
VOL. 8 (1952) BIOCHIMICA ET BIOPHYSICA ACTA 477 

Short Communications and Preliminary Notes 
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In  a preceding  pape r  (THoMAs, BUSTRAAN, AND PARIS 1) t he  occurrence  of p ro te in  fibrils in 
the  s t r o m a  of sp inach  ch loroplas t s  h a s  been men t ioned .  These  fibrils cons is t  of  "g lobu les"  l inked  
toge the r  b y  " t h r e a d s " ,  in a w a y  r e sembl ing  t he  s t ruc tu re  of ch romosomes .  T h e y  were considered 
to be ident ica l  w i th  " c h r o m i d i a "  a n d  "interchromidia"--c/. MONN~ 2 a n d  RONDONI a. I n  contra -  
d i s t inc t ion  to in te rchromid ia ,  t he  ch romid ia  are  a s s u m e d  to con ta in  phosphol ip ids ,  r ibonucle ic  acid,  
a n d  meta l s .  If  t he  above  were t rue,  we m a y  expec t  t h a t  t he  ch romid i a  show a h igher  e lec t ron  sca t -  
t e r ing  power  pe r  un i t  of v o l u m e  t h a n  t he  i n t e r ch romid ia  do. 

A p r e l i m i n a r y  expe r imen t ,  m e n t i o n e d  in our  preceding  pape r  1, seemed  to conf i rm th i s  hypo-  
thesis .  However ,  i t  h a s  been emphas i zed  t h a t  a more  accu ra t e  p rocedure  is requi red  in order  to  s t a t e  
t h ings  wi th  ce r t a in ty .  I n  t he  m e a n t i m e  such  e x p e r i m e n t s  have  been carr ied  out .  A brief  accoun t  of 
the  resu l t s  follows here.  

P r e p a r a t i o n s  of sp inach  chloroplas ts ,  depr ived  of lipoids by  m e a n s  of e i ther  ace tone  or lipase, 
were s t ud i ed  u n d e r  a Phi l ips  e lec t ron  microscope.  The  a b o v e - m e n t i o n e d  pro te in  fibrils were pho to -  
graphed .  Then ,  t h e y  were shadowed  a n d  p h o t o g r a p h e d  again .  I n  th i s  way  we ob t a ined  p ic tu res  of 
t he  s ame  fibril before a n d  a f te r  shadow-cas t ing .  Consequen t ly ,  t he  ra t io  of t he  t h i cknes s  of a chro-  
m i d i u m  a n d  an  i n t e r c h r o m i d i u m  could  be c o m p u t e d  in a twofold way :  b y  m e a s u r i n g  of t he  s h a d o w  
l e n g t h s  as well  as  b y  d e t e r m i n i n g  t h e  e lec t ron  sca t t e r ing  power  of bo th  s t ruc tu res ,  p rov ided  t h i s  
p rope r ty  is t he  s ame  per  un i t  of v o l u m e  of both .  If  t h i s  were t rue  t h e  va lue s  of bo th  ra t ios  m u s t  
coincide.  If, on  t he  con t ra ry ,  t h e  e lec t ron  sca t t e r ing  power  per  un i t  of v o l u m e  of t he  ch romid i a  
differs f rom t h a t  of  t he  i n t e r c h r o m i d i a  these  va lues  m u s t  diverge.  

The  e s t i m a t i o n  of the  t h i cknes s  f rom t he  e lec t ron  sca t t e r ing  power  was done accord ing  to a 
device of ]V~ARTON AND SCHIFF 4. To th i s  purpose  t he  ra t io  be tween  t he  inc iden t  e lec t ron  cd r r en t  
d e n s i t y  a n d  t h a t  t r a n s m i t t e d  b y  t he  objec t  and  recorded on t he  p h o t o g r a p h i c  f i lm m u s t  be known.  
Th i s  ra t io  was  d e t e r m i n e d  b y  mic ropho tome t r i ca l  eva l ua t i on  of t he  dens i t y  of t he  n o n - s h a d o w e d  
e lec t ron  mic rographs .  The  va l id i ty  of th i s  p rocedure  was p roved  to be va l id  for W O  3 c rys t a l s  as  well 
as for s i l ica  f i lms too. 

T h e  resu l t s  ob ta ined  po in ted  ou t  t h a t  t h e  ra t io  of th icknesses  of t h e  ch romid i a  and  t he  in ter -  
chromidia ,  when  c o m p u t e d  f rom t h e  e lec t ron  sca t t e r ing  power,  su rpa s se s  t h a t  ob t a ined  by  m e a s u r i n g  
t he  s h a d o w  leng ths .  So we conc lude  t h a t  t h e  e lec t ron  sca t t e r ing  c o n s t a n t  of t he  c h r o m i d i a  indeed  
exceeds  t h a t  of  t he  in t e rch romid ia .  I n  fact ,  t h e  m e a n  ra t io  of t he se  c o n s t a n t s  is 1.34 for ace tone-  
t r e a t ed  p r epa ra t i ons  wh i l s t  i t  n u m b e r s  1.56 for l i pase - t r ea ted  ones.  Th i s  c lear ly  ind ica tes  a difference 
in  cons t i t u t ion .  W h e t h e r  t h i s  is due  e i ther  to t he  presence  of heav ie r  e l e m e n t s  or to a h igher  dens i t y  
of t he  c h r o m i d i a  as  c o m p a r e d  to t he  i n t e r c h r o m i d i a  c a n n o t  be decided by  t h e  app l i ed  t echn ique .  

A fu l l  a c c o u n t  of  th i s  i nves t iga t ion  wil l  be pub l i shed  l a te r  in t h i s  journa l .  

* T h i s  i nves t i ga t i on  h a s  been  m a d e  poss ible  b y  a g r a n t  f rom the  N e t h e r l a n d s  Organ i sa t ion  for 
Pure  Resea r ch  (Z.W.O.).  
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Li te ra tu re  datal ,2,~, s as well as  e x p e r i m e n t s  carr ied  ou t  on g e r m i n a t i n g  rice by  the  p r e sen t  
au thors ,  c lear ly  show t h a t  aerobic  resp i ra t ion  is necessa ry  for t he  s y n t h e s i s  of  sucrose  in h igher  
p lan t s .  The  fol lowing e x p e r i m e n t s  offer an  e x p l a n a t i o n  for th i s  p h e n o m e n o n .  Po ta toes  (var ie ty  Dor6) 
were kep t  in t he  da rk  a t  '3 o° C for a couple  of weeks  a n d  sl ices  were cu t  f rom t h e  sma l l  t u b e r s  ( " sub-  
mar ines" )  fo rmed  by  t h e m .  These  sl ices were exposed  to the  ac t ion  of 20 % suga r  so lu t ions  a t  p H  7 
for i h r ;  a f te r  t h i s , . t h e y  were superf ic ia l ly  dr ied a n d  kep t  in a moi s t  des icca tor  for i 8 - 2 o  h r  (com- 
pare  6). B o t h  glucose a n d  f ructose  gave  a g rea t  increase  in sucrose,  viz., up  to  I77% in add i t ion  
to the  a m o u n t  a l r e ady  present .  2o % m a n n i t o l  gave  a 72 ~o decrease,  p r e s u m a b l y  owing  to resp i ra t ion  ; 
t h i s  m e a n s  t h a t  t he  p l a smolys i s  caused  by  t he  hexose  so lu t ions  p r o b a b l y  is not ,  or  no t  solely, re- 
spons ib le  for t he i r  effect. Inorgan ic  p h o s p h a t e  s t r o n g l y  inh ib i t ed  sucrose fo rmat ion ,  wh ich  may m e a n  
t ha t ,  in t h e  final s tep  of sucrose  syn thes i s ,  u l ibe ra t ion  of inorganic  p h o s p h a t e  t ake s  place.  V a c u u m  
inf i l t ra t ion  of t he  s l ices  with t he  so lu t ions  used  4 or r e p l a c e m e n t  of air  by  n i t rogen  p reven ted  sucrose 
syn thes i s ,  unless ATP was added be]orehand. I t  is a wel l -es tab l i shed  fac t  t h a t  m u c h  more  of t h i s  
subs t ance  is p roduced  in aerobic  t h a n  in anaerobic  respi ra t ion .  AMP or A D P  could  no t  replace  ATP,  
so t h a t  t he  effect of t he  l a t t e r  s u b s t a n c e  canno t  be due  to the  presence of t h e  adenos ine  r ing  s y s t e m  
alone.  M a g n e s i u m  ions h a d  an  a c t i v a t i n g  effect upon  sucrose  syn thes i s ,  ce r ta in  concen t r a t i ons  of 
fluoride a n  inh ib i t i ng  one. Glyce ra ldehyde  a n d  i ts  biological  precursor ,  L - so rbose - i -phospha te  (both  
known  to  be hexok inase  poisons!)  inh ib i t ed  syn thes i s .  As the  p re sen t  a u t h o r s  have  been ab le  to 
ob ta in  a fa i r ly  ac t ive  he xok i na se  concen t r a t e  f rom po t a t o  press- juice,  a n d  as  t he  e n z y m e  has  s ince  
t h e n  also been repor ted  in t he  s a m e  ma te r i a l  by  KOTELNIKOVA 3, i t  is r easonab le  to a s s u m e  t h a t  t he  
func t ion  of A T P  in  sucrose  syn t he s i s  is to m a k e  poss ible  t he  ac t ion  of hexok inase .  E x p e r i m e n t s  
wi th  g lucose -6 -phospha te  have  shown  t h a t  t h i s  m u s t  be t h e  on ly  func t ion  of A T P  here, for glucose-  
6 -phospha t e  unde r  anaerobic  c i r c u m s t a n c e s  gives  on l y  an  ins ign i f ican t  decrease in  sucrose,  and  
s o m e t i m e s  even  a s m a l l  increase.  O the r  e n z y m e s  d e m o n s t r a t e d  in po ta to  press- ju ice  by  t he  p r e sen t  
a u t h o r s  are:  p h o s p h o g l u c o m u t a s e ,  p h o s p h o h e x o i s o m e r a s e  and,  surpr i s ing ly ,  a p h o s p h a t a s e  which,  
a t  p H  7, exer t s  i t s  ac t ion  m a i n l y  on f ruc tose -6-phospha te .  I t  is t he  presence of t h i s  l a t t e r  e n z y m e  
wi th  i t s  power  to  p roduce  free p h o s p h a t e  wh ich  m a y  accoun t  for t he  lack  of success  encoun t e r ed  
by  t he  p r e sen t  a u t h o r s  when  t h e y  t r ied  sucrose  s y n t h e s i s  f rom f ruc tose -6 -phospha te  or  f rom Rob i son -  
ester .  I t  is c lear  t ha t ,  if on l y  sucrose  phospho ry l a se  could  be d e m o n s t r a t e d  in pota toes ,  sucrose  
syn the s i s  the re  m i g h t  be p i c tu red  as  fol lows:  

( isomerase)  --> 
.,kTP + glucose.  ( h e x o k i n a s ~  g lucose -6 -phospha te  ~ f ruc tose -6 -phospha te  

~$ (phosphog lucomutase )  Z (phospha tase)  
g l u c o s e - l - p h o s p h a t e  "- _ " f ruc tose  + free p h o s p h a t e  

( sucrose-phosphorylase)  J~ 
sucrose  + free p h o s p h a t e  

The  t h in  ev idence  for the  presence of sucrose phosphory l a se  t h a t  could  be ob t a ined  is m a i n l y  
based  on e x p e r i m e n t s  in w h i ch  po ta to  press- ju ice  was a l lowed to act ,  a t  p H  7, on a m i x t u r e  of sucrose  
and  inorganic  phospha t e ,  in the  presence  of a s m a l l  a m o u n t  of n o t a t i n  added  to e l imina t e  se lec t ive ly  
the  in te r fe r ing  s u b s t a n c e  glucose.  In  m o s t  cases,  a decrease in inc rgan ic  p h o s p h a t e  a n d  a rough ly  
cor responding  increase  in 7 - ra in -phospha te  was  observed .  Th i s  7 -min -phospha t e  could  no t  be iden t i -  
fied w i th  ce r t a i n ty  yet ,  b u t  a t  l eas t  pa r t  of  i t  s e ems  to be g lucose - I -phospha t e .  Sucrose could  n o t  
be replaced by  o the r  sugars ,  w i th  the  excep t ion  of mal tose ,  a s u b s t a n c e  k n o w n  to  be p h o s p h o r y l a t e d  


