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Konzentration des ,densitometrischen Zylinders,  c d aus 
und es gilt e d = konst. 

Die Verfasser wghlten Albumin als Standardprotein. 
Die densitometrischen Kurven verschieden konzentrierter 
LSsungen sind in Figur 2 daxgestellt. Die Versuchswerte 
sowie die berechneten Werte ffir die Konstrukt ion der 
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t~ig. 5. Densitometrische Kurven der Teste versehieden kon- 
Zentrierter AlbuminlSsungen. (1)-(6) wie in Figur 2 angeffihrt, 

(7) = 2,2 x i0 -s g/ml. 

Kalibrierkurve in Figur 3 sind in der Tabelle I zusammen- 
gefasst. Die Werte h wurden mittels einer Millimeterskala 
bestimmt, an welcher 30 mm 10 Strichen der I)ensit/its- 
skala entsprechen. 

Tabelle I I  ffihrt als Beispiel die Ergebnisse der Bestim- 
mungen des gesamten Proteingehaltes in Ext rak ten  eines 
peripheren Nervs, nervus ischiadicus, an, die durch 
Extrakt ion  yon 28 mg des operativ en tnommenen Nervs 
in 2 m/physiologischer Kochsalzl6sung dargestellt worden 
waxen. Aus einem Volumen yon 0,8 mt des entfet teten 
Extraktes  wurden einerseits 5 Parallelmessungen mittels 
der oben beschriebenen Methode ausgefiihrt, andererseits 
wurde eine Best immung nach FoLIo* unternommen.  Det 
durch densitometrische Messungen gewonnene Durch- 
schnittswert (cx 1,49 × 10 -8 g/ml) s t immt  sehr gut  mit  
dem kolorimetrisch best immten Wert  (1,78 × 10 -3 g/ml) 
iiberein. Die Genauigkeit der Messung wurde anhand der 
Standaxdabweichung beurteilt, die in diesem Falle 
0,0136 × 10 -8 betr~igt. 

Summary. An analytical method of quant i ta t ive  deter- 
minat ion of proteins in small volumes is described. The 
method is based upon the densitometric evaluation of 
colour tests in agax-gel. The quant i ty  of proteins is deter- 
mined by graphical integration of densitometric curves 
and, in the arrangement  described, it  is possible to assay 
proteins in volumes of the order 10 .8 ml. 
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M a r k i n g  of  C h l o r o p l a s t  G a l a c t o l i p i d s  w i t h  
T r i t i u m  

Galactose oxidase (D-galactose: Os oxidoreductase, 
]~C 1.1.3.9) acts on D-galactose, 2-D-glucosamine and 
many galactosides, to form D-galactohexodialdose or 
aldosidesK The aldehyde group formed by the action of 
this enzyme can be subsequently reduced back to reform 
the initial galactoside. Use of tr i t iated borohydride for 
this reduction was suggested ~ as a procedure for the 
preparation of 8H-Iabelled galactose and galactosides 
such as oligosacchaxides =, glycoproteins s and cerebro- 
sides*. The same enzyme reaction was also employed in a 
histochemical staining method to show presence of ter- 
minal galactose and galactosamine units  in mucus- 
secreting cells 5. 

We have recently at tempted to apply the galactose 
Oxidase reaction in studies of ultrastructure as a means 
for the identification of galactosides in various biological 
membranes. For this purpose, the enzyme-oxidized struc- 
tures were reduced by NaBSH, and then studied by radio- 
autography in the electron-microscope. 

I t  is well known that  galactolipids constitute a major 
portion of the lipid fraction of the chloroplast membrane 0. 

In  the present report the use of the galactose oxidaes 
reaction is suggested as a possible procedure for their 
ultrastructurM analysis and detection. We feel tha t  the 
method as described here, or in other variations which 
can be applied, provides a useful tool for studies on the 
appearance, turnover  and other metabolic aspects of 
galactotipids in the chloroplast membrane. 

ExperimentalL Washed Swiss chard leaves were dis- 
integrated in a Waring blendor for 15 sec in 0,2M phos- 
phate buffer pH 7.0, containing 0.4M sucrose, The frac- 
t ion containing chloroplasts 8 was collected by centrifuga- 
t ion between 200 and 1000 g. The chloroplasts were thrice 
washed in the same sucrose buffer solution, dispersed in it  
to 15% (v/v) suspension, then treated with a glutaxalde- 
hyde solution (4% final concentration) prepared in 0.2 M 
phosphate buffer pH 7.0. After 160 min a t  4°C, the 
chloroplasts were washed 5 times with 20 volumes of 
buffer to remove excess aldehyde, then suspended in 2% 
NaBH,  solution at room temperature. Two h later the 
chloroplasts were washed again with the same buffer and 
dispersed to about  15% (v/v) suspension in a solution 
containing 200 units galactose oxidase and 450 units 
catalase/ml in 0.2M phosphate buffer, pH 7.0. After 5 h 
at 25°C, NaB3H, (100/~c#~mole) was added to a final con- 
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Radioautograph of "stained thin 
sections of chloroplasts which were 
oxidized with galactose-oxidase 
and then reduced with NaBaHv 
(A) Intact chloroplast. (B) Disinte- 
grated chloroplast. 

c e n t r a t i o n  o f  0.1 mg /ml ,  a n d  a f t e r  a f u r t h e r  i n c u b a t i o n  of 
1 h,  ch lo rop la s t s  were  w a s h e d  w i t h  a s imi la r  bu f f e r  to  
r e m o v e  aH soluble  r ad ioac t i v i t y .  Samples  of t h e  t r i t i u m -  
l abe l l ed  c h l o r o p l a s t  s u s p e n s i o n  were  col lected on  Mil l ipore 
H A  u l t ra f i ! t e r s  a n d  p l a c e d  in  sc in t i l l a t ion  l i q u i d - f o r  
c o u n t i n g L  Adt iv i ty '  f o u n d  w a s  1.OX 10 s d p m / m g  d r y  
Chloroplas t  we igh t .  Acid  hydro lys i s  of t h e  p r e p a r a t i o n  
(1 N HC1; 100 °C for  3 h) a n d  c h r o m a t o g r a p h i c  ana lys i s  S, s 
of t h e  c o n c e n t r a t e d  h y d r o l y z a t e  i n d i c a t e d  t h a t  t h e  t r i t i u m  
res ided in  a hexose  w i t h  a c h r o m a t o g r a p h i c  b e h a v i o u r  
e x p e c t e d  fo r  galactose .  

T r i t i u m - l a b e l l e d  ch lo rop las t s  were  t r e a t e d  w i t h  OsO4 
f i xa t i ve  so lu t ion  a n d  e m b e d d e d  in  E p o n  x0. T h i n  sec t ions  
(500-700 /~) were  covered  w i t h  I l fo rd  L-4  emul s ion  n ,  
s to red  60 d a y s  in  t h e  d a r k  a t  4~C a n d  deve loped  w i t h  
K o d a k  Microdol -X.  After- s t a i n i n g  w i t h  u r a n y l  a c e t a t e  xe 
a n d  lead  c i t r a t e  xz so lu t ions  (3 r a i n  in  each  case),, t h e  sec- 
t i ons  were  e x a m i n e d  in t h e  e lec t ron  mic roscope  (Figure) .  
I n  t h e  preparat ion- '  d e s c r i b e d  a b o v e ,  1 -4  s i lver  g ra ins  
were  o b s e r v e d  for  each  sec t ion  of a ch loroplas t .  T h e  g ra ins  
were  a s soc i a t ed  w i t h  t h e  l ame l l a r  s t r u c t u r e  a n d  p r e d o m i -  
n a n t l y  f o u n d  i n  p e r i p h e r a l  a reas  of t h e  par t ic les .  I t  cou ld  
be  r o u g h l y  es t in~ated t h a t  o n l y  less t h a n  2~o o f  t h e  t o t a l  
ga lac tos ide  moie t ies  in. t h e  ch lo rop la s t  xs were  label led  b y  
t r i t i u m  in  t h e  e x p e r i m e n t  descr ibed.  I t  is sugges ted  t h a t  
ox id iz ing  t h i n  sec t ions  r a t h e r  t h a n  whole  ch lo rop la s t s  as 
wel l  as e m p l o y i n g  t r i t i a t e d  b o r o h y d r i d e  of a m u c h  h i g h e r  
specific ac t iv i ty ,  wou ld  p rov ide  a more  ef f ic ient  p r o c e d u r e  
for  d e t e c t i n g  ga iac to l ip ids  b y  r a d i o a u t o g r a p h y .  

Rdsumd. U n e  t e c h n i q u e  p o u r  le m a r q u a g e  d e s  ga lac to -  
l ipids d u  ch lo rop l a s t  p a r  t r i t i u m  es t  ddcri t .  Ce t t e  t ech-  
n i q u e  ut i l i se  l ' o x i d a t i o n  du  ga lac tos ide  p a r  le ga lac tose-  
ox idase  su iv i  p a r  une  r~duc t i on  des  a l d e h y d e s  form~es 
avec  b o r o h y d r i d e  t r i t i6 .  L ' app l i ca t io r i  de  ce t t e  t e c h n i q u e  
p o u r  l ' d tude  u l t r a s t r u c t u r e l l e  de  eh lo rop la s t s  es t  m o n t r &  
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