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INTRODUCTION 

It  is well known that most of the higher plants do not synthesize chlorophyll when 
they are grown in the dark. They become etiolated and the cells of their leaves contain 
yellowish plastids known as leucoplasts. On exposure to light, the leaves of such plants 
become green. 

On the basis of data from several pubficationsl, 2, it seems that  etiolated leaves 
are poor in chloroplastic proteins, although their cytoplasmic proteins appear to be 
normal. Hence, it could be expected that  the greening of etiolated leaves on exposure 
to fight might be accompanied by the synthesis of chloroplastic proteins; in other words, 
that we have a means for inducing the transformation of leucoplasts into chloroplasts 
with specific synthesis of chloroplastic proteins, under more or less simple conditions. 

I t  is the purpose of this communication to present data bearing on transformations 
induced by light in the plastids of etiolated leaves, under conditions simplified as far 
as possible. 

MATERIALS AND METHODS 

The aiolated leaves used  in t h e  course  of th i s  s t u d y  are  t he  b u d s  of Cichoriura Intybus which  
are  p roduced  commerc ia l ly  as  a food u n d e r  t h e  n a m e  of chicory  in t he  following w a y :  t h e  green 
leaves  are  cu t  off t he  roots,  one  cm above  t h e  top  of t he  tap- roo t .  These ,  w i th  the i r  a b u n d a n t  s to rage  
p roduc t s ,  are p u t  in soil and  k e p t  in t h e  da rk  in a w a r m  a n d  we t  e n v i r o n m e n t .  Af te r  a per iod of 
15 to 20 days ,  tile roots  p roduce  a b u d  of e t io la ted leaves,  io  to 15 cm long. 

E t io l a t ed  leaves  were excised f rom t he  p l a n t  and  c u t  in to  two  s y m m e t r i c a l  halves ,  t he  th i ck  
m e d i a n  ve in  be ing  discarded.  T he  hal f  l eaves  so ob ta ined  were d iv ided in to  two  equ iva l en t  s amp le s  
cons t i t u t ed  b y  t a k i n g  a l t e rna t ive ly  lef t  a n d  r igh t  ha lves .  Hence ,  pa i rs  of s amples  of  leaf po r t ions  
are  ob ta ined  wi th  t he  s am e  weigh t  and  in t h e  s ame  physiological  s ta te ,  one  s amp le  of one pa i r  be ing  
t a k e n  as a b l ank  (et iolated sample) ,  t h e  o the r  s ample  of t h e  s a m e  pai r  be ing  exposed  to  l ight .  

For  f rac t iona t ion  expe r imen t s ,  IOO et iola ted leaves  were uti l ized,  t h e  wet  we igh t  of wh ich  was  
a p p r o x i m a t e l y  7 ° g rams .  

Light exposure. The  leaf po r t ions  were p laced on  co t ton  wool m o i s t e n e d  wi th  t a p  water ,  in p la tes  
covered w i th  glass.  T h e y  were i l l umina ted  wi th  four  4 ° W f luorescent  t u b e s  p laced a t  2o c m  in te rva ls ,  
25 cm above  t h e  pla tes ,  in a da rk  t h e r m o s t a t  r oom m a i n t a i n e d  a t  2o ° C ~ 0. 5. 

Microscopy. The  leuco- a n d  ch loroplas t s  were isolated b y  t h e  m e t h o d  of GRANICK ~, g r ind ing  
t he  leaves  in cold 0. 5 M sucrose  solut ion in a precooled W a r i n g  b lendor  for ~ m i n u t e  a n d  cen t r i fug ing  
t he  suspens ion  a t  4 Io  g for 5 m i n u t e s .  

A Phi l ips  e lec t ron microscope  was  used.  Shadow cas t ing  was  pe r fo rmed  w i th  a g o l d - m a n g a n i n  
m i x t u r e  ( i / i ) .  
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Fractionation by  differential  cen t r i fuga t ion  was carr ied ou t  af ter  g r ind ing  the  leaves  in cold 
0.5 M sucrose solut ion,  in a precooled "Waring b lendor  for x/~ minu te .  The  h o m o g e n a t e  was  t h e n  
filtered t h r o u g h  cheese c lo th  and  cen t r i fuged  a t  2 ° C. 

Nitrogen delermination was m a d e  by  tile m e t h o d  of Kje ldahl ,  wi th  MARKHAM'S a p p a r a t u s  4, af ter  
a sh ing  d ry  t i s sue  powders  freed f rom lipids by  SCHNEIDER'S m e t h o d  5. 

Free amino acids a nd  re la ted  - N H  2 c o m p o u n d s  were ex t r ac t ed  by  the  m e t h o d  of A'~VAPARA 6 
and  de t e rmined  by  the  colorimetr ic  n i n h y d r i n  m e t h o d  of MOORE AND STEIN 7. 

RESULTS 

Electron microscopic observation o~ 
a morphological differentiation [rom leucoplasts to chloroplasts 

A comparison between plastids from etiolated and green leaves with the electron 
microscope (EM) shows a radically different structure in these two types of particles. 

While, in the chloroplasts, we recognized the classical figures 8-11 of the grana 
embedded in the thick membrane of the plastid, we did not observe any similar structure 
in the leucoplasts. The leucoplasts (Figs. I and 2) present a finely granular structure; 
they do not contain any granum. They are much thinner than the chloroplasts, more 
transparent to electrons. They are more easily destroyed and their isolation is much 
more delicate. The size of individual leucoplasts varies very considerably: some are very 
small, while others approach the size of chloroplasts; but the majori ty are of inter- 
mediate size. 

By simply exposing to light portions of etiolated leaves, the transformation of 
leucoplasts into normal characteristic chloroplasts can be induced within a few hours. 
The appearance of grana seems to occur simultaneously in all the plastids, in a progres- 
sive, but very rapid, way: the formation of grana can be seen in all the mass of each 
particle. 

Fig. 3 shows a chloroplast from a leaf fragment which has reached the maximum 
of greening, a dark green colour. The grana are well-formed, as in normal green leaves. 

If isolated plastids are placed into distilled water for one night, they burst due 
to the action of osmotic pressure. In the case of chloroplasts, empty  membranes were 
found in the preparation, confirming the observation of ALGERA et al. 9. On the other 
hand, it seems that  grana are also enveloped within a well-defined membrane.  This can 
be seen in Fig. 4. Beside membranes with the size of chloroplasts, empty  membranes 
can be observed with smaller sizes, like those of the grana. These formations do not 
correspond to small chloroplasts, since the isolation procedure by differential centrifu- 
gation in o. 5 M sucrose solution had previously excluded particles of such dimensions. 
Thus, only the action of distilled water can explain their liberation. Fig. 4 also shows 
grana partially emptied of their contents; their membranes can be discerned. 

These observations agree with the fact pointed out by NEISH 12 that  "grana hydrate 
and vacuolate in distilled water".  

Leucoplasts, on the contrary, do not present any of these membranous structures. 
But membranes appear on exposure of the etiolated leaves to light. 

Light microscopic observation also shows that  most of the leucoplasts are very 
small as compared with the chloroplasts. They are spherical in shape, while the chloro- 
plasts are "saucer shaped". The cells of etiolated leaves contain fewer plastids than 
normal cells. On greening, the plastids increase in size and show the typical shape of 
chloroplasts. Somewhat later, the number of plastids per cell begins to increase. 

References p. 2H.  
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Synthesis o/chloroplastic proteins during the greening phenomenon 

The data obtained by  electron microscopic observation seemed to indicate that  a 
synthesis of chloroplastic proteins may  take place during the greening of etiolated leaves. 
In particular, the question arose as to whether the formation grana consists of the 
transformation of an existing protein or of the net synthesis of new proteins. 

We have followed the behaviour of several cell constituents separated by differential 
centrifugation in the course of the greening process. 

I .  The first experiment described was performed 4 hours after the beginning of a 
constant light exposure. The leaves had become very pale green. The results are recorded 
in Table I. They show an important  increase of the plastid proteins, and also of the 
proteins of the microsome fraction. 

T A B L E  I 

FRACTIONATION EXPERIMENT AFTER 4 HOURS OF LIGHT EXPOSURE 

Total dry weight of l~]Ooid-free powder Total protein nitrogen content 

Fractions etiolated after light increase etiolated after light increase 
leaves exposure increase in °/o of leaves exposure ~ncrease in % of 

(in rag) (in rag) (in mg) the existing (in rag) (in rag) (in rag) the existing 
quantity quantity 

I .  p e l l e t  5 r a in ,  12.o  14 2 17 o .78  1.15 o .37  47 
4 1 o  g 
( i n t a c t  p l a s t i d s )  

2. p e l l e t  IO ra in ,  17 20  3 I7 2 .o  4 2 .1o  o .o6  3.3 
145o  g 

3. p e l l e t  IO m i n ,  23.5  3 ° 6.5 25 2 .34  3-27 0 .94  4 ° 
47  ° 0  g 
( g r a n a )  

4. p e l l e t  i o  m i n ,  35 42 7 28 3.3 ° 3 .95  o .65  2o 
50,  ° 0 0  g 
( g r a n a  f r a g m e n t s )  

5- p e l l e t  3 ° m i n ,  19 22 3 16 1 .87 2 .44  o .66  35 
lO5,OOO g 
( m i c r o s o m e s )  

6. s u p e r n a t a n t  90 .5  94  3.5 3 .9  8 .62  8 .41 - - o . 2 1  - - 2 .  4 

T o t a l  197 222  25 12 18 .97  2 1 . 3 5  2 .30  12 

I n d i c a t e d  c e n t r i f u g a l  f o r c e s  = a v e r a g e  no .  t i m e s  g r a v i t y  

2. A second fractionation experiment was performed after 47 hours of light exposure. 
The results are summarized in Table II .  They show that  the chloroplast fraction under- 
goes the greatest transformation (% increase and enrichment in protein content). At 
this stage, however, all the other fractions have increased, an indication of total  cell 
growth. 

3. Nitrogen source for the protein synthesis: 
Etiolated leaves are more than ten times richer in nitrogen compounds soluble in 

ethanol than are green leaves or the same excised leaves after exposure to light, followed 
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by greening. Amino compounds determined by MOORE AND STEIN'S ~ method seem to 
be utilized during protein synthesis, as shown in the example given in Table III.  

TABLE II 
FRACTIONATION EXPERIMENT AFTER 47 HOURS OF LIGHT EXPOSURE 

Fractions 

Total dry weight of lipoid-free powder Total pr,tein nitrogen c.ntent 

increase increa,qe 
etiolated after light etiolated after light increase in °'oOf 

increase in % of leaves exposure (in rag) the existing leaves exposure (in rag) the existing (in rag) (in rag) 
(in rag) (in rag) quantity quantity 

I. pellet 5 min, 
41o g 
(intact plastids) 

15.2 30.5 15. 3 IOO o.91 2.84 1.93 2io  

2. pellet IO min, I7.5 25 7.5 42 1.31 2.45 i . l  4 80 
145o g 

3. pellet IO rain, 21 41 20 95 2.12 2.54 0.42 2o 
47 °o  g 
(grana) 

4. pellet IO min, 
50,000 g 
(grana fragments) 

5. pellet 3 ° min, 
lO5,OOO g 
(microsomes) 

28.8 41.3 12. 5 43 2.64 4-13 1.49 

19.8 28.9 9.1 45 2.31 2.50 o.19 

6. supe rna t an t  77 132.5 55.5 72 &43 14.o4 5.61 

Total  179.3 299.2 119. 9 67 17.72 28.50 lO.79 61 

T A B L E  I I I  

50 ~ 52 

io 

60 J 

Soluble -NH2 content Soluble - N H ,  content Protein synthesis 
(in amino acids in mg amino acids in mg 

equivalents) : tiM equivalents % mg dry weight 
% mg dry weight °/o mg dry weight during the same time 

Etiolated leaves 58o 75.4 o 

After light exposure 
for 48 hours  
(dark green leaves) 5 ° 6. 5 62 

DISCUSSION AND CONCLUSION 

From the EM observations, it appears that the greening of portions of etiolated 
Cichorium leaves is accompanied by the differentiation of finely granular leucoplasts 
into typical chloroplasts with well-defined grana. A structure appears within an amor- 
phous mass. 

A related phenomenon was recently pointed out by HEITZ AND MALY 13 who have 
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l : ig.  I. L e u c o p l a s t  i s o l a t e d  f ron l  e t i o l a t e d  C i c l l o r i m n  leaf ,  s h o w i n g  a f i ne ly  ~ r a n u l a r  s t r u c t u r e .  L 7 ,o~o :<. 

]:i~. _~. T w o  d i s r u p t e d  l e n c o p l a s t s  of  d i f f e r e n t  sizes,  s h o w i n g  t h e  c e n t r a l  s t a r c h  g r a i n .  Lo,6oo ;: . 
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Fig .  3. C h l o r o p l a s t  f r o m  l ea f  f r a g m e n t  w h i c h  h a s  r e a c h e d  t h e  m a x i m u m  of  g r e e n i n g :  a d a r k  g r e e n  
c o l o u r .  T h e  g r a n a  a r e  wel l  f o r m e d .  22 ,ooo  ><. 

F ig .  4- G r a n a  m e m b r a n e s  a n d  g r a n a  p a r t i a l l y  e m p t i e d  of t h e i r  c o n t e n t s  a r o u n d  w h i c h  o n e  c a n  see 
t h e  m e m b r a n e s .  * ~,ooo × .  
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observed, by means of the fluorescence microscope, the appearance of grana in young 
plastids during the differentiation of embryonic cells. Hence, it seems well established 
that the granum does not represent a factor of chloroplastic heredity; it has no genetic 
continuity, since it may appear de novo in cells which are devoid of it, as is the case 
in two known instances. The autoduplicating particle is another constituent of the 
plastid or of its precursor, the proplastid. 

These results do not agree with the conclusions of STRUGGER 21, according to which 
each proplastid would contain (besides a starch grain) a primary granum, the origin 
of all the other grana and factor of their genetic continuity. Indeed, the leucoplasts 
do not contain any primary granum (Figs. I, 2). Fig. 2 is particularly clear in this 
respect: it shows that each leucoplast contains only one single grain and this has been 
identified as starch. The gradual appearance of grana in the observations of STRUGGER 
results probably from the progressive edification of grana during growth of the whole 
cel, rather than from the autoduplication of a plastidogene. 

Furthermore, darkness appears to block specifically the development of plastids; 
but the continuation of this development may be induced by light. 

The observed transformation is not only the organization of an existing protein 
mass, but protein synthesis. The net synthesis of proteins by excised leaves is an ex- 
ceptional phenomenon (except when regeneration occurs, with cell multiplication and 
formation of roots, as in special cases). In general, leaves, when excised from the plant, 
undergo a rapid loss of proteins, whatever the conditions under which they are placed: 
light or darkness, petioles in water or nutrient solutions (see general review of this 
question in "Plant  Biochemistry", BONNER14). It  seems, however, that when the excised 
leaves are taken from plants grown on a low nitrogen medium, they are able to synthe- 
size proteins when supplied with available nitrogen (PHILLIS AND M.XSON15). 

We could demonstrate that a net synthesis of proteins is induced in etiolated leaves 
on exposure to light. This phenomenon occurs in several steps and seems to have its 
first seat in the plastids. From the first fractionation ext~eriment, it appears: 

I. that a synthesis of chloroplastic proteins does actually occur when etiolated leaf 
fragments are exposed to light, since the cell fractions corresponding to intact plastids 
or grana liberated from destroyed chloroplasts increase appreciably. 

2. that this synthesis seems to be restricted to the plastid constituents during this 
first stage of the phenomenon. I t  must be noted that the microsome fraction also shows 
a net increase in protein content, which, however, might be related with the formation 
of cytoplasmic proteins and bigger particles (BRACHETI~,IT), plastids in this case. 

During the time the plastids are turning green and enlarging, the ratio protein 
nitrogen/total dry weight increases. Hence, while the dry weight of the intact plastids 
fraction increases by I7% , the protein content increases by 47°,; (c/. Table I)" the 
plastids become richer in proteins. 

Later, the cells begin to grow as a whole, A few cells in division can be observed; 
but growth remains disharmonic, the plastid fraction being favoured, so that progres- 
sively the characteristic particle equilibrium of green leaves is restored (c/. Table II). 

These results seem to agree with the observations of ANDREEVA AND PLYSHEVS- 
KAYA ls (of which we only were able to read an abstract), who have found that plants 
previously deprived of nitrogen supply and then supplied with (15NH,) 2SO4 incorporate 
15N into both plastid and plasma proteins when they are able to perform photosynthesis ; 
in the dark, on the contrary, they incorporate 15N only into plasma proteins. Although 
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there is here no demonstration of any net synthesis of proteins, it seems that these 
experiments could be interpreted in the same manner as ours: it is possible that  those 
plants depleted of proteins begin to synthesize proteins actively when supplied with 
available nitrogen, chloroplastic proteins being formed only under conditions where 
chloroplasts are active. 

We may suppose that the net synthesis of proteins observed in our experiments 
would correspond to the synthesis of a number of enzymes playing a role in photo- 
synthesis, the formation of which could be induced directly by light or under the influ- 
ence of new substrates. TOLBERT AND COHAN 19 have recently demonstrated that light 
induces the appearance of glycolic acid oxidase in etiolated leaves. The glycolic acid 
produced as one of the first steps of the photosynthesis process was shown to be re- 
sponsible for this phenomenon. We must note, however, that we have here no evidence 
regarding either an eventual net synthesis of the enzyme or any indication as to whether 
the enzyme is located in the plastids or in the cytoplasm of the cell. Nevertheless, it 
is a demonstration that adaptative enzyme formation may be indirectly induced by 
light in higher plants. 

Furthermore, etiolated leaves seem to represent a material similar to E.  coli cells 
which have been subjected to a "pretreatment induction" in the presence of chloro- 
mycetin as in the experiments of PORTER eta/. 2°. These authors have shown two distinct 
phases in the induction process of fl-galactosidase by lactose: a first "presynthetic" phase 
in which the cells assimilate inductor, nitrogen, carbon and energy in the presence of 
chloromycetin (which completely inhibits enzyme formation) and a second phase in 
which active enzyme is formed in a linear way after chloromycetin has been removed. 
Dark seems to play, in our experiments, the same role as chloromycetin in those of 
PORTER et al. : synthesis of chloroplastic proteins is stopped, but amino precursors are 
still formed and accumulate in etiolated cells. Light induces the synthesis of chloro- 
plastic proteins and the utilization of accumulated precursors. 

The quanti ty of free amino acids or equivalent - N H  2 compounds used during the 
greening corresponds approximately to the quanti ty of proteins synthesized during the 
same time (Table III). Hence, it appears that the net protein synthesis observed occurs 
at the expense of free -NH~ compounds or, at least, of the nitrogen they contain. 

The nature of the free - N H  2 compounds has not so far been further determined. 
In fact, the important factor here is the total nitrogen quanti ty available for protein 
synthesis in the closed system (as far as nitrogen supply is concerned) represented by 
etiolated leaf fragments in water. 
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S U M M A R Y  

A compar i son  be tween  p las t ids  f rom et iola ted and  green  leaves  wi th  the  electron nl icroscopc 
shows a radica l ly  different  s t r uc t u r e  in these  two t y p e s  of part icles .  The  leucoplas t s  do no t  con ta in  
g r ana ;  t h e y  show a finely g r anu l a r  s t ruc tu re .  T h e y  are smal l e r  t h a n  chloroplas ts .  By  s imp ly  expos ing  
to l igh t  f r a g m e n t s  of e t io la ted leaves,  t he  t r a n s f o r m a t i o n  of l eucoplas t s  into n o r m a l  charac te r i s t ic  
ch lorop las t s  is induced  wi th in  a few hours .  Th i s  t r a n s f o r m a t i o n  is accompan ied  by  a s ignif icant  n e t  
syn the s i s  of chloroplas t ie  p ro te ins  t h a t  occur  a t  the  expense  of free amino  c o m p o u n d s  of which  
e t io la ted  leaves  con ta in  a considerable  reserve.  

RESUMI~ 

La  compara i son  des  p las t ides  de Ieuilles 6tioldes et  de feuilles ve r tes  de Cichor ium g l 'a ide du  
microscope  61ectronique r6v~le une  s t r uc t u r e  r ad i ca l emen t  diff6rente dans  les leucoplas tes  et  dans  
les chloroplas tes .  Les  leucoplas tes  ne  c o n t i e n n e n t  pa s  de grana ,  ma i s  p r6 sen t en t  une  s t r uc tu r e  f i nemen t  
g ranu la i re ;  ils son t  p lus  pe t i t s  que  les chloroplas tes .  

Le s imple  fair d ' expose r  ~ la lumi~re  des f r a g m e n t s  de feuilles dtiol6es i ndu i t  en que lques  heures  
la t r a n s f o r m a t i o n  des leucoplas tes  en  ch loroplas tes  caract6r is t iques .  

Cet te  t r a n s f o r m a t i o n  es t  a ccompagn6e  d ' u n e  i m p o r t a n t e  syn th~se  ne t t e  de prot6 ines  chloro- 
p l a s t iques  qui  semble  ~tre r6alis6e a u x  d6pens  d ' u n e  r6serve de compos6s  amin6s  con t enue  dans  les 
feuilles 6tiol6es. 

Z U S A M M E N F A S S U N G  

Aus  den1 Vergleich von  P las t iden  et iol ierter  u n d  grfiner B lg t t e r  m i t  Hitfe des Elektronm~- 
m i k r o s k o p s  geh t  hervor ,  dass  die Leuco-  u n d  die Chlorop tas ten  eine g~inztieh ve r sch iedene  S t r u k t u r  
aufweisen .  Die L e u k o p l a s t e n  e n t h a l t e n  keine Granen ,  aber  sic zeigen e inen rein g r a n u l a r e n  A u f b a u  
auf ;  sie s ind  kle iner  als die Chloroplas ten .  

Die e infache  B e l e u c h t u n g  der  Bruch te i l e  et iol ierter  B1/ttter ve ru r sach t ,  b innen  einiger S tunden ,  
die T r a n s f o r m a t i o n  der  L e u k o p l a s t e n  in cha rak te r i s t i che  Chloroplas ten .  

Die T r a n s f o r m a t i o n  wird  von  e iner  wich t igen  N e t t o - S y n t h e s e  ch lorop las t i scher  Pro te ine  
beglei tet ,  welche auf  K o s t e n  einer  in den et iol ier ten B l~ t t e rn  e n t h a l t e n e n  Reserve  yon  Aminos to f fen  
ausgef i ih r t  wird.  
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