
15.8. 1976 Specialia 1029 

Table IV. Aphicidal effect of Hoe 25682 by topical application to 
adult apterous virgines 

Aphid strain Amount  of No. of ](ill Weighted 
Hoe 25682 aphids corrected average 
per aphid after Abbott  of % kill 
([xg. 10 3) (%) 

Aphis 0.01 97 24.74 
craccivora 0.015 124 57.25 

0.02 103 48.22 
0.025 84 78 
0.04 71 92.95 

A ulacorthum 0.025 84 43.9 
circum]Iexum 0.025 88 40.7 

0.033 40 57.76 
0.04 74 33.89 
0.04 110 77.99 
0.05 84 79.35 

Myzus persicae 0.02 81 8.64 
(susceptible) 0.05 87 45.08 

0.05 99 22.87 
0.05 47 39.53 
0.1 105 62.67 
0.i 63 78.89 

Myzus persicae 0.05 86 31.89 
(OP-resistant) 0.07 86 56.1 

0.1 102 73.6 

42.26 

60.2 / 

34.52 

j 68.75 

0.2 ~I of butanone solution applied with a microsyringe. Mortality 
was checked after 20 h. 
Mortality in the control never exceeded 14%, otherwise experiments 
were discarded. 

Table V. The toxicity of Hoe 25682 to adult apterous aphids 

Species LDs0 Slope of the 
(10 -a ~xg/mg regression line 
weight) 

A. craccivom 0.02 2.05 
A. circumflexum 0.04 1.86 
M. persicae (susceptible) 0.20 1.76 
M. persicae (OP-resistant) 0.21 1.98 

i n s e c t i c i d e  a p p e a r e d  o n  t h e  l ea f  s u r f a c e  ( T a b l e  I I t ) .  M o s t  
of  t h e  a p h i d s  we re  k i l l ed  o r  we re  a f f e c t e d  a n d  d r o p p e d  
o n  t h e  g r o u n d .  R e s u l t s  of  t h e  t o p i c a l  a p p l i c a t i o n  ex -  
p e r i m e n t  a r e  s h o w n  in  T a b l e s  I V  a n d  V in  t e r m s  of  L D  50. 

T h e  s y m p t o m s  of  i n t o x i c a t i o n  b y  H o e  25 682 in  a p h i d s  
w e r e  m u l t i f o l d  : 1. k n o c k d o w n  w a s  f o l l o w e d  b y  e x c i t a t i o n  
a n d  m o t o r  h y p e r a c t i v i t y .  2. T h e  a p h i d s  s h o w e d  s t u m b l i n g  
m o v e m e n t s .  3. A p h i d s  r e s p o n d e d  o n l y  f e e b l y  to  s t i m u l i  
( a d y n a m i c  p h a s e  12). 4. T h e y  c u l m i n a t e d  i n  d e a t h .  

T h e s e  r e s u l t s  w e r e  s i m i l a r  t o  t h o s e  o b s e r v e d  b y  
HOLTGRAWE la fo r  t h e  o r g a n o p h o s p h o r u s  c o m p o u n d  t r i a -  
z o p h o s ,  1 - p h e n y l - l . 2 . 4 - t r i a z o l y l - 3 - ( 0 . 0  d i e t h y l t h i o n o -  
p h o s p h a t e ) .  T h e  o n l y  e x c e p t i o n  w a s  t h e  o b s e r v a t i o n  of  
r e p e a t e d  s h o r t - t e r m  r e c o v e r y  in  a p h i d s ,  e s p e c i a l l y  in  
A.  craccivora, w h i c h  w e r e  e x p o s e d  t o  H o e  25 682. T h i s  
c a n  be  e x p l a i n e d  b y  t h e  r a p i d  m e t a b o l i c  d e s t r u c t i o n  of  
c a r b a m a t e s  ~4; h o w e v e r ,  r e c u r r i n g  p e n e t r a t i o n  of  t o x i c a n t  
wil l  f i n a l l y  ki l l  t h e  i n s e c t s .  
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Summary .  S p i r o s t o m u m  w a s  t r e a t e d  e x t r a c e l l u l a r l y  a n d  i n t r a c e l l u l a r l y  w i t h  a r a n g e  of  m e t a b o l i t e s  to  i n v e s t i g a t e  
t h e  i n t r a c e l l u l a r  r e g u l a t i o n  o f  cyc l i c  c a l c i u m  m o v e m e n t s .  T h e  r e s u l t s  i n d i c a t e  c lose  l i n k s  b e t w e e n  c a l c i u m  m o v e m e n t s  
a n d  m i t o c h o n d r i a l  m e t a b o l i s m .  

E x t e r n a l l y  a p p l i e d  p h a r m a c o d y n a m i c  s t i m u l i  m a y  
t r i g g e r  cyc l i c  m y o n e m a l  c o n t r a c t u r e s  in t h e  h e t e r o t r i c h  
c i l i a t e  Sp i ros tomum 2. S t u d i e s  w i t h  d e t e r g e n t - e x t r a c t e d  
cel l  m o d e l s  3, i n t r a c e l l u l a r  a e q u o r i n  l u m i n e s c e n c e  4 a n d  
C a E G T A / E G T A  b u f f e r  m i c r o i n j e c t i o n  5 c o n c u r  t h a t  
s t i m u l u s - c o n t r a c t u r e  c o u p l i n g  is t h r o u g h  a n  i n c r e a s e  in  
the c y t o p l a s m i c  f ree  C a  2+ c o n c e n t r a t i o n .  Although c o n -  
t r a c t i o n  a n d  r e - e x t e n s i o n  of  e x t r a c t e d  cel ls  d o e s  n o t  re-  
q u i r e  e x o g e n o u s  m e t a b o l i t e s  a, a n d  so  r e s e m b l e s  o t h e r  
m y o n e m a l  c o n t r a c t i l e  m e c h a n i s m s  6, t h e  role  of  n u c l e o t i d e  
p h o s p h a t e  in  v i v o  r e m a i n s  u n c l e a r L  B e c a u s e  Ca  2+ to  
t r i g g e r  c o n t r a c t u r e  is r e l e a s e d  f r o m  i n t r a c e l l u l a r  s t o r e s ,  
n o t  d e r i v e d  e x t r a c e l l u l a r l y  ~, a n d  b e c a u s e  t h e  r e l ea se  is 
n o t  m e d i a t e d  b y  cell  s u r f a c e  m e m b r a n e  d e p o l a r i z a t i o n  5, s, 

1 We are grateful to Dr. A. GAUDEMAR, Inst i tut  de Chimie des Sub- 
stances NaturelIe, Gif-sur-Yvette, France for a gift of bongkrekie 
acid, to Dr. D. C. ALDRIDGE, Biochemistry Dept., I. C. I. Ltd., 
Macclesfield, U. K. for a gift of avenceolide and to E. M. •TTIENNE 
for many  hours of discussion. Dr. R. B. HAWKES is a Visiting 
Research Fellow at the Hebrew University of Jerusalem. 
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Spirostomum is well  s u i t ed  to  t h e  s t u d y  of n o n e l e c t r o g e n i c  
p h a r m a c o d y n a m i c  coup l i ng  t h r o u g h  i n t r ace l l u l a r  Ca 2+ 
release.  I n  t h i s  s t u d y  we  h a v e  m i c r o i n j e c t e d  n o r m a l  cell 
m e t a b o l i t e s  i n t r ace l l u l a r l y  in to  Spirostomum t o  inves t i -  
ga te  i n t e r a c t i o n s  b e t w e e n  m e t a b o l i s m  a n d  in t r ace l lu t a r  
Ca ~+ m o v e m e n t s .  

Materials and methods. Spirostomum ambiguum were  
c u l t u r e d  a t  20~ in 2 m M  KC1, 0.5 m M  NaC1 a n d  0 . 5 m M  
CaC12 in dist i l led w a t e r .  W h e a t  g ra ins  were  a d d e d  to  
s u p p o r t  t h e  b a c t e r i a l  f lora  on  w h i c h  Spirostomum feeds. 
T h e  r e s p o n s e  of Spirostomum t o  e x t r a c e l l u l a r l y  ad-  
m i n i s t e r e d  c o m p o u n d s  is v e r y  va r iab le ,  even  w i t h i n  cells 
of t h e  s a m e  clone.  W e  o b t a i n  r e p e a t a b l e  r e su l t s  w h e n  
cells are  s u b c u l t u r e d  e v e r y  2 d a y s  a n d  t h e n  lef t  o v e r n i g h t  
in f resh  m e d i u m  w i t h o u t  food  o r g a n i s m s .  I t  is n o t  k n o w n  
w h e t h e r  in jec ted  cells are  s imi l a r ly  va r i ab l e :  all cells u sed  
in t h e  p r e s e n t  s t u d y  were  c u l t u r e d  as above .  

T h e  a p p a r a t u s  for  m i c r o i n j e c t i o n  h a s  b e e n  desc r ibed  
be fore  9. Glass  m i c r o p i p e t t e s  w i t h  t ip  d i a m e t e r s  3-6  ~xm 
were  used  t h r o u g h o u t .  Cells we re  i m m o b i l i z e d  for  mic ro -  
in j ec t ion  w i t h  4 %  ge la t in  in cu l t u r e  m e d i u m ,  w h i c h  
r e s t r i c t ed  l o c o m o t i o n  whi le  p e r m i t t i n g  c o n t r a c t u r e s  to  be  
obse rved .  All  c o m p o u n d s  were  d i ssoIved  in c u l t u r e  
m e d i u m  a n d  neu t r a l i zed .  All so lu t ions  were  m e m b r a n e  
f i l tered be fore  use.  T h e  v o l u m e  m i c r o i n j e c t e d  cou ld  n o t  be  
con t ro l l ed  p rec i se ly  b u t  w a s  in t h e  r a n g e  5 - 1 0 %  of cell 
v o l u m e  : t h e  ac t ive  i n t r ace l l u l a r  c o n c e n t r a t i o n  m a y  t he r e -  
fore h a v e  b e e n  10 20 t i m e s  less t h a n  t h e  c o n c e n t r a t i o n  
in jected.  A r t i f a c t u a l  c o n t r a c t u r e s  a s soc ia ted  e i t he r  w i t h  
cell d a m a g e  or  m e c h a n i c a l  s t i m u l a t i o n  d u r i n g  m a n i -  

p u l a t i o n  were  r ea d i l y  d i s t i n g u i s h e d  a n d  d i s c o u n t e d .  P ro -  
v ided  t h a t  des s i ca t ion  of t h e  p r e p a r a t i o n  w a s  avoided,  
success fu l ly  in j ec ted  cells sti l l  s h o w e d  c i l iary  a c t i v i t y  
a n d  m y o n e m a l  c o n t r a c t u r e s  in r e p o n s e  to  m e c h a n i c a l  
s t i m u l a t i o n  a t  l eas t  30 m i n  pos t - i n j ec t i on .  

Results and discussion. T h e  a i m  of t h i s  s t u d y  w a s  to  
i den t i f y  c o m p o u n d s  ac t ive  in e l ic i t ing cyclic m y o n e m a l  
c o n t r a c t u r e s  f r o m  Spirostomum. A f t e r  SLEIGH 2, w e  h a v e  
a d o p t e d  c o n t r a c t u r e  f r e q u e n c y  as a m e a s u r e  of eff icacy,  
e x p r e s s i n g  t h e  r e su l t s  as t h e  n u m b e r  of c o n t r a c t u r e s  
d u r i n g  the  f i r s t  m i n u t e  pos t - i n j ec t i on .  Th i s  w a s  u s u a l l y  
also t h e  t o t a l  n u m b e r  of c o n t r a c t u r e s .  To  def ine  an  ac t ive  
c o m p o u n d ,  t h e  f r equenc i e s  o b t a i n e d  e x p e r i m e n t a l l y ,  
m a n y  of w h i c h  are  l i s ted  in t h e  Table ,  were  pooled.  The  
f r e q u e n c y  d i s t r i b u t i o n  o b t a i n e d  w a s  c lea r ly  b i m o d a l  w i t h  
m o d e s  a t  0.4 a n d  4.1 c o n t r a c t u r e s  m i n  -~. W e  h a v e  the re -  
fore o p e r a t i o n a l l y  def ined  ac t ive  c o m p o u n d s  as  t h o s e  
t r i g g e r i n g  m o r e  t h a n  3.0 c o n t r a c t u r e s  ra in  -~, i nac t ive  
c o m p o u n d s  as  t h o s e  t r i g g e r i n g  less t h a n  1.5 c o n t r a c t u r e s  
m i n  -1. C o m p o u n d s  ac t ive  e x t r a c e l l u l a r l y  were  def ined  as  
t h o s e  el ic i t ing m o r e  t h a n  20 c o n t r a c t u r e s  in t h e  f i r s t  
10 mil l  app l i ca t ion ,  i nac t ive  c o m p o u n d s  elicit  less t h a n  5 
c o n t r a c t u r e s  d u r i n g  t h e  s a m e  in te rva l .  

9 JR. B. HAWKES and D. V. HOLBERTON, Expl Cell Res. 78, 481 
(1973). 

The results of inicroinjection into Spirostomum 

Active 

Oxidized gluthathione 4.3 (26) 
+10 -2 M amytal 4.1 (18) 
+10 5 M atractylate 4.6 (16) 

c~ Ketoglutarate 3.9 (20) 
+10 2 M amytal 4.4 (20) 

L-glutamate 4.1 (17) 
+10 5 M avenceolide 4.0 (20) 
+10 2 M methyl glutamate 4.4 (20) 
q 10 -2 M amytaI 3.7 (20) 

Succinate 4.0 (18) 
q-10 -5 M oligomycin 4.5 (15) 
+ 10 -5 M atractylate 4.1 (25) 
+10 2 M amytal 0.3 (20) 
+10 a M KCN 4.4 (30) ~ 

/~-Hydroxybutyrate 3.9 (25) 
+10 -2 M amytal 4.1 (30) 

Phosphoenolpyruvate 4.7 (20) 
+10 5 M atractyloside 0.66 (20) 

Adenosine 5'-diphosphate 5.5 (30) 
+ 10 -5 M oligomycin 4.5 (20) 
+10 2 M arnytal 5.5 (21) 
+10 -a M bongkrekic acid 0.61 (18) 
+10 -5 M atractyloside 0.71 (26) 

Guanosine 5'-diphosphate 3.2 (20) 
10 -4 M Phenazine methosulphate 4.2 (20) ~,b 
+10 2 M amytal 0.31 (20) 

10 -6 M Menadione 4.7 {20) 
+10 .3 M alnytal 0.80 (20) 

Inactive 

Cysteine-glutathione 0.61 (20) 
Reduced glutathione 0.38 (20)a 
Pyruvate 0.28 (25) 
Acetoacetate 0.45 (16) 
Oxalacetate 0.29 (17) 
~-Glycerophosphate 0.39 (24) 
Isocitrate 0.60 (20) 
Malate 0.76 (20) 
Malonate 0.31 (18) 
z-glutamine 0.22 (20} 
Dihydroxyacetonephosphate 0.80 (20) 
Coenzyme A 0.46 (21) 
Palmitoyl CoA 0.50 (20) 
10 -3 M Methyl glutamate 0.44 {20} 
10 2 M Ainytal 0.16 (20} 
10 -5 M Bongkrekic acid 0.4 (15) 
10 5 M Avenceolide 0.6 (20) 
10 -a M Oligomycin 0,15 (181 
10 5 M Atractyloside 0.24 (16) 
3 • 10 4 M ruthenium red 0.47 {24) 
KCN 0.46 (20) ~ 
10 .2 M NAD 0.18 (20) 
10 -3 M NADH 0.31 (20) 
10 2 M NADP 0.36 (20) 
10 .3 M NADPH 0.22 (20} 
Adenosine 5'-triphosphate 0.88 (16) 
Guanosine 5"-triphosphate 0.72 (20) 
Inosine 5'-diphosphate 0.55 (15) 
Adenosine monophosphate 0.90 (15) 
Adenosine-Y, Y-cyclic monophosphate 1.05 (20) 
culture n~edium 0.13 (23) 

Compounds are classified as either active or inactive as described in 
the text. Activities are expressed as the mean number of eontractures 
elicited in the first nfinute post-injection. The sample size in each 
case is given in parenthesis. Unless stated, the concentration micro- 
injected was 10 .3 M. 

Active extracellularly: all others were active only when micro- 
injected. 

b Gave a single irreversible contracture at 10 3 M. 
o Microinjected after 5-10 rain in gelatin plus 10 -a M KCN. 
a Microinjected together with 10 mM sodium borhydride. 
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W h e n  t he  resu l t s  of ex t race l lu la r  a n d  in t race l lu la r  
app l i ca t i on  are compared ,  each  c o m p o u n d  can  be p laced 
in to  one of t h r ee  genera l  classes, ac t ive  b o t h  ex t race l -  
lularly,  and  w h e n  micro in jec ted ,  ac t ive  on ly  w h e n  micro-  
in j ec ted  and  a lways  inac t ive .  No c o m p o u n d  ac t ive  ex t ra -  
ce l lu lar ly  was inac t ive  w h e n  micro in jec ted .  W e  therefore  
f ind no ev idence  of a cell surface m e d i a t e d  coupl ing  
mechan i sm,  a n d  in 8 of 10 cases ac t ion  m u s t  be i n t r a -  
cellular.  In  those  cases where  a c t i v i t y  was b o t h  ex t ra -  
cel lular  a n d  in t race l lu lar ,  d rug  ac t ion  a t  the  cell surface 
c a n n o t  be exc luded  because  t he  in jec ted  c o m p o u n d  m a y  
on ly  ac t  a f te r  d i f fus ing ou t  f rom t he  cell. 

To iden t i fy  more  precise ly  the  in t r ace l tu la r  s i tes  of 
d rug  act ion,  me tabo l i c  i nh ib i to r s  were in jec ted  a long 
w i t h  ac t ive  mate r ia l s .  A c a u t i o n a r y  no te  should  be sound-  
ed a b o u t  the  i n t e r p r e t a t i o n  of such  results .  For  some in- 
h ib i tors ,  we h a v e  d e m o n s t r a t e d  b o t h  pos i t ive  and  nega t ive  
controls ,  for example  a m y t a l  b locks  succ ina te  b u t  no t  
g l u t a m a t e  ac t iv i ty .  A l t h o u g h  k ine t ic  differences could 
u n d e r l y  such d is t inc t ions ,  for example  g l u t a m a t e  m a y  ac t  
fas te r  t h a n  succ ina te  and  so avo id  inh ib i t ion ,  i t  is more  
p laus ib le  t h a t  such  resul t s  ref lect  u n d e r l y i n g  differences 
in  s i tes  of ac t ion  b e t w e e n  ac t ive  compounds ,  and  we h a v e  
i n t e r p r e t e d  t h e m  accordingly .  O t h e r  inh ib i tors ,  for 
i n s t ance  avenceol ide  and  KCN, gave  on ly  nega t ive  re- 
suits.  E v e n  t h o u g h  such  resu l t s  m a y  be s ignif icant ,  
n u m e r o u s  e x p l a n a t i o n s  are a lways  possible a n d  g rea t  
cau t ion  m u s t  be exercised in t he i r  i n t e r p r e t a t i o n .  

A wide range  of cell m e t abo l i t e s  were mic ro in jec ted  
b u t  on ly  e igh t  t r iggered  cycl ic i ty:  adenos ine  5 ' -d iphos-  
p h a t e  (ADP), guanos ine  5 ' - d i phos pha t e  (GDP),  phos-  
p h o e n o l p y r u v a t e  (PEP) ,  succinate ,  L-g lu tamate ,  /%hydro- 
x y b u t y r a t e ,  a - k e t o g l u t a r a t e  and  oxidized g lu ta th ione .  

Of t he  nuc leo t ide  p h o s p h a t e s  tes ted ,  on ly  A D P  and  
G D P  p roved  act ive.  W h e n  A D P  was s tud ied  in more  de- 
tail ,  i t  was found  t h a t  a c t i v i t y  was abol i shed  b y  t he  in- 
c lusion of e i the r  10 -5 M a t rac ty los ide  or 10 -s M bong-  
krekic  acid. Ne i t he r  i n h i b i t o r  b locked  oxidized g lu ta-  
t h i o n e  or succ ina te  ac t iv i ty .  B o t h  a t r a c t y l a t e  and  bong-  
k r eka t e  are ve ry  specific i nh ib i to r s  of m i t o c h o n d r i a l  
aden ine  nuc leo t ide  t r ans locase  *0, so i t  seems t h a t  A D P  
ac ts  i n t r a m i t o c h o n d r i a l l y .  I t  is i n t e re s t ing  t h a t  P E P  
a c t i v i t y  is l ikewise sens i t ive  to  a t r a c t y l a t e  and  p re sum-  
ab ly  therefore  also ac ts  i n t r a m i t o c h o n d r i a l l y  because  in 
v i t ro  P E P  can  discharge  s tored  Ca 2+ f rom m i t o c h o n -  
dr ia  n.  In  v i t ro  i t  appea r s  t h a t  i t  is t he  P E P - a d e n i n e  
nuc leo t ide  exchange  (possibly P E P - a d e n o s i n e  5 ' - t r iphos-  
pha te )  which  releases Ca2+ r a t h e r  t h a n  P E P  u p t a k e  pe r  
se 12. Th i s  be ing  t he  case, i t  is p laus ib le  t h a t  a s u d d e n  rise 
in  cytosol ic  A D P  or G D P  m i g h t  h a v e  a s imi lar  t r a n s i e n t  
effect.  I t  m u s t  be  recalled,  however ,  t h a t  A D P  app l i ca t ion  
does no t  release Ca 2+ f rom m i t o c h o n d r i a  in  vi t ro.  

Succ ina te  is also a p p a r e n t l y  ac t ive  i n t r a m i t o c h o n -  
d r ia l ly  because  i ts  ac t ion  is a m y t a l  sensi t ive,  imp ly ing  
t h e  i n v o l v e m e n t  of reverse  e lec t ron  flow t h r o u g h  mi to-  
chondr i a l  comp lex  1 la. Succ ina te  a c t i v i t y  was no t  
abol i shed  b y  KCN, b u t  n e i t h e r  has  cyan ide  been  shown  
to  ac t  pos i t ive ly  in th i s  sys tem.  However ,  because  t he  
ex t race l lu la r  app l i ca t i on  of 10 -4 M KCN resul t s  in  loss 
of c i l iary bea t i ng  an d  slow revers ion  to  t he  c o n t r a c t e d  
m o r p h o l o g y  x4, t he  c o n t i n u e d  succ ina te  a c t i v i t y  in t he  
presence  of b o t h  ex t race l lu la r  a n d  mic ro in jec ted  KCN 
m a y  be s ignif icant .  Aga in  i t  should  be  recal led t h a t  s t e a d y  
s t a t e  succ ina te  has  no t  been  shown  to p o t e n t i a t e  mi to -  
chondr i a l  Ca 2+ release in vi t ro .  

These  resul ts  sugges t  t h a t  cyclic m y o n e m a l  con t rac -  
tu res  and  t h u s  cyclic Ca 2+ m o v e m e n t s  m a y  be closely 
l inked  to  m i t o c h o n d r i a l  me tabo l i sm.  This  is ful ly sup-  
p o r t e d  b y  t he  ac t iv i t i e s  of cr  and  / / -hydro-  
x y b u t y r a t e ,  especial ly  as the  on ly  k n o w n  m e t a b o l i s m  of 

f l - h y d r o x y b u t y r a t e  is i n t r a m i t o c h o n d r i a l .  To assign sites 
of ac t ion  to  t h e  o the r  two metabo l i t e s ,  L -g lu tamate  and  
oxidized g lu t a th ione ,  is more  difficult .  

To t e s t  t he  poss ib i l i ty  t h a t  g l u t a m a t e  acts  i n t r a m i t o -  
chondr ia l ly ,  2 i nh ib i to r s  of m i t o c h o n d r i a l  g l u t a m a t e  
t r anspo r t ,  y - m e t h y l  g l u t a m a t e l ~  a n d  avenceo l ide lS  were 
in jected.  N e i t h e r  b locked  g l u t a m a t e  cycl ic i ty  which  
implies,  t a k e n  a t  face value,  t h a t  g l u t a m a t e  acts  cyto-  
solically. However ,  as these  inh ib i to r s  h a v e  no pos i t ive  
controls ,  i t  m a y  s imply  be t h a t  b o t h  are inac t ive  or in- 
eff icient  here.  Cytosolic g l u t a m a t e  ac t ion  need not  
p rec lude  m i t o c h o n d r i a l  i n v o l v e m e n t ;  ac t ion  could be 
t h r o u g h  c~-ketoglutarate synthes is .  

Oxidized  g l n t a t h i o n e  is l ikewise equivocal .  E n z y m i c  
ac t ion  is suggested  because  the  slowly me tabo l i zed  
ana logue  cys t e ine -g lu t a th ione  is inact ive ,  Oxidized g lu ta -  
th ione  m a y  be  reduced  b o t h  cytosol ica l ly  and  i n t r a m i t o -  
chondr ia l ly .  W h e n  micro in jec ted ,  ne i t he r  N A D P  nor  re- 
duced  g l u t a t h i o n e  is act ive.  Therefore  we suggest  e i the r  
t h a t  oxidized g l u t a t h i o n e  ac ts  to deple te  cytosol ic  
N A D P H  or t h a t  i t  ac ts  i n t r ami tochondr i a l l y .  I n  the  
l a t t e r  case, t he  g l u t a t h i o n e  dehydrogenase  reac t ion  
p roduc t s  would  be ineffec t ive  w h e n  micro in jec ted  be- 
cause m i t o c h o n d r i a  are pe rmeab le  to  nei ther .  

In  a d d i t i o n  to n o r m a l  me tabo l i t e s  t h a t  are act ive,  2 
ac t ive  non -me tabo I i t e s  are r epo r t ed  here,  phenaz ine  
m e t h o s u l p h a t e  a n d  menad ione ,  b o t h  wel l -known as 
e lec t ron  acceptors  f rom complex  1. B o t h  ac t ions  are 
a m y t a l  sensi t ive,  aga in  po in t i ng  to mi tochondr i a l  in- 
vo lvemen t .  

The  l inks descr ibed be tween  m i t o c h o n d r i a l  m e t a -  
bol i sm and  cyclic m o v e m e n t s  of in t r ace l lu la r  Ca 2+ in 
Spizostomum m a k e  i t  p laus ib le  t h a t  m i t o c h o n d r i a l  Ca ~+ 
s torage  is a c t i ve ly  invo lved ;  b u t  no l ink  has  been  ex- 
pl ic i t ly  d e m o n s t r a t e d .  R u t h e n i u m  red, c o m m o n l y  used 
to b lock  m i t o c h o n d r i a l  Ca ~+ m o v e m e n t s ,  does no t  induce  
cycl ici ty b u t  a t  10 -3 M i t  p roduces  i r revers ib le  cell 
con t r ac tu re .  The  resul ts  are all  c o m p a t i b l e  w i t h  d rug  
ac t ions  v ia  complex  1, used in the  wides t  sense to in- 
c lude m i t o c h o n d r i a l  p h o s p h a t e  po ten t i a l ,  N A D P H  oxi- 
d a t i o n  a n d  t r a n s h y d r o g e n a s e  a c t i v i t y  1~. The  ways  in 
which  complex  1 m i g h t  m o d u l a t e  m i t o c h o n d r i a l  Ca ~+ 
h a n d l i n g  are p r e sen t l y  u n d e r  inves t iga t ion .  
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