
DEPENDENCE OF ANTIBODY FORMATION 

IN LYMPHOCYTE CULTURES ON INCUBATION TEMPERATURE 
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The i n c r e a s e  in the n u m b e r  of a n t i b o d y - f o r m i n g  c e i l s  (A FC) and in the  i n c o r p o r a t i o n  of 
[3H]thymidine with a r i s e  in the  incuba t ion  t e m p e r a t u r e  f r o m  2 to 37~ was s tud ied  in 
c u l t u r e s  of sp l een  c e l l s  f r o m  i m m u n i z e d  and n o n i m m u n i z e d  C57BL/6  m i c e .  An exponen -  
t i a l  i n c r e a s e  in the  n u m b e r  of  A F C  was found with an i n c r e a s e  in t e m p e r a t u r e ,  and the 
e x i s t e n c e  of  a ~ c r i t i e a l  n t e m p e r a t u r e  was d e m o n s t r a t e d ,  above  which the  r a t e  of  i n c r e a s e  
in the  n u m b e r  of  AFC r i s e s  s h a r p l y .  The  c u r v e s  showing i n c r e a s e d  i n c o r p o r a t i o n  of  
[3H]thymidine with an i n c r e a s e  in t e m p e r a t u r e  in s o m e  c a s e s  d i v e r g e d  f r o m  the  c u r v e s  of 
t he  i n c r e a s e  in the  n u m b e r  of A F C .  C u l t u r e  of i m m u n e  c e l l s  at  low t e m p e r a t u r e s  l e a d s  
to the  a c c u m u l a t i o n  of f a c t o r s  s t i m u l a t i n g  A FC f o r m a t i o n  in the  m e d i u m .  
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The  r o l e  of t e m p e r a t u r e  in the d e v e l o p m e n t  of an t ibody  f o r m a t i o n  has  r e c e i v e d  v e r y  l i t t l e  s tudy  [3-5].  
the  t e m p e r a t u r e  f a l l s ,  not only  the  r a t e  of s y n t h e s i s  of  t h e s e  p r o t e i n s ,  but  a l so  the r a t e  of  t h e i r  " a s s e m b l y "  
and s e c r e t i o n  has  been  shown to d e c r e a s e .  

As 

The ob j ec t  of th i s  i n v e s t i g a t i o n  was to s tudy  the e f fec t  of t e m p e r a t u r e  on induc t ion  of an t ibody  f o r m a t i o n  
and s u b s e q u e n t  p r o l i f e r a t i o n  of  a n t i b o d y - f o r m i n g  c e l l s  (A FC).  

E X P E R I M E N T A L  M E T t t O D  

E x p e r i m e n t s  we re  c a r r i e d  out on C57BL/6 m i c e  weighing  18-20 g ( f r o m  the " S to lbova ya "  N u r s e r y ,  
A c a d e m y  of M e d i c a l  S c i e n c e s  of  the USSR). The  a n i m a l s  w e r e  i m m u n i z e d  i n t r a v e n o u s l y  with s h e e p ' s  r e d  blood 
c e l l s  (SRBC) in a d o s e  of  500•  106 c e l l s  p e r  mouse .  The  method  of  M i s h e l l  and Dutton [9], as m o d i f i e d  by  
Cl i ck  et  a l .  [6] and by Gurv i eh  et  a l .  [2], was used  for  the  in v i t r o  e x p e r i m e n t s .  F o r  i m m u n i z a t i o n  of  the  c u l -  
t u r e  of  m o u s e  s p l e e n  c e l l s  SRBC w e r e  used  in a dose  of  5 x 10 ~ c e l l s  p e r  c u l t u r e  o r  a w a t e r - s o l u b l e  SRBC 
an t igen  (WSA-SRBC) [10] in a dose  of 50 nag p e r  cu l tu r e .  

[3H]Thymidine  with a s p e c i f i c  a c t i v i t y  of 1 C i / m m o l e  ( f r o m  C E A - F r a n c e  S e r v i c e ,  F r a n c e )  o r  11 C i / m m o l e  
( f rom " Izo top , "  USSR) was used .  The  l abe l  was added fo r  24 and 96 h in c o n c e n t r a t i o n s  of 1 and 0.1 p C i / m l  
r e s p e c t i v e l y .  I n c o r p o r a t i o n  of  [~H]thymidine was d e t e r m i n e d  by the M a r k  II (Nuc lea r  Ch icago ,  USA) c o u n t e r .  

In a l l  c a s e s  the conten t  of IgM of A F C  was d e t e r m i n e d  by J e r n e t s  method  [8] and the n u m b e r  of  l i v ing  and 
dead  c e l l s  was  counted  by s t a in ing  with e o s i n  and t r y p a n  blue.  

EXPERIMENTAL RESULTS 

The object of the experiments of series I was to determine how induction and the development of antibody 

formation take place in vitro at different temperatures. On incubation of a suspension of spleen cells of an 

u n i m m u n i z e d  m o u s e ,  no a p p r e c i a b l e  i n c r e a s e  in the n u m b e r  of A F C  was o b s e r v e d  in the c o u r s e  of 4 days  at  2 -  
17~ A f u r t h e r  i n c r e a s e  in the  incuba t ion  t e m p e r a t u r e  led  to an i n c r e a s i n g l y  r a p i d  i n c r e a s e  in the  n u m b e r  of  
AFC (Fig. I). This process was well marked at temperatures of over 20~ and, in particular, of over 33~ 

Between 28 and 33~ the number of AFC doubled with a rise in temperature of 2.7~ *, whereas between 33 and 
37~ it doubled with a rise iu temperature of only 1.6~ 

*Later the rise in temperature which led to doubling of the number of AFC and of incorporation of [3H]thymidine 
will be designated as AT 2. 
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Fig .  1. Ef fec t  of t e m p e r a t u r e  on n u m b e r  of  AFC and r a t e  of i n c o r p o r a t i o n  of [3H]- 
t h y m i d i n e  du r ing  p r i m a r y  i m m u n e  r e s p o n s e  in v i t r o .  N u m b e r  of  A FC (1) and i n c o r -  
p o r a t i o n  of [3H]thymidine (2) d u r i n g  i nc uba t i on  of c u l t u r e  fo r  96 h. I n c r e a s e  in 
n u m b e r  of A FC (3) du r ing  24 h a f t e r  change  in  t e m p e r a t u r e  of c u l t u r e  f r o m  37~ to 
2, 24, and 28~ A b s c i s s a ,  i ncuba t ion  t e m p e r a t u r e  (in ~ o r d i n a t e :  on l e f t -  
i n c o r p o r a t i o n  of [~H]thymidine p e r  106 l iv ing  c e l l s  (in cpm) ,  on r i g h t - n u m b e r  of A FC 
p e r  106 l iv ing  c e l l s .  

A r a t h e r  d i f f e r e n t  p a t t e r n  was found when the  i n c o r p o r a t i o n  of  [3H]thymidine into t h e s e  c e l l s  was s tud ied .  
Up to 33~ i n c o r p o r a t i o n  i n c r e a s e d  e x p o n e n t i a l l y  with a r i s e  of t e m p e r a t u r e ,  and was doubled  by an i n c r e a s e  
in t e m p e r a t u r e  of 5.7~ A f t e r  33~ i n c o r p o r a t i o n  b e g a n  to in t ens i fy  tw ice  as qu ick ly .  

In t h e s e  e x p e r i m e n t s  the  c e l l s  w e r e  i ncuba ted  at  d i f f e r e n t  t e m p e r a t u r e s  both in the  p e r i o d  of induc t ion  of  
an t ibody  f o r m a t i o n  and in the  p e r i o d  of p r o l i f e r a t i o n  of the  A FC c lone  f o r m e d .  To a n a l y z e  the ef fec t  of t e m p e r a -  
t u r e  on each  of t h e s e  p h a s e s  s e p a r a t e l y ,  the  c e l l s  w e r e  f i r s t  c u l t u r e d  at one t e m p e r a t u r e  and t h e i r  c u l t u r e  was 
then  con t inued  at  a n o t h e r  t e m p e r a t u r e .  The  r e s u l t s  of  one such e x p e r i m e n t  in which the  s a m p l e s ,  a f t e r  i n c u b a -  
t ion  for  3 days  at 37~ w e r e  i ncuba t ed  for  a f u r t h e r  24 h at 2, 24, 28, and 37~ a r e  g iven  in F ig .  1. With a 
r i s e  in t e m p e r a t u r e  to 24~ the n u m b e r  of  A F C  i n c r e a s e d  e x p o n e n t i a l l y  and AT 2 was 4~ w h e r e a s  above  24~ 
the r a t e  of  t h e i r  i n c r e a s e  changed  and AT 2 b e c a m e  10~ 

In the  e x p e r i m e n t s  of  s e r i e s  II the  e f fec t  of  t e m p e r a t u r e  was s tud i ed  on c u l t u r e  of c e l l s  t a k e n  f r o m  a 
p r e v i o u s l y  i m m u n i z e d  a n i m a l .  Th i s  s y s t e m  a p p e a r e d  to be  u s e f u l  b e c a u s e  in i t  the  n u m b e r  of  A F C  r i s e s  r a p i d l y  
[1, 2, 7]. Dur ing  i ncuba t ion  for  4 d a y s ,  e l e v a t i o n  of the  t e m p e r a t u r e  f r o m  2 to 33~ was  a c c o m p a n i e d  by an 
a l m o s t  e x p o n e n t i a l  i n c r e a s e  in the  n u m b e r  of AFC f o r m e d ,  w i t h / x T  2 of 12-9~ w h e r e a s  at the  h i g h e r  t e m p e r a -  
t u r e  the  n u m b e r  of  AFC began  to r i s e  m o r e  r a p i d l y :  AT 2 b e c a m e  3.5~ (F ig .  2). The  r ~ t e  of i n c o r p o r a t i o n  of  
[3H]thymidine i n c r e a s e d  a l m o s t  u n i f o r m l y  with a r i s e  in t e m p e r a t u r e  o v e r  the  whole r a n g e  s tud ied  (z.&T 2 = 4-5~ 

In a s e r i e s  of e x p e r i m e n t s  the t e m p e r a t u r e  was changed  a s h o r t  t i m e  a f t e r  c u l t u r e .  F o r  e x a m p l e ,  the 
c e l l s  w e r e  incuba ted  for  3 days  at  37~ and then  for  a f u r t h e r  24 h at  2, 29, 33, and 37~ It was found tha t  the  
n u m b e r  of  AFC in the  s y s t e m  d e s c r i b e d  above  r e m a i n e d  a l m o s t  unchanged  d u r i n g  incuba t ion  be tw e e n  2 and 29~ 
With a f u r t h e r  i n c r e a s e  in t e m p e r a t u r e  the  n u m b e r  of A F C  began  to i n c r e a s e  m o r e  and m o r e  r a p i d l y :  AT2= 
2.2~ (F ig .  2). I n c o r p o r a t i o n  of  ~ H ] t h y m i d i n e  fo l lowed a r a t h e r  d i f f e r e n t  p a t t e r n  a f t e r  a change  in t e m p e r a t u r e  
of the  c u l t u r e  f r o m  37~ to the  o t h e r  v a l u e s .  W h e r e a s  in the  i n t e r v a l  be tw e e n  2 and 29~ the  n u m b e r  of A FC 
was unchanged ,  i n c o r p o r a t i o n  of  the l a b e l  was i n c r e a s e d  m o r e  than  s ix fo ld .  With a f u r t h e r  i n c r e a s e  in t e m p e r a -  
t u r e  the  r a t e  of  i n c o r p o r a t i o n  of  [3H]thymidine  began  to r i s e ,  as  a l so  did the  r a t e  of  i n c r e a s e  in the  n u m b e r  of 
A F C .  The  i n c r e a s e  in the  n u m b e r  of  AFC fo l lowed a d i f f e r e n t  c o u r s e  in s a m p l e s  incuba ted  the whole t i m e  at  a 
c e r t a i n  t e m p e r a t u r e  and in s a m p l e s  p r e v i o u s l y  i ncuba t ed  fo r  3 days  at  37~ (F ig .  2). In the  f i r s t  c a s e  the  
n u m b e r  of  AFC r o s e  s t e a d i l y  with an i n c r e a s e  in t e m p e r a t u r e  f r o m  2 to 29~ but  in the s e c o n d  c a s e  i t  r e m a i n e d  
at a c o n s t a n t  l e v e l .  It was a c c o r d i n g l y  p o s t u l a t e d  tha t  a c e r t a i n  f a c t o r  s t i m u l a t i n g  the i n c r e a s e  in n u m b e r  of  
A FC a c c u m u l a t e s  in the  c u l t u r e  f luid of c e l l s  g r o w n  at t e m p e r a t u r e s  be low 29~ To t e s t  th is  h y p o t h e s i s ,  a 
s u s p e n s i o n  of i m m u n e  c e l l s  was p r e i n c u b a t e d  for  3 d a y s  at 2~ and then  incuba ted  at  37~ U n d e r  t h e s e  c o n d i -  
t i o n s ,  t he  i n c r e a s e  in the  n u m b e r  of  A FC was  found to b e g i n  at  a f a s t e r  r a t e  than  the  i n c r e a s e  in t h e i r  n u m b e r  
d u r i n g  i ncuba t ion  at  37~ f r o m  the  v e r y  beg inn ing .  As  a r e s u l t  of  t h i s ,  the  m a x i m a l  n u m b e r  of AFC was g r e a t e r  
t han  n o r m a l  ( F i g .  3). In t h r e e  c a s e s  the  n u m b e r  of A FC f o r m e d  d u r i n g  the  24 h a f t e r  the  change  of  t e m p e r a -  
t u r e  was the s a m e  as  tha t  f o r m e d  du r ing  i n c u b a t i o n  for  2-3 days  at  37~ f r o m  the  v e r y  beginning .  
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Fig. 2. Effect of t e m p e r a t u r e  on number  of AFC and incorpora t ion  of [3H]thymidine 
during cul ture  of immune lymphocytes  taken f rom spleens  4 days af te r  in ject ion of 
antigen into animal .  Number of AFC (1) and incorpora t ion  of [3H]thymidine (2) during 
incubation for 96 h. Inc rease  in number  of AFC (3) and incorpora t ion  of [3H]thymi- 
dine (4) during 24 h af ter  change in t e m p e r a t u r e  of cu l tu re  f rom 37~ to 2, 29, and 
33~ A b s c i s s a ,  incubation t e m p e r a t u r e  (in ~ ord ina te ,  number  of A FC and 
incorpora t ion  of [3Hlthymidine per  106 l iving cel Is .  

Fig.  3. Compar i son  of i n c r e a s e  in number  of A FC during incubation of cu l tu re  of 
immune lymphoeytes  f rom ve ry  beginning at 37~ (1) and at 2~ (2) and af ter  change 
in incubation t e m p e r a t u r e  on th i rd  day f rom 2 to 37~ (3). A b s c i s s a ,  i neuba t ion t ime  
(in days);  o rd ina te ,  number  of AFC per  106 living ce i l s .  

Accumula t ion  of the s t imula t ing  factor  during incubation of ce l l s  f rom the immunized  an imal  a l so  was 
conf i rmed in exper iments  with a change of medium. The medium in which these  ce i l s  were  pre incubated  at 
2~ was found to support  the v iabi l i ty  and antibody format ion  be t t e r  than f resh medium in cu l tu res  t r a n s f e r r e d  
af te r  3 days f rom incubation at 2~ to 37~ 

The s t imula t ing  fac tor  evidently did not accumulate  in the cel l  cu l ture  f rom the unimmunized animal .  This 
is shown by the fact that  the number  of AFC in these  ce l l  cu l tures  also i n c r e a s e d  at low t e m p e r a t u r e s  (29, 24, 
and 17~ both when the s amples  were  incubated f rom the very  beginning at d i f ferent  t e m p e r a t u r e s  and a f te r  
p re incuba t ion  for 3 days at 37~ followed by a change to the other t e m p e r a t u r e s .  This was conf i rmed in e x p e r i -  
ments  with pre incubat ion  of a cu l ture  of ce l l s  f rom a no rma l  animaI  at 2~ for 3 days fottowed by the i r  t r a n s f e r  
to 37~ In that  c a se  the number  of AFC inc reased  jus t  as in the ca se  of incubation of the  ce l l s  f rom the ve ry  
beginning at 37~ and af ter  4 days a lmost  equal numbers  of AFC were found in the two suspens ions .  

The study of the effect of t e m p e r a t u r e  on the i n c r e a s e  in number  of AFC thus r evea led  the ex is tence  of a 
" c r i t i c a l "  t e m p e r a t u r e  (29-33~ above which the in tensi ty  of this p r o c e s s  r i s e s  rap id ly .  In cul ture  of ce l l s  
f rom an immunized animal  the curves  of the change in number  of AFC and the curves  of the change in i n c o r -  
pora t ion  of r ad ioac t ive  label  into DNA in some  cases  diverged.  This i nd i r ec t ly  conf i rms  that  the i n c r e a s e  in 
the number  of A FC was due to two independent p r o c e s s e s :  p ro l i f e r a t i on  of an exis t ing clone of A FC and the 
involvement  of ce i l s  which p rev ious ly  had not formed antibodies in the p r o c e s s  of antibody format ion.  Cul ture  
of immune ce l l s  at Iow t e m p e r a t u r e s  evident ly  leads  to the accumulat ion  of c e r t a i n  f ac to r s  which s t imula t e  the 
format ion  of A FC. 

i. 

2. 
3. 
4. 
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E N T E R O T O X I C  A C T I V I T Y  OF  L I V I N G  C U L T U R E S  

OF  S h i g e l l a  s o n n e i  A N D  E N T E R O T O X I N  F O R M A T I O N  in  v i v o  

N. B.  K a m z o l k i n a ,  I .  L .  G o f m a n ,  
I .  L.  M a r g u l i s ,  L .  M. Y a r o v a y a ,  
a n d  I. N. K a m e n s k a y a  

UDC 576.851.49.097.29 

The overwhelming majori ty of virulent  s t rains  of Shigella sonnei caused the accumulat ion 
of fluid in the lumen of an isolated segment of rabbit small  intestine; the fluid contained 
large quantities of mucus and somet imes blood; the mucous membrane  of the segment was 
hyperemie and had petechial hemorrhages .  Avirulent s t ra ins  of Sh. sonnei as a rule did not 
cause exudation into the loop of intestine. The s ter i le  and concentrated contents of the 
intestinal loops of rabbits responding to injection of the virulent  s t rain of Sh. sonnei or a 
toxigenic s t ra in  of Shigella shigae invariably gave a positive reaction in other rabbits.  The 
cha rac te r  of the exudate and the changes in the mucous membrane under these c i r cum-  
stances were indistinguishable f rom those following injection of living cultures.  

KEY WORDS: Shigella sonnei; Shigella shigae; enterotoxin 

Investigations have shown [7] that most  recently isolated strains of Shigella sonnei can induce the accumu-  
lation of fluid in the isolated loop of rabbit  smal l  intestinel However, Floyd and Arm were unable to r ep ro -  
duce this phenomenon by injecting fi l trates of these cul tures ,  and Arm et al. [1] also were unsuccessful  when 
injecting lysates obtained by ul trasonic t reatment .  

These workers  observed cor re la t ion  between the enteroto• of the s t rains  and their  virulence.  

More recent  data [2-7] indicate that Sh. sonnei, unlike Shigella shigae, is unable to produce an entero-  
toxin. 

In the present  investigation the isolated loop of rabbit small  intestine was used as a model to study the 
action of recent ly  isolated strains of Sh. sonnei and also of the s ter i le  contents of isolated segments of intes-  
tine obtained during tests  of virulent  s t ra ins .  

E X P E R I M E N T A  L M E T H O D  

All s t ra ins ,  which were generously provided by the bacter iological  laboratory of the Leningrad Distr ict  
Public Health Station in Moscow (Head T. A. Lakshtanova), were kept in the lyophilized state at 4~ Altogether 
14 recent ly  isolated s t ra ins  and 2 re fe rence  strains (Nos. 9090 and 7478) were tested. The strains were grown 
in dishes on nutrient agar ,  the round colonies were chosen as far  as possible,  and a suspension prepared f rom 
them in physiological saline with a density of 1 billion bacter ia l  cel ls /ml  according to the optical standard of 
the State Control Institute, and 1 ml of this suspension was injected into the lumen of an isolated loop of rabbit 
smal l  intestine. 
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