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Pour  les cons t i t uan t s  de h a u t  poids  mol6culaire iso16s 
sur colonne de Sepharose,  les m6mes r emarques  concer-  
n a n t  leur compos i t ion  chimique,  nous  au tor i sen t  ~ dis t in-  
guer des 61~ments macromol~culaires  de t y p e  collag~ne 
(fraction Ic) ainsi  que des f ract ions  glycoprot~iques poss~- 
d a n t  une copule g lycannique  const i tu6e de chaines disac- 
char id iques  et, ou h6t6rosacchar idiques  (Ib, Ia  et  Id). 

Cette no t ion  d'h6t6rog~n6it~, le pourcen tage  var iable  
de ces diff6rentes formes mol6culaires plus ou moins  
sensibles k Fact ion  de la collag~nase soulgvent  l ' a spec t  du 

1~ Travail r~alisfi dans le cadre de I'ATP No 10 de I'INSERlV[ 
(contrat No 72-1-467-10). 

13 Laboratoire de Biochimie M~dieale, Facult~ de M~deeine, F-37032 
Tours Cddex (France). 

1~ Unit6 de Reeherehes No 16 de I'INSERM sur la Bioehimie des 
Protfiines, Place de Verdmn, F-59045 Lille C~dex (France). 

r61e des gl6ments de s t ruc tu re  h6t6ropolysacchar id ique  
dans  la microphysiologie  de la f i l t ra t ion ainsi que dans  la 
pa thologic  glom~rulaire ~2. 

Zusammenfassung.  Bei t rag  zur chemischen  Zusummen-  
se tzung de t  Glykoprote ine  aus der  glomerul/ iren Basal- 
m e m b r a n  der Menschenniere.  
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C a 2 + - A T P a s e  A c t i v i t y  in I so la ted  S e c r e t o r y  G r a n u l e  M e m b r a n e s  

I t  is general ly bel ieved t h a t  the  funct ion  of secre tory  
(zymogen) granules is to  s tore digest ive enzymes  wi th in  
the  gland cell and subsequen t ly  release these  enzymes  for 
secretion.  I)OUGLAS and POISNER 1 have  d e m o n s t r a t e d  
t h a t  calcium is a vi ta l  r equ i r emen t  for induc t ion  of 
enzyme secretion,  and  IsmI)A et  al. 2 have  shown t h a t  
release of amylase  from. secre tory  granules requires  
calcium. Al though  ra t  pa ro t id  glands con ta in  large con- 
cen t ra t ions  of calcium segregated wi th in  the  zymogen  
granule 3, i t  is uncer ta in  how calc ium ions accumula te  in 
t he  granules and how calcium is involved  in amylase  
secretion.  In  th is  s t u d y  we have  d e m o n s t r a t e d  the  exis- 
tence  of a ca lc ium-ac t iva ted  ATPase  (Ca2+-ATPase) in 
isolated zymogen  granule membranes ,  and we specula te  
as to  the  func t ion  oi th is  enzyme act iv i ty .  

Materials and methods. Iso la ted  zymogen  granule 
m e m b r a n e s  were p repa red  f rom ra t  pa ro t id  glands 
according to the  me thods  of AMSTERDAM et al.% and  
also b y  the  m e thod  of KIRSHNER et al. 5. ATPase  activi t ies,  
i.e., Ca2+-ATPase, Mg2+-ATPase and  (Na+ + K+)- 
ATPase  were de t e rmined  as follows: In  each flask 
zymogen  granule m e m b r a n e s  (approx imate ly  0.04 mg) 
were incuba ted  wi th  4 m M  ethyleneglycol-bis-(-amino- 
e thyl  ether),  N, N ' - t e t r aace t i c  acid (EGTA), and  30 m M  
tris-HC1 at  p H  7.1. In  addi t ion,  each incuba t ion  flask 
t h a t  was used for Ca~+-ATPase de t e rmina t ions  conta ined  
95 m M  NaC1 plus 0 to  i m M  free CaC1; each incuba t ion  
t h a t  was used for (Na + + K+)-ATPase  de t e rmina t ions  
conta ined  3 m M  MgC1 e, 80 m M  NaC1 and  15 m M  KC1; 
and  each incuba t ion  flask t h a t  was used for Mg 2+- 
ATPase  con ta ined  0.1 m M  ouabain,  3 m M  lVIgCI 2, 80 m M  
NaC1 and 15 m M  KC1. The final  vo lume was 2 ml  and  all 
incuba t ions  were pe r fo rmed  at  37 ~ (Na+ + K+)-ATPase  

ATPase activities of isolated zymogen granule membranes 

ATPase [zM P,/mg protein]h 

Ca~+-ATPase 9.6 _L 3.2 
Mg2+-ATPase 14.1 2~ 3.0 
(Na+ + K+)-ATPase 5.0 4- 2.7 
[Ca] = l m M ,  N = 5. 

was calculated as the  difference be tween  act ivi t ies  in the  
presence  and  absence of ouabain.  Ca~+-ATPase was 
calculated as the  difference p roduced  by  the  add i t ion  of 
calcium when  po ta s s ium was replaced by  sodium (WATSON, 
et  al. 6) T r i s - A T P  (3 raM) was added  to s t a r t  the  reac t ion  
and the  mix tu re  was incuba ted  for 60 min.  The reac t ion  
was t e r m i n a t e d  by  the  add i t ion  of 1 ml  of 15% tr ichloro-  
acetic acid. The inorganic p h o s p h a t e  p roduced  dur ing 
incuba t ion  was de te rmined  using the  m e t h o d  of FISICE and  
SUBBAROWL The m e m b r a n e  p repa ra t ions  were assayed 
for p ro te in  co n t en t  according to  the  m e t h o d  of LOWRY 
et al. 8, and succinate  dehydrogenase  (SDH) ac t iv i ty  was 
measured  using the  m e t h o d  of GREEN et al.% The to ta l  
SDH ac t iv i ty  of isolated zymogen  granule m e m b r a n e s  
was less t h a n  1% of the  250 x g  s u p e r n a t a n t  fract ion.  

Results and discussion. Iso la ted  zymogen  granule 
m e m b r a n e s  con ta in  Ca2+-ATPase, Mg2+-ATPase and 
(Na+ q- K+)-ATPase  act ivi t ies .  The mean  values and  
s t an d a rd  errors for these  ac t iv i t ies  are given in t he  
Table.  Act iv i t ies  are expressed as v m o l e s  of inorganic 
p h o s p h a t e  l ibera ted  per  mg p ro te in  in 60 min.  As shown 
in the  Figure,  min imal  ac t iva t ion  of the  Ca2+-ATPase was 
no ted  a t  a calc ium concen t ra t ion  of 3 X 10 .6 M. As the  
calcium concen t ra t ion  was increased to  1 m M  the  Ca ~+- 
ATPase  ac t iv i ty  increased.  In  2 of the  expe r imen t s  the  
calcium concen t ra t ion  was increased to  3 • 10 -~ M. This  
resul ted  in a fu r ther  increase in Ca2+-ATPase ac t iv i ty  of 
abou t  30%. Higher ,  more  unphysiologic  concen t ra t ions  
were no t  tes ted.  All ATPase  act ivi t ies  were similar  when  
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m e m b r a n e s  were p r e p a r e d  e i the r  accord ing  to AMSTeR- 
DAM et  al. ~ or KIRSCH~ER et  al. 5. I t  is un l ike ly  t h a t  these  
ac t iv i t i e s  are t he  resu l t  of t he  I l on -mi tochondr i a l  p a r o t i d  
g land  Ca s+ p u m p  descr ibed  b y  SELIN~XR 1~ because  our  
p r e p a r a t i o n  is de r ived  f rom a low speed (1000•  
c e n t r i f u g a t i o n  for 10 rain,  whereas  SELINGER'S p repa ra -  
t i on  was o b t a i n e d  b y  a 100,000 •  c e n t r i f u g a t i o n  of a 
p o s t m i t o c h o n d r i a l  (10,000 •  s u p e r n a t a n t .  

SCHRAMM a n d  DANON~I p rev ious ly  descr ibed  a Mg 2+- 
A T P a s e  a c t i v i t y  assoc ia ted  w i t h  zymogen  granules  and  
more  r ecen t l y  IStlIBA et  el. s r epo r t ed  a s imi la r  f inding.  
However ,  ISHIDA et  al. s were u n a b l e  to  d e m o n s t r a t e  
(Na+ + K+) -ATPase  ac t iv i ty .  P rev ious  workers  u t i l iz ing  
o the r  sys t ems  h a v e  sugges ted  t h a t  Mg~+-ATPase par t ic i -  
pa t e s  in t he  s t r u c t u r a l  change  of s y n a p t i c  vesicles 12 a n d  
c h r o m a f f i n  granules  ~3, b u t  ISHIDA et  al. 14 h a v e  d e m o n s t r a t -  
ed t h a t  t he re  is no  co r re la t ion  b e t w e e n  MgS+-ATPase of 
zymogen  granules  and  a s t r u c t u r a l  change  caus ing  release 
of amylase .  

(Na+ + K+) -ATPase  ha s  been  cor re la ted  w i t h  ac t ive  
Na+ and  K+ t r a n s p o r t  in  va r ious  t i ssues  15 a n d  m a y  be  
invo lved  w i t h  t he  ac t ive  t r a n s p o r t  of sod ium and  po tas -  
s ium across zymogen  granules .  

ISHIDA et  al. 2 h a v e  shown  a r e q u i r e m e n t  for ca lc ium in 
t h e  release of amylase  f rom granules ,  a n d  ~VVALLACI~ and  
SCHRAMM a h a v e  d e m o n s t r a t e d  t h a t  ca lc ium is secre ted in 
c o n j u n c t i o n  w i t h  e x p o r t a b l e  pro te in .  A l t h o u g h  WALLACH 

15 

o) 

"5 

-10-6 10-5 10 -4 104h/ 

Calcium 

The effect of calcium concentration on the activity of Ca~+-ATPase. 

a n d  SCI-IRAMM 3 h y p o t h e s i z e  t h a t  e x p o r t a b l e  p ro t e in  m a y  
be jo ined  to  ca lc ium on i ts  way  f rom r ibosomes  to  granules  
d u r i n g  syn thes i s  of secre tory  granules ,  t h e r e  is no  evi-  
dence  concern ing  t he  poss ib i l i ty  t h a t  ca lc ium m a y  be 
d i rec t ly  t a k e n  up  in to  t he  secre tory  granules .  WALLACtt 
a n d  SCI~RAMM 3 did  no t  f ind  a n y  s ign i f ican t  *sCa b i n d i n g  
to  t h e  secre tory  granules  w h e n  ~Ca  was a d d e d  to  t he  
homogen iz ing  med ium,  b u t  t h e i r  e x p e r i m e n t s  were 
car r ied  ou t  u n d e r  cond i t ions  t h a t  were n o t  o p t i m u m  to  
d e m o n s t r a t e  ac t ive  t r a n s p o r t  processes.  

Our  resu l t s  sugges t  t he  presence  of A T P a s e  a c t i v i t y  in  
zymogen  granu le  m e m b r a n e s .  Ca l c ium-ATPase  has  been  
l inked  to ac t ive  ca lc ium t r a n s p o r t  in  va r ious  t i ssues  1% 17, 
a n d  we pos tu l a t e  t h a t  t he  Ca2+-ATPase descr ibed  m a y  be  
i nvo lved  in the  u p t a k e  or p e r h a p s  release of ca lc ium in 
sec re to ry  granules .  

Zusammen]assung. M e m b r a n e n  sekre to r i scher  G r a n u l e  
w u r d e n  yon  der  Ohrspeicheldr i i se  (Parot is)  der  R a t t e  
isol ier t  u n d  auf  K a l z i u m - A T P a s e - A k t i v i t ~ t  (Ca2+-ATPase) 
u n t e r s u c h t  u n d  pos tu l ie r t ,  dass  die ge fundene  Ca2+-ATPase 
eine Rolle  in  de r  A u f n a h m e  u n d  A b g a b e  yon  K a l z i u m  in 
sekre to r i schen  G r a n u l a  spielt .  
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Activation of Succinate Dehydrogenase and the Effect of Cyanide 

Severa l  agen t s  ( subs t ra te ,  c o m p e t i t i v e  inh ib i to r s ,  
nucleot ides ,  an ions  etc.) 1 increase  t he  ca t a ly t i c  cen t re  
a c t i v i t y  of m e m b r a n e - b o u n d  a n d  soluble  suec ina te  
d e h y d r o g e n a s e  (succ ina te :  [acceptor  I ox idoreduc tase ,  
EC 1.3. 99.1). A c o n f o r m a t i o n a l  change  in  t he  p r o t e in  ha s  
been  sugges ted  b y  JS~EARNEY 2 to  Occur in  t he  t r a n s i t i o n  to 
t he  a c t i v a t e d  s ta te .  Var ious  schemes  for t h i s  a c t i v a t i o n  
process  h a v e  been  p roposed  s-5, w h i c h  p o s t u l a t e  a 
revers ib le  cycle a m o n g  d i f fe ren t  fo rms  of t he  enzyme.  

I n  our  s tud ies  on  t he  i n t e r ac t i ons  of succ ina te  dehyd ro -  
genase  w i t h  cyan ide  6, we m a d e  t he  fol lowing obgervat ions ,  
wh ich  are r e l a t ed  to t he  a c t i v a t i o n  p h e n o m e n o n .  D u r i n g  
so lub i l iza t ion  of m e m b r a n e - b o u n d  succ ina te  dehydroge-  
nase  b y  KCN, a d i s c r epancy  was found  b e t w e e n  t he  
a m o u n t  of p e p t i d e - b o u n d  f l av in  e x t r a c t e d  a n d  i nac t i va -  
t ion  of s u c c i n a t e : 2 , 6 - d i c h l o r o p h e n o l i n d o p h e n o l  (DCIP) 
r educ ta se  ac t iv i ty .  F u r t h e r m o r e ,  e i t he r  t he  e n z y m e  
solubi l ized by  cyan ide  or  b y  b u t a n o l  a n d  t r e a t e d  w i t h  
KCN show a lower  degree of deac t iva t ion .  

I n  th i s  p a p e r  we i n t e r p r e t  t h e s e a t a t a  as a consequence  
of a p re fe ren t i a l  i n t e r a c t i o n  of cyan ide  an ion  w i t h  a free, 
a c t i v a t e d  fo rm of succ ina te  dehydrogenase .  A c t i v a t i o n  is 
t h u s  sugges ted  to mod i fy  t he  access ib i l i ty  of t he  non-  
h a e m  i ron  group.  

Materials and methods. All chemica ls  were ana ly t i ca l  
grade  f rom Merck  or S igma  Chemica l  Co. The  cond i t ions  
for a c t i v i t y  m e a s u r e m e n t s  were as descr ibed  e lsewhere  6. 
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