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ELECTROPHORETIC STUDIES OF TEE PROTEINS OF BOVINE SERUMS
WITH RESPECT TO BRUCELLA

I t  has long been known t h a t  when anim als  or humans a r e  i n j e c t e d ,  

o r become in f e c t e d  w i th  B ru c e l la ,  t h e r e  fo llo w s  an appearance o f  demon­

s t r a b l e  a n t ib o d ie s ,  o f te n  in  h igh  t i t e r ,  in  th e  blood serum. The ro le  

p lay ed  by th e s e  a n t ib o d ie s  in  s h o r te n in g  th e  d u ra t io n  o f  th e  d is e a s e  or 

in  th e  d e s t r u c t i o n  o f  t h e  invading  organisms i s  as y e t  unknown. So f a r  

no jin v i t r o  method has been dev ised  which would in d ic a te  a n t i b a c t e r i a l  

a c t i v i t y  on th e  p a r t  o f  B ru c e l la  a n t ise ru m s .  There have been o b ta in e d ,  

however, i n  c e r t a i n  experim ents  by Huddleson and P e n n e ll  (19) d a ta  which 

su g g es t  t h a t  a p ro p e r ly  p repared  an t ise ru m  p lays  an im portan t r o le  in  

th e  n e u t r a l i z a t i o n  o f  th e  to x ic  components of th e  b a c t e r i a l  c e l l*

I t  was, t h e r e f o r e ,  th e  o r ig i n a l  purpose o f  t h i s  s tudy  to  

develop  a p u r i f i e d  and c o n c e n tra te d  B ru c e l la  an t ise ru m . A g e n e ra l  b u t 

n o t  e x h a u s t iv e  i n v e s t i g a t i o n  in c lu d ed  th e  employment of  th e  more common 

methods o f  serum p u r i f i c a t i o n ,  such as th e  use  of v a r io u s  s a l t s  l i k e  th e  

s u l f a t e s  of  ammonium ( 1, 11, 12, 15, 16) ,  and sodium ( l l | ,  17, 21) ,  th e  c h lo r id e s  

of z in c ,  antimony, and aluminum (7 , 19)5 v a r io u s  o rgan ic  s o lv e n ts  l ik e  

a lc o h o l  (9)> ace tone  (1)6), and e th e r  ( 32) 5 of v a r io u s  p rocedures  l ik e  

h e a t in g  o f  th e  serum; or th e  e f f e c t  o f  c e r t a i n  enzymes (3 6 ,3 8 ,3 9 >k-0) , 

under c o n t r o l l e d  c o n d i t io n s  of c o n c e n t r a t io n ,  pH and te m p e ra tu re .  Most 

o f  th e s e  methods proved f r u i t l e s s  in  the  f i r s t  in s ta n c e ,  or  second ly ,

* This s tu d y  was made p o s s ib le  by g r a n t s - i n - a i d  from th e
Bureau of Animal In d u s t ry ,  U. S. Department of A g r ic u l tu r e .
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a growing r e a l i z a t i o n  concern ing  th e  ignorance of th e  n a tu re  o f  th e  a n t i ­

body sought made even th e  a p p r e c ia t io n  of any p ro g ress  d i f f i c u l t  t o  a p p r a i s e .

At about t h i s  t im e ,  f o r t u n a t e l y ,  th e  h igh ljr  improved e l e c t r o ­

p h o re s is  a p p a ra tu s  o f  T i s e l iu s  (1+7 ) beg inn ing  to  come to  th e  g e n e ra l

a t t e n t i o n  of s c i e n t i f i c  w orkers i n  America. I t s  v e r s a t i l i t y  and a p p l i c a ­

b i l i t y  has made i t  one of th e  g r e a t e s t  t o o l s  t h a t  th e  b iochem ist p o ssesses  

in  a t t a c k in g  th e  enigma of th e  p r o t e in s .  I t  seems n a tu r a l  t h a t  th e  blood 

plasma p r o te in s  should  have been s u b je c te d  to  e le c t r o p h o r e s i s  p r e f e r e n t i a l ­

ly  s in c e  a n t ib o d ie s  a re  found p r im a r i ly  in  th e  b lood . S tu d ie s  on horse  

serum (1+,5 *1+8 *50*51*52*53*51-1-) were fo llow ed  im m ediately by e l e c t r o p h o r e t i c  

o b s e rv a t io n s  of th e  serums o f  the  human ( 5 *20 , 21 , 28, 30) * th e  guinea p ig  

(1+5)* th e  r a b b i t  (2+5 *14-9 *50 , 51*52) ,  and th e  bovine (i+,1+5).

In  g e n e ra l  a n t ib o d ie s  have been found to  be a s s o c ia te d  w i th  th e  

iK -g lo b u l in  (1+9*51*53) • However, in  one case  (52-1-) antipneum ococcal a n t i ­

body was found as a new component, T^, in  ho rse  serum s h o r t l y  a f t e r  be­

g in n in g  hyperim m unization . A n t i to x in  appears  e n t i r e l y  as a s e p a ra te  

component, T, having a m o b i l i ty  c a . 2 .0  x 10” 5 em2 , s e c .  \  v o l t  ^ ( 55)*

The p re s e n t  e l e c t r o p h o r e t i c  s tu d ie s  were u n d er tak en  in  o rd e r  

t o  o b ta in  a c l e a r  co n cep tio n  o f  th e  fundam ental d i f f e r e n c e s  t h a t  e x i s t  

between th e  p r o te in s  in  normal bovine serum and th o se  in  serums from 

an im als  which had been e i t h e r  t r e a t e d  o r  exposed to  l i v e  B ru c e l la  c e l l s ,  

or t o  some f r a c t i o n  th e re fro m ; to  i d e n t i f y  th e  c o n s t i tu e n t  o f  th e  serum 

w ith  which B ru c e l la  a n t ib o d y  was a s s o c ia te d ;  t o  l e a r n  something about th e  

p h y s ico -ch em ica l n a tu r e  of th e  a n t ib o d y ;  and w ith  t h i s  in fo rm a tio n  to  de­

ve lop  a s u i t a b l e  method o f  p u r i fy in g  and c o n c e n tra t in g  B ru c e l la  an t ise ru m .

Since l i t t l e  i s  known about th e  p r o te in  changes t h a t  occur in  

th e  serum of th e  bovine from b i r t h  t o  m a tu r i ty  or under v a r io u s  c o n d i t io n s ,



i t  was c o n s id e re d  a d v isa b le  t o  b e g in  th e  e l e c t r o p h o r e t i c  s tu d ie s  on blood 

serums from  new-born c a lv e s  ta k e n  b e fo re  th e  in g e s t io n  o f  co lo s tru m  from 

normal and in f e c te d  anim als and t o  fo l lo w  th e  changes t h a t  occu rred  a f t e r  

th e  i n g e s t io n  of co lo s tru m . This  p rocedure  was l ik e w ise  fo llow ed  in  

c e r t a i n  in s ta n c e s  in  a d u l t  anim als b e fo re  and a f t e r  i n j e c t i o n  w i th  B ru c e l la .
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MATERIALS AND METHODS

Serum Sam ples; -  The blood specimens were drawn from th e  an im als ,  

p e rm it te d  t o  c l o t  a t  room te m p e ra tu re ,  and th e n  s to r e d  o v e rn ig h t  a t  3 °C*

On t h e  fo llo w in g  day the  serum was removed a f t e r  c e n t r i f u g a t i o n .  I t  was 

d ia ly z e d  a g a in s t  a p re l im in a ry  volume of b u f f e r  in  th e  co ld  room f o r  one 

day b e fo re  be ing  t r a n s f e r r e d  to  a two l i t e r  volume o f  b u f f e r  and allow ed 

to  d ia ly z e  f o r  a t  l e a s t  one more day b e fo re  be ing  p laced  in  th e  e l e c t r o ­

p h o re s is  c e l l .  A f te r  d i a l y s i s  t h e  serum sample was a d ju s te d  t o  a p r o te in  

c e n c e n t r a t io n  of one p e r  c e n t  by th e  r e f r a c to m e t r ic  method. Another cen­

t r i f u g a t i o n  was u s u a l ly  n e c e ssa ry  to  in su re  complete c l a r i t y .  The l e t t e r  

nCT* b e fo re  th e  number o f  a serum in d ic a te s  c a l f ,  w hile  th e  sm all l e t t e r  

a f t e r  th e  number r e p re s e n t s  th e  o rde r  in  w hich th e  blood specimen was 

drawn.

B u f f e r : -  The com position  o f  th e  b u f f e r  used th roughou t t h i s  

s tu d y  was 0 .05  M d i e t h v l b a r b i t u r i c  a c id ,  0 .025 M NaOH, and 0.075 M NaCl 

p e r  l i t e r  which g iv e s  a pH of  about 7*9 and an io n ic  s t r e n g th  of 0 .1 .

P r o te in  D e te rm in a t io n :-  T o ta l  p r o te in  was determ ined by th e  

d i f f e r e n t i a l  r e f r a c to m e t r i c  method of Siebenmann (14-2,14-3) * Per ad justm en t 

o f  th e  serum samples to  one p e r  c e n t ,  th e  g raphic  method was used based 

upon a c h a r t  p rep a red  from a serum of known p r o te in  c o n c e n t ra t io n  and 

d ia ly z e d  a g a in s t  b u f f e r  u n d e r  comparable c o n d i t io n s .

A g g lu t in a t io n  T i t r a t i o n : -  A ll  serum specimens were t i t r a t e d  

w i th  a smooth c u l t u r e  of B ru c e l la  ab o rtu s  d i lu te d  to  a t u r b i d i t y  of 1 

McFarland s c a le  i n  s a l t  s o lu t i o n .  The f i r s t  serum d i l u t i o n  was 1:20 

excep t in  th e  case  of new b o rn  c a lv e s  when the  f i r s t  d i l u t i o n  was 1 *5 * 

Readings were made a f t e r  in c u b a t io n  f o r  I4.8 hours a t  37°C.
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E le c t r o p h o r e s i s : -  I n  th e s e  experim ents  th e  m odified  T i s e l iu s  

a p p a ra tu s  d e sc r ib e d  by Longsworth and Maclnnes (26) was u sed .  Photo­

graphs o f  th e  m ig ra t in g  b oundarie s  were ta k e n  by th e  ”s c h l i e r e n  scanning  

method” (2lj.,30) of Longsworth. Tfith th e  e x c e p t io n  o f  a few i n i t i a l  runs 

th e  double le n g th  s e c t io n  of th e  e l e c t r o p h o re s i s  c e l l  ( 29) was employed 

in  o rd e r  t o  avoid th e  o bscu ring  e f f e c t  in  th e  middle of th e  f i e l d  by th e  

h o r iz o n ta l  g l a s s  p l a t e s  o f  th e  o r ig i n a l  two s e c t io n  a p p a ra tu s .  The e l e c ­

t r o p h o r e t i c  runs were c a r r i e d  out a t  0 .5°C . and a t  a p o t e n t i a l  g r a d ie n t  

o f  5 t o  6 v o l t s  per  c e n t im e te r  f o r  about two h o u rs .  The c u r re n t  was 

measured p o te n t io m e t r i c a l ly .  C o n d u c tiv i ty  measurements were made on 

b o th  t h e  b u f f e r  and p r o te in  s o lu t i o n  w ith  a Shedlovsky c e l l  ( l | l )  in  a 

Dewar v e s s e l  c o n ta in in g  crushed  ic e  and w a te r .  The pH measurements were 

made a t  25° w i th  a g la s s  e l e c t r o d e .  M o b i l i t i e s  and a r e a s  of th e  diagrams 

were determ ined  from th e  descending boundaries  in  th e  manner d e sc r ib e d  by 

Longsworth, Shedlovsky, and Maclnnes (26 ,27 ,30)*  The arrows in d ic a t in g  

t h e  d i r e c t i o n  of m ig ra t io n  j u s t  below a l l  e l e c t r o p h o r e t i c  diagrams i l l u s ­

t r a t e d  in  t h i s  paper  a re  p receded by th e  l e t t e r s  ”d” and ”a ” which r e p re ­

s e n t  th e  descending and ascending  boundaries  r e s p e c t i v e l y .
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EXPERIMENTAL AND DISCUSSION

A. E le c t r o p h o r e t i c  s tu d ie s  o f  normal c a l f  serums b e fo re  and a f t e r  

in g e s t i o n  o f  c o lo s t ru m .

Howe (18) had observed  t h a t  th e  serum  of th e  c a l f  a t  b i r t h  

c o n ta in e d  n e i t h e r  e u g lo b u l in  no r  p seu d o g lo b u lin  I  in  a p p re c ia b le  q u a n t i ­

t i e s ,  b u t  t h a t  th e  i n g e s t io n  o f  co los trum  by t h e  anim al a t  any t im e  w i th ­

i n  two days a f t e r  b i r t h  r e s u l t e d  in  the  rap id  appearance o f  th e s e  p r o te in  

f r a c t i o n s  i n  th e  b lo o d .  E a r le  (8) found a s im i l a r  s i t u a t i o n  w ith  reg a rd  

t o  young f o a l s ,  k id s ,  lambs and p ig s .  This au th o r  ad v ise s  t h a t  any p ro ­

gram f o r  fe e d in g  new-born anim als should  in c lu d e  e i t h e r  homologous co­

lo s tru m , o r  some s u b s t i t u t e  from w hich th e  new-born anim als  may absorb  

e i t h e r  t h e  p r o te c t iv e  subs tan ces  o r d in a r i l y  s u p p l ie d  in  th e  co lo s tru m , 

o r  t h e i r  e q u iv a le n t .  According to  L i t t l e  and O rcu tt  (23) th e  b lood of 

th e  new-born c a l f ,  w i th  r a r e  e x c e p t io n s ,  i s  f r e e  from a g g lu t in in s  tow ards 

B ru c e l la  u n t i l  th e  anim al has suckled  and ta k e n  in  th e  co lostrum  even 

when th e  b lood and co los trum  of th e  dam have a h igh  a g g lu t in in  c o n te n t .

I t  seemed l o g i c a l  to  beg in  our e l e c t r o p h o r e t i c  s tu d ie s  f i r s t  

upon th e  serum of c a lv e s  in  o rder to  observe th e  serum p r o te in  p a t t e r n  

a t  b i r t h ,  and to  fo l lo w  th e  changes t h a t  o ccu rred  a f t e r  th e  in g e s t io n  of 

co lo s tru m  and as  th e  animal approached m a tu r i ty .  Table I  r e v e a l s  th e  

r e s u l t s  o f  t h i s  i n v e s t i g a t i o n .  A ll  ca lv e s  except numbers 200, 101 and 

100 were born  to  dams i n  herds  f r e e  from b r u c e l l o s i s . The customary 

p r a c t i c e  in  t h i s  herd was to  perm it new-born ca lv es  t o  in g e s t  on ly  one 

" b e l l y - f u l l ” of co lo s tru m , b e fo re  b e in g  se p a ra te d  from t h e i r  dams and 

th e n  f e d  m ilk  from a p a i l .  The o u ts ta n d in g  c h a r a c t e r i s t i c  of c a l f  serum 

o b ta in e d  b e fo re  th e  in g e s t io n  o f  co lostrum  was th e  h igh  c o n c e n t r a t io n  of
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& - g lo b u l i n  w hich m ight a lm ost equal o r  even exceed th e  c o n c e n t r a t io n  o f  

album in . On t h e  o th e r  hand, g lo b u l in  was d is t in g u is h e d  by i t s  ex trem ely  

sm all  peak o r  com plete ab sen ce . The u s u a l  p o s i t i v e  e r r o r  c o n t r ib u te d  by 

t h e £  -boundary  was e a s i l y  avoided  in  t h i s  s e r i e s  by v i r t u e  of th e  n a tu re  

of t h e  d iagram s. In  t h e  c a s e  o f  c a l f  100 from an in f e c te d  dam, th e  plasma 

was observed  as w e l l  as th e  serum in  o rd e r  t o  de term ine  th e  e f f e c t  of 

f ib r in o g e n .  F ig .  lb  of  th e  plasma shows t h a t  th e  f ib r in o g e n  has com ple te ly  

masked th e  low'T'-peak -whichwas j u s t  d is c e rn a b le  In  th e  serum o f  th e  same 

b lood specimen ( F i g . l a ) .  A second specimen ( F ig . l c )  of blood was drawn 

from c a l f  100 s ix  days a f t e r  b i r t h  and a f t e r  i t  had in g e s te d  colostrum *

An a g g lu t in a t i o n  t i t e r  o f  1 :80 was now d is c lo s e d .  The h i g h ^ - p e a k  had de­

c re a se d  from LlLp• 2 t o  p e r c e n t  of th e  t o t a l  a r e a  w h ile  th e '7 '-p e a k  has

r i s e n  from 2*3 t o  20*7 pe** c e n t .  The albumin as w e l l  as  th e  t o t a l  p r o t e in  

had in c re a s e d  and th e  a re a  o f  t h e /3 -peak  had now doubled. Twenty-two days 

l a t e r  th e  diagram ( F ig . I d )  began t o  approach t h a t  o f  th e  a d u l t  cow. The 

a g g l u t i n a t i o n  t i t e r  had in c re a se d  t o  l : l 6 o  bu t t h e ^ - p e a k  had d im in ished  

t o  10 .3  p e r c e n t .  The CC -  an d /^ -b o u n d a rie s  con tinued  to  be q u i t e  pronounced 

and th e  album in was a t t a i n i n g  i t s  normal c o n c e n t r a t io n .  I t  m ight be no ted  

t h a t  t h e r e  was no c o r r e l a t i o n  between a g g lu t in a t io n  t i t e r  a n d 'X -g lo b u l in  

c o n c e n t r a t io n .  An e x p la n a t io n  w i l l  be o f fe re d  l a t e r  i n  t h i s  p a p e r .

The rem ain ing  specimens seem t o  le a d  t o  th e  g e n e r a l i z a t io n  t h a t  

th e  in g e s t io n  of co lo s tru m  by c a lv e s  from normal, o r  more p ro p e r ly  cows 

f r e e  from b r u c e l l o s i s  caused  an in c re a s e  in  t h e ' / - p e a k  from a few p e r  c e n t  

t o  about 30 Pe r  c e n t ,  and a doubling o f  th e /^ -p e a k ,  w h ile  th e  in v e r se  h e ld  

t r u e  f o r  th e  abnorm ally  h i g h - p e a k .  The albumin appeared to  decrease  w i th  

r e s p e c t  to  th e  t o t a l  a r e a ;  y e t  exam ination  of th e  normal in c r e a s e  in  t o t a l  

p r o t e in ,  a s  t h e  c a l f  grew o ld e r  day by day, showed t h a t  th e  album in l i k e ­

w ise  was in c r e a s in g  when ex p ressed  in  grams p e r  100 c c .  of serum. This



r e l a t i o n s h i p  between t h e  v a r io u s  components appeared  t o  p e r s i s t  f o r  a t  

l e a s t  t h r e e  o r  fo u r  w eeks. However, th e  second specimen, b ,  of  c a l f  

l]Bh ( F i g . I f )  drawn hjo days a f t e r  b i r t h  ( F i g . l e )  r e v e a le d  t h a t  by t h i s  

t im e th e  r e l a t i v e  c o n c e n t r a t io n  of th e  serum components began t o  ap­

prox im ate  th o s e  of th e  normal h e i f e r .  P robab ly  because of th e  absence 

as y e t  o f  some s o r t  o f  a n t ig e n ic  s t im u la t io n  t h e ' / - p e a k ,  9*7 Pe r  c e n t ,  

was s t i l l  q u i t e  low.

Close exam ination  o f  Table I  shows t h a t  r a p id  and profound 

changes o ccu rred  i n  t h e  serum p r o t e in  components of th e  c a l f  a f t e r  th e  

i n g e s t io n  of c o lo s tru m . I t  was proposed t o  fo l lo w  th e s e  a l t e r a t i o n s  

a t  s u i t a b l e  i n t e r v a l s  i n  a c a l f  born  o f  a normal dam. C alf  CR2 was 

o b ta in e d  from th e  same b r u c e l l o s i s - f r e e  h erd  p r e v io u s ly  m entioned.

This c a l f  en joyed th e  rem arkable  d i s t i n c t i o n  o f  b e in g  th e  f i r s t  r e ­

corded o f f s p r in g  of a cow w i th  a rumen f i s t u l a .  In  a d d i t i o n ,  t h e  dam 

o f  t h i s  c a l f  being  a member of a g roup upon which f  a t  m etabolism  s tu d ie s  

were b e in g  made was g iven  5 6 gms. of hexyl b lue  10 days b e fo re  c a lv in g .

F e e l in g  t h a t  t h i s  f a c t  might have m a t e r i a l l y  a f f e c t e d  th e  c a l f ,  a n o th e r  

c a l f  CA22, was a ls o  ta k e n  from  t h e  same h e rd .  The p r o te in  d i s t r i b u t i o n  

o f  th e  serum of c a l f  CR2 o b ta in ed  a t  b i r t h  as c a l c u l a t e d  from e l e c t r o ­

p h o re t ic  a n a l y s i s ,  Table I I ,  compared fa v o ra b ly  w i th  s im i l a r  cases  in  

Table  I .  The e l e c t r o p h o r e t i c  diagram of a sample o b ta in ed  fo u r  hours 

a f t e r  th e  i n g e s t io n  o f  co lostrum  cou ld  be alm ost superimposed upon th e  

f i r s t  one in d i c a t in g  t h a t  v ery  l i t t l e  a b s o rp t io n  of g lo b u l in  from co­

lo s tru m  o ccu rred  i n  t h a t  s h o r t  i n t e r v a l .  Tw enty-four hours l a t e r  a 

m easurab le  s h i f t  i n  r e l a t i v e  p r o te in  c o n c e n t ra t io n  could  be dem onstra ted . 

The album in and ^Z-peaks began t o  d im in ish  a t  th e  expense of t h e  rem aining 

g l o b u l in s .  However, in  term s o f  grams per  100 c c .  th e  albumin c o n c e n tra -
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t i o n  co n tin u e d  s u r p r i s i n g l y  c o n s ta n t  even over a two week p e r io d  w h ile  

th e  t o t a l  p r o t e in  in c re a se d  slowly* At l e a s t  in  t h i s  case  th e  in c r e a s e  

in  t o t a l  p r o t e in  was accoun ted  f o r  e n t i r e l y  by th e  two s low er moving 

g l o b u l in s .  The degree  o f  a b s o rp t io n  was u n u s u a l ly  slow over th e  e n t i r e  

p e r io d  and even t h e  t o t a l  p r o te in  had in c re a s e d  on ly  t o  I4 .13 from 3*^5 

gm p e r  100 c c .  The s ig n i f i c a n c e  in  t h i s  con n ec tio n  of th e  hexyl b lue  

dye i s  p r o b le m a t ic a l .  The a g g lu t in a t io n  t i t r a t i o n  was n e g a t iv e  th ro u g h ­

out ,

C a lf  CA22, (F ig ,2 a )  normal in  appearance and from a normal dam, 

showed enhancement of theT ^-peak  (F ig ,2 b )  t o  13*8 p e r  c e n t  w i th in  fo u r  

hours a f t e r  th e  i n g e s t io n  of co lo s tru m  (Table  I I * ) .  W ith in  2I4. hours th e  

y - g l o b u l i n  (F ig .2 c )  in c re a se d  to  a maximum of 3^*5 Pe r  c e n t ,  and th e  

# - g l o b u l i n  d ec reased  from i t s  o r i g i n a l  c o n c e n t r a t io n  o f  38*8 t o  19*1 

p e r  c e n t .  C a lf  CR2, on t h e  o th e r  hand, showed p r a c t i c a l l y  no a b s o rp t io n  

o f  g lo b u l in  even a f t e r  two weeks. In  a week t h e # -  and - g lo b u l in  con­

c e n t r a t i o n  of th e  serum o f  c a l f  CA22 was almost normal; t h e  'T '-g lobu lin  

a f t e r  i t s  i n i t i a l  r a p id  in c r e a s e  was now le v e l in g  o f f ,  and in  l6  days 

( F i g . 2d) a l l  components were d i s t r i b u t e d  i n  th e  manner u s u a l ly  found

in  young h e i f e r s *

B. E le c t r o p h o r e t i c  p a t t e r n s  of serum drawn a t  i n t e r v a l s  from a B ru c e l la  

i n f e c t e d  c a l f .

Im m ediately  a f t e r  com pleting  th e  study o f  th e  serum changes in  

th e  c a lv e s ,  numbers CA22 and CR2, born  o f  normal dams, an o p p o r tu n i ty  

appeared  t o  fo l lo w  p a r a l l e l  changes in  a c a l f  bo rn  of an in f e c te d  dam. 

C a lf  876 ,  a f u l l - t e r m  c a l f ,  was from an in f e c te d  dam t h a t  had been ex­

posed t o  B ru c e l la  fo u r  months b e fo re  p a r t u r i t i o n .  I t  was u n fo r tu n a te  

t h a t  t h i s  c a l f  was born during  th e  n ig h t ;  t h a t  i t  may have nu rsed  some-
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t im e  b e fo re  i t  was d isc o v e re d  ly in g  by i t s  dam's s id e  th e  n ex t  morning 

was q u i t e  l i k e l y .  N o n e th e less ,  th e  f i r s t  b lood sample (F ig .3a.)  t h a t  

was o b ta in e d  im m ediate ly  proved to  have th e  low est albumin and th e  

h ig h e s t 'T '- g lo b u l in  c o n c e n t r a t io n  o f  any c a l f  serum s tu d ie d .  The h igh  

t o t a l  p r o t e in ,  6 .5 9  gnu P@** 100 c c .  (Tab le  I I ) a long  w i th  th e  agg lu ­

t i n a t i o n  t i t r a t i o n  of 1 :1 0 ,0 0 0 ,  f u r t h e r  supported  th e  s u sp ic io n  t h a t  

co lo s tru m  had been p re v io u s ly  in g e s te d .  The co lo s tru m  a g g lu t in a t i o n  

t i t e r  was 1:14-0,000. By th e  n ex t  day du r ing  which co lo s tru m  was volun­

t a r i l y  in g e s te d  t h e  t o t a l  p r o t e in  ro se  t o  8 .53  Pe r  100 c c .  w hile

th e  album in rem ained unchanged. T h e - g l o b u l i n  which had i t s  g r e a t e s t  

c o n c e n t r a t io n  im m ediately  a t  b i r t h  had a l r e a d y  d ecreased  from 3 2 .2  per 

c e n t  o f  th e  t o t a l  a r e a  to  23 .8  ( F ig .3 b ) ;  albumin had reached a minimum 

o f II4. . I  w h ile  t h e  '7/- g lo b u l in  had a t t a i n e d  a maximum o f  I48. I  p e r  c e n t .  

W ith in  a week th e  albumin had begun to  r i s e  slow ly  in  s p i t e  of  a r e ­

d u c t io n  of t o t a l  p r o te in  t o  6 .8 8  gm. per  100 cc .  ( F ig .3 c ) .  The g ra d u a l  

d im in u tio n  of d '-g lo b u l in  co n tin u ed  w h ile  t h a t  of th e  'T '-g lobulin  was more 

a b ru p t ;  y e t  th e  t i t r a t i o n  had climbed t o  1 :20 ,000 . In  two weeks th e  

album in peak had a lm ost a t t a i n e d  i t s  custom ary prominence as th e  v a r io u s  

peaks now assumed th e  o u t l i n e  of th e  g e n e ra l  bovine e l e c t r o p h o r e t i c  

p a t t e r n  ( F ig .3 d ) .  I t  m ight be n o ted  t h a t  t h e f t  - g lo b u l in  s e p a ra te d  from 

th e  m a ss iv e ‘T '-g lo b u l in  w ith  d i f f i c u l t y .  The s e p a ra t io n  between th e s e  two 

b o u n d aries  was improved when n e i t h e r  was i n  g r e a t  ex c e ss .  The t i t r a t i o n  

co n tin u ed  a t  1 :10 ,000

The m o b i l i t i e s  of th e  v a r io u s  boundaries  were un ifo rm  a l b e i t  

av e rag in g  s l i g h t l y  l e s s  th a n  th o s e  o f  a d u l t  cows.



-1 3 -

C. E l e c t r o p h o r e t i c  p a t t e r n s  of h e i f e r  serums a f t e r  v a c c in a t io n  w i th

th e  U. S . B. A. I* B ru c e l la  S t r a i n  19*

The l i t e r a t u r e  i s  r e p l e t e  w i th  ex p e r im en ta l  da ta  based upon 

S t r a i n  19* As f a r  as can be determ ined  no one had fo llow ed  th e  response  

o f  th e  serum p r o te in s  t o  th e  a c t io n  of s t r a i n  19 v a c c in a t io n .  The f i r s t  

two c a se s  of T ab le  I I I  were about a y e a r  o ld  when v a c c in a te d ;  an o th e r  

y e a r  l a t e r  b lood  was w ithdraw n f o r  e l e c t r o p h o r e t i c  a n a l y s i s .  The p a t t e r n s  

resem bled  th o s e  of th e  v a c c in a te d  h e i f e r s  of Table  IV. The d i s t r i b u t i o n  

o f  th e  serum p r o te in s  was ap p ro x im a te ly  normal as could  be dem onstra ted  

from th e  f ig u r e s  of th e  c o n c e n t r a t io n  or com position  column of Tab le  I I I ;  

however, t h e  t o t a l  p r o te in  o f  c a l f  C73 "was somewhat h ig h e r  th a n  would be

ex p ec ted  i n  a c a l f  of i t s  ag e .

In o rd e r  t o  de term ine  th e  immediate e f f e c t  of an i n j e c t i o n  of 

6 c c .  o f  B ru c e l la  s t r a i n  19 v a c c in e ,  two c a l f s ,  A98 and B9I4* about f iv e

months of age w ere s e le c te d  (F ig s .i ia  and i+d). C a lf  &9Q showed no agg lu ­

t i n a t i o n  in  a 1 :20 d i l u t i o n  when v a c c in a te d ,  b u t c a l f  B9I4 p o ssessed  a 

t i t e r  of 1 : 320; th e  t o t a l  serum p r o te in  i n  each  was about th e  same. 

E ig h teen  days a f t e r  th e  i n j e c t i o n  b o th  showed an in c re a se  i n  a g g lu t in a ­

t i o n  t i t e r ,  and an enhancement in  a l l  g lo b u l in s  w ith  th e  T '-peak showing 

th e  most marked change (Figs.i+b and i+e) . The album in, o f  c o u rse ,  was 

red u ced .  By th e  end o f  25 days th e  a g g lu t in a t io n  t i t e r  i n  each  had 

f a l l e n  t o  1 :20  a long  w i th  a d ec rease  o f  th e  '/ '-peak , w h ile  th e  albumin 

ro se  t o  i t s  normal c o n c e n t r a t io n  o f  b e t t e r  th a n  50 p e r  cen t (Fig.i^c and 

ip f) .  The com position  column c l e a r l y  p r e s e n ts  th e  r e l a t i v e l y  ra p id  r e t u r n  

of th e  serum p r o te in s  t o  a normal d i s t r i b u t i o n .  Here in  t h i s  s tu d y ,  as 

w e l l  as  in  th e  p rev io u s  ones , th e  change in  th e  9^-peak p layed  th e  most
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im p o rta n t  r o l e .  V a c c in a t io n  w ith  s t r a i n  19 caused on ly  a m ild  and 

tem pora ry  s h i f t  i n  t h e  e q u i l ib r iu m  of th e  serum p r o t e in s .  In  l e s s  

th a n  a month serum a g g lu t in in s  had p r a c t i c a l l y  d isap p e a red  and a more 

o r  l e s s  normal serum p r o t e in  d i s t r i b u t i o n  was r e s to r e d .  F ig .  Jj. shows 

t h a t ,  u n l ik e  c a l f  serum p a t t e r n s  a f t e r  th e  in g e s t io n  o f  co lo s tru m , th e  

^ - b o u n d a r y  d id  s e p a ra te  e a s i l y  from th e  " /-peak  under th e  p r e s e n t  con­

d i t i o n s .  The descending  p a t t e r n s  ( F ig s ,14b and ij.e) o f  c a lv e s  A98b and 

B9I1I) of th e  f i r s t  serum samples drawn a f t e r  i n j e c t i o n  showed a double­

peaked ^ - g l o b u l i n .  This phenomenon was not observed in  th e  p a t t e r n s  

o b ta in e d  p rev io u s  t o  v a c c in a t io n  o r  th o se  o b ta in ed  s e v e ra l  weeks sub­

sequen t t o  i n j e c t i o n .

D. E le c t r o p h o r e t i c  p a t t e r n s  o f  a g e n e ra l  s e r i e s  of bovine serum s.

S e v e ra l  w orkers (lj.,ij.5) have perform ed e le c t r o p h o r e t i c  s tu d ie s  

upon bovine serum. In  g e n e ra l  most of th e  specimens were p u rp o r te d  t o  

come from s o - c a l l e d  normal cows. In  Table  IV t h e r e  a re  c o l l e c te d  d a ta  

based  on e l e c t r o p h o r e t i c  a n a ly se s  from a number o f  anim als under v a r io u s  

c o n d i t io n s .  S ince  our c h ie f  i n t e r e s t  i n  t h i s  e n t i r e  paper was b r u c e l l o s i s ,  

a l l  serum specimens were t i t r a t e d  f o r  B ru c e l la  a g g l u t i n i n s .  O bviously , 

i t  i s  n o t  in te n d e d  to  c o n s id e r  an anim al normal i f  B ru c e l la  a g g lu t in in s  

were a b s e n t .  I t  must be remembered t h a t  a n t ig e n s  o th e r  th a n  B ru c e l la  

m ight a f f e c t  th e  d i s t r i b u t i o n  and amount of serum p ro te in s*  To make 

such ex h a u s t iv e  t e s t s  in  o rd e r  t o  prove th e  normalcy of th e  animal would 

have en la rg e d  th e  scope o f  t h i s  s tudy  f a r  beyond th e  f a c i l i t i e s  a v a i l ­

a b le .

This s e r i e s  r e p re s e n ts  a co m p ila t io n  of an a ly ses  g a th e re d  over 

a y e a r Ts tim e not on ly  from an  ex p er im en ta l  h e rd ,  b u t  from anim als 

th ro u g h o u t th e  s t a t e  of M ichigan. This s tudy  was under tak en  t o  de term ine
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th e  p a t t e r n  and m o b i l i t i e s  of th e  serum p r o t e i n  c o n s t i t u e n t s  from a la rg e  

number o f  cows, and t o  determ ine i f  th e  r e l a t i v e  c o n c e n t r a t io n s  of th e  

c o n s t i t u e n t s  w ere s i g n i f i c a n t l y  a l t e r e d  by : (a )  th e  p resence  o f  p reg ­

nancy} (b) a low a g g lu t in in  t i t e r ;  (c )  th e  t r e a tm e n t  w i th  a w a te r - s o lu b le  

e x t r a c t  from smooth B ru c e l la  a b o r tu s  c e l l s ;  (d) a r t i f i c a l  exposure t o  a 

v i r u l e n t  c u l t u r e  o f  B ru c e l la  a b o r tu s  by way o f  th e  c o n ju n c t iv a ;  or (e )  

th e  p resen ce  o f  n a tu r a l  i n f e c t i o n  accompanied by an abnorm ally  h ig h  

a g g l u t i n a t i o n  t i t e r .

Svensson (I4.5) s t a t e d  t h a t  th e  most c h a r a c t e r i s t i c  p ro p e r ty  of 

cow serum was th e  l a rg e 'X -p e a k ,  and t h a t  th e  f t  - g lo b u l in  was sm all  

and d i f f i c u l t  t o  s e p a ra te  from t h i s  'T '-g lo b u lin .  T/hile he no ted  t h a t  

h i s  o b s e rv a t io n s  were based  on on ly  a few sam ples, Table IV shows t h a t  

in  g e n e ra l  h i s  co n c lu s io n s  were c o r r e c t .  However, i l l u s t r a t e d  examples 

i n  F igs. 5 ^ d  6 show t h a t  w i th  th e  e x c e p t io n  o f  th o se  serum samples 

where th e  T '-  g lo b u l in  c o n te n t  was h ig h ,  t h e ^ - g l o b u l i n  d id  se p a ra te  

q u i t e  a p p re c ia b ly  from th e  ' / - b o u n d a ry .  The f i r s t  fo u r  samples (Table  

IV) were ta k e n  from young, supposedly  normal h e i f e r s .  The most unusua l 

of t h i s  group was cow J I 65H  (Fig* 5b) w i th  th e  low est ^ - g l o b u l i n  con­

c e n t r a t i o n  o f  any s tu d ie d .  This animal was in  a herd  f r e e  from b r u c e l l ­

o s i s .  A second b lood sample o b ta in ed  alm ost two months a f t e r  th e  f i r s t  

shewed a marked change ( F ig .5 c ) ;  th e  albumin c o n c e n t r a t io n  dropped from 

9 .5  t o  l|.l*7 p e r  c e n t  and th e  T '-g lo b u l in  in c re a se d  from 18.5  t o  27 J4 p e r  

c e n t ,  w h i le  th e  a g g lu t in a t i o n  t i t e r  changed from n e g a t iv e  t o  1 ;80 . The 

v a r io u s  a lb u m in -g lo b u l in  r a t i o s  of th e  nex t column a c c e n tu a te  t h i s  change. 

Cow A23 was 5 y e a rs  old and p reg n an t;  she came from an e x p e r im e n ta l  herd  

t h a t  had been f r e e  o f  b r u c e l l o s i s  f o r  over t e n  y e a r s .  The'T'-peak (Fig*5d) 

and t o t a l  p r o te in  were v e ry  h ig h .  Her p rev io u s  h i s t o r y  showed a tem porary
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i n d i s p o s i t i o n  due t o  c y s t i c  o v a r ie s  from which she had re c o v e re d  about 

two months b e fo re  t h i s  b lood specimen was ta k e n .  Cow 881 (Fig .7a.)  was 

assumed t o  be normal and f o r  t h a t  rea so n  a pH -m obility  r e l a t i o n s h i p  (to 

be d is c u s s e d  l a t e r  in  t h i s  p aper)  was run a long  w i th  a serum (cow 143993b) 

hav ing  a t i t e r  o f  1 :40,000* A X -g lo b u l in  c o n c e n t r a t io n  of 3^*7 Pe r  c e n t ,  

which was much h ig h e r  th a n  any o f  th e  f i r s t  fo u r  specimens in  Table  IV, 

in d i c a t e d  t h a t  th e  freedom  from p rev ious  i n f e c t io n  of some s o r t  ivas open 

t o  q u e s t io n .

The n ex t  group in c lu d ed  p regnant h e i f e r s  t h a t  had been in j e c t e d  

w i th  5 ^ d  10 mg. o f  a w a te r - s o lu b le  c rushed  c e l l  f r a c t i o n  from B ru c e l la  

a t  an i n t e r v a l  of one week. Blood samples were ta k e n  about t e n  days a f t e r  

th e  l a s t  i n j e c t i o n .  Cows 530873s 480 and 6506I4.O (F ig .  6a) were i n j e c t e d  

on o r  n ea r  th e  same days. Table IV shows t h a t  th e  a g g lu t in a t i o n  t i t e r s  

and r e l a t i v e  c o n c e n t r a t io n s  o f  th e  p r o te in  components a re  almost i d e n t i c a l  

in  s p i t e  o f  d i f f e r e n c e s  i n  t o t a l  p r o te in .  Sample b of cow 478 was ta k e n  

s ix  weeks, and sample c ,  e ig h t  weeks a f t e r  th e  l a s t  i n j e c t i o n .  I t  was 

n o te d  t h a t  th e  t o t a l  p r o t e in  and th e  a g g l u t i n a t i o n  t i t e r  d im in ished  as w e l l  

as th e  y - g l o b u l i n  w hile  th e  albumin ro se .  This animal was exposed by way 

o f  th e  eye t o  B ru c e l la  t h r e e  months a f t e r  t re a tm e n t  and ca lved  norm ally ; 

y e t  B ru c e l la  organism s were i s o l a t e d  from th e  m ilk .

A r t i f i c a l  exposure of cow 340F6>120 (F ig .  6b) to  B ru c e l la  by way 

of th e  eye caused  a tremendous in c re a se  in  th e  " /-peak , t h e  h ig h e s t  in  t h i s  

p a r t i c u l a r  s e r i e s ;  y e t  th e  a g g l u t i n a t i o n  t i t e r  was on ly  1:2560. Cow 883 

( F ig .6 c )  d isp la y e d  rem arkable  i n d i v i d u a l i t y  by f a i l i n g  to  develop agg lu ­

t i n i n s  and c a lv in g  no rm a lly  a f t e r  exposure by way of th e  eye t o  6 ,00 0 ,0 0 0  

l i v e  o rganism s. The serum of t h i s  animal had remained c o n s i s t e n t l y  nega­

t i v e  t o  th e  a g g lu t in a t i o n  t e s t .
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In  c o n t r a s t ,  t h e  l a s t  t h r e e  members of th e  s e r i e s  a c q u ire d  

i n f e c t i o n  n a t u r a l l y .  T h e ir  a g g l u t i n a t i o n  t i t e r s  (1 :4 0 ,0 0 0 )  and t o t a l  

p r o t e i n  c o n c e n t r a t io n  (8 t o  9 gnu per  100 c c . )  were e x t r a o r d i n a r i l y  

h ig h .  In  t h e  c a se  of cow 143993b (F ig .  6 d ) , albumin accounted  f o r  o n ly  

35-3 p e r  cen t w hile  - g lo b u l in  com prised l \2 .6  p e r  c e n t  of th e  t o t a l  

p r o t e i n ; / ? - g l o b u l i n  was about av e rag e .

Looking a t  th e  s e r i e s  in  i t s  t o t a l i t y  i t  i s  seen  t h a t  under 

th e  g iv en  c o n d i t io n s  of e l e c t r o p h o r e s i s  th e  m o b i l i ty  f o r  each p r o te in  

component was f a r  from c o n s ta n t ;  however, i t  d id  f a l l  w i th in  a c e r t a i n  

ran g e . T i s e l i u s  and o th e rs  (6,149) have p o in ted  out t h a t  th e  m o b i l i ty  

o f  a g iven  p r o te in ,  b e s id e s  depending upon th e  pH and io n ic  s t r e n g th  

of th e  b u f f e r  s o lu t i o n ,  i s  a l s o  a fu n c t io n  of i t s  own c o n c e n t r a t io n  

as w e l l  a s  t h a t  of o th e r  c o n s t i t u e n t s  because of th e  c o n s ta n t  i n t e r ­

a c t i o n  th e r e w i th .  I f  t h e  l i s t  g iven  may be co n s id e red  a f a i r  re p re s e n ­

t a t i o n  of bovine serum, th e  average m o b i l i ty  f o r  album in, and

y - g lo b u l i n  i s  6 .2 ,  4*4* 3*0* 1*6 r e s p e c t iv e ly .  C loser  in s p e c t io n  of th e  

p a t t e r n s  w i l l  r e v e a l  t h a t  th e  c l a s s i f i c a t i o n  by T i s e l iu s  o f  th e  serum 

p r o te in s  i s  an o v e r s im p l i f i c a t io n .  A ll  to o  o f te n  th e  and/ ? -b o u n d aries

a p p ea r  w ith  two or more p eaks .  The s ig n i f ic a n c e  of th e s e  added sub­

d iv i s io n s  has been a p p re c ia te d  but n o t  in v e s t ig a te d  p a r t i c u l a r l y  in  t h i s  

p a p e r .

Again, b e ing  a r b i t r a r y  and ig n o rin g  th e  in d iv id u a l  c h a r a c t e r ­

i s t i c s  o f  th e  serum specim ens, th e  average r e l a t i v e  c o n c e n t r a t io n  in  

p e r c e n t  o f  each  component w i th  r e s p e c t  t o  t o t a l  p r o te in  i s  4 2 .4  f ° r  A, 

18 .3  f o r  df, 8 .3  f o r  JB , and 31*1 f o r  y .  A r a t i o  g r e a t e r  th a n  0 .8  f o r  

7 / A  would seem t o  be s i g n i f i c a n t  im m unologically .
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E. M o b il i ty  -  pH r e l a t i o n s h i p  o f  th e  p r o te in s  in  a serum c o n ta in in g  

B ru c e l la  a g g lu t in in s  i n  a h ig h  t i t e r  and in  one c o n ta in in g  no a g g l u t i n i n s .

Knowing t h a t  th e  pH of a b u f f e r  could  a f f e c t  th e  r a t e  of e le c ­

t r o p h o r e t i c  s e p a r a t io n  of p r o t e in  components of d i f f e r e n t  i s o e l e c t r i c  

p o i n t s ,  a s e r i e s  o f  b u f f e r s  of  d i f f e r e n t  pH were p rep a red  in  th e  hope 

t h a t  a n t ib o d y  m ight be s e p a ra te d .  I f  i t  be assumed t h a t  a serum of v e ry  

h ig h  a g g l u t i n a t i o n  t i t e r  would c o n ta in  an a p p re c ia b le  q u a n t i ty  o f  a n t i ­

body, th e n  a concom itant e l e c t r o p h o r e t i c  run  w ith  a n e g a t iv e ,  or so- 

c a l l e d  normal serum would be expected  to  produce diagrams s u f f i c i e n t l y  

d i f f e r e n t  t o  d i s t i n g u i s h  th e  a n tib o d y .  Another o b je c t  of t h i s  s tu d y  

was t o  l e a r n  i f  th e  pH -m obility  curve and th e  I s o e l e c t r i c  p o in ts  of the  

fo u r  components d i f f e r e d  s i g n i f i c a n t l y  in  a s p e c i f i c  an t ise ru m  and a 

n e g a t iv e  serum.

T i s e l i u s  (49) determ ined th e  pH -m obility  curve o f  horse  serum 

b o th  on i s o l a t e d  components and on whole serum. He found th e  i s o e l e c t r i c  

p o in t  o f  album in, - ,  and y - g lo b u l i n  t o  be 4 *64 * 5 *06, 5*12 and 6 .0

r e s p e c t i v e l y .  Cohn (5) a l s o  has d iscu ssed  th e  im portance o f  th e s e  va lues  

w i th  re g a rd  t o  th e  s e p a ra t io n  and p u r i f i c a t i o n  o f  th e  serum p r o te in s .

The ch o ice  o f  b u f f e r s  f o r  th e  wide pH range p re se n te d  a problem 

because  of th e  d e s i r e  to  u se  u n i - u n iv a le n t  b u f f e r s .  M ichae lis  ( 34) showed 

t h a t  a b u f f e r  system  from pH 2 .6 2  t o  9 . 6I4 oould be p rep a red  by u s in g  p ro ­

p e r  c o n c e n t r a t io n s  of t h e  fo l lo w in g :  sodium b a r b i t u r a t e ,  sodium a c e t a t e ,

sodium c h lo r id e ,  and h y d ro c h lo r ic  a c id .  A ccord ing ly , b u f f e r  s o lu t io n s  

a l l  o f  0 .1  io n ic  s t r e n g th  and d e s i r e d  pH were p re p a re d .

Cow H4.3993 was n a t u r a l l y  in f e c te d ;  her  serum c o n ta in ed  th e  h igh  

t o t a l  p r o te in  of 9 .2 0  gm. per  100 c c .  and showed an a g g lu t in a t i o n  t i t e r  

of 1 :4 0 ,0 0 0 .  The serum  of cow 881, supposed ly  norm al, c o n ta in e d  a t o t a l
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p r o t e i n  o f  7*68 gm. per  100 cc .  and showed a t i t e r  o f  1:20 which is  

r a t h e r  common because  most cow serums a t  t im es show a t  l e a s t  a s l i g h t  

r e a c t i o n  t o  B r u c e l l a . F ig s .  7& dnd 7b i l l u s t r a t e  th e  s t r i k i n g  s i m i l a r i t y  

between t h e  diagram s o f  th e  two serums.

At pH 7*82 cow 881 showed th e  more complex ^ - g l o b u l i n .  At o th e r  

pH v a lu e s  th e  d i f f e r e n c e ,  i f  any, between th e  two samples was s l i g h t .

One u n u su a l phenomenon, common to  b o th ,  was th e  appearance in  th e  a s ­

cending  boundary a t  pH 6 .1 4  o f  a small peak m ig ra t in g  j u s t  ahead of th e  

t a l l  a lbum in peak (F ig .  7°)*  With in c re a s in g  a c t iv e  a c i d i t y  and a c lo s e r  

approach  t o  t h e i r  i s o e l e c t r i c  p o in t s ,  t h e  degree o f  s e p a r a t i o n  between th e  

g lo b u l in s  became in c r e a s in g ly  d i f f i c u l t  t o  d i s t i n g u i s h .  The most g ro te sq u e  

diagram  and th e  one w ith  th e  g r e a t e s t  d i s s i m i l a r i t y  between th e  ascend ing  

and descending  boun d arie s  was th e  one o b ta in ed  a t  pH 3*53 (F ig .7 ^ )*

A f te r  d i a l y s i s  an a p p re c ia b le  amount of  p r e c i p i t a t e  was n o t ic e d  

i n  th e  samples a t  pH 6 . l 4 ,  5*18 and 4*65* th e  serum a t  pH 3*65 was 

s i i g h t l y  t u r b i d  and p o sse sse d  a more pronounced ye llow  t i n g e  th a n  th e  

o th e r s .  Table  V reco rd s  th e  r e s u l t s  o f  th e  a g g lu t in a t i o n  t e s t  upon th e  

d ia ly z e d  an tise ru m s a f t e r  ad ju s tm en t to  a p r o te in  c o n c e n t r a t io n  o f  one 

per  c e n t .  At pH v a lu e s  o f  5*18 and 4*65 th e  serum showed complete agg lu ­

t i n a t i o n  a t  one d i l u t i o n  l e s s  th a n  th e  o th e r s ,  and th e  one a t  pH 3*53 

showed a prozone phenomenon.

The r e l a t i v e  a re a s  of each component a t  th e  s e v e ra l  pH v a lu es  is  

a l s o  reco rd ed  i n  Table V. The i n c o n s i s t e n t  v a lu es  o b ta in ed  in d i c a t e  the  

obvious i m p o s s i b i l i t y  of a t t a i n i n g  c o r r e c t  d e te rm in a tio n s  by e le c t r o p h o re ­

t i c  a n a ly s i s  i f  t h e  boundaries  a re  n o t  s u f f i c i e n t l y  separated from each 

o th e r .  This f a c t  was always n o ted  when th e  working pH v a lu e  was c lo se  t o  

th e  i s o e l e c t r i c  p o in t  of th e  p r o te in s  in v o lv ed .
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The m o b i l i ty  v a lu e s  as o rd in a te s  a r e  p l o t t e d  a g a in s t  pH v a lu es  

as a b s c i s s a s  i n  F ig .  8a f o r  cow 110993 &nd in  F ig .  8b f o r  cow 881. 

C o n s id e r in g  th e  d i f f i c u l t y  i n  o b ta in in g  th e s e  v a lu e s  on whole serum, 

th e  i s o e l e c t r i c  p o in ts  found f o r  th e  p r o te in  components of th e  two serums 

compared f a v o ra b ly  w i th  them se lv es  and w i th  th o se  found by T i s e l i u s  (14-9 ) 

f o r  h o rse  serum.

Over th e  range of pH in v e s t ig a t e d  no an tib o d y  boundary was d i f ­

f e r e n t i a t e d .  I t  was u n f o r tu n a te  t h a t  serum 881 had an u n u su a l ly  la rg e  

‘T'-peak in  s p i t e  of a n e g l ig ib l e  t i t e r .  At about t h i s  tim e an i n v e s t i ­

g a t io n  upon t h e  a b s o rp t io n  of an a n tise ru m  of h ig h  t i t e r  was com pleted.

I t  was found t h a t  a g g lu t in in  a n t ib o d y  was a s s o c ia te d  w i th  t h e ' / - g l o b u l i n  

(S e c t io n  G). In  th e  l i g h t  o f  t h i s  f a c t  i t  i s  u n d ers tan d ab le  why serum 

881 w i th  a ' / - p e a k  a lm ost as l a r g e  a s  t h a t  of  serum lii.3993 produced 

p a t t e r n s  i n s i g n i f i c a n t l y  d i f f e r e n t .  I t  must be remembered t h a t  th e  i n ­

c re a se d  p ro d u c t io n  of " / -g lo b u l in  i s  no t th e  fu n c t io n  of any p a r t i c u l a r  

a n t ig e n  alone* Van der  Scheer, Wyckoff, and C larke (53) found t h a t  

pneumococcus, meningococcus and p a s t e u r e l l a  hyperimmune serums from ho rses  

c o n ta in e d  in c re a se d  amounts o f  " / -g lo b u l in .

F. E le c t r o p h o r e t ic  diagrams o f  a ho rse  and a cow serum a f t e r  i n j e c t i o n  

wi t h  a w a te r - s o lu b le  c rushed  c e l l  f r a c t i o n  from Bruce l l a .

A w a te r - s o lu b le  c rushed  c e l l  f r a c t io n *  has been p rep a red  in  t h i s  

l a b o r a to r y  which has s u c c e s s f u l ly  immunized guinea p igs  a g a in s t  Bruce l l a .  

Having found t h a t  t h i s  f r a c t i o n  s t im u la te d  th e  p ro d u c t io n  of an tib o d y

* The manner of p r e p a ra t io n  and r e s u l t s  o f  t h i s  

f r a c t i o n  w i th  gu inea  p ig s  i s  t o  appear  in  a 

fo rthcom ing  p u b l i c a t i o n .
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a g a in s t  B r u c e l l a , an experim ent was p lanned t o  i n j e c t  b o th  a horse  

and a cow a t  i n t e r v a l s  w i th  t h i s  f r a c t i o n  and t o  fo l lo w  th e  e f f e c t  

upon th e  s erum p r o te in s  e l e c t r o p h o r e t i c a l l y ,  and i f  p o s s ib le  t o  

de term ine  t h e  l o c a t i o n  of th e  an tib o d y  in  th e  e l e c t r o p h o r e t i c  p a t t e r n .

E le c t r o p h o r e t i c  p a t t e r n s  were made and th e  a g g lu t in a t i o n  t i t e r s  

de te rm ined  on b o th  an im als  b e fo re  th e  f i r s t  i n j e c t i o n  o f  m a te r i a l .  "Where­

as th e  cow was n e g a t iv e ,  th e  h o rse  showed an a g g lu t in a t i o n  t i t e r  o f  1 :8 0 , 

i n d i c a t i n g  p o s s ib le  p rev io u s  i n f e c t i o n  w i th  B ru c e l la .  The o r i g i n a l  p a t t e r n s  

t a k e n  b e fo re  i n j e c t i o n  a re  i l l u s t r a t e d  i n  F ig s .  9a 10a. The nex t sam­

p le  from th e  cow was no t t a k e n  u n t i l  i t  had re c e iv e d  th r e e  i n j e c t i o n s  each 

of 5 mg* m a te r i a l  a t  two day i n t e r v a l s .  A sharpen ing  of t h e / - p e a k  

o ccu rred  as  i t  ro se  from 22 .9  t o  25 .2  per  cen t of th e  t o t a l  a r e a ,  Table

V I. An a g g l u t i n a t i o n  t i t e r  of  1:1280 was now n o ted .  A t h i r d  b le ed in g  

was made j u s t  p r i o r  t o  t h e  f o u r th  i n j e c t i o n .  Although th e  t o t a l  p r o te in  

was r e tu r n in g  to  th e  o r ig i n a l  c o n c e n t r a t io n  a f t e r  an i n i t i a l  drop a t  th e  

b eg in n in g  o f  th e  exp er im en t,  th e  / - p e a k  decreased  s l i g h t l y  w h ile  th e  

a g g l u t i n a t i o n  t i t e r  c o n tin u ed  to  r i s e  t o  1:5000 (F ig .  9 b ) .  Two more 

i n j e c t i o n s  were g iven  and th e  f o u r t h  b le e d in g  w as perform ed one week a f t e r  

th e  t h i r d .  The t o t a l  p r o t e i n ,  / - g l o b u l i n ,  and a g g lu t in a t io n  t i t e r  (1 :1 0 ,0 0 0 ) .  

a l l  a t t a i n e d  a maximum f i g u r e .  Another b leed in g  was made two days l a t e r  

w i th o u t  a f u r t h e r  i n j e c t i o n .  The same th r e e  f a c to r s  a l l  showed a s l i g h t  

d e c l in e  ( ^ ig .  9 c ) .  A s i x t h  and l a s t  i n j e c t i o n  was made a t  which t im e ,

21 days a f t e r  th e  f i r s t ,  th e  a g g lu t in a t i o n  t i t e r  was 1:5000. The animal 

was p e rm it te d  to  r e s t  s i x  weeks b e fo re  a f i n a l  serum specimen was examined 

(F ig .  9 d ) .  The t o t a l  p r o te in  was p r a c t i c a l l y  r e s to r e d  t o  th e  o r ig i n a l  

c o n c e n t r a t io n  bu t th e  a g g lu t in a t io n  t i t e r  was now only  1:61+0. T h e / - p e a k
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had m a in ta in e d  i t s  in c r e a s e d  a re a  and even g a ined  a l i t t l e  more* The 

album in p a t t e r n  had l o s t  abou t 5 Pe ** c e n t  of t h e  t o t a l  area*

The h o rse  r e a c t e d  l o c a l l y  and s y s te m ic a l ly  to  a l l  i n j e c t i o n s  

each o f  5 mg* o f  m a te r i a l  g iven  a b o u t  3 days a p a r t .  A b lood  specimen 

(Fig* 10b) o b ta in e d  10 days a f t e r  th e  f i r s t  i n j e c t i o n  d isp la y e d  a r i s e  

o f  t o t a l  p r o t e in  from 6*03 "bo 7*66 gm. p e r  100 cc ;  s in ce  th e  c o n c e n tra ­

t i o n  of album in rem ained c o n s ta n t ,  2*36 t o  2*35* "the e n t i r e  in c re a se  was 

due to  g lo b u l in  a lo n e .  F u r th e r  i n j e c t i o n s  were made and t h e i r  e f f e c t  i s  

reco rd ed  in  Table  V I I .  The h ig h e s t  a g g lu t in a t io n  t i t e r  o b ta in ed  was 

1:5000 w i th  a ^ /A  r a t i o  of 1*38. The b lood specimen (F ig .  10c) analyzed  

a f t e r  th e  f o u r t h  i n j e c t i o n  showed t h a t ,  based  upon p r o p o r t io n  o f  t o t a l  

p r o t e in ,  a l l  f r a c t i o n s  had dec reased  excep t t h e 'T - g lo b u l i n .  L e t t in g  

a lbum in equa l 100, a f -g lo b u l in  had f a l l e n  from 36 t o  31*^*-from  i+2 to  i+0, 

b u t  t h e  'T '-g lo b u lin  ro se  from 77 t o  138* R eg a rd less  of th e  mode of ex­

p r e s s io n ,  th e  'T'-peak a lone  showed a c o n s i s t e n t  enhancement.

The t o t a l  p r o t e in  showed an in c r e a s in g ly  accum ulative  e f f e c t  w i th  

each  succeed in g  i n j e c t i o n ,  an o b s e rv a t io n  t h a t  has been commonly known i n  

im m unization p ro c e s s e s .  The t o t a l  p r o te in  ro se  from 6 .03  to  8*60 gm. per 

100 c c .  a f t e r  s ix  i n j e c t i o n s  over a p e r io d  of 35 days. An exam ination  of 

t h e  album in c o n c e n t r a t io n  over t h i s  p e r io d  revedLed th e  s t r i k i n g  f a c t  t h a t  

w i th  th e  e x c e p t io n  o f  a sm all drop in  th e  in te r im ,  and in  s p i t e  of a 30 

p e r  c e n t  in c r e a s e  i n  t o t a l  p r o te in ,  th e  c i r c u l a t i n g  albumin per u n i t  volume 

o f  serum m a in ta in ed  p r a c t i c a l l y  a c o n s ta n t  c o n c e n t r a t io n ,  a b o u t  2 .85  gm. 

p e r  100 c c .  Even a f t e r  a r e s t  o f  alm ost seven weeks during  which t im e  th e  

t o t a l  p r o t e in  c o n c e n t r a t io n  dropped to  7*3-3 snd -the a g g lu t in a t io n  t i t e r  

t o  1:61+0, th e  c i r c u l a t i n g  albumin was 2 .9 2 .  (F ig .  lO d ) . This o b s e rv a t io n  

would seem to  i n d i c a t e  t h a t  albumin p layed  no d i r e c t  p a r t  i n  th e  immune
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p ro c e ss  fcad t h a t  t h e r e  was no in t r a c o n v e r s io n  o f  albumin and g lob u lin *

The in c r e a s e  i n  t h e  " /-boundary , f o r  i n s t a n c e ,  had come from p r o te in  

newly produced from a n t ig e n ic  s t im u la t io n *  C e s sa t io n  of t h i s  s t im u la ­

t i o n  r e s u l t e d  i n  a marked d ec rease  in  t o t a l  p r o te in  which could  be a t t r i ­

b u te d  m o stly  t o  th e  g lo b u l in  f r a c t io n s *  The album in, t h e r e f o r e ,  con­

ce rn ed  p r im a r i l y  w i th  th e  m a in ta in in g  of th e  p roper  osmotic e q u i l ib r iu m  

ap p eared  t o  p la y  th e  r o le  o f  a d i s i n t e r e s t e d  b y s ta n d e r  during  th e  p ro­

c e s s  o f  a n t ib o d y  form ation*

Comparing th e  r e a c t i o n  o f  th e  two an im als ,  th e  most s a l i e n t  f a c t  

was t h e  tremendous response  o f  th e  " /-peak  of th e  horse  which a t t a i n e d  

a maximum o f  24I4.*8 p e r  cen t o f  th e  t o t a l  a re a  from an i n i t i a l  1 p e r  

c e n t ,  w h ile  t h e  cow in c re a se d  on ly  t o  28*5 from an i n i t i a l  22*9 p e r  c e n t .  

The^y/A r a t i o  s h a rp ly  e x p re sse s  t h i s  f a c t s  th e  horse  clim bed from 0*77 

t o  1*38 w h ile  th e  cow s lo w ly  and v a c i l l a t i n g l y  rose  t o  0*63 from O.lj.9*

In  t h i s  p a r t i c u l a r  case  th e  e x t r a o rd in a r y  d i f f e r e n c e  in  sp e c ie s  response  

m ight be accoun ted  f o r  p a r t l y  t o  some p r i o r  s e n s i t i z a t i o n  o f  th e  ho rse  t o  

B r u c e l l a .  The a g g l u t i n a t i o n  t e s t  d e te c te d  no pronounced d i f f e r e n c e  in  

a g g l u t i n i n  p ro d u c t io n  o f  th e  two experim en ta l an im als- In  f a c t  a f t e r  th e  

long r e s t  p e r io d  b o th  r e tu rn e d  to  th e  same t i t e r  o f  1:614.0* With r e g a rd  

t o  in c r e a s e  o f  t o t a l  p r o te in ,  th e  cow f a i l e d  to  produce any c o n s is t e n t  

re sp o n se  b u t f l u c tu a t e d  above and below i t s  i n i t i a l  c o n c e n t r a t io n ,  f i n a l l y  

s to p p in g  ap p ro x im a te ly  a t  i t s  normal f i g u r e .

G. E le c t r o p h o r e t i c  s tu d ie s  o f  B ru c e l la  an tise rum s a f t e r  a g g lu t in in  

a b s o rp t io n .

The p reced in g  s tu d ie s  s t r o n g ly  p o in te d  to  th e  “/ - f r a c t i o n  of th e  

serum as t h e  one a s s o c ia t e d  w i th  B ru c e l la  a n t ib o d y .  Unlike anti-pneumococcus



-2 9 -

h o rse  serum (35) where over 30 Pe** c e n t  o f  th e  t o t a l  g lo b u l in  may be 

accoun ted  f o r  by a n t ib o d y ,  and in  which th e  d i s p r o p o r t io n a te  enhance­

ment of th e  ' / - p e a k  du ring  hyperim m unization im m ediately  d e s ig n a te d  

t h i s  f r a c t i o n  as th e  s o le  a s s o c i a t e  of pneumococcus a g g l u t i n i n ,  no 

such s t r i k i n g  p i c t o r i a l  r e p r e s e n t a t i o n  was found w i th  cow B ru c e l la  

a n t is e ru m .  A f te r  a long and p a t i e n t  s e a rc h  two an tise rum s of un­

u s u a l l y  h ig h  t i t e r  ( l: l | .0 ,000) were d isc o v e re d .  B e liev in g  t h a t  an

a p p re c ia b le  p o r t io n  o f  th e  a r e a  o f  th e  Longsworth diagram was a t t r i b u t a b l e  

t o  a n t ib o d y ,  a p ro cess  o f  a b s o r p t i o n  was developed to  remove i t .  A dense

su sp e n s io n  o f  a lj.8 hour growth of smooth B ru c e l la  a b o r tu s  c u l tu r e  was 

p re p a re d ,  washed, and th e n  suspended in  50 oc . o f  p h e n o l - s a l t  s o lu t io n .  

F ive  c c .  o f  t h i s  suspens ion  was added t o  10 c c .  o f  an t ise ru m . A f te r  

th o ro u g h  a g i t a t i o n ,  th e  tu b e  was p laced  a t  fo r  J4.8 hours w ith  f u r ­

t h e r  o c c a s io n a l  sh ak in g . The a g g lu t in a t e d  c e l l s  were c e n t r i fu g e d  o f f ,  

and 5 c c .  more o f  t h e  su sp en s io n  was added, and th e  t re a tm e n t  re p e a te d .  

A f te r  a d i l u t i o n  of 2 .5  t im e s ,  th e  e q u iv a le n t  amount of packed c e l l s  was 

added to  p re v e n t  f u r t h e r  d i l u t i o n .  In  a t y p i c a l e  xperim en t,  a s e r i e s  of 

e ig h t  a b s o rp t io n s  was n e c e s sa ry  t o  remove th e  a g g lu t in in s  e n t i r e l y .  The 

f i r s t  two a b s o rp t io n s  removed about 50 p e r  c e n t ,  and th e  f i f t h  removed

90 p e r  c e n t  o f  th e  a g g lu t in in s .

Table  V I I I  r e c o rd s  th e  r e s u l t s  o f  a b s o rp t io n  upon th e  two serums 

o f  h ig h  a g g l u t i n a t i o n  t i t e r .  C onsidering  th e  e r r o r  in  e l e c t r o p h o r e t i c  

a n a l y s i s ,  i t  i s  e v id e n t  t h a t  th e  an tib o d y  i s  a s s o c ia te d  s o le ly  w i th  th e  

/ - p e a k .  The e l e c t r o p h o r e t i c  runs o f  a n tise ru m  201a were so c a r e f u l l y  

c o n t r o l l e d  t h a t  th e  two diagrams (F ig s .1 1 a  and l i b ) ,  o b ta in ed  b e fo re  and 

a f t e r  a b s o rp t io n ,  c o in c id e  e x a c t ly  except a t  t h a t  p o r t io n  o f  th e  / - p e a k  

w i th  w hich th e  a n t ib o d y  was a s s o c i a t e d .  In  an tise ru m  201a, th e  an t ib o d y
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accoun t ed f o r  1+.16 p e r  cen t o f  t h e  t o t a l  p r o te in  o r  7 .8  p e r  cen t of th e  

t o t a l  g lo b u l in .  In  a n t ise ru m  ll|.3993b (F ig s ,  11c and l i d ) ,  th e  a n t ib o d y  

acco u n ted  f o r  lj.,7 o f  th e  t o t a l  p r o t e in ,  o r  7*7 po** cen t o f  th e  t o t a l  

g l o b u l i n .  These v a lu e s  a re  c o r r e l a t i v e  w i th  th e  a g g lu t in a t i o n  t i t e r  o f  

th e  two a n t i  serum s.

Having dem onstra ted  c o n c lu s iv e ly  t h e  lo c a t io n  of B ru c e l la  a n t i ­

body i n  th e  a n t ise ru m  p a t t e r n ,  some of th e  u n c e r t a i n t i e s  of th e  p reced ing  

s tu d ie s  can now be e x p la in e d .  I f  i t  i s  remembered t h a t  / - g l o b u l i n  may be 

enhanced by any one o f  s e v e ra l  a n t ig e n s ,  and t h a t  a f t e r  i n i t i a l  s t im u la ­

t i o n  th e  subsequen t in c r e a s e  need no t be p r o p o r t io n a l  to  th e  number o r

amount of a n t ig e n  i n j e c t e d ,  i t  can now be surm ised t h a t  in  th e  p reced ing  

stuojr (S e c t io n  F ) ,  th e  cow p a t t e r n  showed no p ro g re s s iv e  o r  s t a r t l i n g  i n ­

c r e a s e  i n  t h e / - p e a k  because i t s  / - p e a k  was i n i t i a l l y  h igh  p o s s ib ly  from 

some p r i o r  a n t ig e n ic  s t im u la t io n .  The p rev io u s  h i s t o r y  of t h i s  h e i f e r  

was no t known c o m p le te ly .

In  s e c t io n s  A and B of t h i s  paper m ention was made t h a t  no d i r e c t

c o r r e l a t i o n  e x i s t e d  between th e  B ru c e l la  a g g lu t in a t i o n  t i t e r  and a re a  o f

t h e / - p e a k .  Hew i t  i s  c l e a r  t h a t  B ru c e l la  an tib o d y  i s  o n ly  a sm all p a r t

of t h e / - p e a k  and t h a t  th e  rem ainder o f  th e  / - g l o b u l i n  may be norm al, or

a n t ib o d y  g lo b u l in  due to  some a n t ig e n  o th e r  th a n  B r u c e l la ; and hence not 

d e t e c ta b le  i n  a B ru c e l la  a n tib o d y  t i t r a t i o n  p ro ced u re .

That th e  / - g l o b u l i n  i s  no t homogeneous i s  e v id en t  from th e  d i f f u s e  

and sp re a d in g  c h a r a c t e r  o f  i t s  peak . When more f u n c t io n a l  t e s t s  a re  made 

upon t h i s  f r a c t i o n ,  i t s  com plex ity  w i l l  be r e a l i z e d .  P i l le m e r  e t  a l .  (37) 

r e c e n t l y  have found t h a t  one of th e  components o f  complement composing 

o n ly  0 .6  p e r  c e n t  o f  th e  t o t a l  p r o te in  has a m o b i l i ty  o f  about 2 ,9  x 10“5.
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O r d in a r i l y  t h i s  component i s  masked In  t h e / - p e a k .  The s u p p o s i t io n  

t h a t  t h e / - f r a c t i o n  may c o n ta in  o th e r  f u n c t io n a l  u n i t s  t r a v e l i n g  w i th  

a  s i m i l a r  m o b i l i ty  i s  e n t i r e l y  a re a so n a b le  one.

H. E l e c t r o p h o r e t i c s tu d ie s  o f  B ru c e l la  a n tise ru m  of h igh  t i t e r  

f r a c t i o n a t e d  w i th  ammonium s u l f a t e .

The problem  in  th e  p r e p a r a t io n  o f  p u r i f i e d  and c o n c e n tra te d  serums 

i s  in s e p a r a b ly  concerned  w i th  th e  d i s t r i b u t i o n  o f  th e  a n t ib o d ie s  among 

th e  v a r io u s  p r o t e in  f r a c t i o n s  of an t ise ru m . In  g e n e ra l ,  a n t ib o d y  produced 

by  b a c t e r i a l  e x o to x in  and v i ru s  i s  lo c a te d  in  th e  p seu d o g lo b u lin  f r a c t i o n  

or can  be p r e c i p i t a t e d  w i th  t h i s  f r a c t i o n  (3i-i-~5Q/£ s a tu r a t e d  .

The a n t ib o d y  produced by b a c t e r i a  ( a g g l u t i n i n s ,  p r e c i p i t i n s ,  opsonins) 

i s  lo c a te d  in  th e  e u g lo b u l in  f r a c t i o n .  Tetanus a n t i t o x i n  p r e c i p i t a t e s  

w i th  t h e  two f r a c t i o n s ,  and accord ing  t o  K lobus itzky  (22) i s  i r r e g u l a r l y  

d i s t r i b u t e d  between them. For t h i s  reason  w a s te fu l  and i n e f f i c i e n t  serum 

p u r i f i c a t i o n  can be avo ided  o n ly  by th e  in d iv id u a l  exam ination  o f  every  

l o t  o f  serum.

The use  o f  ammonium s u l f a t e  in  serum f r a c t i o n a t i o n  i s  c l a s s i c a l ,  

and y e t  modern. Gibson (12) in  1907 f i r s t  used  t h i s  s a l t  t o  p r e c i p i t a t e  

th e  e n t i r e  Immune g lo b u l in  by h a l f  s a tu r a t i o n  and th e n  su b seq u en tly  ex­

t r a c t e d  w i th  sodium c h lo r id e .  Banzhaf ( l )  subdiv ided  immune serums in to  

th e  e u g lo b u l in ,  p se u d o g lo b u lin ,  and albumin f r a c t i o n s .  O ther e a r ly  workers 

l i k e  Chick and M art in  (3) and Homer (15 ,1^ )  l a t e r  e la b o ra te d  th e  e n t i r e  

p ro c e d u re .

T i s e l i u s  ih-9) found t h a t  th e  serum p r o te in  s u b d iv is io n s  o b ta in ed  

w i th  ammonium s u l f a t e  f r a c t i o n a t i o n  and o th e r  chem ical p rocedure  were 

not i d e n t i c a l  w i th  th e  f r a c t i o n s  se p a ra te d  by e l e c t r o p h o r e s i s .  The s a l t
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f r a c t i o n s  c o n ta in e d  m ix tu re s  o f  th e  e l e c t r o p h o r e t i c  components. Cohn 

and coworkers (!}.) have fo llow ed  th e  f r a c t i o n a t i o n  of horse  serum w ith  

v a r io u s  s a tu r a t i o n s  of ammonium s u l f a t e .  Svensson (I4.5 ) more r e c e n t ly  

has fo llo w ed  e l e c t r o p h o r e t i c a l l y  th e  su p e rn a ta n ts  of serums from th e  

h o r s e ,  th e  cow, th e  swine and th e  r a b b i t  p r e c i p i t a t e d  w ith  vary ing  

amounts of ammonium s u l f a t e .  In  a l l  th e s e  p reced in g  s tu d ie s  th e  serum 

o f  av e rag e  or normal anim als was used; hence no a t tem p t was made t o  

fo l lo w  th e  a n t ib o d y  c o n te n t  of th e  f r a c t i o n s .

Table  IX p re s e n ts  th e  da ta  o b ta in ed  from b o th  th e  p r e c i p i t a t e s  

and s u p e rn a ta n t s  from a serum of h ig h  B ru c e l la  a g g lu t in in  c o n te n t ,  and 

th e  r e s u l t i n g  a g g l u t i n a t i o n  t i t e r s  o f  th e  su p e rn a ta n ts  which were e a s i l y  

r e s to r e d  to  th e  o r i g i n a l  volume. On account o f  th e  sm all amount of 

m a t e r i a l ,  th e  a g g lu t in a t i o n  t i t e r s  of th e  p r e c i p i t a t e s  can be approximated 

r e a d i l y  by d i f f e r e n c e .

The e n t i r e  p rocedure  and th e  p r e p a ra t io n  o f  th e  s a tu r a te d  amnonium 

s u l f a t e  was made a t  room te m p e ra tu re  w ith  th e  r e a c t io n  a d ju s te d  n ea r  pH 6 . 

The serum 201, 75 c c . ,  was d i lu t e d  once w i th  s a l i n e  s in ce  s e p a ra t io n s  (U) 

ap p ear  t o  be s l i g h t l y  more e f f e c t i v e  i f  th e  p ro te in s  a re  l e s s  c o n c e n tra te d  

th a n  n o rm a lly  found in  serum. The d i lu t e d  serum was d iv id e d  in to  t h r e e  

l o t s  o f  50 c c .  each  and p la c e d  i n  g r a d u a te s .  A c a lc u la t e d  amount of th e  

s a tu r a t e d  ammonium s u l f a t e  s o lu t i o n  was d ia ly z e d  in to  serum th rough  r o t a t i n g  

ce l lo p h a n e  membranes acco rd in g  t o  th e  method of McMeekin (3 l)«  E q u il ib r iu m  

was a t t a i n e d  in  about 2h, ho u rs .  The p r e c i p i t a t e s  a f t e r  c e n t r i f u g a t i o n  were 

washed w i th  sm all a l iq u o t s  of ammonium s u l f a t e  of th e  c o n c e n t r a t io n  a t  

w hich s e p a r a t io n  was e f f e c t e d .  A l l  f r a c t i o n s  were d ia ly z e d  a g a in s t  w a te r  

t o  remove th e  ammonium s u l f a t e ,  d i lu te d  t o  a one p e r  cen t  p r o t e in  con-
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Ĉ
OJ

o
LTN

• •
03 d
d o
o ♦H

•H P1 ~> d
rH

£ o
•H 03
-P
03 P© rH

cS
© 0303
© i—t

P <rf
P ©

•H
d NO

Oi—t

t
o

•rH
ai 03

t S &
d xi
d PL,
o
i P

•H

© ©
-P ©

d
d o
o ■©

©© p■xs daS ■—i
a •H

ro
w

03
£ aS

P~
do a

•H d
-P d
© ©
© 03
dd ©
O •d
o EH

OJ



-3 5 -

c e n t r a t i o n ,  and th e s e  were d ia ly z e d  a g a in s t  b u f f e r  t o  a t t a i n  e q u i l ib r iu m  

f o r  th e  u s u a l  e l e c t r o p h o r e t i c  s tu d y .  The £ -boundary  was no t in c lu d ed  in  

th e s e  e s t im a t io n s .  In  s p i t e  o f  th e  danger of i r r e v e r s i b l e  changes o c c u r r in g  

in  th e  p r e c i p i t a t e s ,  t h e y  were i n v e s t i g a t e d  e l e c t r o p h o r e t i c a l l y  and i n ­

c lu d ed  in  F ig .  13. C o n tra ry  t o  an o b s e rv a t io n  by Svensson (I4.5 ) th e  diagrams 

of t h e  p r e c i p i t a t e s  show t h a t  an in c r e a s in g  amount of  a lbum in, a l th o u g h  

sm a ll ,  i s  b ro u g h t down w ith  in c r e a s in g  amounts o f  s a l t .  The diagrams of 

t h e  s u p e rn a ta n t s  (F ig .  12) show t h a t  c o n s id e ra b le  amounts o f  <Z- andJ&- 

£jlohulins  a r e  s t i l l  in  s o lu t i o n  a t  a s a l t  s a t u r a t i o n  o f  50 p e r  c e n t .  I t  

has been found g e n e r a l ly  t h a t  albumin does not p r e c i p i t a t e  below 55 p e r  

c e n t  s a t u r a t i o n .

F u r th e r  in s p e c t io n  of Table IX d i s c lo s e s  th e  i n t e r e s t i n g  f a c t s  

t h a t  none of t h e / # - g l o b u l i n  was p r e c i p i t a t e d  a t  a l l  s a l t  c o n c e n tra t io n s  

u se d ,  and on ly  a v e ry  sm all amount, i f  any of the  <£-g lo b u l in .  Since th e  

i s o e l e c t r i c  p o in t  o f  th e  T ' - f r a c t i o n  was found t o  be about 6 ,  t h i s  e x p e r i ­

ment was tan tam oun t t o  i s o e l e c t r i c  -  s a l t  p r e c i p i t a t i o n ,  I t  i s  not s u r ­

p r i s i n g ,  t h e r e f o r e ,  t h a t  t h e ,# -  and most o f  t h e g l o b u l i n s  remained in  

s o lu t i o n ,  a t  l e a s t  up t o  th e  s a l t  c o n c e n t r a t io n  employed. B l ix ,  T i s e l i u s ,  

and Svensson (2) have shown t h a t  th e s e  components c o n ta in  p h o sp h o lip id s ,  

c h o l e s t e r o l  and c a rb o h y d ra te s ,  and a re  ex trem ely  complex. Follow ing th e  

f r a c t i o n a t i o n  w i th  th e  a g g lu t in a t i o n  t e s t ,  th e  a s s o c i a t i o n  of B ru c e l la  

a g g lu t in in s  w i th  the '7^-peak was confirm ed s in c e  w ith  th e  complete removal 

o f  th e C ^ -g lo b u l in  th e  t i t r a t i o n  was n e g a t iv e .

I .  E le c t r o p h o r e t i c  s tu d ie s  o f  B ru c e l la  a n tise ru m  f r a c t i o n a t e d  w ith  

E th a n o l-w a te r  m ix tu re s  a t  low te m p e ra tu re .

M ellanby (33) and Hardy and G ard iner (13) have f r a c t i o n a t e d  serum 

by means of a lc o h o l  a t  low te m p e ra tu re .  F e l to n  (9 ) developed a method o f
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o o n e e n t r a t in g  th e  a n t ib o d y  of pneumoeoccus a n t ise ru m  w i th  e th y l  a lc o h o l  

which i s  s t i l l  a s ta n d a rd  procedure  in  some b io l o g i c a l  l a b o ra to r ie s *

Cohn, L u e tsc h e r ,  Oncly, Armstrong, and Davis (Ij.) more r e c e n t ly  have r e ­

f in e d  c o n s id e ra b ly  th e  te c h n iq u e  of f r a c t i o n a t i n g  normal serum and plasma 

p r o t e in s  by e q u i l i b r a t i o n  a c ro s s  membranes w ith  e th a n o l-w a te r  m ix tu res  of 

c o n t r o l l e d  pH, io n ic  s t r e n g th  and te m p e ra tu re .

The use  o f  a d i f f e r e n t i a l  o rgan ic  s o lv e n t  l i k e  e th y l  a lc o h o l  f o r  

f r a c t i o n a t i n g  seemed t o  o f f e r  an advantage over t h a t  o f  ammonium s u l f a t e .  

D e n a tu ra t io n  may be p rev en ted  i f  e th a n o l-w a te r  m ix tu res  a re  c a r e f u l l y  

added to  p r o te in s  a t  a low te m p e ra tu re .  F e r ry  and coworkers (10) have 

been  ab le  t o  m a in ta in  c r y s t a l l i z e d  egg albumen in  e th a n o l-w a te r  m ix tu res  

a t  -5 °C . f o r  o ver  te n  d ay s .  I t  seemed w orthw hile , t h e r e f o r e ,  to  d e t e r ­

mine w hether  a n t ib o d y  s e p a r a t io n  cou ld  be o b ta in ed  from bovine an tise ru m  

by d i f f u s in g  e th a n o l  th ro u g h  a r o t a t i n g  ce llo p h an e  membrane.

Four, 25 c c .  amounts o f  serum from cow ll43993h, having an agglu­

t i n a t i o n  t i t e r  o f  lsij-O.OOO were d i l u t e d  once w i th  s a l i n e .  A ppropria te  

c o n c e n t r a t io n s  o f  e th a n o l -w a te r  m ix tu res  were p repared  o f  which the  

c o n c e n t r a t io n  o f  a lc o h o l  by volume was determ ined from t h e i r  s p e c i f i c  

g r a v i t y  as  measured w i th  a Yfestphal b a la n c e .  A membrane c o n ta in in g  th e  

c a l c u l a t e d  amount of e th a n o l -w a te r  was submerged in to  th e  d i lu te d  serum 

and g e n t ly  r o t a t e d  by means of an e l e c t r i c  m otor. The whole p rocess  was 

c a r r i e d  out i n  th e  c o ld  room, and in  a d d i t i o n ,  th e  serum c o n ta in e r  was 

k ep t  In  a c racked  ic e  and w a te r  b a th  t o  in su re  m aintenance of a tem p era tu re  

of 0 °C ..  Because o f  th e  h ig h  d i l u t i o n  in  th e  two h ig h er  c o n c e n tra t io n s  of 

e th a n o l ,  s a l t  was added t o  r e s t o r e  app rox im ate ly  th e  o r ig i n a l  io n ic  s t r e n g th  

o f th e  serum .
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A f te r  e q u i l i b r a t i o n ,  th e  p r e c i p i t a t e s ■ were c e n t r i fu g e d ,  washed 

tw ic e  and t o g e th e r  w i th  a l iq u o t s  from th e  s u p e rn a ta n ts  were pu t up i n  

c e l lo p h a n e  sacs  and d ia ly z e d  in  th e  co ld  a g a in s t  s a l i n e  u n t i l  most o f  

th e  ex cess  a lc o h o l  was removed. A ll  samples were l a t e r  d ia ly z e d  a g a in s t  

th e  u s u a l  b u f f e r  f o r  a t  l e a s t  two days and a d ju s te d  t o  1 p e r  c e n t  p r o te in  

c o n c e n t r a t io n  i n  p r e p a r a t io n  f o r  th e  T i s e l iu s  a p p a ra tu s .  The a g g lu t in a ­

t i o n  t i t e r  was de term ined  on a l l  samples a f t e r  ad justm en t t o  1 p e r  c e n t  

p r o t e i n  c o n c e n t r a t io n .  Table X r e v e a ls  t h a t  e th a n o l  f r a c t i o n a t i o n  was 

n o t  as c l e a r  c u t  as w i th  ammonium s u l f a t e .  Under th e  c o n d i t io n s  de­

s c r ib e d  10 p e r  cen t e th a n o l  caused an i n s i g n i f i c a n t  amount of  p r e ­

c i p i t a t i o n ,  w h ile  20 p e r  cen t  e th a n o l  p r e c i p i t a t e d  about 33 p e r  cent of  

th e  t o t a l  p r o t e in  (Table X ). In  t h i s  p r e c i p i t a t e  t h e ^ - p e a k  ro se  from 

lj.2,6 t o  87 .3  p e r  c e n t  of th e  t o t a l  a re a  c a r ry in g  on ly  o n e -h a l f  o f  th e  

a g g l u t i n i n  c o n te n t ;  and in  th e  s u p e rn a ta n t ,  albumin in c re a se d  t o  6 2 .8  

from 3 5 * 3  p e r  c e n t ,  w h ile  th e  T - g l o b u l i n  d im inished  t o  11.2 from 1 l1 * 6  

p e r  c e n t ,  b u t  r e t a i n in g  about one q u a r te r  of th e  a n tib o d y .

R a is in g  th e  e th a n o l  c o n c e n t r a t io n  t o  30 p e r  c e n t  caused only a 

s l i g h t l y  g r e a t e r  p r e c i p i t a t i o n  over t h a t  a t  20 p e r  c e n t ,  b u t  th e  a n t i ­

body b rough t down in  the  p r e c i p i t a t e  was alm ost doubled. In  marked con­

t r a s t  to  th e  e f f e c t  of ammonium s u l f a t e  which did  not p r e c i p i t a t e  out 

a n y /# - g lo b u l in  up to  a s a l t  s a t u r a t i o n  of 50 pe r  c e n t ,  e th a n o l  f a i l e d  

t o  p r e c i p i t a t e  any t f ' -g lo b u l in  up to  a c o n c e n tra t io n  of 3° P©r c e n t .

This o b s e rv a t io n  would seem to  su g g es t  a manner of s e p a r a t i n g ^ - g l o b u l i n  

from y#-, a .nd /3 -  f  rom 7 - g l ° buli:tl*

B ring ing  th e  c o n c e n t r a t io n  of e th y l  a lc o h o l  t o  I4.O p e r  c e n t  e f f e c t e d  

t h e  g r e a t e s t  change upon th e  g lo b u l in  which had h a rd ly  been touched 

d u r in g  p rev io u s  c o n c e n t r a t io n s .  F ig .  13d r e a d i ly  r e v e a ls  how most of
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th e  # - p e a k  was removed f o r  th e  f i r s t  t im e .  P ig .  li+d i l l u s t r a t i n g  th e  

accompanying p r e c i p i t a t e ,  however, shows th e  p r o b a b i l i t y  o f  d e n a tu ra -  

t i o n  because  i n s t e a d  o f  t h e  two u s u a l l y  w e l l—def i n e d ^ — an -p e a k s ,  

th e  diagram  shows a much skewed peak w i th  a m o b i l i ty  in  between t h a t  

o f  th e  two g l o b u l i n s .  The a g g l u t i n a t i o n  t i t e r s  of b o th  th e  p r e c i p i ­

t a t e  and th e  s u p e rn a ta n t  now a re  alm ost e q u iv a le n t ,  i n d i c a t in g  t h a t  

a lc o h o l  p r e c i p i t a t i o n ,  even f o r  th e  same component, was in d i s c r im in a te .  

U nlike  ammonium s u l f a t e  which co m p le te ly  p r e c i p i t a t e d  a l l  o f  th e  7 -  

g lo b u l in  a t  I4.O p e r  c e n t  s a tu r a t i o n ,  e th a n o l  removed no component com­

p l e t e l y  even a t  th e  h ig h e s t  c o n c e n t r a t io n  under th e  c o n d i t io n s  men­

t io n e d  (F ig .  15)- I t  was a l s o  n o ted  t h a t  i n  th e  p r e c i p i t a t e s  t h e r e  was 

a s l i g h t  b u t d i r e c t  in c r e a s e  of album in w i th  a lc o h o l  c o n c e n t ra t io n  

( F ig .  II4) .

W hile n e i t h e r  th e  s a l t  nor th e  a lc o h o l  method w i l l  p r e f e r e n t i a l l y  

d e ta c h  th e  a n t ib o d y  from the"X -peak , a com bination  of th e  two methods 

would p ro b a b ly  be e f f e c t i v e  i n  o b ta in in g  a 7 - g lo b u l in  e n t i r e l y  f r e e  of 

any of th e  o th e r  c h i e f  p r o te in  components of serum . Having p rep ared  a 

p u re  s o lu t i o n  of t o t a l  7 - g lo b u l in ,  f u r t h e r  s tu d y  could  be con tinued  to  

s e p a ra te  th e  a n t ib o d y  from a m ajor p o r t io n  o f  th e  i n e r t  X - c o n s t i t u e n t  

i n  an  a t te m p t  u l t i m a t e l y  to  p rep a re  a t r u l y  p u r i f i e d  and c o n c e n tra te d  

a n t ise ru m .
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The e l e c t r o p h o r e t i c  p a t t e r n s  of1 a s e r i e s  o f  normal and 

"b ru c e l lo s is  i n f e c t e d  "bovine serums have been o b ta in ed  us ing  th e  

s c h l i e r e n  scann ing  method o f  Longsworth. The m o b i l i t i e s  and concen­

t r a t i o n s  o f  e l e c t r o p h o r e t i c a l l y  d i s t i n c t  p r o te in  components have been 

computed from th e s e  p a t t e r n s .  The m o b i l i t i e s  of t h e  serums f a l l  in to  

fo u r  -well d e f in e d  groups co rrespond ing  t o  album in, & s f t - , and Y ~  g lo b u l in s  • 

The o u ts ta n d in g  c h a r a c t e r i s t i c  o f  th e  serum of a new-born c a l f  was th e  

ex trem e ly  h igh  c o n c e n t r a t io n  o f  ̂ - g l o b u l i n  in  c o n t r a s t  t o  a n e g l i g i b l e ,  

o r  a lm ost com plete absence o f '7 '-g lo b u l in .  W ith in  four  hours a f t e r  th e  

i n g e s t i o n  of co lo s tru m  by a normal c a l f  th e  'T-peak might account f o r  

about 15 p e r  c e n t  of  th e  t o t a l  p r o te in ,  w hile  in  an in f e c te d  d a l f  th e  

f ig u r e  m ight r i s e  t o  30 or ^0  per  c e n t .  A g g lu tin in s  were e v id e n t ly  ab­

so rbed  a l s o  as  measured by th e  a g g lu t in a t io n  p rocedure .  By th e  end o f  

two weeks a l l  p r o t e in  components were in  t h e  r e l a t i v e  c o n c e n tra t io n  u s u a l ly  

found in  young h e i f e r s .  V acc in a t io n  o f  c a lv e s  w ith  U .S .B .A .I .  B ru c e l la  

s t r a i n  19 caused  on ly  a s l i g h t  change i n  th e  normal serum d i s t r i b u t i o n ;  

even th e  s l i g h t  in c r e a s e  in  T '-g lo b u l in  a long  w ith  the  a g g lu t in in  t i t e r  

r e tu rn e d  t o  normal w i th in  a month. No s i g n i f i c a n t  or permanent change 

cou ld  be dem onstra ted  e l e c t r o p h o r e t i c a l l y  t o  accoun t f o r  th e  immunizing 

p r o p e r ty  o f  s t r a i n  19. The p a t t e r n  of th e  v a c c in a te d  animal resembled 

th e  custom ary p a t t e r n  o f  any young h e i f e r .

The average m o b i l i ty  from a la rg e  number o f  v a r io u s  bovine 

serums f o r  album|in, £ (- ,  J3 — a n d 'X -g lo b u l in  was 6 .2 ,  3*0* and 1 .6

r e s p e c t i v e l y .  From th e  same group th e  average r e l a t i v e  c o n c e n t ra t io n  

i n  p e r  c e n t  o f  each  component w i th  r e s p e c t  to  t o t a l  p r o te in  was found
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t o  be  1+2.1* f o r  a lbum in , 18 .3  f o r / ? - ,  8 .3  f o r >3-, and 31 .1  f o r  y - g l o b u l i n .

A r a t i o  g r e a t e r  th a n  0 .8  f o r  'T/A appeared  t o  be s i g n i f i c a n t  immunological l y .  

Using a u n i - u n iv a l e n t  system  of  b u f fe r s  a t  d i f f e r e n t  pH v a lu es  and a t  a 

c o n s ta n t  io n ic  s t r e n g t h  of 0 .1 ,  th e  i s o e l e c t r i c  p o in t  of th e  p r o te in  com­

p on en ts  of  a bovine a n t i b r u c e l l a  serum was found t o  be I*.1+3, 1+.98, 5*28 

and 6 .0 2  f o r  a l b u m i n , ^ - , / ? - ,  and 7 - g lo b u l in  r e s p e c t i v e l y .

I n j e c t i o n  o f  a w a te r - s o lu b le  c rushed  c e l l  f r a c t i o n  a t  i n t e r v a l s  

in to  a h o r se  and a cow caused an accum ulating  in c re a se  in  t o t a l  p r o te in  

i n  b o th  s p e c ie s .  In  c o n t r a s t  t o  th e  cow th e  horse  showed a tremendous 

in c r e a s e  of t h e ' / - g l o b u l i n  w hich a t t a i n e d  a maximum a re a  o f  1+I+.3 per  

c e n t  from an i n i t i a l  3 0 .1  p e r  c e n t  w hile  th e  cow in c re a se d  on ly  to  28 .5  

from an i n i t i a l  2 2 .9  Pe r  c e n t .  A pparen tly , th e  albumin c o n c e n tra t io n  per  

u n i t  volume of blood rem ained co n s ta n t  during  th e  whole p e r io d  of hyper-  

im m unization i n  s p i t e  of a r i s e  o f  over 25 p e r  c e n t  in  t o t a l  p r o te in  in  

th e  c ase  o f  th e  h o r s e .

A b so rp tio n  o f  an an t ise ru m  of h igh  t i t e r  showed th e  7 - g l o b u l i n  

t o  be th e  a s s o c i a t e  o f  B ru c e l la  a n t ib o d y .  Ammonium s u l f a t e  f r a c t i o n a t i o n  

a t  a pH of 6 by d i f f u s io n  th rough  a r o t a t i n g  ce l lophane  membrane succeeded 

in  p r e c i p i t a t i n g  out a l l  th e  7 -component in c lu d in g  about 99 Pe r  ce n t  of th e  

a n t ib o d y  a t  a s a l t  c o n c e n t r a t io n  of i+0 p e r  cen t s a t u r a t i o n .  E thanol i n t r o ­

duced in to  a n t is e ru m  in  a s im i l a r  manner bu t a t  0°C. was l e s s  d is c r im in a te  

in  th e  f r a c t i o n s  p r e c i p i t a t e d .  Under th e  co n d i t io n s  d e sc r ib e d ,  an a lc o h o l  

c o n c e n t r a t io n  o f  1+0 p e r  cent by volume f a i l e d  t o  p r e c i p i t a t e  more th an  50 

p e r  c e n t  o f  th e  a n t ib o d y ,  w hile  30 per  cen t of th e  a lc o h o l  d id  succeed In  

p r e c i p i t a t i n g  o v e r  th r e e  q u a r te r s  of th e  a g g lu t in in  con ten t*  A com bination 

of  th e  two p r o te in  p r e c i p i t a n t s  seemed t o  o f f e r  th e  p o s s i b i l i t y  of f rac t io n a tin g
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serum in to  components c l a s s i f i e d  by T i s e l i u s .  A f te r  o b ta in in g  t o t a l  

7 - g l o b u l i n  i n  t h i s  way, f u r t h e r  ex p e r im e n ta t io n  might y i e l d  a method 

t o  f u r t h e r  p u r i f y  and c o n c e n tra te  B ru c e l la  a n t ib o d y .
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Calf 100b, 6 days 
Serum, 1«80

Calf ICOa, at birth 
plasma, negative

(*6)

a
( d )

C eIf 100c, 22 days 
serum, l:l6o

(a)
Calf USl+a, at birth 

serum, negative
Calf l|6i|b, 1|6 days 

serum, negative

Fig. 1. Blood Specimens Drawn Before ana After Ingestion of Colostrum with Age of Calf and
Agglutination Titer.

d. (eO
Calf CA 22a 
at birth

(c)
Calf CA 22o 
28 hours

A

A Ik.
(b)

Calf CA 22b 
hours

A |A

Ajj L l .  jj[
W

Calf CA 22e 
16 days

Fig. 2. Serum Specimens from a Domini Calf Drawn at Intervals with Age of Calf;
Agglutinin Titer was Always begative.
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(b)
Calf 876b

26 hours, 1*10,000

U)
Calf ©76c 

7 c.ays, lx2c,000

<i,—- - ■ — —» 4 ■■ - - ■ —a«.
u)

Calf 876d 
lit days, 1 *10,000

Fig. J. Serum Specimens from ar_ Infected Calf Drawn at Intervals with Age of Calf
and Agglutination Titer.

Y <LS ^ 0

(a)
Heifer ÂGa 

before vaccinetion, negative

d
(d)

Heifer B9i*a 
before vac,'.ir.r-tion, 1*320

(b)
Heifer A98b 

IS days later, 1*61*0

( o )
Heifer A98c 

25 days later, 1*20

heifer B9l+b 
IB days later, 1*61*0

a.

Heifer B9l*c 
days later, 1*20

Fig. 1*. Serum of Heifers Vaccinated with D.S.B.A.I. Brucella Strain 19
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G,
(a)

Heifer 297 
pregnant, negative

(c)
Heifer 71°511b 

tion-prsgnant, (l«8o)

(b)
Heifer 716511a 

fion-pregnant, negetive

Cow A25
5 years old, cystic ovaries (lt8o)

Fig. 5- A General Series of Bovine Serums with Remarks and Agglutination Titer.

(a/ ' 
iieil'er 6506UOa Heifer 3U0D6120

vaccinated, pregnant, 1>1230 exposed via eye, pregnant, 1»2560

Cow lu5995b 
infected naturally, 1 >1+0, 000

6. A General Serios of Bovine Serums with Berserks and Agglutination Titer.
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Cow 381a 

Titer 1«20, pH 7.82

a')
Cow ll>3993b 

pH 7.81

(c)
Cow lit3993b  

pH 6 .1 *

A
a.

uj
Cow 113993b 

pH ?.13

Ce)
C o?/ U + 3 9 9 3 H

pH U.65
(O

Cow 12*3993b 
PH. 3 .5 3

Fig. 7* Mobility - pH Kelationship of the Serum Proteins of a Cow with an Agglutinin Titer
of lil|0,O0O.

U .5 7

tlty+pB Roltttlonihlp of Ĉr £»rt» £6 Ijlo f  Ccht 3  a  r a n  11+3 99 3 ^
, liTio.ooo.

Fie*_8*. UoblIitr-pH fiolotlrm*hi£ 
Agr.lutlttVtlon. TltWrlj
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Scrum before injection 
agglutination, negative

2 days after 3rd.injection 
1:5000

d a
1+ days after j t h ,  injection115000

, I(♦s) I

(d)
1*2 daya after 6th.injection 

1:61+0

Fig. 9 . Response of the Serum Proteins of -^ifer 755297 to Injections of a Water-Soluble
Crushed Cell Fraction of Brucella.

Serum before injection 
Agglutinrtion,1:30

' c ; (d)
j ia s after 1+th. injection >1 days alter 6th. inject ion

1:1230 1 *&+0

f ir .  10. Resnonse of the Scrum Proteins of a horse to Injections of a ’..ater-Soluble 
“ ' Crushed Cell fraction of Bruoella.



(a)
Cow 201a 

before absorption, lti4.0,000

r
(+0

A A
r

(*S)
ft CL

d . —

( c )
Cow U(.3993b 

before absorption, 11/4.C,OOO

>)
Con 201a 

after absorption, negative

(d)
Cow lu3993b 

after absorption, negative

Fig. 11. Effect of Agglutinin Absorption upon the frotein Components of a Brucella Antiserum.

Cow 201a 
whole serum, 1«20,000

(c)
I4.O % saturation 

agglutination, l t 320

d.

( d )
50 % saturation 

agglutination, negative

Fie. 12. Supernatants of a Brucella Antiserum Fractionated with Varying Amounts of Ammonium
— Sulfate.
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ili % saturationCow 201a 
wY-ole serun, 1 :20,000

(*)
1(0 % seiuration

( d )
50 % saturation

Fig. 13. Frecipitates of a Brucella Antiserun Fractionated with Varying Amounts of
Smmonium Sulfate.

£*0
Yihole serum 

agglutination, 1:5120

(h)
20 Ethanol 

a glutination, 1:2560

L  A  i n
d,----------------------- ►   d.-u: jd)

30 .3 1-hanol h0 ,3 Ethanol
agglutination, 1:5000 agglutination, 1 :256c

Fig. lit. Precipitates of a Brucella Antiserum Fractionated with V>rying Amounts of Ethanol
at O'C.
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1C 2 Ethanol 

i-'lutirmtion, ls>120

(c

i l l  !
30 /c Ethanol 

agglutination, Is 1280

a r $

d. —
(O

£0 X Ethanol 
agglutination, Is 1280

i*.0 X Ethanol 
agglutination, I 12560

Fit-. 15. Supernatnnts of a Brucella Antiserun Fractionated with Varying Amounts
of Ethanol at 0°C.


