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m i t  Sukz ina t  (, Sukzinat-abh~ingige Transhydrogenase~)  
oder  N A D H  ( ,NADH-abh~mgige  Transhydrogenase,~) als 
Energ ieque l le  untersucht .  Reakt ionsmi l ieu  siehe Legende  
zur  Tabelle.  E thacryns i iu re  (Merck, Sharp  und Dohme) ~ 
wurde  in ve rd f inn tem Bika rbona t  gel6st  und d e m  Mess- 
ansa tz  ohne  vorher ige  Inkuba t i on  d i rek t  zugesetzt .  Die  
P r o t e i n b e s t i m m u n g  erfolgte  nach  Kje ldahl .  

Die Tabel le  zeigt, dass tgthacrynsAure die un te r such ten  
energiegekoppel ten  Transhydrogenase -Reak t ionen  schon 
bei einer Konzen t r a t ion  yon 5 × 10-~M deut l ich  h e m m t .  
Somi t  weisen auch unsere Ergebnisse  darauf  hin,  dass 
Ethacryns/gure  ihre Vgirkung bei der  Trans fo rmie rung  der  
Respirat ionsenergie ,  d.h. bei  einer  de r  Energief iber t ra-  
gungsreak t ionen  der  o x y d a t i v e n  Phosphory l ie rung  entfal-  
te t .  Da, wie ERNST:gR 4 gezeigt  hat ,  die energieabh~ngige 
Transhydrogenase -Reak t ion  keines phosphory l i e r t en  ener- 
giereichen Zwischenproduktes  bedarI ,  und  andererse i t s  
E thac ryns~ure  die endergone T ranshydrogenase -Reak t ion  
sowohl  dann  h e m m t ,  wenn  ATP,  als auch  dann,  wenn  die 
Resp i ra t ion  als Energiequel le  dient,  nehmen  wir  an, dass 
E thac ryns~ure  mi t  e inem n ich tphosphory l i e r t en  Zwi- 
s chenproduk t  der  mi toehondr ia leu  Energ ie i ibe r t ragung  
einen inak t iven  K o m p l e x  bi ldet .  

Wi r  ha l t en  es durchaus  fiir m6glich,  dass Iiir die phar -  
makologische Wi rkung  der  E thac ryns / iu re  neben der  

H e m m u n g  der  M e m b r a n - A T P a s e  1,~, auch  die Beeini lus-  
sung der  Energ ie i ibe r t ragung  von  B e d e u t u n g  sein k6nnte .  

Summary .  E t h a c r y n i c  acid, a diuret ic  drug,  inhibi ts  t he  
endergonic  reduc t ion  of N A D P +  by  N A D H  in sonic 
par t ic les  f rom liver,  the  energy  being supplied e i ther  b y  
add ing  A T P  or  by  respirat ion.  
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A u t o r a d i o g r a p h i c  Studies  on Col lagen in Plant  Nucle i  ~ 

F r o m  biochemical  analysis  on W a l k e r  t u m o u r  and r a t  
l iver  cells, STEELE and  B u s c h  2 demons t r a t ed  t h a t  the  
residual  nuclear  pro te in  is r ich in collagen. T h e y  conf i rmed 
the  presence of col lagen by  e lec t ron microscopic  studies. 
On  the  basis of t he  fact  t h a t  s t ruc ture  and func t ion  of 
chromosomes  are  t h e  same in p lants  and  animals ,  col lagen 
should be  p resen t  in p lan t  nuclei,  if  i t  happens  to  be  an  
i m p o r t a n t  and in tegra l  pa r t  of t he  chromosome.  In  a 
prev ious  report ,  t he  present  workers  de tec ted  the  presence 
of col lagen in p lan t  nuclei  s. I t  was repor ted  t h a t  the  p lan t  
nuclei showed typ ica l  collagen s taining wi th  picro-ponceau 
w i t h  hematoxy l in ,  Mal lory ' s  P .T .A.H.  and  Verhoet f ' s  
elast ic  stain,  on ly  when  t h e  nucleic acids were r emoved  
by  hydrolys is  wi th  5% TCA a t  90°C for 15 min followed 
by  digest ion wi th  3 m g / m l  solut ion of pepsin in N[50 HC1 
at  p H  2.3 for 6 h a t  37 °C and digest ion wi th  I m g / m l  
solut ion of  t ryps in  in phospha te  buffer  a t  p H  6.0 for 6 h 
a t  37 °C in succession. T h a t  th is  pos i t ive  s ta in ing in onion 
nuclei  is t ru ly  due  to  collagen, was indica ted  by  the  fact  
t h a t  col lagenase t r e a t m e n t  (1 m g / m l  solut ion in dist i l led 
wa te r  for 18 h a t  37°C) effaced the  typica l  collagen 
staining.  

A l though  labelled hydroxypro l ine  would  h a v e  been  the  
ideal precursor  subs tance  for specific label l ing of col lagen 
for au to rad iograph ic  studies, un fo r tuna t e ly  it  is no t  in- 
corpora ted  in collagen 4. However ,  r ad ioac t ive  prol ine can  
be used for de tec t ion  of collagen ~& In  the  present  experi-  
ment ,  onion root  t ip  nuclei were incorpora ted  wi th  
30 /zc /ml  (sp. act .  1.15 c / raM) for 8 h. The  root  t ips  were  
f ixed in Carnoy ' s  f ixat ive,  dehydra t ed  and embedded  in 
paraff in  and sect ioned a t  5 /,. The  t issue sections were 
m o u n t e d  a l t e rna te ly  on 2 di f ferent  slides so t h a t  2 sections 
of the  same nucleus could be located on 2 di f ferent  slides. 
1 of the  slides was t r ea ted  wi th  TCA to  r e m o v e  nucleic 
acids, followed by  digest ion wi th  pepsin  and t ryps in  in 
succession. The  o ther  one was  digested wi th  a solut ion of 

col lagenase in addi t ion.  The  concent ra t ion ,  p H  and  dura-  
t ion of t r e a t m e n t  used to t  each enzyme  were the  same as 
t h a t  used in s ta inabi l i ty  studies repor ted  earlier. All the  
slides were then  r insed in wa te r  and then  t aken  up to 50% 
alcohol.  Autorad iograph ic  f i lm was appl ied to the  serial 
sections. The  f i lm was exposed for 15 days  and  t h e n  
developed.  Af te r  air  d ry ing  the  sect ions were  coloured 
th rough  the  emulsion wi th  picro-ponceau to p rov ide  a 
colour  image.  The  au torad iograph ic  grains were  coun ted  
on 10 p2 of ch romat in  mate r ia l  wi th  the  help of a ret icule.  
Such counts  were  m a d e  on 2 ad j acen t  sect ions of 40 
nuclei,  which  were t r ea t ed  as s ta ted  above.  The  resul ts  
are  presented  in t he  Table.  

I t  was observed  t h a t  col lagen t r ea ted  nuclei showed 
4.5 si lver gra ins /10/ ,2  in cont ras t  to 6.2 in control .  These 
resul ts  indica te  t h a t  in the  p lan t  nuclei there  is a prote in  
which  can  be labelled by  Ha-prol ine and  be  r emoved  by  
collagenase.  

Thus,  an appl ica t ion  of 2 val id  and establ ished me thods :  
name ly  specific s ta in ing react ion for collagen and au to-  
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r ad iog raph i c  studies w i t h  H*-prol ine  in roo t  t i p  cells, 
p roves  t h a t  t h e r e  is indeed  a d e t e c t a b l e  . a m o u n t  of 
col lagen p r e s e n t  in p l a n t  nuclei .  I t  is v e r y  l ikely t h a t  
col lagen r e p r e s e n t s  a n  i n n e r  core  m a t e r i a l  of t he  ch r omo-  
some  a n d  n o t  a n  accessa ry  or  m a t r i x  subs t ance ,  s ince 
p a r t i a l  r e m o v a l  of p r o t e i n s  b y  e i t he r  peps in  or  t r y p s i n  

Treatment Average No. of grains/10/~ 
of chromatin 

Control (TCA + pepsin + trypsin) 6.2 
Treated (TCA + pepsin + trypsin 4.5 
+ collagenase) 

fai led to  p roduce  a n y  specif ic  s t a i n i n g  reac t ion .  Th i s  con-  
t e n t i o n  h a s  been  s t r e n g t h e n e d  b y  f u r t h e r  expe r imen t s ,  to  
be  p u b l i s h e d  la ter ,  t h a t  l ike c h l o r a m p h e n i c o l  a n d  5- 
m e t h y l  t r y p t o p h a n ,  eo l lagenase  can  induce  c h r o m o s o m a l  
a b e r r a t i o n s  on ly  w h e n  ef fec t ive  in  p r e - D N A - s y n t h e t i c  
s t age  of b o t h  m i t o t i c  a n d  meio t ic  cells. 

Zusammenlassung. Mit  Hilfe  von  r a d i o a k t i v  m a r k i e r t e m  
Pro l in  wi rd  a u t o r a d i o g r a p h i s c h  das  V o r k o m m e n  yon  
Col lagen im Mat r ixe iweiss  p t l anz l i che r  Ze l lkerne  festge-  
s te l l t .  
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A c t i o n  of  A d e n o s i n e  D i p h o s p h a t e  on  H u m a n  P l a t e l e t s  

Pla t e l e t s  c o n t a i n  b o t h  5 - h y d r o x y t r y p t a m i n e  (5-HT) 
a n d  adenos ine  t r i p h o s p h a t e  (ATP) ;  BAKER, BLASCHKO 
a n d  BORN 1 f o u n d  m o s t  of b o t h  these  s u b s t a n c e s  in t h e  
s ame  layer  w h e n  h o m o g e n i z e d  p la t e l e t s  were  cen t r i fuged  
t h r o u g h  a sucrose  g rad ien t .  This ,  a p a r t  f r om t h e  obse rva -  
t ions  t h a t  t h e  a m o u n t  of 5 -HT in  n o r m a l  p l a t e l e t s  a n d  
t h e  a m o u n t  t h e y  are  ab le  to  t a k e  up  va r i e s  w i t h  t i le 
a m o u n t  of A T P  t h e y  c o n t a i n  ~, is t h e  on ly  ev idence  we 
h a v e  t h a t  A T P  is c o n c e r n e d  in  t h e  b i n d i n g  of 5 -HT in 
p la te le t s .  

I t  h a s  b e e n  k n o w n  for  some  years  ~ t h a t  adenos ine  
d i p h o s p h a t e  (ADP)  a d d e d  to  p l a t e l e t - r i ch  p l a s m a  causes  
t he  p l a t e l e t s  to  aggregate .  Acco rd ing  to  MACMILLAN 4 t h i s  
occurs  in 2 phases :  t h e  f i rs t  p h a s e  is due  to  t h e  a c t i o n  on  
t he  p l a t e l e t  m e m b r a n e  of t h e  a d d e d  A D P ,  t he  second to  
t h e  ac t ion  of e n d o g e n o u s  A D P  der ived  f rom t he  b reak -  
d o w n  of A T P  in t he  p la te le t s .  

I f  5 -HT is b o u n d  to  A T P ,  t he  b r e a k d o w n  of p a r t  of t h i s  
A T P  m i g h t  b e  e x p e c t e d  to  lead  to  t he  release of  t h e  
assoc ia ted  5-HT. 

H u m a n  c i t r a t ed -p t a t e l e t - r i ch  p l a s m a  c o n t a i n i n g  A D P  
(10-*M) was  i n c u b a t e d  in p o l y c a r b o n a t e  t u b e s  for  20 min  
a t  37 °C. D u r i n g  t he  f i r s t  5 m i n  t h e  p l a s m a  was  s t i r red  
m e c h a n i c a l l y  a t  3 rev/sec .  A ggr ega t i on  of t h e  p l a t e l e t s  
was  m a r k e d  in a b o u t  30 sec. A n o t h e r  p o r t i o n  of t h e  s a m e  
p l a t e l e t - r i ch  p l a s m a  to  wh ich  no  A D P  h a d  b e e n  a d d e d  
was  t r e a t e d  s imilar ly .  Af te r  i n c u b a t i o n  t h e  t u b e s  were  
cooled in  ice a n d  cen t r i fuged  for 5 m i n  a t  25,000 g. A T P  
a n d  5 -HT in  t h e  p l a t e l e t s  was  e s t i m a t e d  b y  m e t h o d s  
p rev ious ly  descr ibed  5. P l a t e l e t s  t r e a t e d  w i t h  A D P  lost  
a b o u t  1/3 of t h e i r  A T P  b u t  n o n e  of t h e i r  5-HT.  

T h e  effect  of A D P  on  p la t e l e t s  wh ich  h a d  b e e n  loaded  
w i t h  5 -HT was t h e n  inves t iga t ed .  P a r t  of each  s a m p l e  of 
p l a t e l e t - r i ch  p l a s m a  was f i rs t  i n c u b a t e d  for 75 rain  in  an  

a t m o s p h e r e  of 5 %  CO2 in  o x y g e n  ~ w i t h  a so lu t ion  of 
5 - H T  in sa l ine  to  give a f ina l  c o n c e n t r a t i o n  of 2 . 4 / , g / m l .  
U n d e r  these  cond i t i ons  t h e  p l a t e l e t s  b e c o m e  s a t u r a t e d  
w i t h  5-HT. A n o t h e r  p o r t i o n  of t h e  s ame  p l a t e l e t - r i ch  
p l a s m a  was  i n c u b a t e d  w i t h  a n  equa l  v o l u m e  of saline.  
T h e  effect  of A D P  on  t he  l oaded  a n d  u n l o a d e d  p l a t e l e t s  
was  t h e n  t e s t ed  as desc r ibed  above .  T h e  re su l t s  a re  
r eco rded  in t h e  Table .  R a t h e r  less A T P  was  los t  f rom t h e  
loaded  t h a n  f rom t h e  u n l o a d e d  p la te le t s ,  b u t  t h e  d i f ference  
is no t  s ign i f i can t  a t  t he  5% level :  on ly  t h e  loaded  p la t e l e t s  
los t  5-HT. 

These  r e su l t s  show t h a t  t r e a t m e n t  w i t h  A D P  does, in  
fact ,  lead  to  a loss of p a r t  of t he  A T P  in p l a t e l e t s  b u t  t h a t  
n o r m a l l y  no  5 - H T  is lost. T h e y  would  be  exp l a ined  if 5 - H T  
were  b o u n d  to  A T P  in p la te le t s .  N o r m a l l y  more  t h a n  
e n o u g h  A T P  is p r e sen t  for  t h i s  pu rpose ;  on ly  w h e n  t he  
p l a t e l e t s  c o n t a i n  so m u c h  5 -HT t h a t  a f t e r  t r e a t m e n t  w i t h  
A D P  t h e r e  is insuf f i c ien t  A T P  r e m a i n i n g  to  b i n d  it,  is 
5-HT lost. 

Some of the results described here have been confirmed 
d u r i n g  t h e  p r e p a r a t i o n  of th i s  p a p e r  b y  MILLS, ROBB a n d  
ROBERTS 7 

Zusammenfassung. E s  wi rd  gezeigt,  dass  de r  A T P -  
G e h a t t  de r  T h r o m b o c y t e n  in b l u t p l ~ t t c h e n r e i c h e m  P l a s m a  
m i t  A D P  i n k u b i e r t  abfXllt ,  wXhrend d e r e n  5 - H T - G e h a l t  
u n v e r i t n d e r t  b le ib t .  T h r o m b o c y t e n ,  die n a c h  5-HT-SAt t i -  
gung  i n k u b i e r t  werden,  ve r l i e ren  sowohl  A T P  wie a u c h  
5-HT. 

R.  S. STACEY 
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St. Thomas's Hospital Medical School, London, S.E. 1, 
(England), 17 May 1968. 

Loss of ATP and 5-HT (/~moles]ml packed platelets =]= S.E.M.) from 
platelcts after treatment with ADP (10-4M) 

Before loading After loading 
with 5-HT with 5-HT 

ATP 1.06 -k 0.24 (33%) 0.69 :lz 0.07 (23%) 
5-HT 0.01 (<  2%) 0.38 -I- 0.06 (19%) 

In brackets, % lost. Mean of 5 exp-~riments. 
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