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The action of mycoplasmas  on the lymphoid sys tem is known to depend la rge ly  on the infecting dose and 
on ability to uti l ize arginine [5]. If high concentrat ions of arginine-ut i l iz ing mycoplasmas  are  added in vitro,  
m a r k e d  suppress ion of the response  to plant mitogens is obse rved  and is due to removal  of arginine f rom the 
cul ture  medium [10]. I f  the mult ipl ici ty  of infection is reduced,  the inhibitory effect  is r ep laced  by a st imulant 
effect  [5]. Mycoplasmas  utilizing dextrose  in mos t  cases  have only a st imulant  action r ega rd l e s s  of the dose 
[3, 7, 9]. The resu l t s  of investigation of blast  t ransformat ion  of lymphocytes  taken f rom infected animals are  
highly cont rad ic tory  [3]. In some cases  suppress ion of the response  to mitogens a f te r  infection with species  
of arginine-ut i l iz ing mycopiasmas  could not be found [6], but in o ther  cases  it  was observed  [8]. Infection of 
animals with dext rose-ut i l iz ing  mycop lasmas  does not affect  blast t r ans format ion  due to plant mitogens [3]. 

The object  of the present  investigation was to study the action of phytohemagglutinin (PHA) and concanav- 
alin A (con A) on lymphocytes  of  ra t s  infected with Mycoplasma ar thr i t id i s  and Acholeplasma laidlawii. 

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

The animals  were  infected with mycoplasmas  as desc r ibed  previous ly  [2]. Intact ra t s  and ra t s  into which 
broth was injected se rved  as the control .  The pro l i fe ra t ive  activity of spleen cel ls  and mesen te r i c  lymph node 
cel ls  was es t imated  7, 14, 28, 33, and 65 days a f te r  the beginning of  infection.  The blast  t r ans format ion  r e -  
ac t ion  was set  up in 3040 Microdisks  (Falcon P las t i cs ) .  Into each well 5 • 105 cei ls  were  introduced in a final 
volume of 0.2 ml  medium.  The cul ture  medium was RPMI-1640 medium with 10% normal  ra t  se rum,  1% 1 M 
HEPES solution, 1% L-glu tamine ,  100 un i t s /ml  benzylpenicit l in,  and 100/~g/ml  s t rep tomycin-ca lc ium chlor ide 
complex.  The Microdisks  were  incubated at 37~C in a humid a tmosphere  with 5-7% CO 2. P r e l im in a ry  expe r i -  
ments  showed that the optimal concentra t ion of PHA (PHA-P,  f rom Difco) was 0.5 # g / m l  and that of con A 
(from Sigma) was 10 p g / m l .  The reac t ion  was r ead  on the 4th day of cul ture .  DNA synthesis  was de termined  
by measur ing  incorporat ion of thymidine-~I  (2.5 ~Ci /ml ,  1 C i /mmole ) ,  added 16 h before  the end of the expe r i -  
ment ,  by the method desc r ibed  previous ly  [1]. 

E X P E R I M E N T A L  R E S U L T S  

It will be c lea r  f rom Figs.  1 and 2a that injection of b ro th  or  of A. laidlawii in vivo caused no a p p r e c i a -  
ble changes in the intensi ty of thymidine-3H incorporat ion by the spleen andlymph node cells  at all t imes  of the 

N. F.  Gamaleya Insti tute of  Epidemiology and Microbiology,  Academy of Medical Sciences  of the USSR, 
Moscow. (Presen ted  by Academician  of the Academy of Medical  Sciences of the USSR P .  A. Vershilova).  T r a n s -  
la ted  f rom Byul le ten '  I~ksperimental 'noi  Biologii i Meditsiny,  Vol. 89, No. 7, pp. 79-81, July, 1980. Original 
a r t i c l e  submitted June 20, 1979. 
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Fig. I. DNA synthesis in spleen cells of intact and infected rats at various times aRer in- 
fection without the addition of mitogen (a) and after addition of PHA (b) andcon A (e). Ab- 
scissa, time after infection (in days); ordinate, incorporation of thymidine-3H (in cpm). 1) 
Rats inoculated with broth; 2) rats infected with M. arthritidis; 3) rats infected with A. laid- 
lawii. Horizontal lines denote intact rats. Vertical lines and shaded areas denote confidence 
interval at P -- 0.05. 

Fig. 2. DNA synthesis in lymph node cells from intact and infected rats at different times 
after infection without addition of mitogen (a) and after addition of PHA (b) and con A (c). 
Legend as in Fig. i. 

invest igat ion.  Converse ly ,  infection with M__. a r th r i t id i s  led to s ta t i s t i ca l ly  s ignif icant  s t imulat ion of DNA syn-  
thes i s  7 days a f t e r  infection. The effect  was m o r e  m a r k e d  in cu l tures  of lymph node cel ls  than of splenocytes ,  
and it p e r s i s t e d  until the 14th day. 

Even  m o r e  significant  d i f fe rences  between splenic and lymph node tymphoeytes  were  obse rved  a f t e r  the 
addition of PHA. The r e s pons e  to the mi togen in spleen ce l l s  of an imals  infected with M. a r th r i t id i s  was 
s ignif icant ly d e p r e s s e d  fo r  the f i r s t  week (Fig. lb).  In about half  of  the r a t s  it was also--depressed toward  the 
end of the second week, whereas  in the r e s t  it had rega ined  the n o r m a l  level  by this  t ime .  However ,  comple te  
r e c o v e r y  did not take place ,  and on the 28th day of infection DNA synthes is  was again inhibited. A sha rp  in-  
c r e a s e  in the intensi ty  of btas t  t r a n s f o r m a t i o n  in r e sponse  to PHA c o m p a r e d  with that  in intact  an ima l s  o r  in 
r a t s  inoculated with broth was o b s e r v e d  33 days a f t e r  infection, and by the end of the second month the r e -  
sponse  was back  to n o r m a l .  In cul tures  of Lymph node ce i l s  of  an ima l s  infected with M. a r th r i t id i s  no dec rea se  
in the mi togenic  action of PHA was o b s e r v e d  in the ea r ly  per iod  of infection {Fig. 2b), but s t imulat ion o c c u r r e d  
a l i t t le  e a r l i e r  than in the spleen ce l l s  (on the 28th day); however ,  by the 33rd day the s t imulat ion was r ep l aced  
by depres s ion .  

The  cou r se  desc r ibed  above also was c h a r a c t e r i s t i c  of the r e sponse  of lymph node ce l l s  of an imals  in-  
fected with A.  laidlawii  to PHA (Fig. 2b). The only d i f ference  was the absence  of depress ion  on the 33rd day. 
Infect ion caused  by A. laidlawLi had a ce r t a in  s t imulant  action on the sp lenocytes ,  but not s ta t i s t i ca l ly  s ignif i -  
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cant,  in the ea r ly  per iod  a f t e r  addition of the agent. La te r ,  until the 28th day, p ro l i f e ra t ive  act ivi ty induced 
by PHA was normal ,  and by the 33rd day it was again s t imula ted .  The level  of b las t  t r a n s f o r r m t i o n  2 months  
a f t e r  infection w a s  c lose  to the control  value. 

The c h a r a c t e r  of the change in r e s pons e  to con A in the spleen cell  cu l tures  differed only a l i t t le  f rom 
the course of the response to PHA (Fig. Ic). Lymph node lymphocytes responded to con A within normal limits 
at all times of the investigation irrespective of the type of infection. The only exceptions were rats infected 
with M. arthritidis, in which the response was depressed after 7 days (Fig. 2c). 

Depression of the response to PHA and to con A was thus observed in rats infected with M. arthritidis 
(which utilizes arginine). However, in contrast with investigations by other workers [8] who described only depression 
of blast transformation m~der the iniluence of PHA, reaching a maximum on the 2Oth-30th day in the case of 
infection of Sprague Dawley rats with iVi. arthritidis, the picture in the present experiments was more complex. 
Strong inhibition on the 7th day was followed by appreciable stimulation toward the 28th-33rd days. Meanwhile 
synthetic activity of the lymphocytes of the infected rats was stimulated on the 7th day of infection in cultures 

without the addition of mitegen. Possibly this disagreement may be due to differences in the multiplicity of 

infection (I0 i~ and 2 • 108 CFU/ml) or to strain differences (we used nonarthritogenic strain PG 6, whereas in 

the experiments of Kaklumanis and Pavlatos the animals were infected with strain PN). 

This complex character of the response in the early stages was probably not associated with the action 
of the arginine-deiminase system only. Lowering of the level of blast transformation in response to mitogens 
may have been due to a reduction in the number of responding ceils on account of their redistribution among 
the organs, death or blocking of receptors for PHA and con A, or the ability of the mycoplasmas to shift the 
peak of the response to mitogens. Depression of the mitogenic effect may also have been due tothe stimulating 
action of the mycoplasmas, as a result of which cells which had passed through one cycle of divisions could 
not respond normally to PHA or con A. However, there is some evidence [5] that in the presence of myco- 
plasmas, the lymphocytes are even more stable than normal. In addition, facts indicating the absence of 
blocking of PHA receptors by M. arthritidis have been obtained [11]. Evidence against a redistribution of cells 
is given by the fact that the response to PHA in lymph nodes of animals infected with M. arthritidis was prac- 
tically normal in the early stages of infection, although it was higher than in rats inoculated with broth. We 
consider it more probable that depression of the response to mitogens was connected with the stimulating action 
of the mycoplasmas. Under these circumstances a subpopulation of cells responding to PHA and con A, and 
present in large numbers in the spleen, and also some of the lymphocytes not responding to PHA, but sensitive 
to the action of con A and present in lymph nodes, must be involved. 

The second peak of stimulation at the 28th-33rd day, as the data given above show, was nonspecific: in- 
fectious induced by both M. arthritidis and A. laidlawii stimulated the response about equally. This peak was 
perhaps connected with persistence of the microorganisms and with increased production of the factor re- 
sponsible for stimulation i month after infection. It is interesting to note that lymph node ceils, consisting 
as we know to the extent of 73% of RMTA+-lymphocytes, similar in their properties to the T 2 population in 
mice [4], were activated initially under these circumstances. The activation peak was then shifted to the spleen 
and involved lymphocytes responding to both PHA and con A. Simultaneously with this, the level of blast trans- 
formation in the lymph nodes fell sharply, and this was particularly noticeable in animals infected with M. 

arthritidis. 

The specific character of the effect of infection caused by iVi. 9~hritidis and A_. laidiawii is thus mani- 
fested only in the early stages after infection. Later the changes in the parameter studied were approximately 
the same in both types of infection. 
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Cyclic AMP is known to participate+in the regulation of antibody formation in vitro, and in proliferation 
and differentiation of lymphocytes stimulated by a mitogen or antigen [1]. The flmction of cyclic AMP as 
secondary mediator in the transmission of signals is that of activation of a ser ies  of protein kinases (PK) 
phosphorylating different protein substrates [7, 13-15]. Cyclic AMP-dependent phosphorylation of cell mem-  
branes of many t issues has been found to be at a lowlevel  [14, 15]. The high sensitivity of thymocytes and 
spleen cells, stimulated by mitogen or  antigen, to concentration of exogenous or  endogenous cyclic AMP at the 
beginning of culture [1] suggests that membrane proteins which are antigenic receptors  may undergo cyclic 
AMP-dependent phosphorylation and that cyclic AMP-dependent PK may be located in the immediate vicinity 
of receptors  for the antigen or  mitogen. The present  wri ters  have also suggested that cyclic AMP-dependent 
phosphorylation may also influence activity of the antigenic determinants of various cellular antigens on account 
of changes in the charge and/or  conformational changes in their  membranes.  

The object of the present  investigation was to study the possible effect of phosphorylation and of activity 
of cyclic AMP-dependent and cyclic AMP-independent membrane PK of sheep's red  blood cells CSRBC) on the 
antigenic activity of those membranes in the induction of the humoral immune response in mice. 

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

Experiments were car r ied  out on female (CBA • C 57BL/6)F 1 mice obtained from the MStolbovaya~ 
Nursery ,  Academy of Medical Sciences of the USSR. 

ATP and (7-32p)ATP, with a specific activity of 60 Ci/mmole,  were obtained from the All-Union Research 
Institute of Molecular Biology, Head Office of the Microbiological Industry, Academy of Sciences of the USSR. 
Mice were immunized intravenously with 0.5 ml of a 5% suspension of intact 0SRBC) or phosphorylated SRBC 
(PSRBC). On the 4th, 5th, and 6th days after  immunization the animals were killed and the number of antibody- 
forming cells (AFC) estimated from the number of plaque-forming cells (PFC) in the spleen by the modified 
method of local hemolysis in semfliquid medium [3]. The tests  for determining the number of +PFC were 
car r ied  out after addition of ISRBC or  PSRBC to the reaction medium. The significance of differences was 
assessed by Student's t - tes t .  

Phosphorylation of SRBC was car r ied  out by the method described in [12], with induction of synthesis by 
cyclic AMP. The SRBC were washed with medium No. 199 and then with an incubation medium containing 
0.03M Tris-HC1 buffer, pH 7.5, 0.15M NaC1, 10ram MgC12, 10ram CHsCOONa , 0 .3ram EDTA, 2 mM theo- 
phylline, 5 mM NaF, 0.1 mM Na3PO4, and 2 #M ATP. The cell resi~lue was resuspended in this same medium 
to a concentration of 1 • 108 cel ls /ml .  Incubation was car r ied  out at 37~C for 30 rain, after which the cells 
were cooled to 4~ washed in medium No. 199, and injected as a 5% suspension into mice. 

Phosphorylation of SRBC was verif ied from the incorporation of 32p into cellular material  insoluble in 
TCA [121. 
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