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EluUonsverlauf des durch Pronase freigesetzten Enzyms an Sepha- 
dex G-50. Fraktionierung des Uberstandes vom Gesamthomogenat 
nach Zentrifugation bet 65000 • g/25 rain. Eluiert mit 0,05M Tris- 
HCl-Puffer pFI7,0; 5 inl-Fraktionen. Durchgezogene Linie zeigt 
den Verlauf der Proteinelution, durchbrochene Linie gibt die Neu- 
raminidase-Aktivitfit an. Ordinate links: Extinktion des Proteins, 
bestimmt nach LOWRY ~~ Ordinate rechts: freigesetzte Menge 
N-Acetylneuraminsfiure (NANS), bestimmt nach AMINOFF 11 und 
bezogen auf den Neuraminsfiuregehalt des Substrates. Als Substrat 
diente ein gereinigtes und dialysiertes Gangliosidgemisch mit 16% 
N-Acetylneuramins~ture. 

A m m o n s u l f a t f r a k t i o n  wurde  bis  zur  Dre iv i e r t e l s~ t t i gung  
m i t  k r i s ta l l i s i e r tem A m m o n s u l f a t  verse tz t .  Das  S e d i m e n t  
wurde  in  5 ml  0 . 2 M  K - A c e t a t p u f f e r  (pH 4.3) gel6st  u n d  
ebenfa l ls  16 h lang  bet  4~ gegen 0 . 2 M  K - A c e t a t p u f f e r  
(pH 4.3) d ia lys ier t .  Die d ia lys ie r t en  P ro t e in l6 sungen  wur-  
den  in i n s g e s a m t  6 m l  0 . 2 M  K - A c e t a t p u f f e r  (pH 4.3) 
suspendier t .  Jeweils  1 ml  dieser  L 6 s n n g e n  wurde  zu 1 m g  
Gangl ios id  h inzugegeben .  N a c h  zweis t i indiger  I n k u b a t i o n  
bet  37 ~ b e s t i m m t e n  wir  die f re igesetz te  Menge N-Acety l -  
neuramins~Lure in 0.2 m l - P r o b e n  des I n k u b a t i o n s a n s a t z e s  
n a c h  der  Me thode  yon  AMINOFF 11. U n t e r  dense lben  Be- 
d i n g n n g e n  w u r d e n  w i e d e r u m  zwei K o n t r o l l b e s t i m m u n g e n  
du rchge f i i h r t  12. 

Summary .  The  release of m e m b r a n e - b o u n d  b r a i n  
n e u r a m i n i d a s e  f rom b r a i n  h o m o g e n a t e  b y  p ro teo ly t i c  
d iges t ion  w i t h  t ryps in ,  e - c h y m o t r y p s i n  a n d  p ronase  is 
descr ibed.  T r y p s i n  shows t he  h ighes t  solubi l iz ing effect. 
On t h e  basis  of t he  a m m o n i n m s u l p h a t e  p r e c i p i t a t i o n  t he  
pronase- re leased  n e u r a m i n i d a s e  has  t he  lowest  molecu la r  
size. 
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A c t i o n  of  S o d i u m  D o d e c y l  S u l f a t e  o n  E l e c t r o n  T r a n s p o r t  E n z y m e s  of  Rhodospirillum rubrum 

I n  an  a t t e m p t  to  e l abora t e  re la t ions  be t w een  molecu la r  
a r ch i t e c tu r e  a n d  func t ion ing  of bac t e r i a l  m e m b r a n a l  
sys tems,  t he  effects  of de t e rgen t s  on  t he  p a r t i c u l a t e  
e lec t ron  t r a n s p o r t  s y s t e m  of R. rubrum h a v e  been  s tudied.  
The  enzymes  of th i s  s y s t e m  were shown  to e x h i b i t  a 
d i f fe ren t  a c t i v 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  in  t he  pre-  
sence of t h e  de t e rgen t s  tes ted ,  sod ium deoxycho l a t e  
(DOC) 1 and  T r i t o n  X-1002. A p a r t i c u l a t e  N A D H -  
dehydrogenase  was p a r t l y  solubi l ized b y  DOC and  has  
s u b s e q u e n t l y  been  charac te r izeda .  The  p r e s en t  s t u d y  is 
conce rned  w i t h  t h e  ac t ion  of t h e  s t rong  an ionic  d e t e r g e n t  
sod ium dodecyl  su l fa te  (SDS) on  t he  R. rubrum sys tem.  

Methods. The  m e t h o d s  used for cu l t i va t i on  of cells, for  
t he  p r e p a r a t i o n  of t he  e lec t ron  t r a n s p o r t  p a r t i c u l a t e  
f r ac t ion  a n d  t he  cond i t ions  for a s say ing  t he  d i f fe ren t  
e lec t ron  t r a n s p o r t  enzymes  were those  descr ibed in de ta i l  
in  p rev ious  pape r s  1, a-5. F rozen  cell m a t e r i a l  was  used for  
t h e  e x p e r i m e n t s  to  be  descr ibed  2 

Results and discussion. T he  ab i l i ty  of SD S  to solubil ize 
t h e  m e m b r a n e o u s  sys t em of R. rubrum was found  to  be  
qu i te  s imi la r  (with respec t  to  d e t e r g e n t / m e m b r a n e  p ro t e in  
ra t io  a n d  e x t e n t  of solubi l iza t ion)  to  t h a t  of DOC a n d  
T r i t o n  X-100 ~. T h u s  no  dif ference be t w een  anionic  
de t e rgen t s  (DOC a n d  SDS) and  a non- ionic  d e t e r g e n t  
(Tr i ton  X-100) is seen in t h i s  respect .  

I n  t h e  F igure  t he  ac t iv i t i es  of severa l  e lec t ron  t r a n s p o r t  
c o m p o n e n t s  are dep ic ted  in t h e i r  response  to  inc reas ing  
concen t r a t i ons  of SD S a t  0 ~ The  N A D H  oxidase  sys tem,  
as i t  was  a l r eady  seen w i t h  t he  o the r  de te rgen ts ,  is t he  
mos t  sens i t ive  ac t iv i ty .  Succ ina t e - cy toch rome  c - reduc tase  
also becomes  i nac t iva t ed ,  while  N A D H - c y t o c h r o m e  
c - reduc tase  is s t i m u l a t e d  b y  a p p r o x i m a t e l y  100% before  
h igher  concen t r a t i ons  of d e t e r g e n t  i n a c t i v a t e  t he  enzyme.  

Here  p ro found  differences  exis t  be tween  t h e  3 de t e rgen t s  
tes ted .  W i t h  DOC N A D H -  and  s u c c i n a t e - c y t o c h r o m e  
c- reductase  b o t h  become  s t i m u l a t e d  1, whereas  in  t h e  
presence  of T r i t o n  X-100  t he  a c t i v i t y  of succ ina te -cy to -  
c h r o m e  c - reduc tase  is increased  whi le  N A D H - c y t o c h r o m e  
c- reductase  is r ap id ly  i n a c t i v a t e d  % U n d e r  t he  cond i t ions  
of t h e  e x p e r i m e n t s  none  of t he  ac t iv i t i es  is r ende red  in to  
a soluble  form. I t  shou ld  be  n o t e d  t h a t  t h e  N A D H  
oxidase  of m y c o p l a s m a  was r ecen t ly  shown to be  ext re-  
me ly  s t ab le  as c o m p a r e d  to t h e  R. rubrum enzyme.  A 
SDS c o n c e n t r a t i o n  3 t imes  t h a t  which,  a t  O~ causes  
50% i n a c t i v a t i o n  of t h e  l a t t e r  e n z y m e  will a t  37 ~ sti l l  
a c t i v a t e  t he  m y c o p l a s m a  e n z y m e  b y  over  100% 6. 

The  solubi l iz ing  effect  of t he  de t e rgen t s  is p r o b a b l y  a 
resu l t  of a d i sp l acemen t  of l ipid f rom i ts  i n t i m a t e  associa- 
t ion  w i t h  t he  m e m b r a n e  p ro t e in  so t h a t  s t r u c t u r a l  a n d  
func t iona l  i n t e g r i t y  can  no longer  be  m a i n t a i n e d .  The  
complex  b e h a v i o n r  of t he  ac t iv i t i es  j u s t  m e n t i o n e d  
ind ica tes  t h a t  b y  such  dispersa l  d i f fe ren t  effects on  t he  
m e m b r a n a l  sys t em a n d  its c o m p o n e n t s  can  be  p roduced  
b y  t he  i n d i v i d u a l  de te rgen ts .  Those  effects wh ich  m a n i -  
fest  in a l t e red  e n z y m a t i c  ac t iv i t i es  m i g h t  mod i fy  t he  
s u b s t r a t e  or accep tor  b i n d i n g  si tes of t h e  m e m b r a n e  
enzyme  (e.g. increased  access ib i l i ty  causes s t i m u l a t i o n  

1 ~{. BOLL, Arch. MikrobioI. 68, 191 (1969). 
2 M. BOLL, Arch. Mikrobioh, 71, 1 (1970). 
3 M. BOLL, Arch. Mikrobiol. 69, 301 (1969). 
4 M. BOLL, Arch. Mikrobiol. 62, 94 (1968). 
5 M. BOLL, Arch. Mikrobioh 6d, 85 (1968). 
6 S. RAZIN, Z. I~E'EMAN and I. OHAD, Biochim. biophys. Acta 193, 

277 (1969). 
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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. 


