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S y n e r g e t i c  Effect  of  L i g h t  a n d  A g i n g  on  the  S w e l l i n g  and  P h o t o c h e m i c a l  A c t i v i t i e s  of  I s o l a t e d  
C h l o r o p l a s t s  

Since the  d i scovery  by  PACK~R, SIEGENTHALER and  
NOBEL 1 t h a t  i so la ted  ch lorop las t s  can  undergo  l ight-  
induced 'swel l ing,  several  r epor t s  h a v e  appea red  descr ib ing  
t h e  condi t ions  and  the  fac to rs  which  af fec t  th is  p h e n o m -  
enon.  This  l i g h t - d e p e n d e n t  ch lo rop las t  swell ing is en-  
h a n c e d  by  cofac tors  for  cyclic e lec t ron  flow, but ,  in 
c o n t r a s t  to  t he  l igh t - induced  shr inkage  *,a, i t  seems to  be  
unre la t ed  to  the  energy  t r ans fe r  p a t h w a y L  However ,  
subs tances  which  in t e r ac t  w i t h  t h e  pho tochemica l  reac- 
t ions  such as a lkenylsuccinic  acids 4, pheny lmercu r i c  
ace t a t e  *,5, p h o s p h a t e  x,5, organic  acids 6 and  pho tophos -  
p h o r y l a t i o n  inh ib i to rs  ~ also in ter fere  w i th  t h e  l ight-  
a c t i va t ed  swell ing of chloroplas ts .  A l though  i t  is n o t  ye t  
clear  how e lec t ron  flow reac t ions  are  invo lved  in t he  l ight-  
d e p e n d e n t  swelling, these  f indings  ind ica te  t h a t  the re  
exis ts  some k ind  of re la t ion  b e t w e e n  these  2 processes .  In  
th i s  connec t ion ,  iNOBEL 7 obse rved  t h a t  l igh t - induced  
swelling is a p p a r e n t l y  necessary  to  ob t a in  o p t i m u m  up- 
t ake  of sod ium and  s t r o n t i u m  by  chloroplas ts .  Moreover,  
several  inh ib i tors  of p h o t o p h o s p h o r y l a t i o n  inh ib i t  b o t h  
swell ing 6,7 and  ion u p t a k e  in the  l ight  7, as do var ious  
o the r  c o m p o u n d s  such  as f o rma te  and  ace ta te .  

One of t h e  m o s t  in te res t ing  fea tures  of ch loroplas t  
swelling is t h a t  i t  occurs slowly in t he  da rk  and  t h a t  the  
l igh t - induced  p h e n o m e n o n  is i r reversible  in darkness .  
These  p rope r t i e s  h a v e  sugges ted  t h a t  swelling is the  resul t  
of a de t e r io ra t ion  process  of t he  ch lorop las t  m e m b r a n e  
s y s t e m s  1. The  va l id i ty  of  th is  h y p o t h e s i s  has  been  con-  
f i rmed  b y  e lec t ron  microscopic  s tud ies  which  h a v e  shown 
t h a t  l i g h t - d e p e n d e n t  swell ing causes  dras t ic  conforma-  
t ional  changes  in the  ch lorop las t  lamel lar  sy s t em s-lo and  
also by  l ipid p e r o x y d a t i o n  m e a s u r e m e n t s  1L However ,  t he  
re la t ionsh ip  of a de te r io ra t ive  t y p e  of swelling to  t he  
capab i l i ty  of chloroplas ts  to  pe r fo rm pho tochemica l  reac-  
t ions  has  no t  ye t  been  comprehens ive ly  es tabl i shed.  I f  
ch lorop las t  swell ing is real ly  a de te r io ra t ive  change,  one  
should  e x p e c t  a c o n c o m i t a n t  decrease  in  t he  pho to -  
chemica l  ac t iv i t ies  du r ing  t h e  d a r k  swell ing a n d  a syner-  
get ic  ef fect  of  a l ight  t r e a t m e n t  on  b o t h  these  processes.  

I so la t ion  of sp inach  ch loroplas t s  was  carr ied o u t  in a 
m e d i u m  con ta in ing  NaCI (175mM) and  Tris-HC1 (100raM, 
p H  8) as descr ibed  earl ier  x~. The  ch lo rop las t  suspens ion  
was  d i lu ted  in t he  same m e d i u m  to ob ta in  1 m g  chloro- 
phyl l /ml ,  t h e n  equal ly  d iv ided  in t e s t - t ubes  for  t he  da rk  
a n d  l ight  (3.45 × 105 ergs cm -a sec -1) incuba t ion  a t  20 °C. 
At  the  t imes  indica ted ,  samples  were t a k e n  for t h e  de te r -  
m ina t i ons  of ch loroplas t  vo lumes  by  a modif ied  h e m a t o -  
cr i t  t e chn ique  1,. 
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Dark- and light-induced chloroplast swelling as a function of time. 

The Figure  shows typ ica l  swelling curves  of isolated 
ch loroplas t s  su spended  in a Tris-NaC1 medium.  Chloro- 
p las t  swell ing occurs  s lowly in t he  da rk  for t he  6-h exper i -  
me n t a l  per iod,  while  i t  is a c t i va t ed  in t h e  l ight  w i t h  an 
o p t i m u m  af te r  90 min.  The  mos t  charac te r i s t ic  f ea tu re  of 
these  2 curves  is t h a t  t h e y  cross each  o t h e r  a f t e r  5 h, 
ind ica t ing  tha t ,  i n d e p e n d e n t  of t he  prev ious  t r e a t m e n t s  
(dark or light),  t h e  ch loroplas t s  r each  the  s ame  vo lume  
af te r  a few hours.  These  resul ts  ma in ly  agree w i t h  those  
r epo r t ed  by  I~ISHIDA et  al.~Z; however ,  we were  neve r  
able to  observe  the  r emarkab l e  sh r ink ing  found  by  t h e  

Relation of swelling to photochemical reactions capacities of isolated 
chloroplasts 

Expert- Parameters Incubation a 
ment Time Dark 
No. (min) 

Light 

1 Volume (p a) 0 85 85 
45 100 160 

135 133 198 

2 Chlorophyll concen- 0 1.00 
tration b (mg/ml) 360 0.97 

Hill reaction 

3 Ferricyanide reduced ¢ 
(btmoles]mg chlor per h) 

Oxygen evolved d 
([~moles]mg chlor per h) 

ATP synthesis and hydrolysis 

5 Phosphate esterified e 
(izmotes/mg chlor per h} 

ATP hydrolysed f 
([zmoleslmg chlor per h) 

0 588 588 
45 747 594 

135 570 506 

0 72 72 
45 62 29 

135 43 3 

0 171 171 
45 147 46 

135 79 10 

0 34 34 
45 28 18 

135 11 9 

1.00 
0.89 

a Chloroplasts suspended in Tris-HC1 (100 raM, pH 8) and NaC1 
(175 raM) at 1 mg of chlorophyll/ml were illuminated or kept in 
complete darkness at 20°C. At the times indicated, samples were 
taken for the various determinations, b The chlorophyll concentra- 
tion was determined spectrophotometrieally at 652 rim. ¢ The reac- 
tion mixture contained: Tris-HC1 (20 raM, pH 8), NaC1 (35 raM), 
MgCI~ (5 raM), ferricyanide (0.5 raM) and chloroplasts (12 ~tg chloro- 
phyll]ml). Before illumination, the reaction mixture was preincu- 
bated for 3 rain in complete darkness at 20°C. The illumination 
period (3.45 × 10 s ergs cm -~ sec -1) was 5 min and photoreduction of 
ferricyanide was measured directly at 420 nm. d Oxygen evolution 
was determined polarographieally in a reaction mixture containing 
Tris-HC1 (20 raM, pH 8), NaC1 (35 mM), MgCI~ (5 mM), ferricyanide 
(1 mM) and chloroplasts (50 [zg chlorophylllml) under the same con- 
ditions of illumination and temperature, e The reaction mixture con- 
tained the same Tris-NaC1-MgCl~ basic medium + KH~PO~ (0.5 raM, 
pH 8), ADP (0.5 mM), phenazine methosulphate (20 [zM), ascorbate 
(2 raM} aud chloroplasts (50vg chlorophyll/ml). Incubation conditions 
were the same as in c Photophosphorylation was estimated over a 
2-rein'period by the disappearance of inorganic phosphate from the  
medimn according to HoRxwvr's technique/~, r The reaction mixture 
contained Tris-NaC1-MgCl~ + ATP (1 raM), 1-eystein (50 mM) and 
chloroplasts (50 ptg chlorophyll]ml). Phosphate released Irom ATP 
was evaluated by HORWlTT'S technique over a 15-rain period under 
the same illumin~tion and temperature conditions as in ¢. 
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J a p a n e s e  g roup  fol lowing t h e  m a x i m u m  swell ing s t a t e  of 
ch lo rop la s t s  in  t h e  l ight .  P r e l i m i n a r y  i nves t i ga t i ons  to  
explore  t h e  cause  of t h i s  d i s c r e p a n c y  p r o v i d e d  ev idence  
t h a t  g r o w t h  cond i t i ons  a n d  t he  age of s p i n a c h  leaves  
m i g h t  be  t h e  clue. 

T h e  m e c h a n i s m  b y  wh ich  swell ing is acce le ra ted  b y  
l i gh t  ha s  n o t  ye t  been  conc lus ive ly  exp la ined .  However ,  
t h e  f ac t  t h a t  l i g h t - i n d u c e d  swell ing is associa ted ,  a t  l eas t  
d u r i n g  t h e  f i r s t  30 ra in  of i n c u b a t i o n ,  w i t h  energy-  
d e p e n d e n t  ions T M  a n d  w a t e r :  u p t a k e  po in t s  to  a close 
r e l a t i onsh ip  of these  p h e n o m e n a  to  p h o t o c h e m i c a l  reac-  
t i ons  in  ch loroplas ts .  T h e  T a b l e  i l l u s t r a t e s  such  a corre-  
la t ion .  I n  45 m i n  ch lo rop la s t s  doub l ed  t h e i r  v o l u m e  in  
t h e  l i gh t  ( e x p e r i m e n t  1) whi le  oxygen  evo lu t i on  b y  t h e  
s a m e  l i g h t - i n c u b a t e d  ch lo rop la s t s  d i m i n i s h e d  to  40% of 
i t s  in i t i a l  r a t e  ( e x p e r i m e n t  4). Also, p h o t o p h o s p h o r y l a t i o n  
was  d r a m a t i c a l l y  affected,  showing  a 73% d rop  in i t s  
o r ig ina l  r a t e  ( e x p e r i m e n t  5). A l t h o u g h  less affected,  l igh t -  
t r igge red  A T P a s e  was  r educed  48% ( e x p e r i m e n t  6). Af t e r  
135 min,  al l  of t h e  a b o v e  p h o t o c h e m i c a l  ac t iv i t i e s  h a d  
a l m o s t  c o m p l e t e l y  d i sappeared .  S ince  t h e  b l e a c h i n g  of 
ch lo rophy l l  d u r i n g  t h e  e x p e r i m e n t a l  pe r iod  m i g h t  h a v e  
been  t h e  cause  of t h e  i n h i b i t i o n  of t h e  p h o t o c h e m i c a l  
reac t ions ,  i t  was  d e t e r m i n e d  b y  e s t i m a t i n g  t h e  op t i c a l  
d e n s i t y  changes  a t  652 n m  of t h e  d i lu t ed  ch lo rop la s t  sus- 
pens ion  ( expe r imen t  2). T h e  degree of ch lo rophy l l  b l each-  
ing  was  of a v e r y  m u c h  smal l e r  m a g n i t u d e  t h a n  t h e  
o b s e r v e d  i n h i b i t i o n  of p h o t o c h e m i c a l  ac t iv i t ies .  Thus ,  i t  
a p p e a r e d  t h a t  a 135-min l igh t  i n c u b a t i o n  of ch lo rop la s t s  
a t  20°C o b l i t e r a t e d  t h e  m a i n  ene rgy  t r a n s f e r  r eac t i ons  
w h i c h  are  necessa ry  for  s u b s e q u e n t  CO~ reduc t ion .  

However ,  t he  p h o t o r e d u c t i o n  a c t i v i t y  was a n  e x c e p t i o n  
to  t h i s  genera l  p a t t e r n  in t h a t  i t  was  n o t  a f fec ted  b y  a 
45-rain l igh t  t r e a t m e n t  a n d  was  on ly  14% i n h i b i t e d  a f t e r  
135 ra in  ( e x p e r i m e n t  3). Th i s  m i g h t  suggest t h a t  chloro-  
p la s t s  are  u n c o u p l e d  w h e n  i n c u b a t e d  for  a long  pe r iod  of 
t i m e  in  s a t u r a t e d  l ight .  

I n  darkness ,  a c o n d i t i o n  u n d e r  w h i c h  ch lo rop la s t  swell- 
ing occurs  a t  a m u c h  s lower  r a t e  t h a n  in t h e  l igh t  a n d  
where  ch lo rophy l l  b l e a c h i n g  is negligible,  t he  ab i l i ty  of 
ch lo rop las t s  to  ca r ry  o u t  p h o t o c h e m i c a l  r eac t i ons  also 
d i m i n i s h e d  b u t  to  a lesser  degree  t h a n  in t h e  l igh t  (Table).  
Af t e r  a 135-min i n c u b a t i o n  per iod,  ch lo rop la s t s  sti l l  r e t a i n  
50% of t h e i r  c a p a c i t y  to  evo lve  0 2 a n d  to  p h o s p h o r y l a t e .  
On ly  a f t e r  5 h, w h e n  ch l o r op l a s t  v o l u m e  was  t h e  s ame  as 
in  t he  l ight ,  h a d  t h e  ch lo rop la s t s  los t  these  ac t iv i t ies .  I n  
darkness ,  as in  t h e  l ight ,  ch lo rop la s t s  d id  r e t a i n  t h e i r  
p h o t o r e d u c t i o n  capac i ty .  

Thus ,  i t  a p p e a r s  t h a t  m a x i m u m  swel l ing of ch lo rop las t s  
co r responds  to  t he  abo l i t i on  of all  t h e  m e a s u r e d  p h o t o -  

chemica l  r eac t ions  ca r r ied  o u t  b y  these  organel les  w i t h  
t h e  e x c e p t i o n  of p h o t o r e d u c t i o n .  Th i s  s t r e n g t h e n s  t h e  
v iew t h a t  th i s  p h e n o m e n o n  is a d e t e r i o r a t i v e  process.  
Such  a process  occurs  s lowly in t he  d a r k  ( n a t u r a l  aging) 
a n d  is acce l e ra t ed  in t he  l ight .  T h e  causes  a n d  t h e  
cond i t ions  u n d e r  wh ich  such  a d e t e r i o r a t i v e  process  occurs  
a n d  i ts  r e l a t i on  to  swell ing are  u n d e r  i n v e s t i g a t i o n  1". 

Rdsumd. U n e  i n c u b a t i o n  pro long6e  de  ch lo rop la s t e s  
isol6s d ' 6 p i n a r d  A l ' obscur i t6  p r o v o q u e  u n  g o n f l e m e n t  des  
p la s t ides  e t  une  i n h i b i t i o n  c o n c o m i t a n t e  de  leurs  a c t i v i t f s  
p h o t o c h i m i q u e s  (~ l ' excep t i on  de  la p h o t o r 6 d u c t i o n  du  
fe r r i cyanure ) .  U n  t r a i t e m e n t  l u m i n e u x  acc61~re ces ph6no-  
m~nes  qui,  p r o b a b l e m e n t ,  s o n t  associ6s k des  p rocessus  
de d6 t6 r io ra t ion  de  l ' a p p a r e i l  p h o t o s y n t h 6 t i q u e .  
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The Intermediate Role of 18-Hydroxycort icosteroids  in Aldosterone Biosynthes is  

The  role of 18-desoxycor t i cos te ro ids  as i n t e r m e d i a t e s  
of t he  a ldos t e rone  b io sy n t he s i s  is well  es tabl ishedX-a.  I t  
s t i l l  r e m a i n s  unc lear ,  however ,  w h i c h  of t h e  poss ib le  18- 
h y d r o x y c o r t i c o s t e r o i d s  is (are) t he  essen t ia l  precursor (s )  
of a ldos t e rone  4. 

Q u a r t e r s  of lef t  a n d  r i g h t  a d r e n a l s  of ma le  Sprague-  
D a w l e y  r a t s  were  i n c u b a t e d  s e p a r a t e l y  in  K r e b s - R i n g e r  
b i c a r b o n a t e  glucose (200 m g % )  so lu t ion  for  4 h w i t h  
e i t h e r  0.2 vC 4- :~C-progesterone (57 m C / m M )  or  0.5 t~C 
1 ,2 -3H-11-desoxycor t i cos te rone  (10 C / m M )  a d d e d  pe r  
100 m g  tissue:  4 t~g/mg t i ssue  of e i t he r  l l - d e s o x y c o r t i -  
cos terone ,  cor t icos te rone ,  l l - d e h y d r o c o r t i c o s t e r o n e ,  18- 

h y d r o x y p r o g e s t e r o n e ,  1 8 - h y d r o x y - l l - d e s o x y c o r t i c o s t e r -  
one  or  1 8 - h y d r o x y c o r t i c o s t e r o n e  were  a d d e d  to  t h e  r i g h t  
ad rena l s  p r io r  to  i n c u b a t i o n .  T h e  s a m p l e  w i t h  t h e  le f t  

x A. WETTSTEIN, F. W. KAHNT and R. NEImR, Ciba Fdn Colloq. 
Endocr. 8, 160 (1954). 
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