n s e c t 

m e t a b o l i s m . T h o m s e n , ( 1 9 5 2 ) d e s c r i b e s v a r i o u s r o l e s 

f o r t h i s h o r m o n e , i n c l u d i n g i t s i n v o l v e m e n t as a 
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t r o p h i c f a c t o r i n c o r p o r a a l l a t a f u n c t i o n , i n C a l l i p h o r a 
e r y t h r o c e p h a l a . T h o m s e n & M o l l e r (1952) a l s o b e l i e v e 
i t s t i m u l a t e s i n t e s t i n a l p r o t e i n a s e a c t i v i t y i n the 
b l o w f l y . 

Bo th d i u r e t i c and a n t i d i u r e t i c h o r m o n e s have 

a l s o been c l a i m e d e x i s t i n a v a r i e t y of i n s e c t s . T h e 

m o s t c o n v i n c i n g d e m o n s t r a t i o n i s of c o u r s e i n 

R h o d n l u s by M a d d r e l l ( 1 9 6 6 ) , b u t H i g h n a m , H i l l & 

G i n g e l l (1965 ) made c l a i m s t h a t s u c h h o r m o n e s e x i s t 

i n S c h i s t o c e r c a . 

T h e ' s t r e s s ' r e s p o n s e i n m a m m a l s , r e s u l t s 

i n a r e l e a s e o f p i t u i t a r y g l a n d a d r e n o c o r t i c o t r o p h i c 

h o r m o n e w h i c h a c t i v a t e s the a d r e n a l c o r t e x to r e l e a s e 

g l u c o c o r t i c o i d h o r m o n e s . T h e e x i s t e n c e o f an a n a l o g o u s 

s t r e s s r e s p o n s e has n o t b e e n d e m o n s t r a t e d i n i n s e c t s , 

b u t i t Is w e l l d o c u m e n t e d t h a t q u i t e d r a m a t i c c h a n g e s 

I n the n e u r o s e c r e t o r y m a t e r i a l I n some b r a i n c e l l s 

t a k e p l a c e , and t e m p e r a t u r e c h a n g e i s one f a c t o r t h a t 

c a n a p p a r e n t l y i n d u c e t h e s e c h a n g e s , C l a r k e ( 1 9 6 6 ) ; 

P e a c o c k , A n s t e e & B o w l e r ( 1 9 7 6 ) ; I v a n o v i c , J a n k o v i c -

H l a d n l & M i l a n o v l c ( 1 9 7 5 ) . 

T h e e a r l y w o r k o f T h o m s e n (1949) s h o w i n g t h a t 

r e s p i r a t i o n i n the b l o w f l y ( C a l l l p h o r a e r y t h r o e e p h a l a ) 

i s i m p a i r e d f o l l o w i n g a l l a t e c t o m y , p o i n t s t o w a r d s i n s e c t 
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h o r m o n e ( s ) h a v i n g an a n a l o g o u s e f f e c t on m i t o c h o n d r i a 

as has b e e n s h o w n f o r t h y r o i d h o r m o n e s i n m a m m a l s 

( H u l b e r t , Augee & R a i s o n , 1976; T a t a , E r n s t e r , 

L i n d b e r g , A r r h e n i u s , P e d e r s o n & H e d m a n , 1963; B r o n k , 

1966; L e e & L a r d y , 1 9 6 5 ) . 

I n d e e d K e e l e y , (1970) w o r k i n g on B l a b e r u s 

d l s c o i d a l i s f a t b o d y m i t o c h o n d r i a , and S l a m a , ( 1 9 6 4 ) 

w o r k i n g on P y r r h o c o r l s a p t e r u s , b o t h r e p o r t t h a t 

c a r d l a t e c t o m i z e d - a l l a t e c t o m i z e d I n s e c t s have m i t o c h o n d r i a 

w i t h l o w e r r e s p i r a t o r y p e r f o r m a n c e as c o m p a r e d to 

c o n t r o l s . T h u s e v i d e n c e i s a c c u m u l a t i n g f o r e n d o c r i n e 

c o n t r o l of m i t o c h o n d r i a l r e s p i r a t i o n , see a l s o C l a r k e 

& B a l d i n , (1960) and R a l p h & M a t t a , ( 1 9 6 5 ) . T h e s u b j e c t 

has b e e n r e c e n t l y r e v i e w e d by S t e e l e , ( 1 9 7 6 ) . 

T a k i n g t h e s e v a r i o u s p o i n t s i n t o a c c o u n t , t o g e t h e r 

w i t h the h e a t - i n d u c e d i n j u r y to s a r c o s o m e s , i t s e e m e d 

n e c e s s a r y to d e t e r m i n e w h e t h e r the hea t d a m a g e was 

s e c o n d a r i l y c a u s e d v i a h e a t - i n d u c e d a l t e r a t i o n s i n 

n e u r o s e c r e t i o n s i n the i n s e c t . 

C o n s e q u e n t l y t he h i s t o l o g i c a l a p p e a r a n c e of the 

b r a i n n e u r o s e c r e t o r y c e l l s was s t u d i e d i n c o n t r o l and 

h e a t - t r e a t e d f l i e s . 
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M a t e r i a l s and M e t h o d s : 

C o n t r o l and h e a t - t r e a t e d 1 0 - d a y o l d a d u l t m a l e 

f l i e s w e r e f i x e d i n B o u i n ' s f l u i d a f t e r r e m o v i n g a b d o m e n s , 

w i n g s and l e g s . E m b e d d i n g was c a r r i e d o u t i n p a r a f f i n 

w a x . S e r i a l h o r i z o n t a l s e c t i o n s (8 um) w e r e c u t t h r o u g h 

head and t h o r a x u s i n g a C a m b r i d g e R o c k i n g M i c r o t o m e , 

t h e n m o u n t e d on g l a s s s l i d e s , to w h i c h t h e y w e r e a t t a c h e d 

w i t h egg a l b u m e n . 

F o r s t a i n i n g the n e u r o e n d o c r i n e s y s t e m the 

a l d e h y d e f u c h s i n t e c h n i q u e , d e s c r i b e d by E w e n ( 1 9 6 2 ) , 

was e m p l o y e d . A l d e h y d e f u c h s i n was s u p p l i e d by 

H i g h W y c o m b e , B u c k s . , E n g l a n d . A s t o c k s o l u t i o n of 

3 

0 . 7 5 g o f a l d e h y d e f u c h s i n i n 100 c m of 70 p e r c e n t 

e t h a n o l was made u p . 

S t a i n i n g p r o c e d u r e : 

1) P a r a f f i n w a x was r e m o v e d f r o m the s e c t i o n s w i t h 

xy le ie and the s e c t i o n s w e r e t h e n h y d r a t e d v i a g r a d e d 

d i l u t i o n s o f e t h a n o l . 

2 ) T h e s e c t i o n s w e r e o x i d i z e d f o r one m i n u t e i n 

a c i d p e r m a n g a n a t e , w h i c h was made up as f o l l o w s : 

1 v o l u m e 2 . 5 % KMnO 
4 

6 v o l u m e s D i s t . w a t e r 

1 v o l u m e 5% H 2 S 0 4 
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3 ) T h e s e c t i o n s w e r e r i n s e d i n d i s t i l l e d w a t e r . 

4 ) D e c o l o r i z a t i o n was p e r f o r m e d i n 2 . 5 % s o d i u m 

b i s u l p h i t e . 

5 ) T h e s e c t i o n s w e r e p a s s e d t h r o u g h r i n s e s of 

d i s t i l l e d w a t e r , 30% and 70% e t h a n o l to a l d e h y d e 

f u c h s i n and s t a i n e d f o r t w o m i n u t e s . 

6 ) T h e s e c t i o n s w e r e w a s h e d i n 95 p e r c e n t e t h a n o l 

and d i f f e r e n t i a t e d f o r h a l f a m i n u t e i n a c i d - a l c o h o l 

A b s o l u t e a l c o h o l 100 c m J 

3 
C o n c e n t r a t e d HC1 0 . 5 c m 

7 ) R i n s e s o f 70 p e r c e n t and 30 p e r c e n t ethanol 

and d i s t i l l e d w a t e r w e r e c a r r i e d o u t . 

8 ) T h e f o l l o w i n g c o m p o s i t i o n of p h o s p h o t u n g s t i c -

p ho spho m o l y b d i c a c i d was u s e d to m o r d a n t the s e c t i o n s 

f o r 10 m i n u t e s : 

P h o s p h o t u n g s t i c a c i d 4 . 0 g 

P h o s p h o m o l y b d i c a c i d 1.0 g 
3 

D i s t i l l e d w a t e r 100 c m 

9 ) A f t e r r i n s i n g i n d i s t i l l e d w a t e r , the s e c t i o n s 
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w e r e c o u n t e r s t a i n e d f o r l j h o u r s i n t he f o l l o w i n g d y e : 

3 

D i s t i l l e d w a t e r 100 c m 

L i g h t g r e e n SF y e l l o w i s h 0 . 4 g 

O r a n g e G l . O g 

C h r o m o t r o p e 2R 0 . 5 g 
3 

G l a c i a l a c e t i c a c i d 1.0 c m 

10) T h e s l i d e s w e r e t h e n w e l l r i n s e d i n 0 . 2 % a c e t i c 

a c i d i n 95% e t h a n o l , d e h y d r a t e d r a p i d l y t h r o u g h a b s o l u t e 

e t h a n o l , c l e a r e d i n x y l o l and f i n a l l y m o u n t e d i n c a n a d a 

b a l s a m . 

T h e h e a t t r e a t m e n t s g i v e n to the a n i m a l s w e r e 

e i t h e r L . D . Q o r L . D . g Q ( see C h a p t e r 2 ) . F l i e s a l l o w e d 

t o r e c o v e r , w e r e f e d on w a t e r and s u g a r ad l i b i d u m , and 

r e c o v e r y t e m p e r a t u r e was m a i n t a i n e d a t 2 4 ° C * 0 . 5 . 

H o u s i n g the f l i e s f o r r e c o v e r y was as d e s c r i b e d i n 

C h a p t e r 4 . 

O b s e r v a t i o n s : 

F i g u r e ( 9 . 1 A ) s h o w s a r e p r e s e n t a t i v e e x a m p l e 

o f the 4 f l i e s f i x e d and s e c t i o n e d as u n t r e a t e d c o n t r o l s . 

F i g u r e ( 9 . I B ) r e p r e s e n t s an e x a m p l e o f the 3 f i l e s 

s u b j e c t e d to L . D . ^ Q h ea t t r e a t m e n t s p r i o r to f i x a t i o n 

and s e c t i o n i n g . A n e x a m p l e o f the 2 f i l e s s u b j e c t e d to 

an L . D . _ hea t t r e a t m e n t i s s h o w n i n F i g . ( 9 . 1 C ) . 



F i g . 9 . 1 

H o r i z o n t a l s e c t i o n s t h r o u g h the b r a i n of 1 0 - d a y o l d 

a d u l t m a l e b l o w f l i e s a f t e r the f o l l o w i n g t r e a t m e n t s : 

A ) C o n t r o l u n t r e a t e d , r e p r e s e n t a t i v e o f 4 s a m p l e s . 

B ) L . D . ^ Q t r e a t e d , r e p r e s e n t a t i v e of 3 s a m p l e s . 

C ) L . D . Q t r e a t e d , r e p r e s e n t a t i v e of 2 s a m p l e s . 

D ) 18 h r r e c o v e r y f r o m L . D . ^ t r e a t m e n t , 

r e p r e s e n t a t i v e of 3 s a m p l e s . 

E ) 48 h r r e c o v e r y f r o m L . D . ^ t r e a t m e n t , 

r e p r e s e n t a t i v e of 2 s a m p l e s . 

N e u r o s e c r e t o r y c e l l s ( N C ) a r e s h o w n h a v i n g the s ame 

a p p e a r a n c e i n a l l g r o u p s . T h e y a r e l a r g e and f i l l e d 

w i t h n e u r o s e c r e t o r y m a t e r i a l ; i n some c a s e s t r a n s p o r t 

n u c l e i c an a l s o be seen ( w h i t e a r r o w ) . T h e l o c a t i o n 

o f the n e u r o s e c r e t o r y c e l l s i s i n a l l c a s e s n e a r the 

m e d i a n f u r r o w of the p a r s i n t e r c e r e b r a l i s ( P I ) . 

M e t h o d s : see t e x t . 

A l l p l a t e s a r e the s ame m a g n i f i c a t i o n as i n d i c a t e d i n E . 
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F i g u r e s ( 9 . I D & E) show r e p r e s e n t a t i v e e x a m p l e s of t he 
3 and 2 f l i e s a l l o w e d to r e c o v e r at 2 4 ° C f r o m an L . D . ^ 
hea t t r e a t m e n t , f o r 18 and 48 h o u r s , r e s p e c t i v e l y . 

E x a m i n a t i o n s h o w e d i n a l l c a s e s the n e u r o s e c r e t ­

o r y c e l l s had the s ame a p p e a r a n c e . 

As c a n be seen f r o m F i g . ( 9 . 1 A - E ) , the 

n e u r o s e c r e t o r y c e l l s a r e c o n s p i c u o u s , and n e u r o s e c r e t o r y 

m a t e r i a l i s s h o w n as a d a r k s t a i n f i l l i n g t h e i r c y t o p l a s m . 

T h e c e l l s a r e I n a l l c a s e s l o c a t e d n e a r the m e d i a n 

f u r r o w of the p a r s i n t e r c e r e b r a l i s . I n some of the c e l l s 

l a r g e , t r a n s p a r e n t n u c l e i a r e a l s o o b s e r v a b l e . 

D i s c u s s i o n 

U n d e r the c o n d i t i o n s d e s c r i b e d i n the p r e s e n t 

s t u d y no m a j o r d i f f e r e n c e i n n e u r o s e c r e t o r y a c t i v i t y has 

b e e n o b s e r v e d b e t w e e n d i f f e r e n t l y hea t t r e a t e d , r e c o v e r i n g 

o r c o n t r o l f l i e s . T h i s s u g g e s t s t h a t n e u r o s e c r e t o r y c e l l s 

i n the b r a i n o f the b l o w f l y a r e n o t s e n s i t i v e to hea t 

t r e a t m e n t g i v e n t o the I n t a c t a n i m a l s i n the way d e s c r i b e d . 

T h e a i m of the p r e s e n t h i s t o l o g i c a l i n v e s t i g a t i o n s 

was to s t u d y the e f f e c t s o f hea t d a m a g e , and the n a t u r e 

of r e p a i r m e c h a n i s m d u r i n g r e c o v e r y f r o m s u b l e t h a l 

hea t t r e a t m e n t . T h e s u g g e s t i o n • made by D a v i s o n (1970) 
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t h a t p r o t e i n s y n t h e s i s m i g h t be i n v o l v e d i n the r e p a i r 

m e c h a n i s m of hea t d a m a g e , c o u l d be s t u d i e d f u r t h e r 

on the b a s i s of one o f the f o l l o w i n g a p p r o a c h e s . F i r s t , 

h ea t t r e a t e d f l i e s a r e a l l o w e d to r e c o v e r f o l l o w i n g t he 

a p p l i c a t i o n of one of the d r u g s w h i c h a r e k n o w n to 

i n h i b i t p r o t e i n s y n t h e s i s s u c h as e t h i d i u m b r o m i d e 

( Z y l b e r , V e s c o , & P e n m a n , 1 9 6 9 ) . I f s u c h f l i e s show 

r e c o v e r y j u d g e d by t h e i r a p p e a r a n c e and t h e i r f l y i n g 

a b i l i t y , o r m e a s u r e d by r e s p i r a t o r y p e r f o r m a n c e of 

s a r c o s o m e s I s o l a t e d f r o m t h e i r f l i g h t m u s c l e , t h e n hea t 

i n j u r y i s n o t l i k e l y t o have b e e n c a u s e d by an I r r e v e r s i b l e 

d e n a t u r a t i o n of p r o t e i n s , f o r t h i s w o u l d r e q u i r e new 

p r o t e i n s to be r e s y n t h e t i z e d , i n the b l o w f l y G a l l l p h o r a 

e r y t h r o c e p h a l a . T h e p r o c e s s of p r o t e i n s y n t h e s i s has 

b e e n s u g g e s t e d to be a f f e c t e d by the h o r m o n a l c o n t r o l of 

the I n t e s t i n a l p r o t e i n a s e a c t i v i t y ( T h o m s e n and M o l l e r , 

1 9 5 9 ) . 

T h i s t e c h n i q u e , h o w e v e r , has n o t b e e n e m p l o y e d 

I n the p r e s e n t s t u d y , s i n c e t h e r e e x i s t s c o n s i d e r a b l e 

u n c e r t a i n t y a b o u t w h a t e f f e c t s s u c h d r u g s m i g h t have on 

l i v i n g o r g a n i s m s , o t h e r t h a n I n h i b i t i o n o f p r o t e i n 

s y n t h e s i s . I n d e e d , t h e r e Is e v i d e n c e t h a t e t h i d i u m 

b r o m i d e I n h i b i t s o x i d a t i v e p h o s p h o r y l a t i o n i n r a t l i v e r 

m i t o c h o n d r i a r e s p i r i n g on e i t h e r g l u t a m a t e o r s u c c i n a t e 

( H l g g l n s e t a l , 1 9 7 5 ) . T h e n a t u r e of t h i s I n h i b i t i o n Is 



- 195 -

n o t f u l l y u n d e r s t o o d ; nor i s i t w e l l k n o w n y e t w h e t h e r 
m i t o c h o n d r i a o b t a i n e d f r o m o t h e r s o u r c e s w o u l d e x h i b i t 
s i m i l a r s y m p t o m s i n r e s p o n s e to the a c t i o n of e t h i d i u m 
b r o m i d e . I t I s , a l s o , no t k n o w n w h e t h e r o t h e r p r o t e i n 
s y n t h e s i s i n h i b i t o r s a r e c a p a b l e o f p r o d u c i n g a s i m i l a r 
d i m i n i s h i n g e f f e c t on s t a t e I I I r e s p i r a t i o n . 

F u r t h e r m o r e , s u c h a g e n t s have b e e n r e p o r t e d 

to a l t e r the r a t e of d e g r a d a t i o n o f s o m e e n z y m e s . T h i s 

s u b j e c t has b e e n r e v i e w e d by Sch imke & D o y l e ( 1 9 7 0 ) . 

D i n g l e y & S m i t h (1968) u s e d c y c l o h e x i m i d e to 

i n h i b i t p r o t e i n s y n t h e s i s i n D r o s o p h i l a , r e c o v e r i n g f r o m 

s u b l e t h a l hea t t r e a t m e n t s . T h e o b s e r v a t i o n t h a t d a m a g e d 

D r o s o p h i l a d i d r e c o v e r , l e d t he a u t h o r s to c o n c l u d e 

t h a t p r o t e i n d e n a t u r a t i o n i s n o t I n v o l v e d i n t h e r m a l 

i n j u r y . H o w e v e r , i t has b e e n r e c e n t l y c l a i m e d by 

M l l n e r , (1976) t h a t c y c l o h e x i m i d e s e l e c t i v e l y i n h i b i t s 

c y t o p l a s m i c p r o t e i n s y n t h e s i s . 

I n t he p r e s e n t s t u d y I t i s r e a s o n e d t h a t i f hea t 

d a m a g e c a u s e s i r r e v e r s i b l e I n a c t i v a t i o n of p r o t e i n s t h e n 

i n r e c o v e r i n g f l i e s t h e s e p r o t e i n s w i l l need to be r e p l a c e d . 

As has b e e n m e n t i o n e d e a r l i e r many a s p e c t s of i n s e c t 

p h y s i o l o g y a r e u n d e r h o r m o n a l c o n t r o l , f o r e x a m p l e the 

p r o d u c t i o n o f i n t e s t i n a l p r o t e i n a s e s ( T h o m s e n & M o l l e r , 

1 9 5 9 ) . T h o s e a u t h o r s s u g g e s t c e l l u l a r p r o t e i n s y n t h e s i s 



- 196 -

m i g h t a l s o be i n d i r e c t l y a f f e c t e d by the d e p e n d e n c e of 
the s u p p l y of a m i n o a c i d s by the a c t i o n o f the p r o t e i n a s e . 
T h e s o u r c e o f t h i s h o r m o n e ( and o t h e r s ) i s the b r a i n 
n e u r o s e c r e t o r y c e l l s , Novak ( 1 9 6 6 ) . I t i s a l s o of 
i n t e r e s t t h a t s e v e r a l w o r k e r s have s h o w n t h a t 
t e m p e r a t u r e c h a n g e s a r e one of the f a c t o r s w h i c h do 
c a u s e c h a n g e s i n the a p p e a r a n c e (and by e x t r a p o l a t i o n 
f u n c t i o n t o o ) o f t he se n e u r o s e c r e t o r y c e l l s ( C l a r k e , 
1966; P e a c o c k e t a l . 1 9 7 6 ) . 

As no d i f f e r e n c e was f o u n d , i n the a p p e a r a n c e 

o f the b r a i n n e u r o s e c r e t o r y c e l l s , b e t w e e n c o n t r o l , 

hea t t r e a t e d and r e c o v e r i n g f l i e s , i t i s d i f f i c u l t to make 

any s t a t e m e n t s w h e t h e r p r o t e i n s y n t h e s i s i s I n v o l v e d I n 

the r e p a i r m e c h a n i s m of hea t d a m a g e , and t h e r e f o r e 

i m p a i r m e n t o f a-glycerophosphate- d e p e n d e n t r e s p i r a t i o n 

i n s a r c o s o m e s i s o l a t e d f r o m h e a t - t r e a t e d b l o w f l i e s may 

o r may n o t be a r e s u l t o f d a m a g e d r e s p i r a t o r y e n z y m e s . 

H o w e v e r , the w o r k i s n o t c o m p l e t e , and f u r t h e r 

i n v e s t i g a t i o n s a r e r e q u i r e d , to f i n d ou t how l e t h a l 

hea t t r e a t m e n t s , g i v e n to the i n t a c t i n s e c t , a f f e c t 

o t h e r p a r t s o f the e n d o c r i n e s y s t e m , p a r t i c u l a r l y 

c o r p o r a c a r d i a c a and c o r p u s a l l a t u m . 



C H A P T E R T E N 
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G E N E R A L D I S C U S S I O N 

T h e p r i n c i p a l a i m s o f t h i s t h e s i s a r e to 

u n d e r s t a n d b e t t e r the m e c h a n i s m s I n v o l v e d I n t h e r m a l 

I n j u r y at the c e l l u l a r l e v e l . T h e w o r k owes m u c h 

to an e a r l i e r s t u d y on the s ame s t o c k of i n s e c t s 

( C a l l i p h o r a e r y t h r o e e p h a l a ) by D a v i s o n ( 1 9 7 0 ) . I n the 

l a t t e r w o r k , D a v i s o n c l e a r l y s h o w e d t h a t g i v i n g f l i e s 

hea t t r e a t m e n t s e q u i v a l e n t to L . D . ^ Q i m p a i r e d 

f l i g h t m u s c l e s a r c o s o m a l f u n c t i o n . The s e n s i t i v i t y o f 

t h e s e s a r c o s o m e s , to i n v i v o hea t t r e a t m e n t , so c l o s e l y 

m i r r o r e d t he s e n s i t i v i t y of the w h o l e a n i m a l t h a t 

s u b s e q u e n t l y D a v i s o n & B o w l e r (1971) w e r e a b l e t o p r o p o s e 

t h a t t he se s a r c o s o m e s w o u l d make a g o o d m o d e l s y s t e m 

f o r s t u d y i n g hea t d e a t h . T h e a u t h o r s r e c o g n i z e d t h a t 

t he d a m a g e t h e y r e p o r t e d to have o c c u r r e d i n s a r c o s o m e s 

f r o m h e a t t r e a t e d f l i e s , may have b e e n , at l e a s t i n p a r t , 

b e c a u s e t h o s e s a r c o s o m e s w e r e made m o r e s e n s i t i v e 

t h a n c o n t r o l s a r c o s o m e s to the I s o l a t i o n p r o c e d u r e s . 

W i t h t h i s p o i n t i n m i n d the e a r l y p a r t o f t h i s 

t h e s i s c o n c e r n e d the use of t w o d i f f e r e n t i s o l a t i o n 

p r o c e d u r e s , the ' s t a n d a r d ' p r o c e d u r e and one u s i n g t he 

p r o t e o l y t i c e n z y m e ' n a g a r s e ' . 

One o t h e r p r o b l e m t h a t a r o s e was the c h o i c e 

o f the a p p r o p r i a t e r a c t l o n m e d i u m to d e t e r m i n e s a r c o s o m a l 

r e s p i r a t o r y p e r f o r m a n c e . A v a r i e t y of r e c o m m e n d e d 
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m e d i a a r e p u b l i s h e d f o r s a r c o s o m e s f r o m s e v e r a l 

i n s e c t s p e c i e s , b u t o n l y i n f r e q u e n t l y a r e the r e a s o n s f o r 

the c h o i c e o f a p a r t i c u l a r se t o f c o n d i t i o n s g i v e n , B i r t , 

(1961) ; B a l b o n i , ( 1 9 6 7 ) ; H a n s f o r d , (1971) ; T r i b e & 

A s h h u r s t , ( 1 9 7 2 ) ; B u r s e l l & S l a c k , ( 1 9 7 6 ) . I t was 

n e c e s s a r y t h e r e f o r e to make a p r e l i m i n a r y s t u d y to a s s e s s 

the c o m p o s i t i o n o f r e a c t i o n m e d i a t h a t w e r e s u i t a b l e f o r 

use w i t h b o t h i s o l a t i o n t e c h n i q u e s and d i f f e r e n t s u b s t r a t e s . 

T h e e s s e n c e of the ' n a g a r s e ' t e c h n i q u e i s to 

m i n i m i z e t he m e c h a n i c a l d a m a g e t h a t m i g h t o c c u r to the 

s a r c o s o m e s d u r i n g h o m o g e n i z a t i o n , and s o , s a r c o s o m e s 

a r e r e l e a s e d f o l l o w i n g e n z y m a t i c d i g e s t i o n of the m u s c l e 

f i b r e s . T h i s t e c h n i q u e h o w e v e r was f o u n d to a f f e c t 

a - g l y c e r o p h o s p h a t e s u p p o r t e d r e s p i r a t i o n i n s u c h a w a y 

t h a t a d r a m a t i c f a l l i n the v a l u e s a n d RC1 w e r e 

r e c o r d e d as c o m p a r e d w i t h v a l u e s o b t a i n e d w h e n s a r c o s o m e s 

a r e i s o l a t e d u s i n g the c o n v e n t i o n a l m e t h o d d e s c r i b e d i n 

C h a p t e r 2 . P y r u v a t e - s u p p o r t e d r e s p i r a t i o n , on the o t h e r 

h a n d , was n o t so a f f e c t e d w h e n d i f f e r e n t i s o l a t i o n m e t h o d s 

a r e a p p l i e d . 

I t was t h e r e f o r e d e c i d e d t h a t , d u r i n g the c o u r s e 

o f the p r e s e n t s t u d y , i n t h o s e e x p e r i m e n t s w h e r e 

a - g l y c e r o p h o s p h a t e was the s u b s t r a t e , f l i g h t m u s c l e 

s a r c o s o m e s w o u l d be i s o l a t e d w i t h o u t t h e use o f 

n a g a r s e , e x c e p t i n e x p e r i m e n t s w h e r e o n l y s u b s t r a t e - r a t e 

o x i d a t i o n s w e r e m e a s u r e d , e . g . the a l l o s t e r i c e f f e c t 
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2 + o f Ca ( C h a p t e r 6 ) , and e f f e c t o f f r e e z i n g and t h a w i n g 
( C h a p t e r 7 ) . 

On the o t h e r h a n d , no d i f f e r e n c e was o b s e r v e d 

i n r e s p i r a t o r y a c t i v i t i e s of f l i g h t m u s c l e s a r c o s o m e s 

i s o l a t e d i n p r e s e n c e o r a b s e n c e of the p r o t e o l y t i c 

e n z y m e n a g a r s e , w h e n p y r u v a t e and p r o l i n e a r e u s e d 

as s u b s t r a t e . I t was c o n c l u d e d t h a t t h e s e r e s u l t s 

s t r o n g l y s u g g e s t t h a t t h e p r o t e o l y t i c e n z y m e m i g h t have 

a l t e r e d the s t r i c t u r e of the s a r c o s o m a l m e m b r a n e , and 

I n d o i n g so a f f e c t i n g the a c t i v i t y of m e m b r a n e - b o u n d 

e n z y m e s , s u c h as a-glycerophosphate d e h y d r o g e n a s e 

( E C 1. 1. 9 9 . 5 ) . 

T h e p r i n c i p a l p o i n t a b o u t the c o m p o s i t i o n o f 

2 + 

the r e a c t i o n m e d i a s e e m e d to r e s t on w h e t h e r M g 

was p r e s e n t o r n o t . When p y r u v a t e and p r o l i n e w e r e 

t he r e s p i r a t o r y s u b s t r a t e s ( T a b l e 3 . 2 , m e d i a I and I I ) 
2 + 

the p r e s e n c e o f M g d e p r e s s e d R C 1 , t h i s s e e m s to be 

l a r g e l y o w i n g to an i n c r e a s e I n s t a t e I V r e s p i r a t i o n . 

T h e r e a s o n f o r t h i s I s i n s o m e d i s p u t e and i t has b e e n 
2 + 

p r o p o s e d to be b e c a u s e of an i n c r e a s e d Mg - s t i m u l a t e d 

A T P a s e a c t i v i t y . 

2 + 

I n f a c t t h e r e Is a d i s p u t e a b o u t Mg and w h e t h e r 

i t s t i m u l a t e s A T P - a s e a c t i v i t y i n i n t a c t ( A z z o n e and 

C a r a f o l i , 1960) o r o n l y I n aged and d a m a g e d m i t o c h o n d r i a 
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(Sugano and N a g a i 1971 ; W a i n o 1 9 7 0 ) . 

2 + C o n s e q u e n t l y , i t was d e c i d e d to o m i t Mg 
f r o m r e a c t i o n m e d i u m , w h e r e p y r u v a t e and p r o l i n e a r e 
s u b s t r a t e s. 

M a g n e s i u m i o n s a r e h o w e v e r a r e q u i r e m e n t 

i n a - g l y c e r o p h o s p h a t e d r i v e n r e s p i r a t i o n by the same 

s a r c o s o m e s , see T a b l e 3 . 2 , and so i t i s n e c e s s a r y to 

i n c l u d e t h e m i n the r e a c t i o n m e d i u m w h e n a - g l y c e r o p h o s -

p h a t e i s the s u b s t r a t e f o r o x i d a t i v e p h o s p h o r y l a t i o n . 

T h r o u g h o u t t h i s s t u d y , s u b s t r a t e s w e r e I n j e c t e d 

I n t o the r e a c t i o n c h a m b e r I m m e d i a t e l y f o l l o w i n g t he 

I n j e c t i o n o f the s a r c o s o m e s , t h i s a v o i d e d the p r o b l e m s 

of p r e i n c u b a t i o n of s a r c o s o m e s p r i o r to the i n i t i a t i o n 

of r e s p i r a t i o n . 

H a v i n g e s t a b l i s h e d t h e s e p o i n t s , the o t h e r p a r t s 

of the w o r k w e r e c o n c e r n e d w i t h t h e r m a l s e n s i t i v i t y 

and h e a t d e a t h i n the b l o w f l y , C a l l i p h o r a v l c l n a . T h i s 

p r o b l e m has b e e n d e a l t w i t h , on the s ame I n s e c t , by 

D a v i s o n ( 1 9 7 0 ) , who s u g g e s t e d t h a t a b r e a k d o w n o f 

o x i d a t i v e p h o s p h o r y l a t i o n m i g h t be a m a i n f a c t o r I n hea t 

d e a t h I n t h i s s p e c i e s . T h e c o n s e q u e n c e w o u l d be a l o s s 

of A T P s y n t h e s i z i n g c a p a c i t y and may l e a d to the 

i n a c t l v a t l o n of A T P d e p e n d e n t p a t h w a y s . H e a t - s h o c k e d 

( L . D . n ) a n i m a l s c a n n o t f l y n o r r i g h t t h e m s e l v e s and so 
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c o - o r d i n a t e d m o v e m e n t i s d e f i n i t e l y i m p a i r e d i n h e a t -
d a m a g e d f l i e s , t h e y do g r a d u a l l y r e g a i n t h e i r f l i g h t 
a b i l i t y , and D a v i s o n & B o w l e r (1971) have s h o w n t h i s 
c l o s e l y p a r a l l e l s the r e c o v e r y of n o r m a l s a r c o s o m a l 
f u n c t i o n as w i t n e s s e d by h i g h v a l u e s f o r RC1 and n o r m a l 
v a l u e s of A D P : 0 . E a r l i e r N a g u i b & C h r i s t o p h e r s e n 
(1965) r e p o r t e d i n y e a s t t h a t c e l l u l a r A T P l e v e l s f a l l 
a t h i g h t e m p e r a t u r e . B l u h m & O r d a l (1969) a l s o r e p o r t 
r e v e r s i b l e I n a c t i v a t i o n o f s e v e r a l r e s p i r a t o r y e n z y m e s 
d i r e c t l y a f t e r s u b l e t h a l hea t t r e a t m e n t of S t a p h y l o c o c c u s 
a u r e u s . T h i s , t o g e t h e r w i t h the w o r k by S a n t a r i u s 
(1975) on hea t d a m a g e to p h o t o p h o s p h o r y l a t l o n i n 
c h l o r o p l a s t s , l e a d s to t h e s u g g e s t i o n t h a t A T P g e n e r a t i n g 
s y s t e m s may w e l l be v e r y t e m p e r a t u r e s e n s i t i v e s t r u c t u r e s . 

D a v i s o n ' s w o r k ( D a v i s o n & B o w l e r , 1971) d i d n o t 

g i v e any i n d i c a t i o n o f w h i c h p a r t o f t he c o m p l e x f u n c t i o n s 

o f the s a r c o s o m e m i g h t be m o s t s e r i o u s l y a f f e c t e d . 

S e v e r a l d i f f e r e n t a p p r o a c h e s have b e e n made to shed l i g h t 

on t h i s a s p e c t o f the p r o b l e m . 

C h a p t e r 4 r e p r e s e n t s an a p p r o a c h to t h i s q u e s t i o n 

based on the g r o u n d s of r e c o v e r y f r o m s u b l e t h a l hea t 

t r e a t m e n t . I t I s a r g u e d t h a t i f t he r e p a i r p r o c e s s c a n be 

f o l l o w e d and s t u d i e d , t h i s may shed l i g h t on the t y p e o f 

d a m a g e c a u s e d . I t was f o u n d t h a t r e c o v e r y f r o m L . D . Q 

t r e a t m e n t i s v e r y d e p e n d e n t on t he t e m p e r a t u r e at w h i c h 
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the a n i m a l s a r e a l l o w e d to r e c o v e r . 

R e c o v e r y of ' n o r m a l ' s a r c o s o m a l f u n c t i o n had 

a h i g h Q^Q ( a b o u t 3 ) , t h i s i m p l i e s the i n v o l v e m e n t 

of a c t i v e m e t a b o l i c p r o c e s s e s i n r e p a i r o f s a r c o s o m a l 

h e a t - d a m a g e . T h e n a t u r e of the d a m a g e b e i n g r e p a i r e d , 

and the r e p a i r - m e c h a n i s m i s n o t e v i d e n t , b u t p r o b a b l y 

i n v o l v e s r e - sy n t h e s i s. T h i s i s i n c o n t r a d i c t i o n to the 

w o r k of D i n g l e y & S m i t h (1968) - t h e y r e p o r t : 

i ) C y c l o h e x i m i d e e f f e c t i v e l y r e d u c e s p r o t e i n s y t h e s i s 
o o 

i n D r o s/p h i 1 a , i i ) s u b l e t h a l l y hea t t r e a t e d D r o s/p h i 1 a 

r e c o v e r e d i n s p i t e o f an a p p l i c a t i o n of c y c l o h e x i m i d e , and 

i i i ) t he r a t e of p r o t e i n s y n t h e s i s was n o t c o m p a t i b l e 

w i t h the r e c o v e r y s t a t e . T h e a u t h o r s c o n c l u d e d t h a t 

u n d o u b t e d l y p r o t e i n s y n t h e s i s i s n o t i n v o l v e d i n r e c o v e r y 

f r o m t h e r m a l i n j u r y . H o w e v e r , c y c l o h e x i m i d e i s c l a i m e d 

t o s e l e c t i v e l y i n h i b i t c y t o p l a s m i c p r o t e i n s y n t h e s i s 

( M i l n e r , 1 9 7 6 ) , t h e r e f o r e m i t o c h o n d r i a d r i v e n p r o t e i n 

s y n t h e s i s may have a i d e d r e c o v e r y w i t h o u t b e i n g a f f e c t e d 

by c y c l o h e x i m i d e . I t w o u l d be i n t e r e s t i n g to f i n d o u t 

how r e c o v e r y i s a f f e c t e d , i n D i n g l e y & S m i t h ' s (1968) 

w o r k , f o l l o w i n g t he a p p l i c a t i o n of c h l o r a m p h e n i c o l , s i n c e 

t h i s i s c l a i m e d to s p e c i f i c a l l y i n h i b i t m i t o c h o n d r i a d r i v e n 

p r o t e i n s y n t h e s i s ( f o r r e v i e w see M i l n e r , 1 9 7 6 ) . 

T h e use of i n h i b i t o r s of p r o t e i n s y n t h e s i s was 
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n o t a p p l i e d i n the p r e s e n t s t u d y b e c a u s e t h e s e a g e n t s 

w h e n i n j e c t e d i n i n t a c t a n i m a l s to i n h i b i t p r o t e i n 

s y n t h e s i s o f a s p e c i f i c a l l y s u s p e c t e d e n z y m e , may have 

s i d e e f f e c t s on o t h e r p a r t s o f the o r g a n i s m . I n d e e d 

t h e r e i s e v i d e n c e t h a t t h e s e a g e n t s n o t o n l y i n h i b i t 

p r o t e i n s y n t h e s i s b u t a l s o , a m o n g s t o t h e r e f f e c t s , a l t e r 

the r a t e of d e g r a d a t i o n of s o m e e n z y m e s ( f o r r e v i e w 

see S c h i m k e and D o y l e ( 1 9 7 0 ) . F u r t h e r m o r e , H i g g i n s 

and h i s c o - w o r k e r s r e p o r t e d t h a t e t h i d i u m b r o m i d e 

( an i n h i b i t o r of p r o t e i n s y n t h e s i s ) i n h i b i t s o x i d a t i v e 

p h o s p h o r y l a t i o n of r a t l i v e r m i t o c h o n d r i a ( H i g g i n s 

et a l . , 1975 ) . 

T h e s p l i t - d o s e e x p e r i m e n t s , a l s o r e p o r t e d i n 

C h a p t e r 4 , show c l e a r l y t h a t the e f f e c t o f t w o d o s e s 

i s m e r e l y a d d i t i v e , u n l e s s t h e y a r e s e p a r a t e d by p e r i o d s 

o f 6 h o u r s o r m o r e . I n the l a t t e r c a se s i g n i f i c a n t 

r e c o v e r y has t a k e n p l a c e and the e f f e c t o f the s p l i t -

dose h e a t t r e a t m e n t i s l e s s t h a n w h e n g i v e n as a s i n g l e 

d o s e . T h i s i s i n a c c o r d w i t h D i n g l e y & S m i t h ' s ( 1968) 

w o r k on D r o s o p h i l a , t h e y d e s c r i b e d r e c o v e r y f r o m a 

25 m i n s e x p o s u r e to 3 5 ° C to be a l m o s t c o m p l e t e a f t e r 

2 h o u r s at 2 0 ° C . The r a t e o f r e c o v e r y , i n t h e i r w o r k , 

i s m e a s u r e d by the s u r v i v a l t i m e o f D r o s o p h i l a e x p o s e d 

t o a s e c o n d t r e a t m e n t a t 3 5 ° . 
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I t w o u l d a p p e a r t h a t t h e r e p a i r p r o c e s s e s a r e 
p a r t o f n o r m a l o n - g o i n g c e l l u l a r m e t a b o l i s m , f o r i t i s 
r e a s o n e d , i f t h e y w e r e o n l y i n v o k e d f o l l o w i n g i n j u r y , 
t h e r e p a i r m e c h a n i s m ( s ) i t s e l f w o u l d h a v e b e c o m e 
s u s c e p t i b l e t o d a m a g e d u r i n g t h e s e c o n d h e a t a p p l i c a t i o n 
i n t h e s p l i t - d o s e . T h i s w o u l d h a v e r e s u l t e d i n i n c r e a s e d 
m o r t a l i t y , w h i c h d i d n o t o c c u r . I t i s a l s o o f i n t e r e s t 
t o c o m p a r e h e a t i n j u r y w i t h r a d i a t i o n i n j u r y c a u s e d i n 
s p l i t - d o s e s . I n a r e v i e w a r t i c l e , R o c k s t e i n & M i q u e l 
( 1 9 7 3 ) r e p o r t t h a t i r r a d i a t i o n i n i n s e c t s i s l i f e 
s h o r t e n i n g , a n d t h a t s o m e p r o p o r t i o n a l i t y o c c u r s b e t w e e n 
d o s e a n d l i f e s h o r t e n i n g e f f e c t s . T h i s i m p l i e s t h a t t h i s 
t y p e o f i n j u r y i s n o n - r e p a i r a b l e a n d i s s u g g e s t e d t o be 
c h r o m o s o m a l i n n a t u r e , B a x t e r & B l a i r ( 1 9 6 9 ) . D a v i s o n 
( 1 9 7 0 ) h a s s h o w n h o w e v e r t h a t f l i e s r e c o v e r e d f r o m a n 
L . D . n h e a t - t r e a t m e n t h a s t h e s a m e l i f e - e x p e c t a n c y 
as c o n t r o l u n h e a t e d f l i e s o f t h e s a m e a g e . A c u t e 
h e a t - i n j u r y i s t h e r e f o r e d i f f e r e n t f r o m l i f e - s h o r t e n i n g 
i r r a d i a t i o n d a m a g e i n i n s e c t s , a n d m a y w e l l b e m o r e 
s i m i l a r t o r e p a i r a b l e a c u t e r a d i a t i o n d a m a g e w h i c h i s 
t h o u g h t t o b e p r i n c i p a l l y c y t o p l a s m i c I n n a t u r e , B a x t e r 
& B l a i r , ( 1 9 6 9 ) . 

One C h a p t e r i n t h e p r e s e n t s t u d y h a s b e e n c o n c e r n e d 

w i t h t h e e f f e c t o f i n v i v o h e a t t r e a t m e n t o n t h e n e u r o ­

s e c r e t i o n i n t h e b l o w f l y , C a l l i p h o r a v i c i n a . T h e i d e a w a s 
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s t i m u l a t e d b y n u m e r o u s r e p o r t s p r e s e n t i n g s t r o n g e v i d e n c e 
t h a t t h e r e e x i s t s c o n t r o l l i n g e f f e c t o f h o r m o n e s o n 
r e s p i r a t o r y e n z y m e s . ( T h o m s e n , 1 9 4 9 , 1 9 5 2 ; K e e l e y , 
1 9 7 0 ; L e e & L a r d y , 1965 ) . A l s o , t h e f a c t t h a t n e u r o s e c r e t i o n 
e x e r t s a c o n t r o l l i n g f a c t o r o n p r o t e i n s y n t h e s i s ( T h o m s e n 
& M o l l e r , 1 9 5 9 ) m a d e s u c h i n v e s t i g a t i o n s s e e m u s e f u l i n 
p r o v i d i n g s o m e i n f o r m a t i o n l e a d i n g t o a b e t t e r u n d e r ­
s t a n d i n g o f t h e n a t u r e o f h e a t i n j u r y a n d r e p a i r m e c h a n i s m . 
H o w e v e r , t h e o b s e r v a t i o n s m a d e o n n e u r o s e c r e t o r y c e l l s 
o f t h e b r a i n s h o w e d n o s i g n i f i c a n t d i f f e r e n c e b e t w e e n 
c o n t r o l a n d l e t h a l l y h e a t t r e a t e d f l i e s . N o d i f f e r e n c e w a s 
o b s e r v a b l e e i t h e r i n b r a i n n e u r o s e c r e t o r y c e l l s o f c o n t r o l 
f l i e s o r s u b l e t h a l l y h e a t t r e a t e d f l i e s , n o r i n t h e l a t t e r 
a f t e r 18 h r . o r 48 h r . r e c o v e r y a t 2 4 ° C . 

T h e e f f e c t o f t e m p e r a t u r e o n s a r c o s o m a l f u n c t i o n 

h a s b e e n c o n s i d e r e d u n d e r s e v e r a l a p p r o a c h e s , b u t 

b a s i c a l l y c o n c e r n s i n v i v o a n d i n v i t r o e f f e c t s a n d t h e 

c o m p a r i s o n o f t h e e f f e c t s o f m o d e r a t e l y h i g h t e m p e r a t u r e 

w i t h t h o s e o f m o r e ' n o r m a l ' t e m p e r a t u r e i n v i t r o . 

T h e e f f e c t o f r e a c t i o n t e m p e r a t u r e o n s t a t e I I I 

a n d s u b s t r a t e r a t e o x i d a t i o n u s i n g a - g l y c e r o p h o s p h a t e as 

a s u b s t r a t e w i l l b e d i s c u s s e d f i r s t . A s c a n b e s e e n i n 

F i g . 5 . 1 w h e n o x i d a t i o n r a t e s a r e p l o t t e d , as a f u n c t i o n 

o f 1 / O A , a n o n - l i n e a r p l o t i s o b t a i n e d w h i c h c a n b e 
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d i v i d e d i n t o f o u r p h a s e s w i t h b r e a k s a t a b o u t 1 0 ° , 1 8 ° 

a n d 2 7 ° C . a Q J O v a * u e o f 5 . 9 3 w a s o b t a i n e d a t t h e l o w e r 

t e m p e r a t u r e r a n g e ( 5 ° - 1 0 ° C ) , 1.5 8 f o r t h e s e c o n d p h a s e 

( 1 0 ° C - 1 8 ° C ) , 2 . 1 6 f o r t h e t h i r d ( 1 8 ° - 2 7 ° C ) a n d 

1 . 4 1 a t t h e h i g h e s t t e m p e r a t u r e r a n g e ( 2 7 ° - 3 7 ° C ) . 

T h e s u b s t r a t e r a t e o x i d a t i o n , o n t h e o t h e r h a n d , y i e l d e d 

a n o n - l i n e a r p l o t w i t h o n l y t h r e e p h a s e s , s h o w i n g b r e a k s 

a t a b o u t 1 0 ° a n d 2 4 ° C . T h e Q^^ v a l u e s o b t a i n e d w e r e 

3 . 5 8 , 1.15 a n d 2 . 2 2 f o r t h e f i r s t , s e c o n d a n d t h i r d p h a s e , 

r e s p e c t i v e l y . 

I n t h e s e a r c h f o r a n e x p l a n a t i o n f o r t h e s e b r e a k s , 

s e v e r a l s u g g e s t i o n s h a v e b e e n m a d e b y d i f f e r e n t w o r k e r s . 

I n t h e e a r l y w o r k b y H e l d t & K l i n g e n b e r g , ( 1 9 6 8 ) a t t e n t i o n 

h a s b e e n d r a w n t o l o w t e m p e r a t u r e s e n s i t i v i t y o f 

m i t o c h o n d r i a l a d e n i n e n u c l e o t i d e t r a n s l o c a s e . K e m p 

e t a l . , ( 1 9 6 9 ) h a v e s h o w n t h a t t h i s t r a n s l o c a t i o n p r o c e s s 

i s r a t e l i m i t i n g i n o x i d a t i v e p h o s p h o r y l a t i o n i n r a t l i v e r 

m i t o c h o n d r i a . D r o s t - H a n s e n , ( 1 9 7 2 ) s u g g e s t e d t h a t c h a n g e s 

i n t h e p h y s i c a l p r o p e r t i e s o f v i c i n a l w a t e r m u s t be 

s u p e r i m p o s e d u p o n t h e c h a n g e s i n t h e b i o l o g i c a l m a c r o -

m o l e c u l e s . R a i s o n a n d h i s c o - w o r k e r s a r e t h e m o s t 

p r o m i n e n t a d v o c a t e s f o r ' l i p i d p h a s e c h a n g e ' t h e o r y 

( K u m a m o t o e t a l . , 1 9 7 1 ) . T h e A r r h e n i u s p l o t f o r s u b s t r a t e 

rate o x i d a t i o n i s i n c l o s e a g r e e m e n t w i t h t h a t r e p o r t e d 
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b y Pye ( 1 9 7 3 ) f o r p o t a t o m i t o c h o n d r i a u s i n g d i f f e r e n t 
s u b s t r a t e s . T h e a u t h o r d r e w a t t e n t i o n t o t h e 
o b s e r v a t i o n t h a t t e m p e r a t u r e - i n d e p e n d e n t p l a t e a u s 
m a y o c c u r i n t h e p r e s e n c e o f h i g h c o n c e n t r a t i o n s o f 
s u b s t r a t e s . 

T h e e f f e c t o f t e m p e r a t u r e o n m i t o c h o n d r i a h a s 

r e c e i v e d m u c h s t i m u l u s i n r e c e n t t i m e s b e c a u s e m a n y 

w o r k e r s h a v e a t t e m p t e d t o e x p l a i n t h e t e m p e r a t u r e -

i n d e p e n d e n t p l a t e a u s o b s e r v e d i n o r g a n i s m r e s p i r a t i o n , 

( N e w e l l , 1 9 6 7 ; N e w e l l & W a l k e r , 1 9 6 6 ; P y e , 1 9 7 3 ; 

W i e s e r , 1 9 7 3 ) i n t e r m s o f e f f e c t o f t e m p e r a t u r e o n 

m i t o c h o n d r i a l f u n c t i o n . T h e c o n f l i c t i n m a n y o f t h e s e 

s t u d i e s h a s b e e n b e d e v i l l e d b y a l a c k o f r i g o u r i n 

d e m o n s t r a t i n g m i t o c h o n d r i a i s o l a t e d f r o m a n o r g a n i s m , 

i n g o o d f u n c t i o n a l s t a t e s , a p o i n t m a d e b y T r i b e & 

B o w l e r ( 1 9 6 8 ) i n c r i t i c i s m o f w o r k b y N e w e l l & W a l k e y 

( 1 9 6 6 ) . 

A f u r t h e r p o i n t t h a t f u t u r e w o r k o f t h i s k i n d 

o u g h t t o c o n s i d e r i s t h a t t h e p H o f t h e r e a c t i o n m e d i u m 

w i l l c h a n g e w i t h r e a c t i o n t e m p e r a t u r e . O f t e n n o a c c o u n t 

h a s b e e n t a k e n o f t h i s i n c o n s t r u c t i n g m e d i a f o r 

m i t o c h o n d r i a t e m p e r a t u r e - s t u d i e s , a n d s o m e o f t h e 

p h e n o m e n a d e s c r i b e d m a y b e , a t l e a s t i n p a r t , p H e f f e c t s . 

I n t h e p r e s e n t w o r k n o a t t e m p t w a s m a d e t o c o r r e c t m e d i a 
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p H f o r t e m p e r a t u r e c h a n g e s , t h e r e a c t i o n m e d i a w e r e 
a l w a y s m a d e u p a t 2 4 ° C , t h e t e m p e r a t u r e o f a c c l i m a t i o n 
o f t h e f l i e s . I t w a s c o n s i d e r e d t h a t t h i s s i t u a t i o n m i g h t 
m o r e c l o s e l y r e f l e c t e v e n t s i n t r a c e l l u l a r l y . H o w e l l , 
R a h n , G o o d f e l l o w & H e r r e i d ( 1 9 7 7 ) h a v e r e p o r t e d t h a t 
h a e m o l y m p h p H d e c r e a s e s as b o d y t e m p e r a t u r e i n c r e a s e s 
i n a v a r i e t y o f e c t o t h e r m s , a n d f u r t h e r M a l a n , W i l s o n 
& R e e v e s ( 1 9 7 7 ) r e p o r t a g o o d c o r r e l a t i o n b e t w e e n t h e 
t e m p e r a t u r e - d e p e n d e n c e o f b l o o d p H a n d i n t r a c e l l u l a r p H 
i n e c t o t h e r m a l v e r t e b r a t e s . T h u s i t s e e m s l i k e l y t h a t 
i n t r a c e l l u l a r p H , i n v i v o , w i l l b e e x p e c t e d t o c h a n g e w i t h 
t e m p e r a t u r e , a t l e a s t i n t h e s a m e d i r e c t i o n a s p r e d i c t e d 
f r o m t h e v a r i o u s s t u d i e s o f R e e v e s a n d h i s c o - w o r k e r s 
( R e e v e s , H o w e l l & R a h n , 1 9 7 7 ) . A p o i n t m o r e n o t i c e 
s h o u l d b e t a k e n o f i n s u c h s t u d i e s . 

I n t h e p r e s e n t w o r k , t h e ' b r e a k s ' s e e n i n t h e 

A r r h e n i u s p l o t ( F i g . 5 . 1 ) c o n f i r m e a r l i e r r e p o r t s b y 

m a n y o t h e r w o r k e r s m e n t i o n e d a b o v e , p a r t i c u l a r l y t h e 

t e m p e r a t u r e - i n d e p e n d e n t p l a t e a u s o b s e r v e d f o r b o t h 

s u b s t r a t e - r a t e a n d s t a t e I I I r e s p i r a t i o n a f t e r t h e f i r s t 

s h a r p b r e a k at a b o u t 1 0 ° C . S i m i l a r p l a t e a u s h a v e b e e n 

d e s c r i b e d b y D a v i s o n ( 1 9 7 1 a ) f o r b l o w f l y f l i g h t m u s c l e 

s a r c o s o m e s . W h a t i s e v i d e n t i s t h a t t h e e f f i c i e n c y o f 

s a r c o s o m a l f u n c t i o n i s m a x i m i s e d o v e r a w i d e 

t e m p e r a t u r e r a n g e , i r r e s p e c t i v e o f ' b r e a k s ' a n d ' p l a t e a u s ' 
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A s w a s d e s c r i b e d b y D a v i s o n ( 1 9 7 1 a ) i t s e e m s 

t h a t i n v i t r o h e a t i s m o r e d a m a g i n g t o s a r c o s o m e s t h a n 

i n v i v o h e a t , f o r a s c a n b e s e e n f r o m T a b l e 5 . 1 , R C 1 

v a l u e s f a l l r a p i d l y a t t e m p e r a t u r e s h i g h e r t h a n 2 7 ° C , a n d 

D a v i s o n f o u n d i n h i s e x p e r i m e n t s t h a t r e s p i r a t i o n w a s 

u n c o u p l e d a t 3 4 ° C ( D a v i s o n , 1971 a ) . A t e m p e r a t u r e he 

r e p o r t s , ( a n d h a s b e e n s h o w n I n t h i s s t u d y ) , / i n s e c t s c a n b e 

r e a r e d a t . D a v i s o n a l s o d e s c r i b e d a n a c c l i m a t i o n e f f e c t 

i n t h a t a t 3 4 ° C , R C 1 a n d A D P :0 v a l u e s f o r s a r c o s o m e s 

f r o m 3 4 ° C a c c l i m a t e d f l i e s i n d i c a t e d t h a t t h e s e s a r c o s o m e s 

w e r e m o r e t i g h t l y c o u p l e d t h a n t h o s e f r o m e i t h e r 2 4 ° 

o r 1 5 ° C a c c l i m a t i z e d f l i e s . 

I n t a k i n g t h i s p r o b l e m o f i n v i t r o s e n s i t i v i t y t o 

h e a t a l i t t l e f u r t h e r , a s e r i e s o f p r e i n c u b a t i o n e x p e r i m e n t s 

w e r e c o n d u c t e d i n w h i c h s a r c o s o m e s w e r e p r e i n c u b a t e d 

a t t e m p e r a t u r e s b e t w e e n 3 0 ° a n d 4 1 ° C f o r v a r y i n g p e r i o d s , 

a n d t h e i r f u n c t i o n a l e f f i c i e n c y w a s s u b s e q u e n t l y d e t e r m i n e d 

a t 2 4 ° C . F e w s i m i l a r s t u d i e s e x i s t i n t h e l i t e r a t u r e 

t o g i v e c o m p a r i s o n , t h o s e i n w h i c h m i t o c h o n d i r i a h a v e 

b e e n p r e i n c u b a t e d , t h e p r e i n c u b a t i o n w a s t o s e r v e a 

p u r p o s e o t h e r t h a n t o s t u d y t h e i r t h e r m a l s e n s i t i v i t y 

( S a c k t o r & C h i l d r e s s , 1 9 6 7 ; H a n s f o r d , 1 9 7 5 ) . 

T h e r e s u l t s o f t h e s e e x p e r i m e n t s c o n f i r m t h e 

g r e a t e r t h e r m a l s e n s i t i v i t y i n v i t r o , f o r t e m p e r a t u r e as 

3 6 ° C w a s a d e q u a t e l y h i g h t o b r i n g a b o u t a r a p i d d e c l i n e 

i n s t a t e I I I r e s p i r a t i o n , r e s u l t i n g i n l o w R C 1 v a l u e s . 
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S u b s t r a t e r a t e r e s p i r a t i o n , o n t h e o t h e r h a n d , w a s n o t 
a f f e c t e d b y p r e i n c u b a t i o n , a n d s l i g h t b u t i n s i g n i f i c a n t 
f l u c t u a t i o n s o f Q C ^ v a l u e s w e r e o b t a i n e d . I n g r o u p s 
p r e v i o u s l y a c c l i m a t e d t o 1 5 ° a n d 3 4 ° C , p r e i n c u b a t i o n o f 
i s o l a t e d s a r c o s o m e s r e s u l t e d i n s i m i l a r e f f e c t s as 
d e s c r i b e d a b o v e , a n d h e r e a g a i n 3 6 ° c a u s e d l o s s o f 
r e p i r a t o r y c o n t r o l , w h e r e v a l u e s a p p r o x i m a t i n g o n e w e r e 
r e c o r d e d w i t h i n 3 0 m i n s . A D P : 0 v a l u e s w e r e n o t 
m e a s u r a b l e a f t e r s u c h t r e a t m e n t s . P r e v i o u s a c c l i m a t i o n 
t o h i g h ( 3 4 ° C ) o r l o w ( 1 5 ° C ) t e m p e r a t u r e s d i d n o t r e s u l t 
i n m a j o r d i f f e r e n c e s i n t h e t o l e r a n c e o f t h e s a r c o s o m e s t o 
e x p o s u r e t o 36 ° C . 

A c o m p a r i s o n o f t h e e f f e c t o f p r e i n c u b a t i o n a t 

m o d e r a t e t e m p e r a t u r e s ( T a b l e s 5 . 5 a n d 5 . 6 ) e f f e c t o f 

t h o s e t e m p e r a t u r e s as a r e a c t i o n c o n d i t i o n o n s a r c o s o m a l 

f u n c t i o n l e a d s t o t h e f o l l o w i n g c o n c l u s i o n . T h e h i g h 

o x i d a t i o n r a t e s s e e n a t s a y 3 4 ° C ( r e a c t i o n t e m p e r a t u r e ) 

c a n n o t b e o w i n g t o a n u n c o u p l i n g e f f e c t o f h e a t , n o r 

f r o m r e l e a s e o f e n d o g e n o u s u n c o u p l e r s , b e c a u s e p r i o r 

e x p o s u r e d u r i n g p r e i n c u b a t i o n ( u p t o 6 0 m i n s ) c a u s e s no 

m a j o r c h a n g e s i n o x i d a t i o n r a t e s as c o m p a r e d w i t h c o n t r o l 

p r e i n c u b a t e d s a r c o s o m e s . T h e t h e r m a l p r e i n c u b a t i o n 

t h e r e f o r e s e e m e d t o c a u s e no d e l e t e r i o u s e f f e c t s o n 

s a r c o s o m e s u n l e s s i t w a s f o r a l o n g p e r i o d o r a t 
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t e m p e r a t u r e s o v e r a b o u t 4 0 C . 

P e r h a p s t h e m o s t i n t e r e s t i n g a n d s i g n i f i c a n t p a r t 

o f t h i s w o r k h a s b e e n c o n c e r n e d w i t h a c o m p a r a t i v e s t u d y 

b e t w e e n a - g l y c e r o p h o s p h a t e a n d p y r u v a t e + p r o l i n e -

s u p p o r t e d r e s p i r a t i o n i n s a r c o s o m e s i s o l a t e d f r o m t h e 

f l i g h t m u s c l e o f 1 0 - d a y o l d a d u l t b l o w f l i e s w h i c h h a v e 

b e e n e x p o s e d t o a n L . D . ^ Q h e a t t r e a t m e n t ( 4 0 m i n s 

a t 4 1 ° C ) . T h e r e s u l t s r e v e a l e d t h a t a - g l y c e r o p h o s p h a t e -

l i n k e d r e s p i r a t i o n i s m o r e s e n s i t i v e t o t h i s h e a t 

t r e a t m e n t t h a n p y r u v a t e - l i n k e d r e s p i r a t i o n . I n t h e f i r s t 

c a s e s u b s t r a t e r a t e r e s p i r a t i o n w a s r e d u c e d b y a b o u t 

3 0 p e r c e n t , a n d f u r t h e r m o r e n o s t i m u l a t i o n w a s o b s e r v e d 

u p o n a d d i t i o n o f A D P . T h i s w a s n o t t h e c a s e w h e n p y r u v a t e 

w a s u s e d as s u b s t r a t e . I n d e e d s o m e m e a s u r e o f c o u p l i n g 

w a s s t i l l d e m o n s t r a b l e , a n d s t a t e I V r e s p i r a t i o n w a s 

h i g h e r t h a n i n c o n t r o l e x p e r i m e n t s . T h e s e r e s u l t s a r e i n 

a c c o r d w i t h p r e l i m i n a r y w o r k r e p o r t e d b y D a v i s o n ( 1 9 7 0 ) 

o n t h e s a m e s t o c k o f f l i e s . A n atte m p t w a s , t h e r e f o r e , 

m a d e t o i n v e s t i g a t e t h i s p h e n o m e n o n , c o n s i d e r i n g t h e 

p o s s i b i l i t y t h a t h e a t t r e a t m e n t g i v e n t o t h e i n t a c t a n i m a l 

m a y h a v e r e n d e r e d t h e s a r c o s o m e s s u s c e p t i b l e t o i s o l a t i o n 

p r o c e d u r e t h e r e a f t e r , a n d p e r h a p s d i f f e r e n t i a l l y a f f e c t e d . 

I t I s r e a s o n a b l e t o a s s u m e t h a t t h i s s a r c o s o m a l 

d a m a g e i s n o t o c c u r r i n g a t t h e l e v e l o f t h e r e s p i r a t o r y 
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c h a i n . T h i s i s b e c a u s e t h e c o m m o n l y h e l d v i e w i s t h a t 
e l e c t r o n s f r o m a l l s u b s t r a t e s s h a r e a c o m m o n f a t e o n c e 
t h e y e n t e r t h e r e s p i r a t o r y c h a i n . T h u s i f a n e n z y m e 
i n t h e c h a i n w a s d a m a g e d t h i s o u g h t t o b e r e f l e c t e d i n 
i n h i b i t i o n o f b o t h ^ - g l y c e r o p h o s p h a t e a n d p y r u v a t e 
o x i d a t i o n , t h i s i s c l e a r l y n o t t h e c a s e . D a v i s o n ( 1 9 7 0 ) 
w h o f i r s t r e p o r t e d t h i s p h e n o m e n o n s u g g e s t e d t h a t t h e 
c o u p l i n g f a c t o r s ( e n z y m e s ) m i g h t b e t h e t e m p e r a t u r e 
s e n s i t i v e s t r u c t u r e s , b u t t h i s w o u l d i m p l y t h a t d i f f e r e n t 
s u b s t r a t e s h a v e d i f f e r e n t r e s p i r a t o r y p a t h w a y s , a p o i n t 
n o t u s u a l l y h e l d ; b u t r e c e n t l y s o m e i n d i r e c t e v i d e n c e 
h a s b e e n p r o d u c e d t h a t t h i s m i g h t b e t h e c a s e i n r a t 
l i v e r m i t o c h o n d r i a ( R o g e r s & H i g g i n s , 1 9 7 6 ) . 

I t i s h o w e v e r n e c e s s a r y t o c o n s i d e r o t h e r r e a c t i o n s 

i n a. - g l y c e r o p h o s p h a t e o x i d a t i o n n o t c o m m o n t o p y r u v a t e 

o x i d a t i o n . T h e m o s t o b v i o u s i s t h a t b y a - g l y c e r o p h o s p h a t e 

d e h y d r o g e n a s e . T h i s e n z y m e i s k n o w n t o b e a l l o s t e r i c a l l y 

m o d u l a t e d b y l o w c o n c e n t r a t i o n s o f f r e e c a l c i u m 

( 1 0 - 5 g m - i o n / 1 ) ( H a n s f o r d & C h a p p e l l , 1 9 6 7 ) . T h e 

a l l o s t e r i c p r o p e r t y o f s o m e e n z y m e s h a s b e e n p r e v i o u s l y 

s h o w n t o be v e r y s e n s i t i v e t o h e a t t r e a t m e n t a n d o t h e r 

i n s u l t s ; f o r e x a m p l e a s p a r t a t e t r a n s c a r b a m y l a s e f r o m 

E s c h e r i c h i a c o l i ( G e r h a r t & P a r d e e , 1 9 6 2 ) a n d 

a c e t o h y d r o x y a c i d s y n t h e t a s e i n S a l m o n e l l a t y p h i m u r i u m 

( B a u e r l e e t a l . , 1 9 6 4 ) . C o n s e q u e n t l y i t i s p e r t i n e n t t o e n q u i r e 
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w h e t h e r s a r c o s o m a l ^ - g l y c e r o p h o s p h a t e d e h y d r o g e n a s e 

h a s I t s a l l o s t e r i c f u n c t i o n d e s t r o y e d d u r i n g i n v i v o 

l e t h a l h e a t t r e a t m e n t s . T h e d a t a , g i v e n i n T a b l e 6 . 1 

a n d F i g . 6 . 1 c l e a r l y s h o w s t h a t t h e s a r c o s o m a l a - g l y c e r -

p h o s p h a t e d e h y d r o g e n a s e i s s t i l l a l l o s t e r i c a l l y 

2 + 
s t i m u l a t e d b y l o w l e v e l s o f Ca e v e n a f t e r t h e f l i e s 

r e c e i v e d a n L . D . ^ Q h e a t t r e a t m e n t . A s c a n b e s e e n t h e 

2 + 

p r e s e n c e o f Ca r e d u c e s t h e a p p K m f o r a - g l y c e r o p h o s -

p h a t e f r o m a b o u t 14 t o 2 m M i n c o n t r o l s as c o m p a r e d 

w i t h 20 m M t o 7 m M i n h e a t t r e a t e d s a r c o s o m e s . T h e 

a p p K m i s s l i g h t l y h i g h e r i n t h e l a t t e r g r o u p , b u t w h a t 

i s a l s o e v i d e n t i s t h e p o i n t t h a t V m a x i s a g a i n m u c h 

l o w e r i n t h e e x p e r i m e n t a l h e a t t r e a t e d s a r c o s o m e s , t h i s 

s u p p o r t s t h e d a t a p r e s e n t e d i n T a b l e 3 . 2 . T h u s t h e 

i n h i b i t i o n o f a - g l y ce r o p h o s p h a t e o x i d a t i o n i n s a r c o s o m e s 

f r o m h e a t e d f l i e s c a n n o t b e a t t r i b u t e d t o a l o s s o f 
2 + 

r e s p o n s i v e n e s s t o t h e a l l o s t e r i c s t i m u l a t o r Ca 

T h e da te , i n t h e a b o v e e x p e r t m e n t s w a s c o l l e c t e d 

p o l a r o g r a p h i c a l l y , a n d s o t h e e n t i r e r e s p i r a t o r y c h a i n 

i s n e e d e d , h o w e v e r i n t h e n e x t s e r i e s o f e x p e r i m e n t s 

a-glycerophosphate d e h y d r o g e n a s e a c t i v i t y w a s d i r e c t l y 

m e a s u r e d . I n t h e s e e x p e r i m e n t s e l e c t r o n s w e r e t r a n s f e r 

d i r e c t l y f r o m t h e d e h y d r o g e n a s e v i a p h e n a z i n e 

m e t h o s u I p h a t e t o I N T , t h e a r t i f i c i a l e l e c t r o n a c c e p t o r 
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w h i c h i s r e d u c e d , a n d a n i n s o l u b l e p r o d u c t , f o r m a z a n 

i s p r o d u c e d . T h e a m o u n t o f f o r m a z a n f o r m e d i s 

p r o p o r t i o n a l t o t h e a c t i v i t y o f t h e e n z y m e . 

T h i s t e c h n i q u e , w i t h s l i g h t m o d i f i c a t i o n s , h a s 

b e e n w i d e l y u s e d t o a s s a y e n z y m e a c t i v i t y . F o r e x a m p l e 

L e e a n d L a r d y ( 1 9 6 5 ) u s e d PMS a n d I N T t o e s t i m a t e t h e 

a c t i v i t y o f m i t o c h o n d r i a l as w e l l a s c y t o p l a s m i c 

a - g l y c e r o p h o s p h a t e d e h y d r o g e n a s e f r o m v a r i o u s t i s s u e s 

o f r a t . A s i m i l a r m e t h o d h a s b e e n u s e d b y V a u g h a n & 

N e w s h o l m e ( 1 9 6 9 ) , W a l k e r & B i r t ( 1 9 6 9 ) f o r a - g l y c e r o ­

p h o s p h a t e d e h y d r o g e n a s e , K u n & A b o o d ( 1 9 4 9 ) , G l o c k 

& J e n s e n ( 1 9 5 3 ) a n d N a c h l a s M a r g u l i e s & S e l i g m a n ( 1 9 6 0 ) 

f o r s u c c i n i c d e h y d r o g e n a s e . H o w e v e r , W a l k e r & B i r t 

( 1 9 6 9 ) s u g g e s t e d t h a t a h i g h c o n c e n t r a t i o n o f I N T m i g h t 

d a m a g e t h e m i t o c h o n d r i a l m e m b r a n e s . T h i s s u g g e s t i o n 

w a s b a s e d o n t h e i m p r e s s i o n o f v e r y l o w t o n i c i t y o f t h e 

a s s a y s y s t e m t h e y u s e d , a n d o n t h e i n c o r r e c t i n t e r p r e t a t i o n 

2 + 
o f t h e f a i l u r e o f Ca t o r e l i e v e t h e i n h i b i t i o n c a u s e d 

b y E G T A t o a - g l y c e r o p h o s p h a t e d e h y d r o g e n a s e ( h i g h 

„ 2 + 
Ca c o n c e n t r a t i o n ) . 

I n t h e p r e s e n t e x p e r i m e n t s n o s i g n i f i c a n t d i f f e r e n c e 

i n a - g l y c e r o p h o s p h a t e d e h y d r o g e n a s e a c t i v i t y l e v e l s w a s 

d e m o n s t r a b l e b e t w e e n s a r c o s o m e s f r o m c o n t r o l a n d L . D . _ 

t r e a t e d f l i e s , s e e T a b l e 7 . 1 . A t f i r s t s i g h t t h i s r e s u l t 

w a s n o t e x p e c t e d , p a r t i c u l a r l y a s t h e a c t i v i t y o f t h e s a m e 



- 216 -

e n z y m e w h e n m e a s u r e d b y t h e c o n s u m p t i o n o f o x y g e n w a s 
s i g n i f i c a n t l y l e s s i n s a r c o s o m e s i s o l a t e d f r o m h e a t t r e a t e d 
f l i e s . I n m a k i n g t h a t o b s e r v a t i o n i t i s o f c o u r s e a s s u m e d 
t h a t I t i s t h e a - g l y c e r o p h o s p h a t e d e h y d r o g e n a s e t h a t i s 
r a t e l i m i t i n g i n a - g l y c e r o p h o s p h a t e o x i d a t i o n as h a s b e e n 
s h o w n b y Lardy et a l . , ( 1 9 6 0 ) . 

T h e s e r e s u l t s p r o m p t e d t h e s t u d y o f t h e e f f e c t s 

o f i n v i t r o h e a t i n g o n s a r c o s o m a l a - g l y c e r o p h o s p h a t e 

d e h y d r o g e n a s e . T h e s a r c o s o m e s w e r e p r e i n c u b a t e d f o r 

v a r i o u s t i m e s a t t e m p e r a t u r e s b e t w e e n 4 0 ° a n d 5 5 ° C , a n d 

t h e i r r e s i d u a l e n z y m e a c t i v i t y w a s m o n i t o r e d a t 2 4 ° C 

a f t e r t h i s t h e r m a l p r e i n c u b a t i o n . A s c a n be s e e n 

( T a b l e 7 . 2 ) t h e e n z y m e t o l e r a t e d p r e i n c u b a t i o n t e m p e r a t u r e s 

h i g h e r t h a n 4 0 ° C f o r l o n g p e r i o d s o f t i m e , a n d i t w a s n o t 

u n t i l t h e t e m p e r a t u r e w a s r a i s e d t o 5 5 ° C t h a t 5 0 % 

i n a c t i v a t i o n w a s o b s e r v e d w i t h i n 20 m l n s . T h i s i s I n 

a c c o r d w i t h t h e r e s u l t s d e s c r i b e d e a r l i e r ( s e e T a b l e 5 . 6 ) 

w h e r e t h e a c t i v i t y o f t h i s e n z y m e w a s m e a s u r e d b y o x y g e n 

c o n s u m p t i o n ( s u b s t r a t e - r a t e o x i d a t i o n ) , a n d i t h a s b e e n 

s h o w n t h a t t e m p e r a t u r e s as h i g h as 4 1 ° C c o u l d n o t p r o d u c e 

a p r o n o u n c e d e f f e c t o f t h e e n z y m e a c t i v i t y a f t e r 7 m i n s 

p r e i n c u b a t i o n . One m u s t c o n c l u d e , t h e r e f o r e , t h a t 

a - g l y c e r o p h o s p h a t e d e h y d r o g e n a s e i s a t h e r m o s t a b l e 

s t r u c t u r e , a n d t h a t t h e r e d u c t i o n i n i t s a c t i v i t y i n 

s a r c o s o m e s i s o l a t e d f r o m l e t h a l l y h e a t t r e a t e d f l i e s , a s 
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m e a s u r e d b y o x y g e n c o n s u m p t i o n , m i g h t n o t b e d u e t o 
t h e r m a l i n a c t i v a t i o n o c c u r r i n g t o t h i s e n z y m e . 

A p o i n t t h a t d e s e r v e s t o be r a i s e d , i s w h e t h e r 

t h e e n z y m e ( a - g l y c e r o p h o s p h a t e d e h y d r o g e n a s e ) 

i n a c t i v a t e d b y i n v i v o h e a t i n g s , a n d i f s o w h y i s i t n o t 

as s e n s i t i v e t o h e a t w h e n t h e s a r c o s o m e s a r e p r e i n c u b a t e d 

i n v i t r o ? 

I t c o u l d p o s s i b l y b e t h a t t h e e x p e r i m e n t s i n w h i c h 

t h e a r t i f i c i a l e l e c t r o n a c c e p t o r s a r e u s e d , d o n o t 

a c c u r a t e l y r e f l e c t t h e t r u e l e v e l o f e n z y m e a c t i v i t y 

o w i n g t o t h e v e r y h i g h a f f i n i t y o f PMS f o r e l e c t r o n s . 

N a c h l a s e t a l . , ( 1 9 6 0 ) s h o w e d t h a t PMS e f f e c t i v e l y c o m p e t e s 

w i t h m o l e c u l a r o x y g e n t o b i n d e l e c t r o n s a n d t h e c o m p e t i t i o n 

i s s o s u c c e s s f u l t h a t t h e r e w a s n o n e e d f o r a n a e r o b i o s l s 

t o b e i n d u c e d . S u c h a h i g h e l e c t r o n a f f i n i t y m i g h t m a s k 

t h e r e d u c e d e n z y m e a c t i v i t y f o l l o w i n g i n v i v o h e a t i n g . 

I f a-glycerophosphate d e h y d r o g e n a s e I s u n a f f e c t e d 

b y I n v i v o h e a t i n g , as i t s e e m s t o b e t o I n v i t r o h e a t i n g , 

t h e n i s t h e h e a t l e s i o n e l s e w h e r e i n t h e r e s p i r a t o r y c h a i n ? 

I f t h i s I s t h e c a s e , w h y t h e n I s t h e r e s p i r a t o r y 

c h a i n s t i l l f u n c t i o n i n g n o r m a l l y w h e n p y r u v a t e a n d p r o l i n e 

a r e u s e d ? T h i s p r e s e n t s a p a r a d o x i c a l s i t u a t i o n f o r as 

h a s b e e n m e n t i o n e d e a r l i e r i t i s c o m m o n l y h e l d t h a t 

e l e c t r o n s , i r r e s p e c t i v e o f s u b s t r a t e s o u r c e , a l l f o l l o w t h e 

c o m m o n p a t h w a y o f r e s p i r a t o r y c h a i n e n z y m e s t o t h e f i n a l 
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a c c e p t o r , o x y g e n . I t m a y b e t h i s i s n o t t h e c a s e a n d 

d i f f e r e n t s u b s t r a t e s u s e s e p a r a t e a s s e m b l i e s o f 

r e s p i r a t o r y e n z y m e s , t h i s i s h o w e v e r n o t p r o v e n b y t h i s 

d a t a . A n a l t e r n a t i v e e x p l a n a t i o n w o u l d i n v o l v e t h e r m a l 

i n a c t i v a t i o n o f o n e o r m o r e o f t h e r e a c t i o n s b e t w e e n 

a - g l y c e r o p h o s p h a t e d e h y d r o g e n a s e a n d t h e f i r s t e n z y m e , 

i n t h e c o m m o n r e s p i r a t o r y c h a i n , C o e n z y m e Q . T h i s 

i s m o s t d e f i n i t e l y a w o r t h w h i l e p o s s i b i l i t y t o e x p l o r e 

i n a n y f u r t h e r s t u d i e s . I t m a y w e l l b e p o s s i b l e t o 

d i s s e c t r e s p i r a t o r y c h a i n f u n c t i o n w i t h t h e u s e o f 

s p e c i f i c i n h i b i t o r s , s u c h as a n t i m y c i n A a n d r o t e n o n e , i n 

s a r c o s o m e s f r o m h e a t e d a n d n o n - h e a t e d f l i e s . 

T h e p r o b l e m f i r s t m e n t i o n e d b y D a v i s o n & B o w l e r 

( 1 9 7 1 ) o f t h e n a t u r e o f t h e p r i m a r y l e s i o n i n h e a t i n j u r y 

r e m a i n s . T h e f o r e g o i n g d i s c u s s i o n d o e s n o t t a k e a c c o u n t 

o f t h e f a c t t h a t s t a t e I I I r e s p i r a t i o n i s m o r e d r a m a t i c a l l y 

i m p a i r e d I n s a r c o s o m e s f r o m h e a t t r e a t e d f i l e s t h a n I s 

s u b s t r a t e r a t e o x i d a t i o n , s e e T a b l e 3 . 2 . T h i s p o i n t i s 

a l s o t r u e i n s a r c o s o m e s p r e i n c u b a t e d a t t e m p e r a t u r e s 

a b o v e 3 5 ° C , s e e T a b l e 5 . 6 , as w e l l a s i n t h e e x p e r i m e n t s 

c a r r i e d o u t t o c o n s t r u c t t h e A r r h e n i u s p l o t s , s e e F i g . 6 ~ . l . 

T h e r e t o o s t a t e I I I o x i d a t i o n w a s m o r e s e r i o u s l y a f f e c t e d 

b y r a i s i n g t e m p e r a t u r e s a b o v e 27 ° C t h a n w a s s u b s t r a t e r a t e , 

a s w i t n e s s e d b y t h e f a l l i n g R C 1 v a l u e s s h o w n i n T a b l e 5 . 1 . 
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T h e p o i n t D a v i s o n & B o w l e r ( 1 9 7 1 ) m a k e i s t h a t t h e c o u p l i n g 
f a c t o r s m a y b e t h e m o s t t e m p e r a t u r e s e n s i t i v e c o m p o n e n t 
o f o x i d a t i v e p h o s p h o r y l a t i o n . T h i s c o n c l u s i o n w a s r e a c h e d 
b e c a u s e i n v i v o h e a t d i d n o t a p p e a r t o u n c o u p l e o x i d a t i v e 
p h o s p h o r y l a t i o n , f o r s t a t e I V ( s u b s t r a t e r a t e ) o x i d a t i o n 
r a t e s w e r e r e d u c e d r a t h e r t h a n e l e v a t e d ; a t t h e s a m e t i m e 
s t a t e I I I r e s p i r a t i o n c o u l d n o t b e d e m o n s t r a t e d w i t h R C 1 
o f a b o u t 1 b e i n g f o u n d . 

O n c e a g a i n t h e f a c t t h a t p y r u v a t e a n d p r o l i n e 

d r i v e n r e s p i r a t i o n i s d i f f e r e n t i a l l y a f f e c t e d b y i n v i v o 

h e a t i n g c a u s e s a p r o b l e m o f i n t e r p r e t a t i o n . T h i s i s 

b e c a u s e i t i s b e l i e v e d , a s h a s b e e n s a i d e a r l i e r , t h a t 

e l e c t r o n s f r o m s u b s t r a t e s a r e p r o c e s s e d i n a c o m m o n 

o x i d a t i v e p h o s p h o r y l a t i o n p a t h w a y . So i f c o u p l i n g f a c t o r s 

a r e h e a t - d a m a g e d f o r a - g l y c e r o p h o s p h a t e o x i d a t i o n , 

p y r u v a t e a n d p r o l i n e o x i d a t i o n o u g h t t o be s i m i l a r l y d a m a g e d . 

W h i l s t t h e A D P : 0 a n d R C 1 i n s a r c o s o m e s f r o m h e a t e d f l i e s 

a r e l o w e r t h a n i n c o n t r o l f l i e s , w h e n p y r u v a t e a n d p r o l i n e a r e 

r e s p i r e d , c o u p l i n g c a n s t i l l b e d e m o n s t r a t e d . I t m a y b e 

t h a t o n e s h o u l d t h i n k i n t e r m s o f d i f f e r e n t s u b s t r a t e s b e i n g 

p r o c e s s e d t h r o u g h s e p a r a t e r e s p i r a t o r y a s s e m b l i e s , b u t 

d i r e c t e v i d e n c e i s l a c k i n g . 

I t i s i n t e r e s t i n g , h o w e v e r , t h a t S a n t a r i u s ( 1 9 7 5 ) 

h a s s h o w n c l e a r l y t h a t p h o t o p h o s p h o r y l a t i o n i n c h l o r o p l a s t s 
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i s t e m p e r a t u r e s e n s i t i v e , a n d he d e s c r i b e s n o n - c y c l i c 

p h o t o p h o s p h o r y l a t i o n as b e i n g m o r e s e n s i t i v e t h a n 

c y c l i c p h o t o p h o s p h o r y l a t i o n . T h e l i g h t r e q u i r i n g t h i o l -

a c t i v a t e d m e m b r a n e A T P a s e w a s h e a t s e n s i t i v e i n a 

m a n n e r p a r a l l e l t o c y c l i c p h o t o p h o s p h o r y l a t i o n . 

T h e d a t a p r e s e n t e d i n T a b l e 7 . 3 i s i n f o r m a t i v e , 

f o r i t a l l o w s a c o m p a r i s o n t o be m a d e b e t w e e n a - g l y c e r o -

p h o s p h a t e a n d p y r u v a t e + p r o l i n e o x i d a t i o n s y s t e m s as a 

f u n c t i o n o f i n v i v o h e a t t r e a t m e n t , a n d i n v i t r o f r e e z i n g 

a n d t h a w i n g o f i s o l a t e d s a r c o s o m e s . B o t h s y s t e m s w e r e 

i n a c t i v a t e d f o l l o w i n g f r e e z i n g a n d t h a w i n g , a t r e a t m e n t w h i c h 

d e s t r o y s t h e s t r u c t u r e o f t h e s a r c o s o m e . I t i s a l s o 

i n t e r e s t i n g t h a t t h e r e i s a q u a n t i t a t i v e c o r r e l a t i o n i n t h e 

d e g r e e o f r e d u c t i o n b e t w e e n a - g l y c e r o p h o s p h a t e o x i d a t i o n 

i n i n v i v o h e a t e d , a n d i n v i t r o f r o z e n a n d t h a w e d s a r c o s o m e s , 

s u g g e s t i n g t h a t t h e d a m a g e c a u s e d b y h e a t t r e a t m e n t m i g h t 

b e s t r u c t u r a l . T h i s w a s n o t t h e c a s e f o r p y r u v a t e a n d p r o l i n e 

s y s t e m , t h e f a l l i n o x i d a t i o n r a t e f o l l o w i n g f r e e z i n g a n d 

t h a w i n g w a s d r a s t i c , ( a b o u t 7 0 % ) , w h e r e a s h e a t t r e a t m e n t 

r e s u l t e d i n o n l y 2 5 % i n a c t i v a t i o n o f t h i s s y s t e m . 

T h e r e s u l t s p r e s e n t e d i n C h a p t e r ( 8 ) a r e a l s o 

v e r y p e r t i n e n t t o t h i s d i s c u s s i o n . T h e E M a p p e a r a n c e 

o f t h e m i t o c h o n d r i a w a s d i f f i c u l t t o i n t e r p r e t i n t h e m a n n e r 

u s e d f o r l i v e r m i t o c h o n d r i a b y H a c k e n b r o c k ( 1 9 6 6 ) o r 

h e a r t m i t o c h o n d r i a b y G r e e n e t a l . , ( 1 9 6 8 ) s e e F i g . 8 . 2 , 
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and as a consequence a tentative in terpretat ion is made. 
It Is c l e a r that the appearance of the sarcosomes does 
change somewhat with r e s p i r a t o r y state . What is most 
pertinent to this d i s c u s s i o n is the appearance of the 
sarcosomes from heat treated a n i m a l s , which show gross 
morphological a b n o r m a l i t i e s , p a r t i c u l a r l y when r e s p i r i n g 
or-glycerophosphate. In that case swel l ing became 
p r o g r e s s i v e , see F i g s . 8 . 5 , 8.6 and many sarcosomes 
were broken. 

In marked contrast when pyruvate and prol ine 

were used as substrates much l e s s swel l ing was evident 

and sarcosomes in d i f ferent morphological forms were 

also evident in the d i f ferent energy s ta te s , see F i g s . 

8.7 - 9. T h i s does again provide concrete evidence 

that the pyruvate and prol ine dr iven oxidative phosphory­

lat ion is l e s s damaged by the in vivo heating as compared 

with the a-g lycerophosphate sys tem. 

Could in vivo inact ivat ion of s a r c o s o m a l function 

k i l l the organism? T h i s would seem unl ike ly unless the 

thermal injury seen in f l ight muscle sarcosomes r e f l e c t s 

a s i m i l a r state in other c e l l s . Indeed, this would seem to 

an important next step to take. In v i tro work on isolated 

malpighian tubules might be used to provide a clue to 

the general i ty of heat damage. 
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The r e s u l t s , presented in this study, support 
Davison's (1970) work, and amply show that sarcosomal 
function is the r mosens i t ive over the same temperatures 
that k i l l the organ i sm, and so f u l f i l l s one of Read's 
(1967) condit ions. F u r t h e r this work supports the general 
hypothesis la id down by Bowler et a l . , (1973) that a l l 
heat injury is a membrane phenomenon. 

With this theory of heat in jury in mind the poss ible 

mechanisms of thermal perturbation of membrane function 

must now be cons idered . The f a c i l i t y with which ecto-

thermal animals and microorgani sms change the fatty acid 

composit ion of their membrane phospholipids may wel l 

provide a guide. In g e n e r a l , acc l imat ion to a low 

temperature r e s u l t s in an increased incorporat ion of 

longer chain more unsaturated fatty a c i d s , this has been 

demonstrated in C r a y f i s h ( C o s s i n s , 1976), goldf ish 

( D r i e d z i c & Roots , 1975; Kemp & Smith , 1970; Anderson, 

1970). The adaptive propert ies of such changes have been 

descr ibed in terms of ' capac i ty ' adaptation, the maintenance 

of an acceptable state of f lu idi ty of the ' l i q u i d - c r y s t a l l i n e ' 

membrane as proposed by Singer & Nico l son , (1972). 

Compensatory ef fects have not been conc lus ive ly 

demonstrated in ectothermal a n i m a l s , but good evidence 

does ex is t that adaptation of membrane propert ies and 
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composit ion ( f lu id i ty ) do co incide in prokaryotes 

(Haest , De G i e r & Van Deenen, 1969; E s s e r & Souza, 

1974) and in protozoans ( C u l l e n , Ph i l l ips & Shipley , 

1971; Nazaira , I i d a , F u k u s h i m a , Ohki & Ohnish i , 

1974), grown at d i f ferent t emperatures . T h i s points 

to the importance of a control mechanism which regulate 

the degree of membrane f lu idi ty and which is sens i t ive 

to environmental temperature . L e s s importance has 

been placed on changes in membrane unsaturat ion 

inf luencing the thermal s tab i l i ty of membranes and so 

being involved in ' r e s i s t a n c e ' adaptation. Membranes 

from cold acc l imated animals may show a more rapid 

breakdown of funct ional integri ty at high temperatures as 

compared to the more saturated membranes from warm 

acc l imated a n i m a l s . 

However, the c o r r e l a t i o n between l ip id saturat ion 

and le thal temperatures has not been conc lus ive ly 

demonstrated. House et a l . , (1958) did find a c o r r e l a t i o n 

in Pseudosarcophaga a f f i n i s l a r v a e , F r a e n k e l & Hopf 

(1940) and Ushakov (1964; 1966) in C a l l i p h o r a have shown 

a l tered l ip id composit ion does not n e c e s s a r i l y affect 

thermostab i l i ty . Once again the data from bac ter ia is 

l e s s equivocal . E s s e r & Souza (1974) have provided 
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evidence that maximal growth in B. s tearothermophi lus is 

determined by the p h y s i c a l propert ies of the c e l l membrane, 

which is g r o s s l y influenced by its l ip id composit ion. T h i s 

is supported by evidence that a ther mosens it ive s t r a i n 

of this bacter ium has a decreased abi l i ty to a l t er its 

membrane l ip ids in response to a temperature change. In 

a detailed study of c r a y f i s h musc le , C o s s i n s (1976) showed 

that acc l imat ion to lowered temperatures caused an 

i n c r e a s e in the proportion of mono and polyunsaturated 

fatty a c i d s , mainly in the ac id ic phosphol ipids . However, 

the same worker was unable to show that this affected 
2+ 2 + 

the thermostabi l i ty of the s a r c o s o m a l Mg + Ca + ATPase 

( C o s s i n s & Bowler , 1976). At the same time however the 

s a r c o s o m a l enzyme was sens i t ive to temperature in the 

same temperature range as heat death o c c u r r e d , whereas 

the g lyco ly t i c soluble enzyme pyruvate k inase was 

cons iderably more heat stable ( C o s s i n s & Bowler , 1976). 

It may wel l be that changes in the phospholipid composition 

of b u l k - l i p i d b i l a y e r are not the most s ign i f i cant in 

contro l l ing membrane integrity at d i f ferent temperatures 

for the protein content of membranes must also be cons idered . 

The presence of a d i s t inct l ip id halo, forming a m i c r o -

environment , for the protein (see S t i er & Sackmann, 1973) 

may be more s ign i f i cant in determining the thermostabi l i ty 

of a prote in , ra ther than any bulk changes to membrane 
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phosphol ipids . T h i s might only be true ofcourse should 
the halo l ip ids be chemica l ly d i f f e r e n t from the bulk 
l i p i d . However, Raison and his c o - w o r k e r s c l a i m that 
the 'breaks ' seen in Arrhen ius plots of mitochondrial 
oxidation re f l e c t phase changes in membrane (bulk) 
l i p i d s , (Kumamoto et a l . , 1971). T h i s suggests that 
enzyme function (if not thermostab i l i ty ) is conditioned by 
the c h a r a c t e r i s t i c s of the bulk phospholipids. 

If the e s s e n t i a l thermostabi l i ty of s a r c o s o m a l 

function is determined, at l eas t in part , by the nature 

of the mitochondrial phosphol ipids , then three patterns 

ought to be demonstrable . These are : 1) Changes in 

phospholipid composit ion of sarcosomes with adult age, 

for Davison (1970) showed that both organismal and 

s a r c o s o m a l thermosens i t iv i ty changed d r a m a t i c a l l y during 

the f i r s t 10 days of age. 2) The time course of those 

changes in thermosens i t iv i ty are dependent upon 

maintenance temperature and so must be any changes in 

phospholipid composit ion. 3) Davison (1970) also showed 

organism heat death to be modified by a c c l i m a t i o n ; it 

ought therefore to be poss ible to e s tab l i sh temperature 

induced changes in s a r c o s o m a l phospholipid composit ion 

as the sarcosome provides a good model for organism 

heat death (Davison & Bowler , 1971). 
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Whilst this study has gone fur ther than that of 

Davison (1970) in attempting to pinpoint a pr imary 

l es ion in heat in jury in the b lowf ly , much work s t i l l 

r e m a i n s . In this d i s c u s s i o n poss ible future avenues 

of approach have been mentioned which might provide 

more c e n t r a l answers to the questions of what fac tors 

are involved in heat death, c e l l u l a r heat injury and 

r e s i s t a n c e a c c l i m a t i o n . It can be concluded that the 

work presented here in no way contradic t s the genera l 

hypothesis set out by Bowler et a l . , (1973) that c e l l u l a r 

heat injury (and therefore heat death) may wel l be 

re lated to the s tab i l i ty of l ipoprote in complexes . 
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