
For a detailed study of the way of functioning of th~ 
cessary to penetrate into the micro-localisation of 
resent it seems most likely that,  in chloroplasts con 
la substance, the chlorophylls are concentrated in 1 
t on light microscopical examination of various c] 
.red grana surrounded by a colourless stroma withil 
es. According to HEITZ ~, METZNER 3, and STRUGGE~ 
cted to the grana. 
However, in many cases the dimensions of the grana 
ltion. This fact may account for contradictory state 

of grana in chloroplasts, and, consequently, with : 
hotosynthetic pigments. As to this, it may suffice to re 
i n ing  r e v i e w s :  WEIER 5, RABINOWITCH 6, FREY-WYSS] 

['he electron microscope revealed the presence of gran 
d homogeneous under the light microscope. In fact, 
;hly probable that  all chlorophyll-bearing plastids co 
-free organisms, such as photosynthesizing bacteria a 

are oelow tight microscopic 
statements concerning the occu 

regard to the distribution 
to refer the reader to the followii 

FREY-WYssLING 7, GRANICK s, a n d  WEI~ 

ma in various chloroplasts th~ 
these observations render¢ 

contain grana. Even in chlor 
and various algae, grana we~ 

O, THOMASll. 

PALADE 12 published electron micrographs of cross-sectiol 
[ng plastids in two flagellates, which clearly demonstra 
1re free from the "usual" grana. STEINMANN 18 showed i 
holds for plastids of Spirogyra and Mougeotia. 
and FREv-WYssLING AND STEINMANN 15 published a micr 
ugh a tulip chloroplast in which lamellate grana are sho~ 

ltain grana, while other ones do not. However, the structm 
[1-bearing plastids strikingly resembles that  of a granm 
~.g. with the bacterial and algal grana, one may ask wheth~ 
loting the latter as grana-free chloroplasts too, in spite 

made possible by a grant from the Netherlands Org~.nisation f 

rence 
the photosynthetic 
pertaininl 
AND STOCKING 9. 

The 
looked 
it highly 
plast-free 
found- -CALVIN AND LYNCH 1° 

However, WOLKEN AND 

through chlorophyll-containin 
a regularly lamellate structure 
the same way that  this also 

M o r e o v e r ,  STEINMANN 14 and 
graph of a cross-section throu 
to be suspended in the stroma. 

So, some chloroplasts contain 
of the grana-free chlorophyll-bearir 
itself. If one compares them e. 
there is any objection to denotin 

* This investigation has been 
Pure Research (Z.W.O.). 
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Vlany investigations concerning this reduction have 
reviewed by WEBER 1~ and METZNER ls. However, th, 
ion has not yet  been fully elucidated. Originally the 
zed to occur in living cells only. METZNER ls, howeve 
a took place in killed cells as well. The MOLISCI~ react  

however, increases its rate considerably. METZNER 

am determines which cell constituents are blackem 
-4 the chloroplas ts - - the i r  surface and the grana in p~ 
at pH 7-8 the precipitate is mainly found in the c) 

1 the chloroplasts react this author examined the w 
SCH reaction. This was done by counting the silver pl 
tically evaluating the figures obtained. The action s I 
shows some features in common with the chlorophyl 
that  obtained from killed cells hardly admits any cc 
In order to examine whether chlorophyll occurs in isol~ 

grana suspensions instead of tissues. Therefore, it w~ 
[OLISCH reaction can be established in such a suspensl 

E. demonstrat ion of a light-induced silver nitrate re( 
,'. demonstration of the dependency of the MOLISCH 
nce of. excited chlorophyll molecules by establishin~ 

)hyll absorption spectrum. Ho~ 
conclusion. 

isolated lamellae it was necessa: 
was necessary to s tudy wheth 

)ension. Consequently the presel 

reduction in grana suspensior 
reaction sensitization on t] 

g an action spectrum of t~ 

llorophyll. 

MATERIAL AND METHODS 

Lsions were prepared  from fresh leaves of Hibiscus rosa sinews 
yes were ground in a War ing  blendor in 75 ml of a pre-cooled o.2 
~n in glass-distilled wa te r  for 2 minutes.  The brei was  filtered th rou  
I2oo g for 5 minutes.  The supe rna t an t  was  diluted wi th  an eqt 

:e buffer in o.2 M sucrose. The p H  values will be mentioned togetl2 
ension will be referred to as "g r ana  suspension".  
prepared by  weakly disintegrat ing the grana  suspensions wi th  t 

Ltor. The energy delivered to the magnetos t r ic t ive  tube  was  abo 
)o Hz. Approx imate ly  io  % of the energy was  effective. The gra 
: nitrogen. Dur ing  operat ion the  v ibra t ion  cup was  cooled wi th  t 
J .  A. NII~MEIJER, who kindly placed the  oscillator of the Laborato  
• echt, a t  our  disposal. 
x the suspensions were kept  a t  low t empera tu re  as much  as possib 
;e occurred in a refrigerator.  Care was  taken to keep the  suspensic 

In 
to use 
the M( 
s tudy deals with: 

I .  

2. 

presence 
reaction, 

3. localisation of the chl, 

Preparation. Grana  suspensions 
Usual ly  abou t  4 g of washed leaves 
glucose or, most ly ,  sucrose solution 
cot ton  wool and centrifuged at  
volume of a o. 4 M sodium acetate  
wi th  the exper iments .  This suspenmon 

Lamellae  suspensions were  
aid of a magnetos t r ic t ion  oscillator. 
3o0 wa t t s  a t  a f requency of 7ooo 
were t rea ted  for i minu te  under  
water .  Our  thanks  are due to  Dr  
for Physiological  Chemistry,  Utrecht ,  

T h r o u g h o u t  the p repara t ion  the 
Occasionally shor t - las t ing storagq 
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rat ion in quest ion is r a the r  sensitive this phenomenon  may 
• is produced by  reduction of pr imar i ly  adsorbed silver nitral 
'or the  quant i ta t ive  determinat ion of the  effect of the Morn 
fission of the  suspension, owing to blackening by  metallic silve 
of the grana  suspension were pipet ted into a plane-parallel 5 
aunted in the pho tomete r  and a vibra t ing st irrer  was adjusted 
suspended particles. Then  I ml of a lO% silver ni t ra te  soh 
carefully. Ini t ial ly the light t ransmission,  determined in w~ 
format ion of nearly white  insoluble silver salts by  reaction 

,~anic ma t t e r  or diffusing from it. After a few minutes  the  lig 
This value was  called lOO%. Next  the  cuvet te  was illumir 
determined. Excep t  for the i l lumination period, a sample, , 
same way.  Wi th  t ime the light absorpt ion  of the controls pro" 
Lhe highest  value obtained was  13 % for 4 hours.  
he photometr ic  equ ipment  allowed the  project ion of a pa ra  
n cuvet te  on to a selenium barr ier  layer cell connected to a 
f ioo w incandescent  lamp was  used as a light source. A g 
and VG 9 was  placed in front  of it. The readings were execu 

ments pointed out  that ,  in this way,  no reaction due to th is  
llumination equipment. The cont inuously  stirred suspensions v 
.r by  light of various wavelengths  obtained from a 3 ° V 9oc 
hea id  of combinat ions  of a Christ iansen-Weichert  dispersion 
Measurements  of incident light intensi ty  were carried ou t  

7.lectron microscopy. Electron microscopic prepara t ions  of bet  
Aously 2° described. Mounting and washing occurred in weak gl 
[ter thoroughly  drying of the p repara t ions .They  were examine, 

executed  as qu ick ly  as possible.  Chec 
procedure resulted. 

were i l luminated  e i ther  by  sodim 
)oo w Phi l ips  E 4 ° project ion  lain 

m o n o c h r o m a t o r  and Sch0t t  gla~ 
w i t h  a s tandardized  thermopi le .  

bo th  grana and lamel lae  were mad 
reen l ight.  Ful l  l ight  was  admitte  

re ex a min ed  in a Phi l ips  e lectron microscop 

i silver nitrate reduction m grana suspensions 

mple out of three experiments Fig. I shows an evider 
t ° the formation of metallic silver, with time at an illum 

Lsion. Apparently the rate of increase declines with tim 
e to three causes. First, the amount of black metallic silv( 
ithin the suspension an increasing part of the light is bet 
nsequently, the intensity of the effective light is decrease( 
nt i ty  of silver nitrate may become exhausted. Titratio 
e amount  of dissolved silver nitrate is not noticeably dq 
ted above, if merely adsorbed salt is reduced, exhaustie 
.icture. Thirdly, the activity of the grana suspension ma 
by drawing samples from the same suspension at varlet 
'e kept at room temperature and their absorption increa,' 
o m i n u t e s - - w a s  measured at equal light intensity. On] 

Illumination 
l ight  or 
w i t h  the  aid 
filters. 

Elect~ 
as previously  
on ly  after thorou  

Demonstration o/light-induced 

Time [actor. As an exam 
increase of absorption, owing 
nated Hibiscus grana suspension. 
This phenomenon may be due 
increases with time. Thus, within 
screened of and absorbed. Cons( 
Secondly, the available quantity 
experiments showed that the 
creased. However, as suggested 
phenomena may  enter the picture. 
decrease. This was checked b 
intervals. These samples were 
per unit of t i m e - - m o s t l y  3 
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formed in weak green light. Before st~ 
for 5 minutes  at least.  The experime 
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AYE 1~, were unsuccessful,  they  m a y  be 
)LlSCH reaction. After addition of silv 
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• Time course of silver ni t ra te  reduction, measured as absor  t 
suspension in sodium light. Incident  intensi ty:  4.4" lO4 e~ 

condition within the suspension, owing to the foi 
em can hardly be solved. 
)ne may  ask whether the reaction, once started, pr 
~ry silver precipitates functioning as condensation i 
~red by interrupting the exposure to light of a reac 
rant is shown in Fig. 2. Evidently no after-effect occu: 
carried out, in which the absorption increase of a sc 

nuclei. I ms quesuon may  t 
ting suspension. Such an e: 

after-effect occurs• Moreover two experimen 
suspension, pre-iUuminated f~ 

minutes 

ieated by  the arrows, on the silver ni t rate reduction, measured 
us grana suspension. Incident sodium l ight  intensi ty:  4.4" IO4 er 

th that  of a control sample. The experiments lasted 75 ar 
le corresponding absorption increase values of the contro 
~th pre-illuminated suspensions amounted to 9 %. Thus, i 
no after-effect of illumination was observed. 

.ISCH reaction. According to METZNER TM, chloroplasts withi 

periment is 
were 

c o 

g 

1o 20 

Fig. 2. Effect of darkening,  indicated 
absorp t ion  increase, of a Hibiscus 

5 minutes, was compared with 
23o minutes, respectively. The 
were 2 and 13%; those of both 
these prolonged experiments 

pH sensitivity o/the MOLl: 
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L i g h t  /actor .  T h e  r e l a t i o n  b e t w e e n  MOLISCH reac t ic  

, resen ted  in Fig .  3. E v i d e n t l y  no  l igh t  s a t u r a t i o n  i 
4 t i m e s  h i g h e r  tl 

in p h o t o s y n t h e s i ,  

of c o m p a r a b l e  de1 

w h e t h e r  e n z y m e '  

r eac t ion .  METZN~ 

p roceeds  in cells t 

w i t h  s i lve r  n i t r a i  

h i g h l y  i m p r o b a b l  

u n a f f e c t e d  b y  thi: 

6 e ~ , , e x p e r i m e n t s  we~ 
d In e P g s  c r d  ~ .10 " k i l l e d "  b y  hea l  

. 3. Relation between light intensity ba th .  A f t e r  coolJ 
rate of silver nitrate reduction, 

~sured as absorption increase per 25 t h e  s i l ve r  n i t ra t (  
rotes of a Hibiscus grana suspension in 

t h a t  were  k i l l ed  by  p r e t r ea t r r  

n i t r a t e .  H o w e v e r ,  t h o u g h  i t  se 

)robable,  s o m e  e n z y m e s  m i g h t  be  

th is  r eagen t .  F o r  th is  r eason  s( 

were  p e r f o r m e d  w i t h  suspens! 

h e a t i n g  t h e m  in a bo i l ing  w 

coo l ing  d o w n  to  r o o m  tempera1 

n i t r a t e  was  added .  T h e  re su l t s  

G R A N A  S U S P E N S I O N S  P R E - H B A T E D  I N  A B O I L I N G  W A T E R  B A T H .  

[ :  6 .  5 .  I L L U M I N A T I O N  W I T H  S O D I U M  L I G H T  

A bsorption A bsorption 
Incident light increase of illumi- increase of dark 

period in minutes intensity in ergs nnted suspensions control in % cm-2 sec -1 

3 
8 
8 

g period thiss suspensionshoweda-brownish-green-colour- 

./ 

I i T i 
2 4 

Fig. 
and 
measured 
minute 

sodiumlight, pH : 6.6. 

M O L I S C H  R E A C T I O N  OF 

pH: 

Graua Heating period 
suspension in minv2es 

a 

a IO 

b 15 
b 2 0  

b * 60 

• At the end of the heating 
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m a l l y  a t  p H  3 - 4  of t he  s u r r o u n d i  
is a re  m a r k e d l y  di f ferent ,  and,  wi 

e m o n s t r a t e s  t h a t  t he  p H  d e p e n d  
ka l ine  p H  range  s p o n t a n e o u s  blacl  
?. 

TABLE i 

F pkI ON T H E  M O L I S C H  R E A C T I O N  R A l  

m light intensity 4.4" 1°4 ergs cm a sec 

)uration of A bsorption increase in per cen 
lure*nation of control at p H  

4.6 5.6 6.~ 

75 3 II  xc 
23o 23 25 44 

c t ion a n d  in 

is reache(  

t h a n  thos  

,n thes is  of gree] 

dens i ty .  So 

'mes  are  i n v  
METZNER Is s t a t  

g i v e n  in T a b l e  I I .  

TABLE II  

Illumination 

in % 

2 5  8 . 1 2 "  l O  4 3 4  

25 8.12" lO 4 36 
3 ° 9.35" lO3 19 
3 ° 9.35" IOn 20 
3 ° 9.35" lO3 I I 
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De responslDle ior rne r eaucuon  oI rne Sliver ni t ra te  was  air( 
)r prepared active alcoholic chlorophyll  ext racts  from spina( 
he chlorophyll  wi th  petrol  ether  the alcoholic phase prov 
'HERET concluded tha t  the reducing power  responsible for 
due to the chlorophyll ,  depends on the presence of a subs tan  

trol  ether. In  th is  connection a few addit ional exper iments  
,~h they  m a y  yield some suggestive information,  they  are not 
A colloidal solution of chromatographica l ly  pure  chloroph] 
)repared by  dissolving I mg of this p igment  in 2 ml acetone. 
tdded to 20 ml of a o.I  M sucrose containing o.i  M buffer 
her  u n s t a b l e - - h y d r o p h o b i c  sol was  obtained. Then  I ml of 
t. The light absorp t ion  of the  mixture  was determined. Ne~ 
t an al iquot  was  exposed to sodium l i gh t - - i nc i de n t  intensi 
inutes.  After  this period the  light absorp t ion  was determin 
n t ro l  and i l luminated suspension amounted  to i and 13% 
ires t h a t  the  MOLISCH reaction directly depends on the redu 
t t t emp t s  to  reproduce this  result,  however,  were unsuccessful 
ce showed a flocculation a t  the addition of the silver nitr~ 
ot  show any  light reaction. This difference in behaviour  is i 
pe r imen ta l  condit ions did not  noticeably deviate from thos 
van tageous  to stabilise the chlorophyll  sol wi th  the aid of a 1 c 
rked, this  s tudy  does not  aim at  an investigation of the me 
exper iments  were not  extended any  further.  

Finally, a single exper iment  wi th  a chlorophyll-free alga, P: 
~. After addit ion of silver n i t ra te  up to a final concentrat ion 
weight  in IOO ml acetate  buffer of p H  6. 5 was  i l luminated 
sec -1 for 30 minutes .  After  this period the absorpt ion  was  i: 
ing value at  a dark  control  sample am oun t ed  t o  4 %- So t 
;cH reaction does no t  proceed in the  absence of chlorophyll .  
Fhe results  ment ioned are con t ra ry  to those of GAUTHERET. T] 
dng tha t  GAUTHERET m a y  have obtained " inac t ive"  chlo) 

Ill,taLC. ilig~C liUSt, tllcttCta ~u~gllbl~ 

not  clear since prepara t ion  as 
those in the first experiment .  I t  m 

)rotective colloid. Since, as alrea 
mechanism of the MOLISCH reactfl 

Prototheca Zopfii, m a y  also be m, 
~tion of 1% an algal suspension of : 

wi th  sodium light of 9.35" IO3 e 
increased by  6 %, whilst  the cot 
these figures may  suggest tha t  l 

. This  divergency can be explained 
chlorophyll  suspensions,  jus t  like 1 

ions described above. The act iv i ty  of GAUTHERET'S chlorophyll-f~ 
~e to some reducing substance soluble in ethanol.  In  this  respect 
rature,  ascorbic acid is often considered to be responsible /or  
IOLISCH r e a c t i o n .  METZNER ~2 remarks  tha t ,  a t  the present ,  it can~ 
SCH reaction in i l luminated chloroplasts  m a y  proceed wi thou t  t 
ais s t a t emen t  seems to be confirmed by  the above results.  Howev  
m t  for fu r ther  confirmation addit ional  exper iments  are needed. 

results it can be stated that  grana suspensions are able 
Light is an essential factor. The reaction is pH-sensitiv 

HOLISCH react ion.  Direct proof of the dependency of t t  
ns on the presence of chlorophyll may  be obtained t 
am. This was done by  measuring the reaction rate at vario~ 
it in per cents of this rate at sodium light. The resultii 
Fig. 4. Since the selectivity of the Christiansen-Weiche 

be advan ta  
remarked  
these  

Fin 
tioned. 
fresh 
c m - 2  
sponding 
MOLISCH 

The resul 
assumm 
"inactive" chlorophyll preparations 
alcoholic leaf extract may be due 
may be mentioned that, in literature 
reducing power needed in the MOLl 
yet be excluded that the MOLISCH 
intermediary of ascorbic acid. This 
it may be remarked explicitly that 

Summarising the main results 
show the MOLISCH reaction. 

I t  is non-enzymic. 

Action spectrum o/ the MOLISC} 

r e a c t i o n  in  g r a n a  s u s p e n s i o n s  

d e t e r m i n i n g  a n  a c t i o n  s p e c t r u m .  T h i  

w a v e l e n g t h s  a n d  c o m p u t i n g  

. a c t i on  s p e c t r u m  is  s h o w n  in  
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