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e i ther  cell t y p e  cul tured  separately .  This  e n h a n c e m e n t  
c anno t  be accounted  for by  the  higher  cell concen t ra t ion  
of t he  mixed cell culture,  as shown by  the  results  of the  
following exper iment .  E i the r  1.5•  107 or 2.5 • 107 
nuclea ted  spleen cells f rom sham-ope ra t ed  chimeras  were 
cul tured  wi th  sheep RBC in 1 ml of medium.  The peak  
response  of the  2.5 • 107 cells was never  more  t h a n  2-fold 
grea te r  t h a n  t h a t  of the  1.5 • 107 cells. 

The  in te rac t ion  be tween  t h y m u s  cells f rom normal  
donors  and spleen cells f rom neona ta l ly  t hymec to mi zed  
donors  is i l lus t ra ted  in Figure 2. As in the  rad ia t ion  
ch imera  exper iments ,  the  peak  mean  n u m b e r  of P F C  per  
d ish  resul t ing f rom the  s t imula t ion  of normal  t h y m u s  
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Fig. 2. in vitro primary response to sheep RBC by thymus cells 
from normal donors and spleen cells from neonatally thymeetomizcd 
donors, g --V, thymus ceils ; & --&, spleen cells from thymeetomized 
donors; tD--[/, thymus cells and spleen cells from thymeetomized 
donors; � 9  O, spleen ceils from normal donors. 

cells mixed  wi th  spleen cells f rom t h y m e c t o m i z e d  donors  
was  higher  and  appeared  one day  la ter  t h a n  t h a t  pro- 
duced  by  the  response of normal  spleen cells. The response  
of t he  mixed  ceils was a t  least  70-fold grea ter  t h a n  t h a t  of 
e i ther  cell t ype  s t imula ted  in separa te  cell cultures.  Re-  
sul ts  of the  control  cul tures  no t  shown in Figure  2 were 
ve ry  similar to those  descr ibed in the  previous  expe r imen t  
wi th  rad ia t ion  chimeras.  

I t  is w o r t h  men t ion ing  t h a t  using male  D BA / 2 J  or 
C3HeB/FeJ  normal  mice t h y m u s  cells f rom 4-week-old 
donors  and  bone  mar row cells f rom 12-week-old donors  
r epea ted ly  failed to  produce  P F C  w h e n  s t imula ted  wi th  
sheep RBC in mixed  or separa te  cultures,  even when  as 
m a n y  as 3 • 107 nuclea ted  bone mar ro w  cells (the mos t  
t h a t  could be ob ta ined  f rom 4 femurs) were  cul tured  wi th  
1 • 107 nuclea ted  t h y m u s  ceils. The unrespons iveness  of 
this  cell m ix tu re  suggests  t h a t  the  femura l  mar row of an 
adul t  mouse  has  too few cells, if any, able to  in te rac t  wi th  
t h y m u s  cells in vi tro.  The in te rac t ion  observed  when  spleen 
cells f rom t h y m e c t o m i z e d  bone mar row chimeras  were 
used, indicates  t h a t  bone  mar row ceils able to  in te rac t  in 
v i t ro  or the i r  precursors  had  prol i fera ted  or d i f fe rent ia ted  
to  such an ex t en t  t h a t  enough d i f fe ren t ia ted  ceils could 
be found in the  spleen of the  i r rad ia ted  recipients  45 days  
af ter  bone mar ro w  t r ansp lan ta t ion .  These  prol i fera t ive  
and  d i f ferent ia t ive  events  can occur  in the  absence of 
t hymus ,  as d e m o n s t r a t e d  by  the  resul ts  wi th  spleen cells 
f rom ei ther  t h y m e c t o m i z e d  ch imeras  or neona ta l ly  
t h y m e c t o m i z e d  mice. In  t he  la t t e r  case, the  bone mar row 
origin of the  spleen cells able to in te rac t  wi th  t h y m u s  
cells in v i t ro  remains  to  be d e t e r m i n e d .  

Riassunto. Globuli rossi di  pecora  inducono in vi tro,  in 
col ture mis te  di cellule spleniche di top i  t imec tomizza t i  e 
t imoci t i  di topi  normali ,  una  r i spos ta  i mmu n e  di t ipo 
emoli t ico paragonabi le  a quella di cellule spleniche di topi  
normali .  I daf t  indicano che la r i spos ta  i mmu n e  delle 
colture miste  r isulta da l l ' in teraz ione  de l l ' an t igene  con 
t imoci t i  e cellule spleniche di origine rnidollare. 
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Molecular Hybridizat ion of RNA from Chicken Spleen Cells after I m m u n i z a t i o n  

Recen t  s tudies  have  shown t h a t  new R N A  species 
appear  in mouse  spleen or per i toneal  exuda te  cells af ter  
in vivo 1 or in vi t ro  2 exposure  to e ry th rocy te  ant igens.  
Direct  hybr id iza t ion  of labelled R N A  and  compe t i t ion  
exper imen t s  indica ted  t h a t  d i f ferent  R N A  species ap- 
peared  wi th  d i f ferent  ant igens.  The a im of t he  p resen t  
work  was to  conf i rm these  resul ts  using chicken spleen 
cells a t  var ious  t imes  af ter  immuniza t ion  wi th  a soluble 
ant igen.  

Adul t  Whi t e  Leghorn  chickens were in jec ted  i.v. wi th  
200 mg  of h u m a n  serum a lbumin  (HSA) per  1 kg of body  
weight .  The spleens were excised be tween  the  1st and  5th 
day  af ter  immuniza t ion .  Spleens were minced  by  scissors 
and  b o t h  washed  cells and  f r agment s  were suspenedd  in 
Eagle ' s  MEM med ium wi thou t  phospha te .  The mix tu re  

of f r agment s  and cells f rom 5-10 chickens was incuba ted  
in a to ta l  volume of 100-200 ml of med ium.  P32-1abelled 
p h o s p h a t e  (Na2HPO 4, carr ier  free, G m b H  Isocomerz,  
Berl in-Buch) was added  to a final concen t ra t ion  of 100 ~xc 
per  ml. I ncuba t i on  was s topped  af ter  1 h by  cooling in an 
ice-bath,  t he  ceils were collected b y  cen t r i fuga t ion  and 
frozen. 

R N A  was isolated f rom the  cells in a mix tu re  of equal  
volumes  of wa te r  s a tu r a t ed  phenol  and  0 .05M sodium 
ace ta te  (pH 5.5) con ta in ing  0 .005M E D T A  and  0.5% 
benton i te .  Successive ex t rac t ions  were carried ou t  a t  25 

1 E. P. CO~EN, Proc. natn. Acad. Sci. USA 57, 673 (1967). 
K. RASKA JR. and E. P. COHEN, Nature 217, 720 (1968). 
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and  65~ respect ively .  The aqueous layers were re- 
ex t r ac t ed  wi th  phenol  conta in ing  0.1% 8-hydroxy-  
quinol ine and  R N A  was prec ip i ta ted  by  2.5 vol. of ice- 
cold e thanol  conta in ing  2% po tas s ium acetate .  For  hybr i -  
d iza t ion  R N A  fract ions  p repared  b o t h  a t  25 and 65~ 
were used and  in general  s imilar  results  were obta ined.  The 
figures given here represen t  only  the  da t a  ob ta ined  wi th  
t he  R N A  ex t rac ted  at  65 ~ as t h e y  were more  conclusive 
and  reproducible .  

DNA was  isolated by  lV[ARMUR'S technique*  and the  
hybr id iza t ion  was pe r fo rmed  according to  GILLESPIE and 
SPIEGELMAN 4. 20 or 30 ~xg of D N A  were f ixed to each 
filter.  Radioact iv i t ies  were de te rmined  wi th  the  Mark I - 
Nuclear  Chicago l iquid scint i l la t ion spec t rometer .  Because 
the  specific act ivi t ies  migh t  differ for the  var ious  types  of 
R N A  presen t  in our prepara t ions ,  we have  expressed the  
resul ts  of the  hybr id iza t ion  in cpm values which have  been  
actual ly  measured.  

The results  of hybr id iza t ion  exper imen t s  using R N A  
~rom spleens a t  var ious t imes  af ter  immun iza t i on  are 
given in t he  Figure.  The a m o u n t  of hybr id  forming 1RNA 
increased on the  1st and the  2nd day, respect ively,  a f ter  
in ject ion of HSA,  bu t  on the  5th day  values similar  to  
those  found  for non - immune  animals  were obta ined.  

A suspension of spleen cells p r e p a r e d  on the  2nd day  of 
immun iza t i on  was p re incuba ted  for 45 min  wi th  0.1 ~xg/ml 
of ac t inomyc in  D, followed b y  60 min  pulse of p32_ 
phospha te .  A parallel  un t r ea t ed  cul ture was labelled under  
the  same condit ions.  R N A  isolated f rom the  ac t inomycin-  
t r e a t ed  cul ture  hybr id ized  to the  same ex t en t  or, a t  h igh 
input ,  even sl ight ly more  t h a n  R N A  labelled w i t h o u t  
ac t inomyc in  p r e t r e a t m e n t  (Table). 

Nuclear  R N A  e x t r a c t e d  f rom m a m m a l i a n  cells has  been  
repor ted  to be effect ive in b o t h  direct  hybr id iza t ion  and  
compe t i t i on  exper imen t s  ~ 7. The nuclear  DNA-l ike R N A  
m a y  be a polycis t ronic  precursor  of m R N A  s or it  m a y  
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Hybridization of P32-1abelled RNA of immune and normal spleen 
cells. Increasing amounts of RNA extracted at various days after 
injection of 200 mg HSA per kg body weight were hybridized in 
duplicate with a mean error of 5%. The specific activities (cpm/t~g 
RNA) of the preparations used are given in parentheses. (A) Q (79), 
non-immune; �9 (65), 1st day; �9 (75), 5th day; (B) �9 (85), non- 
immune; �9 (99), 1st day; T (83), 2nd day. 

The effect of actinomycin D on the synthesis of hybridizable RNA 

Input of RNA (mg) 0.12 0.24 0.48 1.20 2.40 

Cpm per Actinomycin D 66 96 176 359 922 
filter Untreated 76 100 186 302 702 

Spleen cells from chickens on the 2nd day after injection with 200 mg 
HSA per kg body weight were pre-ineubated for 45 min in the 
presence of 0.1 [zg/ml of actinomycin D. Following incubatiott for 
another 60 min with P82-phosphate, RNA was isolated. Hybridiza- 
tion was performed in duplicate with a mean error of 10%. Specific 
activities were 143 and 130 cmp/lxg for control and actinomyein D 
treated RNA preparations, respectively. 

have  no direct  re la t ionship  to  cy top lasmic  m R N A  a t  all 9. 
I t  has  been  repor ted  t h a t  a considerable  pa r t  of hybr id iz-  
able R N A  was no t  t r ans fe r red  to t he  cy top lasm 6,7. 
COOPER 10 has found t h a t  t he  syn thes i s  of rapidly- label led 
potydisperse  R N A  in P H A - s t i m u l a t e d  l ymphocy te s  is 
una l te red  by  the  presence of 0.15 p,g/ml of ac t inomycin  D. 
In  our exper iments ,  t h e  ho t  ex t rac t ion ,  rapid labell ing 
(30 min  was used in addi t iona l  exper iments)  and res is tance 
to ac t inomyc in  D would suggest  t h a t  we were deal ing 
wi th  nuclear  RNA.  The increase of hybr id izable  R N A  
af ter  immuniza t ion  thus  m i g h t  no t  represen t  funct ional  
m R N A  found on polysomes.  

The increase of hybr id izable  I~NA ear ly  af ter  immuni -  
zat ion ( l s t  and  2nd day) followed by  re tu rn  to no rma l  
values on the  5th day  has a t ime  course which is dis- 
s imilar  to  the  deve lopmen t  of the  specific an t i b o d y  re- 
sponse and splenomegaly,  w i th  a peak  on the  6th day  
under  the  condi t ions  of immun iza t i on  used here 11. The 
early onset  and cessat ion of the  fo rma t ion  of hybr id izable  
R N A  is s imilar  to the  s t imula t ion  of uridine kinase 
ac t iv i ty  in the  spleens of mice af ter  immuniza t ion  12. 
Synthes is  of an ac t inomycin  D-sensi t ive  t ype  of R N A  was 
repor ted  in the  early per iod (2nd day) of an t ibody  response  
in v i t ro  18. The significance of various funct ional  t ypes  of 
R N A  in the  d i f ferent ia t ion  of i m m u n o c y t e s  remains  open 
for fu r the r  s tudy.  Before one can conclude t h a t  gene de- 
repress ion is occurr ing at  an  ear ly  s tage of immuniza t ion ,  
it  would  be necessary  to exclude changes  in the  specific 
act ivi t ies  of the  hybr id izable  R N A  molecules. However ,  
addi t ional  exper iments  indica ted  t h a t  increased hybr id iza-  
t ion ear ly  af ter  immuniza t ion  was ob ta ined  wi th  R N A  
labelled for longer t ime  per iods  when  uni form labell ing 
migh t  have  a l ready  been  reached.  

Dur ing  the  p repa ra t ion  of th is  manusc r ip t  o ther  evi- 
dence for increased hybr id iza t ion  by  R N A  from the  early 
s tage of the  i m m u n e  response in mice was  repor ted  14 

Zusammenfassung. Es wird  m i t  neuer  Technik gezeigt, 
dass nach  Immun i s i e rung  yon  Hi ihnern  in der Milz neue 
Ribonukleins / iuren erscheinen.  
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