
VOL. 9 (1952) BIOCHIMICA ET BIOPHYSICA ACT:*, 499 

O N  T H E  E L E C T R O N - S C A T T E R I N G  P O W E R  O F  

P R O T E I N  S T R U C T U R E S  I N  T H E  S P I N A C H  C H L O R O P L A S T  

by 

M. BUSTRAAN, J. c. GOEDHEE1R~ 

Physical Institute o[ the State University, Utrecht 

A N D  

j .  B. THOMAS* 

Biophysical Research Group, Utrecht/Del/t (Netherlands) 

(under the Direction of A. J. KLUYVER, Delft, and of J. M. W. MILATZ, Utrecht) 

INTRODUCTION 

In  a preceding  p a p e r  THOMAS, BUSTRAAN, AND PARIS 1 r epo r t ed  on the  occurrence 
of cy top la smic  fibrils in the  s t r o m a  of sp inach  chloroplas ts .  These fibrils, ear l ier  observed  
b y  LEHMANN AND BlSS 2 in the  Tub i / ex  egg, became c lear ly  vis ible  under  the  e lect ron 
microscope a f te r  r emova l  of the  l ipoid  componen t s  of the  s t roma.  Because  these  
s t ruc tu res  were shown to be i ndependen t  of the  w a y  in which the l ipoids were removed ,  
and,  moreover ,  since LEHMANN AND BlSS ob ta ined  t hem in the i r  ob iec t  wi thou t  any  
special  p r e t r e a t m e n t ,  the  f i r s t -ment ioned  au thors  considered i t  r a t he r  p robab le  t h a t  
also in the  p r e p a r a t i o n s  of the  sa id  ch lo rop las t s  the  p ro te in  fibrils in ques t ion were no 
ar te fac ts .  

As to the i r  shape  these s t ruc tu res  resembled  chains  of t i ny  g l o b u l e s - - " C h r o m i d i a "  
- - l i n k e d  toge the r  b y  " t h r e a d s " - - " I n t e r c h r o m i d i a " - - i n  a w a y  as genes are s i t ua t ed  in 
a chromosome.  

Such-l ike  globules  were a l r e ady  d e m o n s t r a t e d  in the  cy top lasm.  F o r  a su rvey  of 
these s tudies  we refer  to MONNI~ a, and  to RONDONI 4. The  " C h r o m i d i a "  are supposed  to 
conta in  phosphol ip ids ,  r ibonucle ic  acid, and  much  calcium. F u r t h e r m o r e ,  t h e y  are 
considered to be a u t o r e p r o d u c t i v e  and  to act  as " cen te r s "  for resp i ra t ion  and  growth.  
In  the  f i r s t -ment ioned  p a p e r  1 i t  has  been r e m a r k e d  tha t ,  if, e.g., the  "g lobu les"  indeed 
con ta in  heav ie r  e lements  t han  the  " t h r e a d s "  do, the  e lec t ron-sca t te r ing  power  per  uni t  
of vo lume of the  former  m u s t  be h igher  t h a n  t h a t  of the  la t te r .  

We  have  set i t  our  t a sk  to sub jec t  th is  aspec t  of the  hypo thes i s  regard ing  the  fibril 
s t ruc tu re  to  an e x p e r i m e n t a l  tes t .  

h~ our  ear l ier  inves t iga t ion  the  ra t io  (a) : l ength  o f " g l o b u l e "  shadow/ leng th  " t h r e a d "  
shadow in a shadow-cas t  p r e p a r a t i o n  was de te rmined .  Next ,  in mic rog raph  sol  non- 
shadowed  p r e p a r a t i o n s  the  ra t io  (b): l ight  t ransmiss ion  of the  "g lobu le"  micrographs /  

* This investigation has been made possible by a grant from the Netherlands Organisation for 
Pure Research (Z.W.O.). 
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light transmission of the " t h r e a d "  micrographs was established with the aid of a micro- 
photometer .  I f  the const i tut ion of the "chromidia"  were the same as tha t  of the "inter-  
chtomidia" ,  the ratio (b)/(a) must  be I. As a mat te r  of fact  higher values were found. 
This indeed suggested a stronger electron scat ter ing of the "globules" than  tha t  of the 
" th reads" .  However,  it has been emphasized tha t  these experiments  needed to be 
repeated in such a way  tha t  the light transmission as well as the length of the shadow 
were determined at the same structure.  The results of this s tudy  are presented below. 

Our thanks  are due to Mr P. J. LANSDORP for carrying out  some experiments.  

THEORY 

MARTON AND SCHIFF 5 presented a theory  regarding the relation between thickness 
as well as const i tut ion on the one side, and electron scat ter ing 
on the other. For  a more elaborate t rea tment  we may  refer 

io o~jea to ZWORYKIN et al. 6. In  a system, represented by  Fig. I, 
v ' ~  the following formula holds for single scattering in mono- 

-. oole atomic substances" • ;, ~eres 

in which : 
• aiaphrog,n i is the t ransmi t ted  current  density,  io the incident 

current  density,  N represents the number  of a toms per ml, 

J" f i~" No~ 
so N - -  ~ - ,  whilst No is AVOGaDRO'S number,  ~ the den- 

sity, and M is the a tomic weight, a represents the effective 
I cross-section of one a tom of the object  substance for scat- 

tering outside the aperture angle 3 of the objective, in our 
, case determined by  the objective diaphragm. 

The above holds for monoa tomic  substances. If, however, 
......... ,~oge more than one type  of a tom is present the a 's are considered 

to be addit ive functions, so: 
1;ig. L. Simplif ied s cheme  of 
t he  e lec t ron  b e a m  in t h e  We : ~ j N i a  j (2) 

e lec t ron  microscope .  

where 1' indicates the type  of a tom present in the object• 
The thickness, d, of the object can be expressed as follows from equat ion (I) : 

io 1°log _ 
d 

N~rn,  

in which m~ amount s  to o.4343. 
MARTON AND SCHIFF 5 described some applications of their methods.  In  fact, they  

determined the thickness of collodion films, sodium laureate curd fibres, and, via gelatin 
replicas, of etched stellite structures.  The results turned out to  be very  satisfactory. 

We decided to check the val idi ty of MARTON AND SCHIFFS' procedure at two more 
s t r u c t u r e s - - b e  it tha t  these structures are s trongly different from pro te ins - - "  

I) a crystalline s t ruc ture :  W 0 3  crystals, and 2) an amorphous  silica film. As to 
crystals  we m a y  r e m a r k - - c / .  ZWORYKIN et a l . 6 - - t h a t  crystalline diffraction effects may  

tfe/erences p. 505. 
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a f f e c t  t h e  r e s u l t s .  H o w e v e r ,  i n  o u r  p r e p a r a t i o n s  w e  d i d  n o t  n o t i c e  a n y  p h e n o m e n a - - i n t e n -  

s i t y  d i f f e r e n c e s  a t  v a r i a t i o n s  o f  f o c u s s i n g ,  i r r e g u l a r  r e f l e x e s  o n ,  o r  i n  t h e  n e i g h b o u r h o o d  

o f  t h e  c r y s t a l s - - i n d i c a t i n g  s u c h - l i k e  e f f e c t s .  S i n c e ,  m o r e o v e r ,  t h e s e  c r y s t a l s  a r e  r a t h e r  

t h i n ,  m u l t i p l e  s c a t t e r i n g  m a y  b e  a b s e n t .  A n t i c i p a t i n g  t h e  r e s u l t s ,  i t  m a y  b e  r e m a r k e d  

h e r e  t h a t  t h e  d e t e r m i n a t i o n  o n  W O a  c r y s t a l s  y i e l d e d  g o o d  r e s u l t s  i n d e e d .  H o w e v e r ,  

w e  m a y  e m p h a s i z e  h e r e  t h a t ,  i n  g e n e r a l ,  c r y s t a l s  a r e  t r o u b l e s o m e  i n  t h i s  r e s p e c t .  

I n  t h e  e x p e r i m e n t s  t o  b e  d e s c r i b e d  h e r e  w e  d e t e r m i n e d  r e l a t i v e  t h i c k n e s s e s  o n l y .  

H o w e v e r ,  w e  c a n  a d d  t h a t  m e a s u r e m e n t s  o n  a b s o l u t e  t h i c k n e s s ,  d o n e  w i t h  a n  i n t e r f e r e -  

m e t e r  t e c h n i q u e  a f t e r  TOLANSI<Y ~, p r o v e d  t h e  v a l i d i t y  o f  t h e  a b o v e  f o r m u l a  t o o .  T h e s e  

e x p e r i m e n t s  w i l l  b e  p u b l i s h e d  e l s e w h e r e .  

METHODS 

i and  i o were de t e rmi ned  by  pho tome t r i ca l  eva lua t ion  of the  densi t ies  of the  pho tographs .  "1"o 
th i s  pu rpose  i t  was  neces sa ry  to es tab l i sh  a dens i ty  cu rve  of each  picture .  This  was done by  t ak ing  
a series of p i c tu res  of t he  s ame  objec t  unde r  exac t ly  t he  same  condi t ions  a t  exposure  t imes  of i, 2, 4, 8, 
and  16 seconds,  t ime  be ing  m e a s u r e d  wi th  t he  aid of a me t ronome .  Since we used a Phi l ips  e lectron 
microscope i t  was  possible  to t ake  these  p ic tures  on one film s t r i p - - I l f o r d  direct  e lectron recording 
film 5 B I I .  By  deve loping  wi th  D K 2 o - - a n d  f ixa t ing  t he  whole s t r ip  the  t r e a t m e n t  of ali p ic tures  
was  exac t ly  t he  same.  So we were able to es tab l i sh  a dens i ty  curve  t h a t  was  val id  for each sepa ra te  
picture .  So t he  rule of reciproci ty  was  a s s u m e d  
to hold here.  

Af te r  w a s h i n g  in r u n n i n g  t a p  wate r  for 
one hou r  t he  fi lms were r insed wi th  dist i l led 
wa te r  before drying.  

W e  used a magni f ica t ion  of io,ooo t i mes  
a t  ioo  kV and  80 kV-electrons.  

By  m e a s u r i n g  t he  l ight  t r an smi s s i on  of 
cor respond ing  spo t s  in a pho t ome t e r ,  dens i t y  
curves  were es tabl ished.  T he  slope of these  
g raphs ,  7, p roved  to v a r y  be tween  1. 3 and  
i . i .  Fig. 2 shows  an a rb i t r a ry  dens i ty  curve.  

T h e  following p r e pa ra t i ons  were made .  
i .  a "vVO a sol in water .  I t  was  m o u n t e d  

on t he  collodion film in t he  u sua l  way.  
2. Silica films. In  order  to prepare  them,  

t he  t u n g s t e n  f i l a m e n t - - d i a m e t e r  o. 4 m m - - o f  
t he  shadow cas t ing  a p p a r a t u s  was  b e n t  to a 
cup-l ike shape .  This  " c u p "  was filled wi th  
3-5  m g  SiO 2. N e x t  an  objec t  glass, as used  
in t he  l ight  microscope,  was  coated  wi th  a 
collodion film and  placed a t  a d i s tance  of 7 cm 
above  the  " c u p " .  T h e n  t he  silica was  evapo-  
r a t ed  a t  a p res su re  of lO -5 m m  H g  app ly ing  
a h e a t i n g  cu r r en t  of abou t  2o a m p s  dur ing  
5 minu te s .  Now, t he  s i l ica-covered collodion 
f i lm was  r e m o v e d  f rom t he  objec t  glass by' 
ca re fu l ly  i m m e r s i n g  it  in wate r ;  t he  film got  
loosened and  floated on t he  water .  Next ,  pa r t s  
of t he  film were m o u n t e d  on the  object  bearer  
of t he  e lectron microscope.  F ina l ly  the  col- 
lodion was  washed  a w a y  wi th  acetone.  Dur i ng  7 2 3 4 S 6 7 8 9 10 
tile t r e a t m e n t  the  silica film t ended  to curl ¢,rooio,econa, 
up. This  was  p reven ted  as follows. A piece Fig. 2. B lacken ing  curve  of one of t he  pho to -  
of the  si l ica-covered collodion film was  picked graphic  films. 
up f rom the  wate r  by  m e a n s  of t he  object: 
bearer .  T h e n  it was  s u b s e q u e n t l y  placed on severa l  pieces of ace tone-soaked  fil tering paper ,  unt i l  t he  
collodion was  to ta l ly  removed .  

3. Chloroplas t  p r e pa ra t i ons  were m a d e  f rom leaves of Spinacia oleracea. Abou t  t h i r t y  leaves  
were minced  in a \ ¥ a r i n g  b lender  dur ing  one m i n u t e  af ter  add i t ion  of an  equal  vo lume  of water .  

Re/erences p. 505. 
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N e x t  t he  l iquid was  filtered t h r o u g h  co t ton  wool and  cent r i fuged  a t  a b o u t  13oo g subsequen t ly .  
The  l ipoids were r e m o v e d  e i ther  b y  enzymi c  ac t ion  or b y  ex t r ac t i on  wi th  acetone.  The  e n z y m e  
solu t ion  was  ob ta ined  b y  p r epa r i ng  a concen t r a t ed  p a n c r e a t i n - - O . P . G .  Ed  V - - s o l u t i o n .  Th i s  
so lu t ion  was  clarified by  cen t r i fug ing  a n d - - w i t h  p h o s p h a t e - - i t s  p H  was  a d j u s t e d  to 6. 3. One  pa r t  
of t he  e n z y m e  solutioi was  mi xed  w i t h  two p a r t s  of t he  ch loroplas t  suspens ion .  Diges t ion  occurred 
a t  37 ° C du r ing  5 m i n u t e s .  Lipoid e x t r a c t i o n  wi th  ace tone  was  m a d e  b y  add ing  an  equa l  v o l u m e  
of ace tone  to t h e  chlorop~ast  suspens ion  a t  r oom t e m p e r a t u r e ;  the  ex t r ac t i on  las ted  io  minu te s .  
Before m o u n t i n g  a d rop  on the  collodion film, a vo l ume  of wa t e r  was  added  twice in order  to p r e v e n t  
t he  d i sso lv ing  of t he  film. 

F i r s t  t hese  p repa ra t ions  were p h o t o g r a p h e d  as set  for th  above.  T h e n  a s u r v e y  p ic tu re  was  
m a d e  a t  a magni f ica t ion  of 15oo × .  

N e x t  t he  p r e p a r a t i o n s  were shadowed  wi th  a go l d -mangan in  m i x t u r e - - I : I - - a t  an  angle  1:4  
a n d  a t  a d i s tance  of 7 cm f rom t h e  incandescen t  f i lament .  I n  th is  w a y  t he  electron sca t t e r ing  power  
as well as t he  l eng th  of t he  shadow could be de t e rmi ned  a t  the  s a m e  s t ruc tu re .  I t  m a y  be r emarked  
t h a t  we did no t  observe  a n y  not iceable  d is tor t ion  of these  s t ruc tu re s  due  to t he  shadowing  procedure .  

In  some  cases  a t  long exposure  t i m e s - - i t  p roved  necessa ry  to  app ly  a correct ion to t he  
p h o t o m e t r i c  recordings  due  to a s l ight  fog on t he  p h o t o g r a p h i c  film. Moreover,  a correc t ion was  
needed  w h e n  c o m p a r i n g  t h e  l igh t  t r ansmis s ion  of two  sepa ra t ed  spo t s  m u t u a l l y .  This  was  necessary ,  
because  it  was  found t h a t  t he  s h u t t e r  of t he  c a m e r a  ac ted  in such  a w a y  t h a t  dur ing  opening  as well 
as du r ing  closing one side of t he  p ic tu re  was  exposed  s o m e w h a t  longer  t h a n  t he  o ther  one. By  m o v i n g  
t he  s h u t t e r  as qu ick ly  as possible  the  effect p roved  to be reproducible .  

RESULTS 

I .  W O a  c r y s t a l s  

F i g .  3 s h o w s  a n o n - s h a d o w e d  W O  3 p r e p a r a t i o n .  B e f o r e  s h a d o w i n g  w e  d e t e r m i n e d  

t h e  r e l a t i v e  t h i c k n e s s  d~,  a n d  d 2 o f  t w o  c r y s t a l s  a n d  d~+  ~ a t  a n  o v e r l a p p i n g  s p o t  o f  

t h e s e  c r y s t a l s .  W e  o b t a i n e d :  

T A B L E  I 
R E L A T I V E  T H I C K N E S S  O F  W O  3 C R Y S T A L S  I O O  k V - E L E C T R O N S  

c r ep resen t s  N a m  e. 

d l  + 2" c d l  + 2" e D e v i a t i o n  
E x p .  d 1 . c d 2 • c calculated m e a s u r e d  % 

i o.65 o.79 1.44 1.28 i I 

2 o.70 0.84 1.54 1.32 14 

T h e  p r e p a r a t i o n  o f  e x p .  I w a s  s h a d o w e d  a n d  b o t h  d 1 a n d  d~ w e r e  m e a s u r e d  f r o m  

t h e  s h a d o w  l e n g t h .  B y  s u b s t i t u t i n g  7 . I 6  s f o r  ~, a n d  c a l c u l a t i n g  ~ a c c o r d i n g  t o  MARTON 

AND SCHIFF 5, d 1 a n d  d~ w e r e  c o m p u t e d  t o o .  

A s  t o  t h e  c o m p u t a t i o n  o f  t h e  v a l u e  o f  a w e  m a y  a l s o  r e f e r  t o  a p a p e r  o f  BORRIES 9, 

i n  w h i c h  a m o r e  e l e g a n t  p r o c e d u r e  h a s  b e e n  d e v i s e d .  S i n c e ,  h o w e v e r ,  t h i s  m e t h o d  is  

m u c h  m o r e  c o m p l i c a t e d  w e  p r e f e r  u s i n g  MARTON AND SCHIFFS'  d e v i c e .  

T h e  r e s u l t s  a r e  p r e s e n t e d  i n  T a b l e  I I .  

T A B L E  II  
A B S O L U T E  T H I C K N E S S  O F  W O  3 C R Y S T A L S  

T h i c k n e s s  i n  A 

m e a s u r e d  c o m p u t e d  

d 1 28o -P 4 ° 295 :]: 3 ° 

d2 34 ° :t: 4 ° 35 ° :J: 3 ° 

Re]erences  p .  5o5.  
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r " . . . . . .  " 

' t/~ t 

Fig. 3. \VOa crystals, ioo kV. 

2. S i l i c a  f i l m s  

A m i e r o g r a p h  of a n o n - s h a d o w e d  p r e p a r a t i o n  is r e p r e s e n t e d  in  Fig .  4. T h e  r e s u l t s  

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

TABLE III  
R E L A T I V E  T H I C K N E S S  O F  S I L I C A  F I L M S  

E x p .  k V  d l . c  d2"c d l  + 2"c d 1 ~ 2.6 Devia t ion  
calculated measured  % 

a 4 ° 0.69 0.75 1.44 1.39 3 
b 80 0.30 o.30 0.6o o.6I 2 

~ ~ : :~!ii(~( i (i!i ~i ̧ /i(i~ !i 
~: !i~ i,i~ ] ~i~ ~ ~ ~i! ~ 

l~G/erences p. 505 . 

Fig. 4. Silica films. 80 kV. 
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3. Protein structures o/ Spinacia chloroplasts 

Figs. 5 a and 5 b show non-shadowed and shadowed preparations, respectively. The 
results are summarized in Table IV. 

T A B L E  I V  

RELATIVE SCATTERING CONSTANT OF C H R O M I D I A - - C l - - A N D  INTERCHROMIDIA- -C2- - IN  PROTEIN 
STRUCTURES OF THE SPINACH CHLOROPLASTS WITH SHADOW LENGTHS d 1 AND d2, RESPECTIVELY 

Lipoids 61dl dl cl 
Exp.  kV removed i 1 i 2 

by c~d2 d2 c2 

A 80 a c e t o n e  o . 1 3 7  o . 3 1 o  1.63 i .25 i .31 

B1 80 a c e t o n e  o . 3 6 7  o . 5 6 8  1 .8o 1 .2o 1.5 ° 

]52 80 a c e t o n e  0 . 4 4 0  0 . 6 2 0  1.72 1 .26 1 .36 

B a 80  a c e t o n e  0 . 2 7 6  0 . 4 9 0  1 .8o 1 .36 1.31 

C 80 a c e t o n e  o . 1 4 o  o . 3 1 o  1.83 1.37 i .24 

D * 80  l i p a s e  o .29  o .59  2 .o5  t . 28  1 .6 t  

E *  80  l i p a s e  o .41 0 .66  2 .12  1.33 1.59 

F *  8o l i p a s e  o-37  o .61 2 .o2  1,35 i .49 

* T h e s e  v a l u e s  a r e  less  a c c u r a t e ,  s i n c e - - d u e  t o  a s l i g h t  i r r e g u l a r i t y  of t h e  m e t r o n o m e - - t h e  
f igu res ,  f r o m  w h i c h  t h e  d e n s i t y  c u r v e  w a s  d e r i v e d ,  d i d  n o t  a l l o w  a n  e x a c t  d e t e r m i n a t i o n  of  t h e  s h a p e  
o f  t h e  g r a p h .  T h e  a b o v e  v a l u e s  r e f e r  t o  t h e  m o s t  r e a s o n a b l e  one .  T h e  e x t r e m e  v a l u e s  f o r  cl/c. ~ in  D,  
E ,  a n d  F r e s p e c t i v e l y  a r e :  1 .23 1.82,  1 . 2 1 - 1 . 7 9 ,  a n d  I . I  4 1 .68.  

F ig .  5. a :  n o n - s h a d o w e d  p r o t e i n  s t r u c t u r e s  o f  
t h e  s p i n a c h  c h l o r o p l a s t .  T w o  "ehromidia'" 
a n d  " i n t e r c h r o m i d i a "  a r e  s h o w n .  T h e  " h o r i -  
z o n t a l "  o n e s  w e r e  m e a s u r e d ,  b : t h e  s a m e  p r e -  

p a r a t i o n  a f t e r  s h a d o w c a s t i n g .  80 kV.  

a b 

D I S C U S S I O N  

The determinat ion at WO 3 crystals and at silica films showed tha t  the sum of the 
thicknesses of two layers equals the thickness determined at a spot at which the layers 
were overlapping each other. This result proves the applicabili ty of the technique of 
MARTON AND SCHIFF 5 in our objects too. I t  m a y  be ment ioned that,  in the crystals 
studied, the deviat ion is larger than  with the silica films. This phenomenon may  be due 
to a slight multiple scattering in the crystals. 

From the experiments  with structures of chloroplast proteins it follows tha t  the 

Re/erences p. 5o5 . 
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m e a n  e l e c t r o n - s c a t t e r i n g  c o n s t a n t  of  t h e  c h r o m i d i a  is 1.34 × t h a t  of  t h e  i n t e r c h r o m i d i a  

i n  t h e  p r e p a r a t i o n s  t r e a t e d  w i t h  a c e t o n e .  F o r  t h e  " l i p a s e  e x p e r i m e n t s "  t h i s  v a l u e  

a m o u n t s  to  1.56. T h i s  c l e a r l y  i n d i c a t e s  a d i f f e r ence  in  c o n s t i t u t i o n .  W h e t h e r  t h i s  is d u e  

to  t h e  p r e s e n c e  of h e a v i e r  e l e m e n t s  or  to  a h i g h e r  d e n s i t y  in  t h e  c h r o m i d i a  a s  c o m p a r e d  

to  t h e  i n t e r c h r o m i d i a  c a n n o t  be  d e c i d e d  b y  t h e  a p p l i e d  t e c h n i q u e .  

O u r  t h a n k s  a re  d u e  to  P ro f .  D r  H.  C. BURGER for  h i s  i n t e r e s t  in  t h i s  worl~ a n d  

h i s  v a l u a b l e  a d v i c e .  

SUMMARY 

The relative electron-scattering power of chromidia and interchromidia in protein s t ructures  
of the spinach chloroplast was examined with the aid of the electron microscope. 

I t  has  been demonstra ted tha t :  
i. The technique of MARTOI~ AND SCHIFFS holds for WO~ crystals and silica films too. 
2. The mean electron-scattering constant  of the chromidia amounts  to about  1-34 times that  

of the interchromidia in preparations t reated with acetone. After lipoid removal with lipase this 
value is 1.56. 

This indicates tha t  the consti tut ion of the chromidia is different from tha t  of the interchromidia. 

Rt~SUMt~ 

La diffraction 41ectronique des chromides et des interchromides dans des s tructures prot4iniques 
des chloroplastes d '4pinards a 4t4 etudi4e ~ l 'aide du microscope 41ectronique. 

I1 a 6t4 montr4 que: 
I. La  m4thode d'apr~s MARTON ET SCHIFF 5 est valable en cas de WO 3 cristaux et des pellicules 

de quartz.  
2. La constante  de diffraction 41ectronique chez des chromides surpasse cette constante chez 

des interchromides par 1.34 lois en moyenne en cas d 'extraction des lipides au moyen de l'ac6tone. 
Quant  A l 'extraction au moyen de lipase nous t rouvons 1.56. 

Par  cons6quence, la consti tut ion des chromides a 6t6 montr4 differente de cette des inter- 
chromides. 

ZUSAMMENFASSUNG 

Mit Hilfe des Elektronenmikroskops wurden die relativen Elektronenstreuungskonstanten der 
Chromidien und Interchromidien des Chloroplasteneiweisses der Spinat untersucht .  

Es ergab sich dass: 
I. Die Methodik nach •ARTON UND SCHIF1 ;5 an WO~ Kristallen und Quarzh/iutchen angewandt  

werden kann. 
2. Die Elekt ronenst reuungskonstante  der Chromidien um 1.34 mal die der Interchromidien 

iibertrifft im Falle Extrakt ion der Lipoiden mittels Azeton. Nach Lipase-Einwirkung betr/igt dieser 
Wert  1.56. 

Diese Ergebnisse deuten auf eine Strukturdifferenz der Chromidien und der Interchromidien bin. 
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