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a d s o r p t i o n  of t h e  so lu te  on  a cel lu lose  p h a s e  1 w h e n  t h e  
m o b i l e  s o l v e n t  p h a s e  is a b s e n t .  
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Zusammen/assung 

Bei  der  p a p i e r c h r o m a t o g r a p h i s c h e n  P r i i f u n g  b e s t i m m -  
t e r  r e i n e r  Stoffe  w u r d e  die B i l d u n g  m e h r e r e r  FleckeD 
b e o b a c h t e t .  D e r a r t i g e  ~(ghost))-Flecken e n t s t e h e n  m i t  
gewissen  h e r z a k t i v e n  G l y k o s i d e n  u n d  a u c h  m i t  d e m  
A n t i b i o t i k u m  M o n a m y c i n .  

1 A. J. P. MARTIN, Ann. Rev. Biochem. 19, 517 (1950). 

Paper Electrophoretic Separation 
of Tuberculin Constituents 

I n  t h e  course  of ou r  i n v e s t i g a t i o n s  i n t o  t h e  i m m u n e  
r e sponse  of t h e  hos t  to  t u b e r c u l o u s  i n f ec t i on  a n d  a n t i -  
t u b e r c u l o s i s  v a c c i n a t i o n ,  t h e  p r o b l e m  arose  as to  h o w  
to  d e t e r m i n e  t h e  p u r i t y  of t h e  i so l a t ed  a n t i g e n i c  frac-  
t i o n s  b y  a q u i c k  m e t h o d  a n d  on  a microsca le .  T h e  r e c e n t  
successfu l  a p p l i c a t i o n  of zone  e l e c t r o p h o r e s i s  on  p a p e r  
for  t h e  s e p a r a t i o n  of s e r u m  p ro te ins ,  enzymes ,  etc.  ~ 
i n d u c e d  us to  i n v e s t i g a t e  t h i s  m e t h o d  for  ou r  purposes .  
S o m e  of t h e  r e su l t s  a re  p r e s e n t e d  in t h i s  p r e l i m i n a r y  no te .  

Two  t y p e s  of a p p a r a t u s  were  u s e d - o n e  s im i l a r  to  
t h a t  de sc r ibed  b y  KUNKEL a n d  TISELIUS ~ in w h i c h  t h e  
p a p e r  is p l aced  h o r i z o n t a l l y  b e t w e e n  two  glass p la tes ,  
a n d  t h e  o t h e r  s im i l a r  to  t h e  one  used  b y  GRASSMANN 
a n d  HANNIG 3 b u t  w i t h  r o o m  for  6 -8  h o r i z o n t a l l y  p l a c e d  
p a p e r  s t r i p s  (35 X 4 cm).  

Of t he  d i f f e ren t  buf fe r s  used,  p h o s p h a t e  buf fe r  p i t  8.3, 
ionic  s t r e n g t h / ~  = 0-1 a n d  v e r o n a l / v e r o n a l  s o d i u m  buf fe r  
p H  8-6, ionic  s t r e n g t h  /z = 0-1t ,  g a v e  t h e  b e s t  resul t s ,  
t h e  l a t t e r  y i e ld ing  b e t t e r  s e p a r a t i o n s  in t he  GRASSMANN 
a n d  HANNIG a p p a r a t u s .  C i t r a t e  buf fe r s  of p H  5.5 a n d  6.3 
a f fo rded  no  good  s e p a r a t i o n s ,  a n d  in a d d i t i o n  some  of 
t h e  p r o t e i n s  t e n d e d  to  p r e c i p i t a t e  o u t  f r o m  t h e i r  solu-  
t i ons  in  t he se  bu t l e r s ,  whe rea s  2 -10  % s o l u t i o n s  of m o s t  
f r a c t i o n s  cou ld  eas i ly  be  d i s so lved  in t h e  a lka l ine  buffers .  
Buf fe r s  of m u c h  h i g h e r  p H  va lues  h a v e  n o t  been  t r i e d  
s ince  d e n a t u r a t i o n  of t u b e r c u l o - p r o t e i n s  occu r s  u n d e r  
such  cond i t i ons .  A t h i c k  f i l te r  p a p e r  ( M u n k t e l l  20/150) 
was used.  

T h e  e x p e r i m e n t s  were  r u n  for  19 h a t  200 V a n d  
14-24  m A  a t + 4 ° C ,  a p p l y i n g  10-20/~1 of 2 - 1 0 %  solu-  
t i o n s  of t h e  a n t i g e n s .  T h e  p r o t e i n s  were  i den t i f i ed  b y  
t h e  b r o m p h e n o l  b lue  m e t h o d  a c c o r d i n g  to  DURRUM 4, 
a n d  for  q u a n t i t a t i v e  m e a s u r e m e n t  e lu t ed  w i t h  0.01 n 
N a O H  a n d  m e a s u r e d  in t h e  BECKMAN s p e c t r o p h o t o m e t e r  
a t  595 m# .  C r y s t a l l i n e  b o v i n e  a l b u m i n  was  chosen  as  
s t a n d a r d  s u b s t a n c e .  I n  a pa ra l l e l  r u n  t h e  po ly saccha -  
r ides  were  d i r e c t l y  i den t i f i ed  on  p a p e r  a f t e r  p e r i o d a t e  
o x i d a t i o n  w i t h  Iuchs in  s u l p h i t e  5, or  e l u t e d  w i t h  w a t e r  
a n d  d e t e r m i n e d  w i t h  a n t h r o n e  a c c o r d i n g  to  MORRIS e. 

1 For a review, see A. TISELIUS and P. FLODIN, Adv. Protein 
Chem. 8, 461 (1953). 

H. G. KUNKEL and A. TISELIUS, J, Gen. Physiol. 35,89 (195t). 
3 W. GRASSMANN and K. I-IANNIG, Hoppe-Seyler's Z. Physiol. 

Chem. 290, 1 (1952). 
4 E. L. DURRUM, J. Amer. Chem. Soc. 72, 2943 (1950). 
5 E. KOiw and A. GR6~WALL, Scand. J. Clin. Lab. Invest. 4, 244 

(195~). 
6 D. L. MORRIS, Science 107, 254 (1948). 

T h e  p h o t o g r a p h i c  r e p r o d u c t i o n  in F i g u r e  1 i l l u s t r a t e s  
t h e  s e p a r a t i o n  of t w o  f r a c t i o n s  a n d  a m i x t u r e  of t h e s e  
i n to  t h e i r  p r o t e i n  c o m p o n e n t s .  T h e  r e s u l t  sugges t s  
t h a t  t h e r e  is one  c o m p o n e n t  w h i c h  is c o m m o n  to  b o t h  
f rac t ions .  
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F i g u r e  2 i n d i c a t e s  t h e  use fu lness  of t h e  m e t h o d ,  in  
s h o w i n g  t h e  h e t e r o g e n e i t y  of one  p a r t i c u l a r  f r ac t ion ,  t h u s  
c o n f i r m i n g  sero logica l  r e su l t s  w h i c h  will  be p u b l i s h e d  
s h o r t l y  t. I t  is o b v i o u s  t h a t  t h e  p o l y s a c c h a r i d e  p a r t  of 
t h e  f r a c t i o n  m o v e s  r a t h e r  s lowly  t o w a r d s  t h e  anode ,  
t h e r e b y  a f fo rd ing  a s e p a r a t i o n  f rom p r o t e i n s  w i t h  h i g h e r  
mobi l i t i es .  T h e  c u r v e  for  t h e  p r o t e i n s  sugges t s  t h e  pre-  
sence  of t h r e e  d i f f e r e n t  c o m p o n e n t s .  
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T h e r e  are,  howeve r ,  some  a n t i g e n s  or  a n t i g e n i c  mix-  
t u r e s  w h i c h  c a n n o t  y e t  be  s a t i s f a c t o r i l y  s e p a r a t e d  u n d e r  
t he se  co n d i t i o n s .  H e a t e d  f rac t ions ,  e .g .  P P D ,  a re  n o t  
s e p a r a t e d  i n t o  s ingle  spots ,  a l t h o u g h  t h e y  are  k n o w n  to  
c o n t a i n  a t  l eas t  t w o  p r o t e i n s  w i t h  d i s t i n c t  sero logica l  
specif ic i t ies .  Some  u n h e a t e d  p ro te ins ,  such  as a h i g h l y  
pur i f i ed  p r o t e i n  c o r r e s p o n d i n g  to  SEIBI~RT'S C p ro t e in ,  
a l t h o u g h  se ro log ica l ly  n e a r l y  pure ,  s h o w  c o n s i d e r a b l e  
t a i l ing ,  p r o b a b l y  due  to  s t r o n g  a b s o r p t i o n  i n to  t h e  
paper .  T h e y  do  n o t  s e p a r a t e  i n to  s ingle  spo t s  w i t h  t h e  
e l e c t ro p h o re s i s  m e t h o d  as desc r ibed  a b o v e .  
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Zusammen]assung 
M e t h o d e n  zur  p a p i e r e l e k t r o p h o r e t i s c h e n  T r e n n u n g  

v o n  a n t i g e n e n  K o m p o n e n t e n  y o n  T u b e r k u l i n  w e r d e n  
b e s c h r i e b e n .  
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