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also3), the concentration of SVPx does not change 
significantly after 10 min of incubation. 

(6) Separation o / S  VPx by paperchromatography. When 
a chromatogram was run with n-butanol : acetic acid :water 
(12:3: 5), the solvent mixture used earlier 8, the active 
principle eluted at  Rf 0.5 consisted of a mixture of 2 
types of substances. As in the case of the unpurified 
plasma dialysate (Figure 1), one of the factors is 
DBMC + MEP sensitive, and the other DBMC + MEP 
insensitive. By use of n-butanol :pyridine:  water, Figure 
3, 2 active substances were separated. One, which peaks 
around Rf 0.25, is not  antagonized by DBMC + MEP. 
The other, which peaks around Rf  0.4, is blocked by 
DBMC + MEP. Presumably the lat ter  fraction contains 
serotonin (see 3). 

Discussion. For historical reasons we felt it might be 
appropriate to continue to designate the total  of the 
contracting substances of plasma as 'vasoconstrictine', 
the term introduced in 1905 by BATELLI*. In  the rabbit  
it consists of a mixture  of serotonin, SVPx, histamine, 
and barely detectable amounts of NOR-EPI .  There then 
remains an unknown factor (SVPx) which exists in 
concentrations equivalent in constrictor act ivi ty to the 
concentration of serotonin in plasma. At the present t ime 
we can state unequivocally tha t  SVPx exists and can be 
separated. Its nature, whether a known or a so-far un- 
known substance, remains to be investigated. 

Note. Separation of serotonin from the unidentified 
'effective'  vasoconstrictor was also achieved by differen- 

tial dialysis 11, and by countercurrent distribution tech- 
nique (to be reported in detail) iz. 

Rdsum& La ~vasoconstrictine, (BATTELLI 1905), c 'est- 
k-dire l 'ensemble des vasoconstricteurs ~effectifs, dissous 
dans le plasma du lapin, consiste en un m61ange de s~ro- 
tonine, SVPx (substance non-identifi~e) et d'histamine. 
Par  l 'usage d 'une antis~rotonine s61ective, DBMC, et  
d 'une m6pyramine antihistaminique, il a 6t6 possible de 
reconnattre et  d'isoler SVPx. La concentration aes cat6- 
cholamines dans le plasma n 'est  pas suffisante pour 
produire une contraction de la paroi d 'une artbre. 
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Secondary Antibody Responses of  M i c e  to 
Bacterial Somatic Antigens 

The physical form of the antigen, the interval  between 
multiple injections, and the techniques used to assess the 
immune response, are known to influence the results and 
the interpretation of immunizing procedures, We have 
used the haemolytic plaque technique, indirect haemag- 
glutination and immunoelectrophoresis to study the 
secondary responses of mice to bacterial somatic: antigens. 

Female mice, 8 weeks old, were injected i.p. with a 
mixture of 2.5. 107 boiled Salmonella newport cells and 
12.5 #g of purified S. typhi lipopolysaccharide (LPS), a 
Difco product. The antigens were used together so that  
the responses induced could be compared in individual 
animals, One group received no further injections; the 
animals were bled at  weekly intervals to determine the 
course of the pr imary immune response. 6 ozher groups 
were given a second dose of the same mixture by the 
same route, at intervals of 2-7 weeks after the first 
injection; 6 days after the second injection, the spleens 
and blood sera were examined. Spleen cells forming 
antibodies (IgM or 19S type) to S. newport, S. typhi or 
sheep erythrocytes were counted in duplicate by the 
plaque method described previouslyL using sheep 
erythrocytes either sensitized with the appropriate bac- 
terial antigens or non-sensitized as required. A correction 
was applied for the small number of plaques caused by 
antibody to sheep erythrocytes. Circulating antibodies 
were t i t ra ted in duplicate by haemagglutination of sheep 
erythrocytes sensitized as above. Susceptibility of the 
antibodies to reduction was determined by diluting sera 
1 in 10 with phosphate buffer of pH 7.4, containing 
0.1M 2-mercaptoethanol (ME), and t i t rat ing after 1 h 

at  37°C. Alkylation of a number of reduced sera by 
dialysis against iodoacetamide was found not to a l t e r  
their titres. 

Selected sera were subjected to agar gel immunoelectro- 
phoresis, the precipitin arcs being developed with goat 
antiserum to whole mouse serum or to mouse y-globulin. 
Those arcs which contained antibacterial  ant ibody were 
detected in the gel by t reatment  with x*C-labelled soluble 
antigen and autoradiography on X-ray film. 

Both spleen plaque numbers and serum ant ibody titres 
were highly variable from one mouse to another, as 
exemplified in Table I, which shows the detailed results 
obtained from one of the groups after secondary stimula- 
tion. In terms of numbers of spleen cells producing 
haemolytic antibody, the whole bacterial cells were the 
more potent  immunogen and also gave rise to noticeably 
larger plaques. There was, however, no correlation, with 
serum antibody levels; individual mice sometimes re- 
sponded well, in terms of serum antibody, to an antigen 
inducing only minimal reaction in the spleen. On the 
average, about 50% of the S. typhi antibody was reducible 
but  only about  25% of the S. newport antibody. 

Table I I  shows the data  from the groups of mice 
which received antigen mixtures a t  different intervals. 
There was no consistent change in the numbers of spleen 
plaques as the primary-secondary interval increased, in 
contrast to serum antibody which reached a maximum 
at the 4-week interval then remained approximately 
constant. That  the latter result was a true secondary 
response (rather than the slow development of ant ibody 

x W. J. HALLID&Y and M. W~BB, Aust. J. exp. Biol. med. Sci. 43, 
305 0965). 
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f r o m  t h e  p r i m a r y  s t imulus )  is s h o w n  b y  t h e  f a c t  t h a t  
p e a k  p r i m a r y  t i t r e s  in  a s e p a r a t e  g roup  o1 an imals ,  were  
a lways  m u c h  lower  t h a n  t h e  s e c o n d a r y  t i t r e s  a n d  were  
fa l l ing  a f t e r  4 weeks.  M a n y  of t h e  l a t e r  se ra  were  com-  
p le t e ly  M E - r e s i s t a n t ,  whi le  a l l  t h e  2-week sera  were a t  
l eas t  p a r t l y  reducib le .  T h e  increase  in  M E - r e s i s t a n c e  was  
especia l ly  p r o n o u n c e d  w i t h  a n t i b o d y  to  t h e  whole  
b a c t e r i a  (S. newport). 

R e p r e s e n t a t i v e  i m m u n e  sera,  e x a m i n e d  b y  i m m u n o -  
e lec t rophores i s  a n d  a u t o r a d i o g r a p h y ,  gave  p rec ip i t i n  
arcs  c o r r e s p o n d i n g  in  pos i t i on  a n d  s h a p e  to  I g G  (or 7S 
~,~ g lobu l in  in  t he  t e r m i n o l o g y  used  b y  FArlEq 8 for  mouse  
i m m u n o g l o b u l i n s ) ;  t h e r e  was  exce l l en t  co r r e l a t i on  be-  
t w e e n  t h e  d e n s i t y  of l abe l l ing  of t he se  a rcs  a n d  t h e  t i t r e s  
of M E - r e s i s t a n t  a n t i b o d y .  No such  label led  arcs  were  
d e t e c t e d  in  se ra  h i g h l y  sens i t i ve  to  r educ t ion ,  or  in  
n o r m a l  m o u s e  s e r u m . . W e  the re fo re  deduce  t h a t  ME-  
r e s i s t ance  is a re l iab le  i n d i c a t o r  of I g G  a n t i b o d y  in  these  
sera,  a n d  t h a t  mice  c a n  p roduce  cons ide rab le  q u a n t i t i e s  
of. t h i s  t y p e  of a n t i b o d y  in  response  to b a c t e r i a l  s oma t i c  
an t igens .  Th i s  is in  c o n t r a d i c t i o n  to  some  o t h e r  i nves t i -  
ga tors ,  who  h a v e  f o u n d  p r e d o m i n a n t l y  or  exc lus ive ly  
I g M  a n t i b o d y  u n d e r  c o m p a r a b l e  c o n d i t i o n s  in  m i c e  s, 
r a b b i t s  4-s, a n d  m a n 7  ,s, even  a f t e r  s e c o n d a r y  s t i m u l a t i o n .  

Table I. Mean specific spleen plaque numbers and mean serum 
antibody titres 

Mouse Sp~en plaques Serum antibody titres 
No. per l0 T ceUs 

S. typM S. new- S. typhi S. newport 
port no ME + ME no ME + ME 

1 1 17 80 80 160 160 
2 0 210 640 160 320 320 
3 3 635 320 160 640 320 
4 13 305 160 160 320 160 
5 73 62 320 160 160 160 
6 5 25 640 160 320 160 
7 8 19 1280 320 320 160 
8 3 15 40 40 160 320 

Average 13 161 250 120 260 190 

Results obtained from a group of 8 mice given 2 mixed antigenic 
stimuli 6 weeks apart, S. typM antigen administered as LPS; S. 
newport antigen as whole bacteria. 

Table II. Effect of interval between 2 mixed antigenic stimtfli on 
plaque numbers and antibody tltres 

Interval Spleen plaques Serum antibody titres 
(weeks) per 10 T cells 

S. typhi S. new- S. typhi S. nemport 
port no ME + ME, no ME + ME 

2 11 95 66 < 40 70 < 40 
3 3 11 47 < 40 110 40 
4 30 58 230 95 280 120 
5 2 20 190 130 210 110 
6 13 161 250 120 260 190 
7 6 12 290 105 210 160 

l~esults are,averages from 6 groups of 8 mice. 

A r e c e n t  de ta i l ed  s t u d y  s h a s  s h o w n  b o t h  I g G  a n d  IgM 
t o  be  p r o d u c e d  irt r a b b i t s .  

FECSlK, BUTLER a n d  CooNs x° f o u n d  t h a t  2 doses of 
d i p h t h e r i a  t o x o i d  in  mice  shou ld  be  spaced  b y  a t  l eas t  6 
weeks  for  m a x i m a l  response .  A s imi la r  p h e n o m e n o n  
occurs  w i t h  b a c t e r i a l  s o m a t i c  a n t i g e n s  (Tab le  I I ) ,  M E -  
r e s i s t a n t  I g G  a n t i b o d y  c o n t r i b u t i n g  en t i r e ly  to  t h e  effect.  
A n  i n t e r v a l  of a t  l eas t  4 weeks  b e t w e e n  a n t i g e n  in jec t ions ,  
d u r i n g  w h i c h  t i m e  a process  of  m a t u r a t i o n  m a y  occur  I°, 
is t h u s  necessa ry  for  t he  o p t i m a l  expres s ion  of '7S  i m m u n o -  
logical  m e m o r y ' .  M E - s e n s i t i v e  a n t i b o d y  (IgM), expressed  
as d i f ferences  in  t i t r e s  or  as p l a q u e  n u m b e r s  showed  no  
s e c o n d a r y - t y p e  response ,  c o n f i r m i n g  t h e  sugges t ion  6,11 
t h a t  pe r s i s t i ng  i m m u n o l o g i c a l  m e m o r y  is n o t  f o u n d  in  
t h e  19S or  IgM a n t i b o d y  sys t em.  T h e  cbndi t ion~ r e q u i r e d  
for  t h e  d e m o n s t r a t i o n  of s e c o n d a r y  re sponses  w i t h  IgM 
a n t i b o d y  in r a t h e r  d i f f e ren t  c i r c u m s t a n c e s  h a v e  r e c e n t l y  
b e e n  desc r ibed  x~,x3 

T h e  p resence  of  s u b s t a n t i a l  s e r u m  a n t i b o d y  t i t r e  w i t h -  
o u t  c o n c o m i t a n t  sp leen ac t iv i ty ,  as  d e s c r i b e d  above ,  
cou ld  h a v e  been  caused  b y  one  or  more  of t h e  fo l lowing:  

(a) T h e  2 t e c h n i q u e s  ( h e m a g g l u t i n a t i o n  a n d  local ized 
hemolys i s )  a re  sens i t ive  to  d i f f e ren t  t y p e s  of a n t i b o d y ,  
I gG  b e i n g  more  ef f ic ient  t h a n  IgM in  a g g l u t i n a t i o n  of 
L P S - s e n s i t i z e d  e r y t h r o c y t e s  4, a n d  v is ib le  p l aques  b e i n g  
fo rmed  b y  I g M  only.  (b) S e r u m  a n t i b o d y  t i t r e s  a re  a 
m e a s u r e  of a c c u m u l a t e d  a n t i b o d y ,  whereas  p l a q u e s  are  
f o r m e d  0n ly  b y  a n t i b o d y  p r o d u c e d  d u r i n g  a b r ie f  
i n c u b a t i o n  of celIs in  v i t ro .  (c) A n t i b o d y  is fo rmed  in  
ex t rasp len{c  s i t es ,  w h i c h  a s s u m e  a m a j o r  role  in some 
an imaI s  b u t  n o t  in  o thers .  

Zusammen/assung. IgG-  u n d  I g M - A n t i k 6 r p e r  w u r d e n  
m i t  2 I n j e k t i o n e n  yon  Salmonella-antigenen (S.-newport- 
Zellen u n d  S.4yphi-Lipopolysacchariden) in  M/~usen er- 
zeugt.  E s  e r g a b  sich, dass  die I g G - A n t i k 6 r p e r  bei  i h r e r  
zwei ten  R e a k t i o n  n u r  d a n a  e in  M a x i m u m  e r r e i c h t e n ,  
w e n n  z w i s c h e n  d e r  e r s t e n  u n d  zwe i t en  I n j e k t i o n  e in  
Z e i t r a u m  yon  m i n d e s t e n s  4 W o c h e n  v e r s t r i c h e n  war ,  
W e l t e r  w u r d e  ge funden ,  d a s s  die L ipopo lysaceha r ide ,  i m  
Gegensa t z  zu d e n  Bak te r i enze l l en ,  die B i l d u n g  de r  IgM- 
A n t i k 6 r p e r  f a v o r i s i e r t e n .  
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