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G A M M A - G L O B U I A N  

LUIGI MICHELAZZ1 

Institute o/ General Pathology, 1"he University, Genoa (Italy) 

I t  has been recently reported that  it is possible to separate electrophoreticaUy several 
subfractions of human  serum a lbumin  by  using buffers of low ionic s t rength at pH 
values close to the isoelectric point  1. H u m a n  y-globulin (Cohn fraction I I I )  has also 
been fract ionated in three boundaries  by  this method 2. SALVER ANI) COREY 3 suggest 
tha t  these results are due to a "microheterogenei ty"  of the protein molecules present 
in a lbumin  and  in y-globulin, i.e. to the existence in them of pa t te rns  of molecules 
having similar bu t  not  identical  physical and chemical properties. 

The principle described by SA1FER AND COREY has been used by HUMPHREY AND 
PORTER 4 for s tudying  by  par t i t ional  column chromatography the immune  globulin of 
rabbi ts  at  different stages of immuniza t ion  with various antigens. The detection of 
three subfractions was possible with rabbi t  serum globulin also, bu t  the antibodies 
were not present  in all subfractions. The specific an t ibody  was found either in the slow 
migra t ing boundary  or in the middle one, depending upon the t ime after the immuni-  
zation and  the type of the antigen.  The authors  suggest tha t  different types of cells 
may  produce several types of v-globulins differing slightly one from another.  

In  the present paper an account is given of an  a t t empt  to separate different sub- 
fractions of serum 7-globulin of both  normal  and immunized  rabbi ts  by  means of 
paper electrophoresis, and  to detect the specific an t ibody  in these subfractions. 
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METHODS 

Rabb i t s  weighing 15oo-I  70o g were used.  T h e  i m m u n i z i n g  t r e a t m e n t  cons is ted  of in ject ing into t he  
ear  vein of each an ima l  3 ml  of  a 2o % suspens ion  of gu inea  pig e ry th rocy te s  in physiological  saline. 
These  e ry th rocy te s  were t aken  f rom the  hea r t  of  gu inea  pigs and  washed  th ree  t imes  wi th  phys io-  
logical sal ine con ta in ing  a smal l  a m o u n t  of sod ium oxalate .  Some rabbi t s  received only  r in jec t ion;  
t he  agg lu t i na t i ng  power  of t he  s e rum of these  an ima l s  was i :5 ° a week a f te r  the  inject ion of the  
ant igen .  O the r  rabb i t s  received one inject ion every  week for the  period of 6 m o n t h s .  A t  the  end of 
the  t r e a t m e n t ,  t he  agg lu t ina t i ng  power  of t he  sera of these  an ima l s  was x :4oo. O the r  rabb i t s  did 
no t  receive a n y  t r e a t m e n t  and  were re ta ined  as no rma l  controls .  

Gamma-g lobu l in  was isolated f rom t he  rabbi t  s e rum by  the  m e t h o d  of KEKWICK 5. 
Paper  e lectrophoresis  was per formed in a E lphor  a p p a r a t u s  (AESSE,  Milano), I xo V and  

o.I A being appl ied a t  the  electrodes. W h a t m a n  No. x paper  was  used. Two buffer  solut ions  were 
employed  : (x) sod ium b a r b i t u r a t e - a c e t a t e  buffer, p H  8.6, ionic s t r eng th  o. 15. (2) acetic a c i d - a c e t a t e  
buffer, pH  4.5, ionic s t r eng th  0.04. T h e n  o.oi ml of the  12 % solut ion in o.o67 M p h o s p h a t e  buffer,  
p H  8, of t he  isolated 7-globul in  was  placed on t he  paper ,  two parallel  s t r ips  being run  each t ime.  
Af ter  I2 hours ,  the  s t r ips  were removed,  dr ied a t  room tempera tu re ,  and  the  first s ta ined  wi th  
Amido  5chwarz  io B (Bender  and  Hobein ,  C.M.B.H.)  to localize t he  spots  of t he  proteins .  The  
regions in the  second s tr ip  t h a t  cor responded to t he  spo t s  in t he  first one, were removed,  careful ly  
c u t  in smal l  pieces wi th  scissors, and  immersed  in 2 ml of o.o67 M p h o s p h a t e  buffer, p H  7.4, a t  room 
t e m p e r a t u r e  for I hour ,  T he  e luates  were t hen  tes ted  for t he  de tec t ion  of the  specific a n t i b o d y  
aga ins t  guinea  pig e ry throcy tes ,  af ter  conven ien t  di lut ion in physiological  saline. 

RESULTS 

Fig. I represents the paper electrophoretical pattern of the ?-globulin of normal 
rabbit serum, at pH 4.5. It is clear that by this method it was impossible to distinguish 
any subfractions in 7-globulin of normal animals. Only one spot was obtained, in- 
dependently of the pH used. 

Gamma-globulin from the serum of rabbits receiving only I injection of guinea 
pig red cells also showed one spot, at both pH values tested. Gamma-globulin from the 
.serum of rabbits submitted to repeated injections with the antigen, however, showed 
three, and in some instances four, spots at pH 4.5, (Fig. 2 and 3), while they continued 
to show only one spot at pH 8.6. The agglutinating antibody was eluted from the 
unique spot in the electropherograms run at pH 8.6. In electropherograms run at pH 

. . . . .  i i .  
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Fig. I. E lec t ropherogram of y-globul in  of  nor-  
mal  rabbi t  se rum.  Ace ta te  buffer, p H  4-5, 

ionic s t r eng th  o.o 4. 

::: Fig. 2. E lec t rophe rogram of 7-globul in of  the  
se rum of a rabbi t  t rea ted  wi th  gu inea  pig  

• :;.{( e ry th rocy te s  for 6 m o n t h s .  Ace ta te  buffer, p H  
4.5, ionic s t r eng th  0.04. Three  subf rac t ions  are  

: evident ,  bu t  the  an t i body  was p resen t  only  in 
the  top  fract ion (darkes t  spot).  

". ,~- ~-..:-7:. ~.%~: ;...~ .~. ~.. 
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Fig. 3. E lec t rophe rogram of y-globul in  of t he  
se rum of a rabbi t  t r ea ted  wi th  gu inea  p ig  
e ry th rocy te s  for 6 m o n t h s .  E x p e r i m e n t a l  con-  
di t ions  as in Fig. 2. Fou r  subf rac t ions  a re  
evident ,  bu t  the  a n t i b o d y  is p resen t  only  in 

the  top  fraction.  
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4.5, however, the antibody was shown to be present only in the most rapidly migrating 
subfraction (top fraction), while it was practically lacking in the others. These results 
agree substantially with those of SalvE1~ .\Nl) CORVV and of HUMPHREY AND PORTHt. 
The impossibility of separating y-globulin subfractions from normal rabl)it serum by 
the method used here is perhaps due to the fact that our method is relatively less 
sensitive compared with those used by the above authors. The fact that the separation 
was possible in the case of sera from rabbits submitted to long-time immunization 
probably shows that the "microheterogeneity'" is more marked under these conditions. 
The hypothesis of HUMPHREY AND PORTER that  in the immunization process different 
types of cells produce different types of ~,-globulin is not in disagreement with the 
results obtained in these experiments, but the presence of the antibody in only one 
subfraction suggests that  each cell produces antibodies with relatively identical 

properties. 

S I !M M AR Y 

R a b b i t  s e rum y-globul in  was  s u b m i t t e d  to paper  e lec t rophores is  in two different  buffers of p H  
8.6 and  4.5, and  of ionic s t r eng t h  o.15 and  o.o 4, respect ively.  Only  one spo t  was de tec ted  for t he  
y-globul in  of no rma l  an ima l s ,  b u t  the  y-g lobul in  of an i ma l s  t rea ted  for m a n y  m o n t h s  wi th  gu inea  
pig e ry th rocy t e s  was  separa ted  into 3 -4  subf rac t ions .  T he  specific an t i body  was presen t  only  in t h e  
mos t  rap id ly  mig ra t i ng  subf rac t ion  and  was  comple te ly  absen t  in the  others .  
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Phosphomannose isomerase (PMI) and phosphoglucose isomerase (PGI) are widely 
distributed, but in every case so far examined the activity of PGI greatly exceeds 
that  of PMI x,2,3. Moreover, PMI is usually far less stable than PGI.  Consequently, 
fractionation procedures applied to several tissues have been successful in giving 
preparations of PGI free of PMI but not vice versa. 

In the assay of PMI by the direct method of estimation of ketose formation 
(fructose-6-phosphate, F-6-P) from mannose-6-phosphate (M-6-P), the presence of 
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