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with tr i t iated thymidine showed tha t  in every class of 
follicular cells only the minus variants show incorporation. 
After incorporation there is a gradual increase in the size 
of the nuclei. Periods of rapid nuclear growth probably 
correspond ~o the empty  spaces of the histograms of 
Figures 2 and 3. 

Once growth has subsided a new wave of DNA syn- 
thesis starts in the nuclei as can be seen from the histo- 
grams of the follicular cells of the larger ovocytes. 

value '470 #8, for the diploid volume. The average of the 
nuclear volumes of the labelled cells and the general 
average of their class, which is always higher, are shown 
class by class in the histograms. I t  can be seen from the 
histograms tha t  tr i t iated thymidine is preferentially in- 
corporated into those follicular cells which, in each ovo- 
cyte, are of smaller volume than the others. This is so of 
all 3 classes of ovocytes examined. 

Conclusions. Follicular cells have nuclei which increase 
their size gradually with the growth of the ovocyte. 
Differences in size exist between the nuclear volumes of 
the follicular cells of a singly ovocyte. The experiments 

Riassunto. Le cellule follicolari di un medesimo follicolo 
hanno nuclei che diversificano notevolmente fra lore per 
il volume. Ci6 ~ ben osservabile nelle sezioni trasversali 
dove i nuclei, di forma cilindrica, appaiono circolari. La 
t imidina tr i t iata  viene incorporata preferenzialmente nei 
nuclei p i t  piccoli. Per spiegare tale fenomeno ~ stata 
fat ta  l ' ipotesi di una fase di accrescimento nucleate in 
assenza di sintesi di DNA. 

E.  ORLANDO 

Istituto di Zoologic, Universit& di Modena (Italy), 
23 October 7967. 

O n  t h e  M e c h a n i s m  of  the  S t i m u l a t i n g  Act ion of Ribonucle ic  Ac ids  on the  A n t i b o d y  R e s p o n s e s  

The presence in lymphoid tissues and blood serum from 
immunized animals of a messenger RNA playing an im- 
por tant  role in the antibody synthesis has been reported 1-s. 
I t  has also been pointed out by several authors that  there 
is an aspecific stimulating action of nucleic acids and 
nucleic acid-rich substances on antibody responses to 
different antigens 6-n. In the following experiments we 
shall t ry  to elucidate the mechanism of this aspecific 
ad juvant  action and to show the possible differences 
between it  and tha t  of specific messenger RNA. 

Rabbits  weighing about  2 kg, fed on a standard diet 
and subdivided into several groups which were treated 
with different antigens, were used. Antigens were guinea- 
pig red blood cells (RBC), horse serum albumin and 
globulins (HSA, HSG) and bovine serum albumin (BSA) 
respectively. Nucleic acids used were: RNA from yeast  
(Schwartz) purified by precipiting and washing with 66% 
ethanol in the cold, and rabbit 's  l iver RNA obtained with 

a phenol procedure (tissue was homogenized in ice with 
7 vol. of acetate buffer pH 4.5 and then extracted and 
purified through several steps as described elsewhereS); 
the RNA recovery was about  500 mg/70 g fresh tissue. 

RNA and antigens were injected in the following ways: 
(1) RNA and antigens were incubated for 30 rain at 37 °C 
in separate tubes and then injected or separately or 
mixed immediately before injection. (2) RNA and antigen 
were mixed together, incubated for 30 min at  37 °C and 
then the mixture was injected. The whole cycle of 
immunization consisted of 4 i.v. injections made at  7 days 
intervals; circulating antibody titres were determined 
before each injection and 4 days after the last one, by the 
usual hemoagglutination technique for RBC and the zonal 
precipitation technique for soluble antigens. 

RNA and soluble antigens were analysed both sepa- 
rately and after incubation together by paper and 
Tiselius electrophoresis (Pcrkin Elmer  App. mud. 38 A) 
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w i t h  v e r o n a l  bu f f e r  p H  8.6. IZNA a n d  p r o t e i n s  e s t i m a t i o n s  
were  m a d e  b y  t h e  SCHMIDT a n d  THANNHAUSER a n d  t h e  
FOLIN a n d  CIOCALTEAU t e c h n i q u e  ~2A3 respec t ive ly .  

T h e  d a t a  c o n c e r n i n g  t h e  in f luence  of R N A  on t h e  r a t e  
of i m m u n i z a t i o n  b y  severa l  a n t i g e n s  are  s h o w n  in Tab le  I : 
t h e  a n t i b o d y  r e sponse  of a n i m a l s  i m m u n i z e d  w i t h  soluble  
a n t i g e n s  (HSA,  H S G ,  BSA)  p r e i n c u b a t e d  w i t h  R N A  b o t h  
f r o m  h o m o l o g o u s  l iver  a n d  f r o m  yeas t ,  was  sens ib ly  
h i g h e r  t h a n  t h a t  of  a n i m a l s  i m m u n i z e d  wi th  a n t i g e n  
a lone or  w i t h  a n t i g e n  a n d  R N A  in jec ted  s e p a r a t e l y  w i t h -  
o u t  be ing  p r e i n c u b a t e d  t oge the r .  O n  t h e  c o n t r a r y ,  w i t h  
gu inea -p ig  RBC,  e v e n  a f t e r  p r e i n c u b a t i o n  of th i s  t y p e  of 
a n t i g e n  w i t h  R N A ,  we were  u n a b l e  to  o b t a i n  a sens ib le  
inc rease  in a n t i b o d y  responses .  

To  a s c e r t a i n  w h e t h e r  p r e i n c u b a t i o n  wou ld  give rise to  
t h e  f o r m a t i o n  of a ' c o m p l e x '  b e t w e e n  R N A  a n d  an t igen ,  
d i f fe ren t  p r o c e d u r e s  were used ,  acco rd ing  to  t h e  n a t u r e  
of t h e  a n t i g e n :  in t h e  case of p a r t i c u l a t e  an t igen ,  i.e. 
gu inea -p ig  RBC,  t h e s e  were  p u t  in c o n t a c t  w i t h  a k n o w n  
dose  of R N A  for 30 ra in  a t  37°C a n d  t h e  l a t t e r  was  
e s t i m a t e d  in t h e  s u p e r n a t a n t  f r ac t ion  before  a n d  a f te r  
i n c u b a t i o n :  as  c a n  be  seen in  Tab le  I I ,  a f t e r  i n c u b a t i o n ,  
R N A  c o n t e n t  of s u p e r n a t a n t  f r ac t ion  w a s  dec reased  b y  
a b o u t  25%.  I n  t h e  case  of a so luble  an t igen ,  i.e. B S A,  
po l i s t i r ene  l a t e x  pa r t i c l es  were coa ted  w i t h  t h e  a n t i g e n  
b y  be ing  k e p t  24 h a t  2 °C a n d  24 h a t  r o o m  t e m p e r a t u r e ,  
t h e n  t h e  pa r t i c l es  were  w a s h e d  twice  b y  c e n t r i f u g i n g  a t  
15,000 g for 30 ra in  to  r e m o v e  e v e r y  t r a c e  of a n t i g e n  
r e m a i n e d  in s u s p e n s i o n  a n d  t h e n  i n c u b a t e d  for 30 m i n  a t  
37 °C in t h e  p resence  of a k n o w n  a m o u n t  of y e a s t  IZNA; 
a t  t h i s  p o i n t  t h e  l a t e x  pa r t i c l es  were  c e n t r i f u g e d  a g a i n  
a n d  t h e  R N A  s e d i m e n t e d  w i t h  t h e  par t ic les  a n d  w h a t  

r e m a i n e d  in  s u s p e n s i o n  w a s  e s t i m a t e d .  As c a n  be  seen  in 
Tab le  II ,  a b o u t  37~o of a d d e d  R N A  h a d  been  a d s o r b e d  
b y  l a t e x  par t ic les  coa t ed  w i t h  BSA .  A cont ro l  m a d e  u s i n g  
t h e  s a m e  l a t e x  pa r t i c l es  n o t  c o a t e d  w i t h  t h e  a n t i g e n  
s h o w e d  on ly  a m i n i m a l  a b s o r p t i o n  of R N A  (Table I I ) .  

A n  a t t e m p t  to  i so la te  t h e  ' c o m p l e x '  b e t w e e n  R N A  a n d  
a n t i g e n  B S A  w a s  m a d e  b y  p a p e r  e lec t rophores i s  of R N A -  
B S A  p r e i n c u b a t e d  t o g e t h e r  and ,  as  a control ,  of R N A  
a n d  B S A  a lone :  r e s u l t s  g i v e n  in T a b l e  I I I  s h o w  t h a t  o n l y  
a s ma l l  p a r t  of R N A  w a s  f o u n d  in t h e  a l b u m i n  zone  a f t e r  
m i g r a t i o n ,  while  t h e  m a i n  p a r t  of i t  s h o w e d  a r a t e  of 
m i g r a t i o n  h i g h e r  t h a n  a l b u m i n :  one  m a y  a s s u m e  t h a t  t h e  

1 M. FISHMAN and F. L. AOLER, J. exp. Med. 117, 595 (1963). 
2 E. P. COHEN, Nature 213, 462 (1967). 
3 L. MICrIELAZZX, G. NANNI, I. BALDINI and A. NOVELLI, Experientia 

20, 447 (1964). 
4 L. MICHELAZZI, A. NOVELLI, G. NANNI and I. BALDINI, Experientia 

20, 703 (1964). 
5 L. MICHELAZZI, A. NOVELLI, I. BALDINI~ U. M. I~ARINARI and 

G. NANNI, Sperimentale 115, 275 (1965). 
6 B. N. JAROSLOW and W. H. TALIAFERRO, J. infect. Dis. 98, 75 

(1956). 
7 B. N. JAROSLOW and W. H. TALIAFERrtO, J. infect. Dis. 707, 341 

(1960). 
s F. PAROr~ETTO and H. POPPER, Proe. Soe. exp. Biol. Med. 116, 

1060 (1964). 
9 j .  F. MOWBRAY and D. C. HARGRAVE, Immunology 11,413 (1966). 

10 j .  F. MOWBRAV and J. SCHOLAND, Imnmnology ll ,  421 (1966). 
n B. A. ASKONAS and J. M. RHODRS, Nature 205, 470 (1965). 
xz G. ScnmDr and S. J. TnANrCrtAOSER, J. biol. Chem. 767, 83 (1945). 
xn O. FOI.tN and V. CIOCALrEAU, J. biol. Chem. 73, 627 (1927). 

Table I. Enhancement of antibody response to different antigens by RNA from different source in various experimental conditions 

Antigen Type RNA Preincubation of RNA Antibody titres at various days of immunization No. 
with antigen 7 14 21 25 animals 

HSA rabbit liver without (mixed 160 640 2560 5120 4 
just before injection) 

- - 40 160 640 1280 3 

rabbit liver without (mixed 80 2560 5120 10240 2 
just before injection) 

- - 40 320 1280 2560 3 

yeast without (mixed 640 1280 5120 10240 2 
just before injection) 

- - 80 320 1280 2560 3 

yeast 30 min at 37 °C 640 5120 20480 40960 5 

- - 80 320 640 2560 3 

yeast 30 miu at 37 °C 1280 5120 20480 40960 5 

- - 40 160 1280 2560 3 

yeast without 80 320 1280 5120 5 
(injected separately) 

HSA (control) 

HSG 

HSG (control) 

HSG 

HSG (control) 

HSG 

HSG (control) 

BSA 

BSA (control) 

BSA 

BSA (control) - 40 160 1280 2560 3 

Guinea-pig RBC yeast 30 min at 37 °C 80 320 1280 2560 4 

Guinea-pig RBC - - 80 320 640 1280 4 
(control) 

For each injection were used: 30 mg HSA, HSG, BSA respectively or 2 ml of 50~o RBC with 30 mg RNA. values represent the average titre 
rounded to the nearest multiple of the titre 10. 
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c o m p l e x  f o r m e d  as a r e su l t  of i n c u b a t i o n  was  c h a r a c t e r -  
ized b y  r a t h e r  w e a k  b o n d s  a n d  was the re fo re  sens i t ive  to  
t he  ac t ion  of t h e  s t r o n g  electr ic  field app l ied  to i t  in t h e  
e l ec t rophore t i c  sys tem.  

I n  a c c o r d a n c e  w i t h  t he  f ind ings  of severa l  au thors ,  we 
h a v e  s h o w n  t h e  poss ib i l i ty  of s t i m u l a t i n g  i m m u n e  re- 
sponses  b y  t he  use of nucleic  acids of d i f fe ren t  na tu re .  
W i t h  soluble  an t igens ,  t he  s t i m u l a t i n g  ac t ion  is a l r eady  
e v i d e n t  on  t h e  p r i m a r y  re sponse  a n d  c o n t i n u e s  progres-  
s ive ly  on  t h e  s e c o n d a r y  a n d  t e r t i a r y  response ;  i t  is n o t  
d e p e n d e n t  o n  t h e  n a t u r e  of R N A  used,  b u t  a g r e a t  
i m p o r t a n c e  seems to  a t t a c h  to  t he  c o n t a c t  be t w een  R N A  
a n d  a n t i g e n s :  in  fac t  i n t r o d u c i n g  t he  2 subs t ances  
sepa ra te ly ,  we can  o b t a i n  on ly  a v e r y  smal l  increase  in 
t he  a n t i b o d y  response,  wh ich  is j u s t  a l i t t l e  b i t  h ighe r  on  
i n j ec t i ng  R N A  a n d  a n t i g e n  mixed  t o g e t h e r  i m m e d i a t e l y  
before  i n j ec t i on  a n d  a t t a i n s  t h e  h i g h e s t  level  b y  in t ro -  
d u c i n g  R N A  a n d  a n t i g e n  m i x e d  t o g e t h e r  a n d  i n c u b a t e d  
for  30 ra in  a t  37 °C. 

I t  t he re fo re  seems l ikely t h a t  t he  g r ea t e r  s t i m u l a t i n g  
power  acqu i r ed  b y  R N A  a f t e r  be ing  i n c u b a t e d  t o g e t h e r  
w i t h  so luble  a n t i g e n s  m a y  be  r e l a t ed  to  a ' complex '  
fo rmed  in v i t r o :  d a t a  g iven  a b o v e  show t h a t  an t igens ,  

Table II. Absorption of yeast RNA on different antigens 

Antigen Estimation of RNA after contact with 
antigen for 30 min at 37 °C and successive 
eentrifugation 

RNA in the RNA in the 
sediment supernatant 

mgRNA recovery mgRNA recovery 

Guinea-pig RBC 2.5 25% 7.2 72% 
Control (RBC + RNA 0.3 3% 9.4 94% 
without incubation) 
Latex particles coated 3.7 37% 5.7 57% 
with HSA 
Control (latex particles 0.6 6% 9.0 90% 
not coated with HSA) 

10 mg of BSA or 1 × 10 TM RBC with 10 mg of RNA were used. 
RBC were centrifuged at 250 g for 10 rain and latex particles at 
15,000 g for 30 min. 

Table III. Paper electrophoresis analysis of RNA and antigen BSA 

Recovery of RNA and BSA in the 

preaibumin albumin zone postalbumin 
z o n e  z o n e  

RNA BSA RNA BSA RNA BSA 

RNA alone . . . .  0.940 - 
BSA alone - - - 0.930 - - 
RNA + BSA - - 0.098 0.970 0.820 - 
without preincubation 
RNA + BSA - - 0.t45 0.920 0.740 - 
after preineubation 

1 mg RNA and 1 mg BSA respectively were used alone and 1 mg 
RNA + 1 mg BSA without preincubation and after preincubation 
30 min at 37°C. Electric potentials applied t 9 electrophoretic strips 
was 120 V with 0.8 mA for each strip; migration time 16 h. Estima- 
tions were made after elution of the substances with distilled water; 
values are expressed in rag. 

b o t h  soluble  a n d  pa r t i cu l a t e ,  are  ab le  to  b i n d  R N A  a d d e d  
in  v i t ro .  I t  is d i f f icul t  a t  p r e sen t  to  exp la in  t he  n a t u r e  of 
t h e  b o n d ;  in  a n y  case, f rom t h e  e l ec t rophore t i c  exper i -  
m e n t s  showing  t h e  d i f f e ren t  r a t e  of m i g r a t i o n  of the  
2 e l emen t s  of t he  ' complex ' ,  i t  m a y  be  t h o u g h t  to  be  a 
r a t h e r  weak  phys ica l  bond ,  u n a b l e  to  bea r  t h e  ac t ion  of a 
s t r o n g  electr ic  field. 

As to  t he  m e c h a n i s m  of t he  s t i m u l a t i n g  ac t ion  in the  
case  of soluble  an t igens ,  we can  suppose  t h a t  t h e  l i t t l e  
s t i m u l a t i o n  o b t a i n e d  b y  in j ec t ing  R N A  s e p a r a t e l y  f rom 
t h e  a n t i g e n  m a y  be  due  to  t he  nucleic  acids  or  t h e i r  
c o m p o n e n t s  s t i m u l a t i n g  non-speci f ica l ly  i m m u n o c o m -  
p e t e n t  cells b y  p r o v i d i n g  ma te r i a l  for syn thes i s  of 
s t r u c t u r a l  nucleic  acids which  p l ay  a n  i m p o r t a n t  role in 
t h e  a n t i b o d y  fo rmat ion .  The  g rea t e r  s t i m u l a t i o n  o b t a i n e d  
b y  p r e i n c u b a t i o n  of R N A  in c o n t a c t  w i t h  t he  a n t i g e n  is 
p r o b a b l y  due  to  t h e  b i n d i n g  occur r ing  be tween  t h e m ,  so 
t h a t  R N A  can  be  ca r r ied  r a p i d l y  a n d  d i rec t ly  to  t h e  cells 
r e spons ib l e  for t h e  ana lys i s  of a n t i g e n  a n d  t h e  e l a b o r a t i o n  
of t h e  t e m p l a t e  on  which  a n t i b o d i e s  are  t h e n  p r o d u c e d ;  
t h i s  will r e su l t  in a p r o m p t e r  a n d  g r ea t e r  s t i m u l a t i o n  of 
a n t i b o d y  p roduc t i on .  I t  is no t  possible  to  a p p l y  th i s  
h y p o t h e s i s  to  t he  RBC,  because  we d id  n o t  o b t a i n  a n y  
s ign i f i can t  c h a n g e  of t h e i r  i m m u n i z i n g  power,  a l t h o u g h  
t h e y  a re  able  to  b i n d  R N A  a d d e d  in  v i t r o  l ike so luble  
a n t i g e n s ;  t h a t  m a y  b e  d e t e r m i n e d  b y  (1) d i f ference  of 
i m m n n o c o m p e t e n t  c lones  l ead ing  t h e  s y n t h e s i s  of a n t i  
R B C  an t ibod ies ,  or  (2) t he  c o m p l e x  s t r u c t u r e  of R B C  
a n t i g e n  wh ich  p r e v e n t  t he  f o r m a t i o n  of a n  immuno log i -  
cal ly  ac t ive  b o n d  b e t w e e n  I~NA a n d  s t r u c t u r a l  p ro te ins .  

I n  a n y  case, even  if t he  de ta i l s  of t he  m e c h a n i s m  of t he  
obse rved  p h e n o m e n a  are no t  qu i t e  clear,  such  p h e n o m e n a  
are  comple t e ly  d i f fe ren t  f rom those  occur r ing  in case of 
i n d u c t i o n  of a specific a n t i b o d y  response  b y  a specific 
R N A  f rom i m m u n i z e d  an imals ,  as we r e p o r t e d  in p r ev ious  
p a p e r s  3-5. As a m a t t e r  of fact ,  t h e  2 p h e n o m e n a  show t i le  
fol lowing d i f ferences :  (1) i n d u c t i o n  of a n t i b o d y  syn thes i s  
b y  a specific i m m u n e  R N A  t akes  place  in comple t e  
absence  of a n t i g e n ;  (2) c i r cu la t ing  a n t i b o d y  a p p e a r s  al- 
m o s t  i m m e d i a t e l y  a n d  is a l r e ady  d e t e c t a b l e  12 h a f t e r  a 
specific R N A  injec t ion ,  whi le  in p r e sen t  e x p e r i m e n t s  a n d  
in o t h e r  s imi la r  xl t he  i n d u c t i o n  per iod  las ts  severa l  d a y s ;  
(3) a n t i b o d y  response  induced  b y  specific i m m u n e  R N A  
d i sappea r s  r a p i d l y  a n d  is no  longer  d e t e c t a b l e  5 days  
a f t e r  R N A  injec t ion ,  whi le  in these  e x p e r i m e n t s  we found  
c i r cu la t ing  a n t i b o d i e s  severa l  d a y s  a f t e r  t he  las t  R N A -  
a n t i g e n  in j ec t i on ;  (4) i m m u n e  response  fol lowing specific 
i m m u n e  R N A  is s t r i c t ly  specific a n d  depends  on  t h e  t y p e  
of a n t i g e n  used to  s t i m u l a t e  t h e  p r o d u c t i o n  of t he  specific 
i m m u n e  R N A ,  whi le  t h e  p h e n o m e n a  desc r ibed  here  are  
n o t  d e p e n d e n t  o n  t h e  n a t u r e  of t h e  R N A  used  and ,  w i t h i n  
c e r t a i n  l imi ts ,  on  t h e  n a t u r e  of t h e  a n t i g e n  used ;  in  fac t  
2 d i f f e ren t  t y p e s  of R N A  f rom d i f fe ren t  sources  are  ab le  
to  s t imu la t e ,  a t  t h e  s a m e  ra te ,  t he  a n t i b o d y  response  to  
a t  l eas t  4 d i f fe ren t  an t igens .  

Riassunto. ~ s t a t s  d i m o s t r a t a  la possibi l i t~  di in tens i f i -  
care  la r i spos t a  i m m u n i t a r i a  verso  a l b u m i n e  e g lobul ine  
e terologhe,  nel  coniglio,  con  l 'uso  di  acidi  nucleic i  di  dif-  
f e r en t e  or ig ine ;  n o n  ~ s ta to ,  invece,  possibi le  o t t e n e r e  u n  
s igni f ica t ivo  a u m e n t o  de l la  r / spos t a  verso  i g lobul i  rossi  
e terologhi .  Si d i scu te  sn l l ' even tua l e  m e c c a n i s m o  che  s t a  
a l la  base  di t a le  s t imolaz ione  a sui possibi l i  m o t i v i  del 
d i f fe ren te  c o m p o r t a m e n t o  dei g lobul i  rossi  e te ro loghi .  
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