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S T U D I E S  O N  A H A E M O S E N S I T I N  F R O M  

3 I Y C O B A ( i T E R I ~ : M  T U l l E R C I ; L O S I S  I N  Z O N E  F - L E C T R O P H O R E S I S  
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I f  r e d  cells a re  i n c u b a t e d  w i t h  f i l t r a t e s  of c u l t u r e s  of Mycobacter ium tuberculosis, a n d  

a f t e r w a r d s  w a s h e d ,  t h e y  c a n  be  a g g l u t i n a t e d  b y  a n t i s e r a  a g a i n s t  t h e  bac i l l u s  (MIDDLE- 

I~ROOK .tND DUBOS~). O ne  of t h e  b a c t e r i a l  s u b s t a n c e s  w h i c h  b e c o m e s  f ixed o n t o  t h e  

cel ls  in  t h i s  w a y  is h e a t - s t a b l e  a n d  is p r e s e n t  in f r a c t i o n s  of t u b e r c u l i n  m a d e  f r o m  b o t h  

h e a t e d  a n d  u n h e a t e d  c u l t u r e  f i l t ra tes ,  a n d  h a s  b e e n  n a m e d  t h e  a - h a e m o s e n s i t i n  (SOR- 

l,:I.X AND BOYDEN2). A l t h o u g h  t h i s  s u b s t a n c e  c a n  be  r e c o g n i s e d  se ro log ica l ly  as  a dis-  

t i n c t  e n t i t y ,  v a r i o u s  a t t e m p t s  to  p u r i f y  a n d  c h a r a c t e r i z e  i t  w i t h  c e r t a i n t y  h a v e  m e t  

w i t h  l i t t l e  success ,  b u t  i t  h a s  b e e n  g e n e r a l l y  c o n s i d e r e d  to  be  of p o l y s a c c h a r i d e  n a t u r e .  

I n  a r e c e n t  p a p e r  (SORKIY, BOYI)F.N AND RHOI)ES 3) we d e s c r i b e d  v e r y  a c t i v e  a- 

h a e m o s e n s i t i n  p r e p a r a t i o n s  c o n t a i n i n g  a b o u t  9 0 %  of a h e t e r o p o l y s a c c h a r i d e ,  w h i c h ,  

h o w e v e r ,  was  s h o w n  b y  b o u n d a r y  e l e c t r o p h o r e s i s  to  be  i n h o m o g e n e o u s .  I t  was  t h o u g h t  

t h a t  t h i s  m i g h t  be  d u e  to t h e  p r e s e n c e  of a n o t h e r  s u b s t a n c e  w i t h  v e r y  s i m i l a r  p r o p -  

er t ies .  F u r t h e r  a t t e m p t s  were  t h e r e f o r e  u n d e r t a k e n  to  p u r i f y  t h e  p r e p a r a t i o n .  

P r e p a r a t i v e  zone  e l e c t r o p h o r e s i s  (TIsELItJS AND KUNKEL 4, KUNKEL s) a p p e a r e d  to be  

a c o n v e n i e n t  m e t h o d .  Gla_~s b e a d s  (Topz  b a l l o t i n i  o . I  r am)  were  u sed  as s u p p o r t i n g  

m e d i u m  a n d  t h e  buf fe r  e m p l o y e d  was  v e r o n a l  s o d i u m / v e r o n a l  p H  8.6, tL = o . I .  

T h i s  p a p e r  p r e s e n t s  t h e  se ro log ica l  a n d  c h e m i c a l  r e su l t s  of t h e  e l e c t r o p h o r e s i s  

e x p e r i m e n t s .  

EXPERIMENT:kL 

.4pparatus and materials [or zone electrophoresis 
A paste of glass beads, Topz ballotini o. i mm in veronal buffer pH 8.% # = o. I, was prepared and 
poured into a rectangular perspex container (7 ° cm × 4 cm × ~ cm). The excess liquid was re- 
moved from the paste by blotting with tilter paper until the block was firm, but still moist. 

A small slit at  each end of the perspex mould permitted the passage of a filter paper which 
passed into the butler solution in the cells. The paper was rolled tip inside the mould and made 
contact  with the glass beads. The mould was placed on the lip of the cells of the Tiselius type ap- 
paratus (TIsELIUS AND FLODIN 6) and the glass block was equilibrated for 2 hours with the buffer 
solution. 

The u-haemosensitin preparation studied in electrophoresis corresponded to the one described 
by SORKIN, BOVDV:N and RHODES "~. It had been isolated by alcohol fractionation from heated culture 
filtrates of M. tuberculosis (humain strain F-965b) and most of the protein impurities had been re- 
moved by t rea tment  with ammonium sulphate and trichloracetic acid. The preparation (fraction 
248) was active in sensitizing sheep red cells to agglutination by rabbi t  anti-tuberculous serum at a 
concentrat ion of I ~,/ml under the conditions previously described (SORKIN, BOYDEN AND RHODES~). 
Its main component was a heteropolysaccharide containing 6t % arabinose, 25% hexose, and 1.3°0 
hexosamine. In addition, about  1% fat ty acids and 40/o of a peptide component  were present. 

Electrophoretic procedure 
-oo mg of fraction 248 were dissolved in o. l ml veronal buffer and placed in a small trough which 
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was c u t  ou t  in t he  middle  of the  glass block (SORKIN0 RHODES AN'D BOY'DEN't). Af te r  l ay ing  a piece 
of d ry  filter pape r  unde r  t he  lid, the  la t te r  was  screwed down and  the  e x p e r i m e n t  r un  for 7 d a y s  
a t  26o volts ,  z6 mA,  and  a t  4°C. 

Elation o] the separated material 
The  whole glass block was  cu t  into I cm segmen t s  each of which  was e luted wi th  5 ml of a o.9 % 
NaCI solut ion.  The  elut ion was  per formed on a glass funnel .  

RESULTS 

Determinalion o/the eleclrophorogram 
(a) Chemical. Since the starting material contained over 9o% polysaccharide, the 

distribution of the material was studied according to MORRIS a by carbohydrate anal- 
ysis with anthrone-suliudc acid as reagent (see also SORKIN, BOYDEN AND RHODES3). 
It  is seen in Fig. i that the bulk of carbohydrates migrated 2o-28 cm towards the 
cathode, whereas only a small part remained at the start or moved towards the anode. 
This result was in accordance with some of our earlier experiments in which we could 
not recover the material when it was placed near the cathode end of the glass block; 
obviously it had migrated into the cells containing the electrodes. 

(b) Serological. The fractions were titrated serologically for (I) sensitizing activity 
(this term is used to denote the capacities of the various eluates to sensitize sheep red 
cells to specific haemagglutination by rabbit anti-tuberculous serum), (2) inhibiting 
activity (meaning the capacity of a preparation to neutralize the antiserum's ability 
to agglutinate red cells coated with the ~-haemosensitin (for details of the procedures 
used see SORKIN AND BOYDEN z, SORKIN, BOYDEN AND RHODES a) (see Fig. I). 

The first of these procedures gives a measure of the content in the fractions of 
serologicaUy specific material capable of becoming fixed to the red cell surface. The 
second measures material of the same serological specificity as the red cell sensitizing 
component, irrespective of its red cell sensitizing potentialities. 
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Fig. z. Zone e lect rophores is  in glass of haemosens i t i n  in veronal  buffer  p H  8.6, p = o.z. D u r a t i o n  : 
7 days  a t  + 4 ° C .  The  e lua tes  f rom z cm s e g m e n t s  were a s sayed  for sens i t iz ing  and  inh ib i t ing  

ac t iv i ty  and  for ca rbohydra te .  

Re/evences p. 407. 
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The data in Fig. i show that the sensitizing activity has Inoved slightly towards 
the cathode and resides mainlv in one small section of minimal carbohydrate content, 
but is also present to some extent where the bulk of the carbohydrate positive material 
is found. In contrast, however, the main inhibiting activity is localized further to- 
wards the cathode and corresponds with the position of greatest carbohydrate con- 
tent. This and similar experiments suggest therefore that even puritied fractions con- 
tained only a small amount of sensitizing material together with larger amounts of 
inhibiting substances of the same serological specificity. 

DISCUSSION 

In the experiments described results were presented which showed why ct-haemo- 
sensitin as a chemical entity has probably never been isolated. I t  is most likely that 
all workers have been dealing with varying mixtures of the a-haemosensitin proper 
and a chemically related substance possessing the same serological specificity but un- 
able to sensitize red ceils. The close relationship of the two substances has up to now 
prevented any clear separation, although MII)DI.I,:BROOI( 9 has mentioned that  he suc- 
ceeded in removing all sensitizing activity from a preparation by repeated adsorption 
with red cells, leaving behind only inhibiting activity. 

In what way the inhibiting and the sensitizing material, which occurs in much 
smaller amounts, differ chemically is at present under investigation. As stated earlier 
(SORKIN, BOYDFN AND RHODF.Sa), both contain polysaccharide, mycotic acid(s) a n d  

probably a biuret-positive component. Tile fact that only very small amounts of sen- 
sitizing material are available has not yet permitted a further detailed study. 

Finally, it is of some interest to ask wily both the inhibiting and sensitizing ac- 
tivity move in glass towards tile cathode, whereas in paper and free electrophoresis they 
migrate slightly towards the anode. I t  is possible that  the migration seen in glass after 
7 days is due to electroosmosis rather than to electrophoresis. Such an effect was ob- 
served by KUNKEL ANI) TISELIUS 4 for tile polysaccharide dextran in paper electro- 
phoresis and it was used as index substance for mobility determinations. 

The serological titrations were carried out by Miss MERETE LARSI.;N and Miss BIRGIT'rE 
ENGEI,BRECH'r KRISTENSEN. 

SUMMARY 

i. The fractionation in glass by zone electrophoresis of a highly purified prepara t ion  contain- 
ing a-haemosensi t in  from M. tuberculosis active in sensitizing red cells in the Middlebrook-Dubos 
haemagglut inat ion test is described. 

2. The bulk of the material  moved towards  the cathode, and contained polysaccharide which 
did not  sensitize red cells to agglut inat ion by ant i - tuberculous  serum, bu t  which was of the same 
serological specificity as the sensitizing component .  The sensitizing component  was  found nearer 
the s tar t ing point  and represented only a small fraction of total  material .  
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