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of t h e  a c t i v i t y  as w i t h  T r i t o n  X-100 a n d  succ ina te -  
c y t o c h r o m e  c - reduc tase  or as w i t h  SDS a n d  N A D H -  
c y t o c h r o m e  c- reductase)  or t h e y  af fec t  t he  cor rec t  al ign-  
m e n t  of t he  e n z y m e  w i t h i n  t he  comple t e  e lec t ron  t r ans -  
p o r t  sys tem:  

I n  t he  presence  of DOC or T r i t o n  X-100  , f u r t he r  
i n a c t i v a t i o n  b e y o n d  t h e  degree o b t a i n e d  b y  t h e  d e t e r g e n t  
c o n c e n t r a t i o n  emp loyed  proceeds  v e r y  s lowly a n d  t h e  
s t i m u l a t e d  ac t iv i t i es  are p rac t i ca l ly  s tab le  ~, 3. I n  con t ras t ,  
samples  c o n t a i n i n g  SDS become  increas ing ly  i nac t i va t ed .  
W i t h  a d e t e r g e n t / m e m b r a n e  p r o t e i n  r a t io  of 0.18 t he  
ac t iv i t i es  of t h e  F igure  (which r e m a i n  u n c h a n g e d  for 
15 rain) become  i n a c t i v a t e d  w i t h i n  " 3 h :  N A D H - c y t o -  
ch rome  c - reduc tase  b y  25%,  s u c c i n a t e - c y t o c h r o m e  c-re- 
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The effect of SDS on (1) NADH- and (2) succinate-eytoehrome 
e-reduetase and on (3) NADH oxidase of the electron transport 
particulate fraction of R. rubrum. SDS was added in the cold to 
electron transport particles (4.2 mg protein/ml) to obtain the 
desired detergent/membrane protein ratio. After 15 min at 0~ 
activity was determined. 

Inactivation of electron transport enzymes by SDS 

mg SDS/ 
ing protein 
(min at 20 ~ 

Inactivation (%) 

NADH- Succinate- NADH Succinate 
cyto- cyto- dehydro- dehydro- 
reductase reduetase genase genase 

(DCPIP) 

0.18 (10) 50 90 12 < 5  
0.36 (10) 90 >95  35 < 5  
0.72 (lo) - - 60 12 
0.72 (30) - - 85 32 

SDS was added to electron transport particles (4.2 mg protein/m1) 
at 20 ~ and activities were determined after the stated time intervals. 
The values of the 30 min incubation were corrected for a slight 
inactivation without SDS. 

duc t a se  b y  75% a n d  N A D H  oxidase  b y  80%.  A t t e m p t s  
to  min imize  th i s  i n a c t i v a t i o n  b y  d ia lyz ing  t he  samples  
(3 and  6 h aga ins t  f r equen t  changes  of 0 . 0 5 M  p h o s p h a t e  
buf fe r  p H  7.5 in t he  cold) h a d  no  effect, i n d i c a t i n g  a n  
a p p a r e n t  f i rm b o n d i n g  of t h e  d e t e r g e n t  w i t h  t he  m e m -  
branes .  

The  d i f fe ren t  s t i m u l a t i o n - i n a c t i v a t i o n  b e h a v i o u r  bf 
N A D H -  and  succ ina t e - cy toch rome  c - reduc tase  in  t he  
presence  of T r i t o n  X-100 and  SDS,  besides  i nd i ca t i ng  
d i f fe ren t  modes  of ac t ion  of the  2 de te rgen ts ,  f avours  t he  
idea t h a t  these  effects are exer ted  on  t h a t  p a r t  of t he  
e lec t ron  t r a n s p o r t  s y s t e m  where  2 d i s t i nc t  p a t h w a y s  
ex is t :  N A D H  --~ Coenzyme Q a n d  succ ina te  --> Coenzyme 
Q. Howeve r  n e i t h e r  is NADI-t  d e h y d r o g e n a s e  (DCPIP)  
s t i m u l a t e d  nor  does succ ina te  dehyd rogenase  (phenaz ine  
m e t h o s u l f a t e - D C P I P  assay) become  i n a c t i v a t e d  b y  
a p p r o p r i a t e  concen t r a t i ons  of SDS. Only  m u c h  h ighe r  
d e t e r g e n t / m e m b r a n e  p ro t e in  ra t ios  would  af fec t  these  
act ivi t ies .  Because  of t he  increas ing  inso lub i l i ty  of SDS 
a t  0 ~ t h e  e x p e r i m e n t s  were car r ied  ou t  a t  20 ~ where  
i nac t i va t i on ,  as to  be  expected ,  is more  i n t ens ive  (see 
N A D H -  a n d  s u c c i n a t e - c y t o c h r o m e  c - reduc tase  in  t he  
F igure  a n d  in t he  Table) .  The  va lues  of t he  Tab le  d e m o n -  
s t r a t e  t h a t  succ ina te  d e h y d r o g e n a s e  is even  less sens i t ive  
to  SDS t h a n  N A D H  dehydrogenase .  P r o v i d e d  t h a t  t he  
d e t e r m i n a t i o n s  of t he  2 ac t iv i t i es  w i t h  t h e  ar t i f ic ia l  
e lec t ron  acceptors  h a v e  physio logica l  s ignif icance,  th i s  
seems to exc lude  a d i rec t  inf luence  of t h e  d e t e r g e n t  on  
t he  two f l avopro te ins  of t h i s  p a r t  of t he  e lec t ron  t r a n s p o r t  
sys tem.  Glycerol  or sucrose (0 .5M) w h i c h  h a v e  in some 
ins tances  been  found  to  s tabi l ize  e n z y m a t i c  ac t iv i t i e s  in  
t h e  p resence  of de t e rgen t s  7 fai led to  show a n y  p r o t e c t i o n  
of N A D H -  a n d  succ ina te  dehydrogenase .  

Zusammen/assung. SDS h a t  die gleiche solubi l i s ierende 
~vVirkung auf  das  M e m b r a n s y s t e m  v o n  Rhodospirillum 
rubrurn wie D OC u n d  T r i t o n  X-100. N A D H -  u n d  Succ ina t -  
C y t o c h r o m - c - R e d u k t a s e  des pa r t iku l / i r en  E l e k t r o n e n -  
t r a n s p o r t s y s t e m s  zeigen in G e g e n w a r t  yon  SDS jedoch  
ein sowohl  yon  DOC als auch  yon  T r i t o n  X-100 verschie-  
denes  A k t i v i e r u n g s - I n a k t i v i e r u n g s v e r h a l t e n .  E ine  d i rek te  
W i r k u n g  yon  SDS auf  die be iden  F l a v o p r o t e i n e  N A D k I -  
u n d  S u c c i n a t - D e h y d r o g e n a s e  i m  g e t r e n n t e n  Anfangs-  
be re ich  der  E l e k t r o n e n t r a n s p o r t k e t t e  is t  u n w a h r s c h e i n -  
lich. 
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Electrical  M e m b r a n e  Constants  of Sartor ius  Muscle  Fibers  f r o m  the South A m e r i c a n  Frog,  Lepto- 
dactylus ocellatus 

2VIaterials and melhods. Sar to r ius  muscles  were dis- 
sected and  m o u n t e d  as p rev ious ly  described~.  The  t em-  
p e r a t u r e  in  t h e  ne rve -musc l e  c h a m b e r  was k e p t  a t  25 ~ 
B a t h i n g  so lu t ions  were p r e p a r e d  b y  a d d i n g  2.5 m M  of 
KC1 or CsC1 pe r  1 to  s t a n d a r d  K-free  R i n g e r  (112 m2kr 

NaC1; 1.89 m M  CaCI~, 2.5 m M  Na2HPO4;  0.5 m M  
NaH2PO4;  p i t  7.2). The  osmolar i t ies  of all so lu t ions  
were checked  cryoscopical ly .  E a c h  n u m b e r  g iven  below 
for m e m b r a n e  p o t e n t i a l  r ep resen t s  a n  ave rage  over  
m e a s u r e m e n t s  on 40 i n d i v i d u a l  muscle  fibers. 
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Membrane electrical parameters : Leptodactylus ocelIatus, sartorius muscle 

LXPERIENTIA 26/9 

Parameter (symbol) and units Value in : 

KR CsR 

Difference 

% 

Significance 

Membrane potential (V), reVolts 87.8 4- 0.8 
Length constant (~), mm 1.18 • 0.06 
Total effective resistance (~b), k-ohms 294 4- 16 
Fiber diameter (d), microns 80.0 4- 3.0 
Specific membrane resistance (R,~), k-ohms-cm e 1.74 4- 0.16 
Time constant (T~,), msec 15.4 4- 0.7 
Membrane capacitance (C~), ~xfd/cm ~ 8.8 4- 0.9 
Total No. of measurements 40 

87.7 4- 1.0 
1.09 4- 0.05 

346 4- 21 
70.8 4- 3.8 

1.68 4- 0.10 
17.2 4- 0.4 
10.2 4- O.9 
40 

0 
- - 8  
+15 
--12 
- - 4  
+ i t  
+ 16 

none 
0.001 
0.001 
0.001 
0.001 
0.001 0.001 

Ill the last column is listed the calculated level of t-test significance of each difference. 

Microelect rodes  filled w i t h  3 M  KC1 and  h a v i n g  a 
res i s tance  be tween  10 and  12 m e g o h m  were used. 2 micro-  
electrodes,  one for c u r r e n t  app l i ca t i on  and  t h e  o the r  for 
record ing  t he  m e m b r a n e  p o t e n t i a l  were i n se r t ed  in a n  
end-p la t e  region Of t he  muscle  fiber. The  c r i te r ia  of 
HUBBARD 2 for m i n i m a l  d a m a g e  to t h e  f iber  m e m b r a n e  
b y  i m p a l e m e n t  w i t h  t he  microe lec t rodes  were observed .  
4 inser t ions  were m a d e  in each  fiber, one for t he  record ing  
microelect rode,  t he  o thers  for t h e  cu r r en t -mic roe l ec t rode  
a t  40, 400 and  1200 mic rons  f rom it. All mic roe lec t rode  
pos i t ions  were a t  leas t  1000 mic rons  a w a y  f rom moto r -  
end-p la tes  a n d  f rom t he  ends  of t he  fibers. 

The  appl ied  c u r r e n t  and  t he  m e m b r a n e  p o t e n t i a l  were 
recorded  us ing  un i t  ga in  mic roe lec t rode  p reampl i f i e r s  
(Bak  S t a n d a r d  W i d e  B a n d  E l e c t r o m e t r i c  Amplif iers)  
and  a s lave oscilloscope sys t em (Bioelectr ic  I n s t r u m e n t s ,  
Inc. ,  USA).  M e m b r a n e  p o t e n t i a l  was  m e a s u r e d  before  
a n d  a t  t he  end  of a 200 msec c u r r e n t  pulse  b y  wh ich  
t i m e  i t  h a d  r eached  a s t e a d y  s t a t e  in  eve ry  case. 

The  v o l t a g e - c u r r e n t  re la t ion,  for assessing t he  l inea r i ty  
of t he  sys tem,  was t h e n  o b t a i n e d  b y  plot~dng t he  m e a s u r e d  
p o t e n t i a l  change  aga ins t  t he  appl ied  r e c t a n g u l a r  c u r r e n t  
pulse a m p l i t u d e  (Figure).  The  re l a t ionsh ip  is c lear ly  l inear  
to  a h igh  degree. 

M e m b r a n e  c o n s t a n t s  were d e t e r m i n e d  fol lowing t he  
genera l  m e t h o d  of FATT and  KATZ a. Calcula t ions  were 
based  on HODGKIN a n d  RUSHTON'S 4 analysis ,  w i t h  t he  
modi f i ca t ions  necessa ry  for in t r ace l lu la r  microelect rodes .  
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Voltage current relationships for muscle cell membrane in potassium 
ringer (KR) and cesium ringer (CsR). Electrode separation 60 F-- 

Results and discussion. The  Tab le  s u m m a r i z e s  the  m e a n  
va lues  d e t e r m i n e d  for t he  var ious  m e m b r a n e  p a r a m e t e r s  
in  the  2 solut ions .  I t  appea r s  t h a t  t h e  m o s t  s ign i f ican t  
di f ference on  going f rom p o t a s s i u m  to ces ium Ringe r  is in  
cell size, as i nd ica t ed  b y  f iber  d iamete r .  Sa r to r ius  muscle  
f ibers  in 2.5 m M  ces ium Ringe r  are  12% smal le r  in  
d i a m e t e r  t h a n  in 2.5 m M  p o t a s s i u m  Ringer .  Th i s  change,  
coupled  w i t h  t he  co r re spond ing  increase  in t o t a l  effect ive 
m e m b r a n e  res is tance,  accoun t s  for  t he  smal l  change  in 
specific m e m b r a n e  res i s tance  (Rm). Specific m e m b r a n e  
capac i t ance  (Cm) increases  s ignif icant ly ,  however , '  and  
accoun t s  for t he  co r r e spond ing  increase  in t i m e  c o n s t a n t  
and  decrease  in  l eng th  c o n s t a n t  seen in t he  tab le .  

The  resul t s  for p o t a s s i u m  R i n g e r  l i s ted  here  for Lepto- 
dactylus oeellatus are  in  sa t i s fac to ry  a g r e e m e n t  w i t h  those  
r epo r t ed  b y  HUBBARD ~ for t he  E u r o p e a n  frog, Rana 
temporaria 6. 

Rdsumd. Les c o n s t a n t e s  61ectriques de la  m e m b r a n e  
d u m .  sar tor ius ,  de la grenoui l le  sudam~r ica ine ,  Lepto- 
dactylus ocellatus, on t  6t6 mesur6es.  Les r~sul ta t s  pou r  les 
cellules, dans  du R inge r  n o r m a l  (2.5 m M  potass ium) ,  
s ' a cco rden t  avec  ceux de HUBBARD pour  Rana temporaria. 
E n  2.5 m M  ces ium Ringer ,  une  d i m i n u t i o n  de d i am~t re  
de 12% et  une  a u g m e n t a t i o n  de 16% de la capac i t6  de 
la m e m b r a n e  on t  6t6 observ6es.  
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