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The  M e c h a n i s m  of Genetic  E x p r e s s i o n  of the 
N e w  Marker  in T r a n s d u c t i o n  of Salmonella typhi-  

murium 

I n  s t u d y i n g  t he  m e c h a n i s m  of t r a n s d u c t i o n  of ga lac tose  
f e r m e n t a t i o n ,  i t  was  found  t h a t  t h e  n u m b e r  of d iv i s ions  of  
t r a n s d u c e d  cells is 2 -4  less t h a n  t h a t  of d iv i s ions  of non -  
t r a n s d u c e d  cells in  t he  cul ture~,  2. I t  was  a s c e r t a i n e d  t h a t  
d u r i n g  t r a n s f o r m a t i o n  of s t r e p t o m y c i n - r e s i s t a n c e  s, n o t  
on ly  s t r e p t o m y c i n - r e s i s t a n t ,  b u t  also s t r e p t o m y c i n - s e n s i -  
t ive ,  cells m a y  be se lec ted  a f t e r  1-2  d iv is ions  fol lowing 
i n c o r p o r a t i o n  of DNA.  W e  the re fo re  fol lowed in f u r t h e r  
s tud ies  t h e  t y p e  of d iv i s ion  of p o t e n t i a l l y  t r a n s d u c e d  cells 
d u r i n g  t h e i r  f i rs t  d iv i s ions  in  a co ld - synch ron i zed  cu l ture .  
S t r a in s  of Salmonella t yph imur ium,  LT2, SV%r3514 a n d  
S'Ws~IR, t h e  b a c k  m u t a n t  of t h e  a u x o t r o p h i c  S~,V~x s t r a i n  
were  used.  T h e  m u l t i p l i c i t y  of t h e  p h a g e  i n f ec t i on  was  
a b o u t  1. 

T h e  or ig ina l  c o n c e p t i o n  of t h e  d iv i s ion  of a p o t e n t i a l l y  
t r a n s d u c e d  cell d u r i n g  t he  f i rs t  two  gene r a t i ons  was  t a k e n  
over  f rom t h e  work  of EPHRUSSI-TAYLOR s. I n  he r  ex-  
pe r imen t s ,  t h e  n u m b e r  of t r a n s f o r m e d  cells increases  a f t e r  
t he  second divis ion,  a n d  t h e r e u p o n  s t a r t s  t he  r egu la r  re- 
d u p l i c a t i o n  a n d  t r a n s m i s s i o n  of t h e  m a r k e r .  T h e  redupl i -  
ca t ion  of t r a n s f o r m i n g  D N A  s t a r t s  on ly  a f t e r  i t s  in t e -  
g r a t i o n  in to  t he  gene t ic  cell a p p a r a t u s .  

O u r  o w n  resu l t s  w i t h  t h e  t r a n s d u c e d  cell do  n o t  cor-  
r e s p o n d  w i t h  th i s  concep t ion ,  i r r e spec t ive  of w h e t h e r  t h e  
d i f fe rence  b e t w e e n  n o n t r a n s d u c e d  a n d  t r a n s d u c e d  cells 
was  2 or  4. I n  t h e  f i r s t  place,  a n  ana lys i s  of t h e  r e su l t s  of 
e x p e r i m e n t s  whe re  t h e  d i f fe rence  of g e n e r a t i o n s  a m o u n t e d  
to  two,  was  ca r r ied  o u t  (Table  I). Here  i t  was  f o u n d  t h a t  
the  p o t e n t i a l l y  t r a n s d u c e d  cell d iv ides  i n to  t w o  cells ca r ry -  
ing t he  new m a r k e r  (gal+) a l r e ady  a t  t h e  f i r s t  d iv is ion.  
The  segrega t ion  of t he  cells of t h e  or ig ina l  a ccep to r  s t r a i n  

Table I. The number of cell divisions of nontrallsdueed and trans- 
duced cells in culture with t h e  d i f f e r e n c e  of generations 2 

Cultivation Number of cell divisions Difference in the 
milt nontransduced transduced number of generations 

n 1 I12 n l - -  n 2 

75 1.2 1.0 0,2 
95 1.95 1.2 0.75 

120 2.45 1.3 1.15 
180 3.25 2.05 1.2 

Table II. The number of cell divisions of nontransduced and trans- 
duced cells in culture with the difference of generations 4 

Cultivation Number of cell divisions Difference in the 
min nontransduced transduced number of generations 

n l  n2 n l - - n  ~ 

60 0.3 0.15 0.15 
70 0.6 0.2 0.4 
80 t.5 0.45 1.05 

I00 1.8 0.4 1.4 
120 2.4 0.35 2.05 
1 5 0  3.0 1.0  "2.0 
180 3.6 0.9 "2.7 
220 4.9~ It. t 5 3.05 
260 4.85 1,5 3,35 
300 5.2 1.9 3.3 

(gal-)  s t a r t s  a t  t he  second  divis ion,  a n d  t h u s  t h e  po t en t i a l l y  
t r a n s d u c e d  cell acqu i res  a de l ay  of one  gene ra t ion .  The  
second  g e n e r a t i o n  d e l a y  p r o b a b l y  a p p e a r s  in  t h e  fou r th  
gene ra t i on .  Accord ing  to t h e  o r ig ina l  concep t ion ,  the  
d i f fe rence  of gene ra t i ons  shou ld  d i s a p p e a r  a f t e r  1 -2  di- 
v i s ions ;  t he  t r a n s d u c e d  cell  shou ld  r e d u p l i c a t e  t he  m a r k e r  
qu i t e  regu la r ly ,  g iv ing  r ise to  gaI+ cells only.  I n  ou r  ex- 
pe r imen t s ,  i t  was  poss ib le  to  obse rve  a f t e r  2 -3  d iv is ions  
f u r t h e r  ab i l i t y  of t r a n s d u c e d  cell to  spl i t  off cells of the  
or ig ina l  a ccep to r  (gal-)  s t ra in .  

A t  f i rs t  s ight ,  t h e  or ig ina l  c o n c e p t i o n  of t h e  d iv is ion  
of t he  p o t e n t i a l l y  t r a n s d u c e d  cell, seems to  agree  w i t h  our  
own  e x p e r i m e n t s  where  t h e  d i f fe rence  of gene ra t i ons  is 
four,  a n d  t h e  t r a n s d u c e d  cell d iv ides  in to  two  gal+ cells 
o n l y  d u r i n g  t he  t h i r d  d iv i s ion  of t h e  cells in the  cu l tu re  
(Table  I I ) .  I t  shou ld  be p o i n t e d  out ,  however ,  t h a t  a t  t h i s  
s tage ,  t h e  cell st i l l  h a s  a de lay  of two gene ra t ions ,  a n d  t h a t  
d u r i n g  f u r t h e r  d ivis ions ,  i t  sp l i t s  off cells of  t h e  or ig ina l  
a eeep to r  (gal-)  s t r a in  in  t h e  same  w a y  as desc r ibed  above .  

T h e  m e c h a n i s m  of d iv i s ion  of t h e  p o t e n t i a l l y  t r a n s -  
duced  cell, shows t h a t  in  one  cell su spens ion  t he  t r a n s -  
duc ing  e l e m e n t  a p p a r e n t l y  r edup l i ca t e s  a t  i t s  f i rs t  divi-  
sion, whi le  in  a n o t h e r  a t  i t s  t h i r d  divis ion,  as a n  inde-  
p e n d e n t  r e d u p l i c a t i n g  u n i t  w i t h o u t  be ing  a t t a c h e d  to  the  
gene t ic  cell a p p a r a t u s .  

T h e  ex i s t ence  of i n d e p e n d e n t l y  r e d u p l i c a t i n g  par t ic les  
in  t h e  t r a n s f o r m a t i o n  of cells b y  m e a n s  of  D N A  is v e r y  
i m p r o b a b l e .  The  r e d u p l i c a t i o n  of t r a n s f o r m i n g  D N A  de-  
p e n d s  o n  b a c t e r i a l  s u b s t a n c e s  f o r m e d  in  t h e  cell  a t  a 
c e r t a i n  p h a s e  of  cell d iv is ion ,  a n d  se ts  in  on ly  a f t e r  t h e  
i n t e g r a t i o n  of D N A  w i t h  t h e  gene t ic  cell a p p a r a t u s  g. T h e  
t r a n s f o r m a t i o n  w i t h  p u r e  D N A  differs,  however ,  f rom 
v i ru s  infec t ion ,  a n d  especia l ly  f rom t r a n s d u c t i o n  w i t h  
r e g a r d  to  t he  p u r i t y  of t h e  D N A  w h i c h  en t e r s  t he  cell. I n  
in fec t ion  w i t h  T 2 p h a g e  a n o n - D N A  s u b s t a n c e  en t e r s  to-  
g e t h e r  w i t h  t he  D N A  in to  t h e  cell 7 a n d  m i g h t  t h u s  i n i t i a t e  
a h e t e r o c a t a l y t i c  ac t iv i ty ,  or  r e d u p l i c a t i o n  of t h e  free 
D N A  f r a g m e n t  in  t h e  cell. T h e  t r a n s m i s s i o n  of a new 
c h a r a c t e r  need  n o t  be  r egu la r  d u r i n g  s u b s e q u e n t  d ivis ions .  

I n  c o n n e c t i o n  w i t h  t h e  m e c h a n i s m  of d iv i s ion  of t h e  
p o t e n t i a l l y  t r a n s d u c e d  cell, i t  is of i n t e r e s t  to  n o t e  t h e  
e x p e r i m e n t s  of STARLINGER s, who  s t u d i e d  t h e  r a t e  of 
s y n t h e s i s  of g a l a e t o k i n a s e  a f t e r  in fec t ion  of Escherichia 
colt cells w i t h  H F T - l y z a t e  of ,~ dg  phage .  H e  found  t h a t  
t h e  e n z y m e b e g a n  to  be  fo rmed  10 ra in  a f t e r  a d s o r p t i o n  of 
t h e  phage .  D u r i n g  in fec t ion  of gal+ cells w i t h  n o r m a l  non -  
t r a n s d u c i n g  ~ phage ,  ga l ac tok inase  b e g a n  to be s y n t h e -  
t i zed  w i t h  a 14 ra in  lag as c o m p a r e d  w i t h  u n i n f e c t e d  cells. 
As t h e  a c t u a l  in fec t ion  w i t h  t he  p h a g e  causes  a s h o r t  lag in 
t h e  m e t a b o l i s m  ol  t h e  cell, i t  m a y  be  a s s u m e d  t h a t  t he  
i nduced  e n z y m e  is fo rmed  i m m e d i a t e l y  a f t e r  t h e  e n t r a n c e  
of t he  t r a n s d u c i n g  D N A  i n t o  t h e  cell. Th i s  f ac t  c an  be  well  
a c c o u n t e d  for  b y  t he  h e t e r o c a t a l y t i c  a c t i v i t y  of t h e  e n t e r -  
ing D N A  even  before  i t s  r e d u p l i c a t i o n  a n d  i n t e g r a t i o n  
in to  t h e  gene t ic  a p p a r a t u s  of t h e  cell. 
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Zusammen/assung.  Die A n z a h l  de r  Te i lungsprozesse  
transduzierter Zelien i m  Verg te ich  zu n i c h t t r a n s d u z i e r t e n  
Zellen n i m m t  w/~hrend d e r  e r s t e n  ffinf bis  sechs  Zell- 
t e i lungen  in d e r  K u l t u r  u m  zwei bis  v ie r  Te i l ungen  ab.  
Dieser  U n t e r s c h i e d  wi rd  o f fens ich t l i ch  d u r c h  da s  regel-  
m~ssige A b s t o s s e n  v o n  Zel len v o m  gle ichen T y p  wie b e i m  
A k z e p t o r s t a m m  v o n  po ten t i e l l  t r a n s d u z i e r t e n  Zellen be-  

wi rk t .  Die  g r u n d l e g e n d e n  M e c h a n i s m e n  des  T r a n s d u k -  
t ionsprozesses  werden  d i sku t i e r t .  

J .  HUBk~EK 
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On the Fate of Rabbit Antibody/Antigen Com-  
plexes in the Presence of Normal  Leucocytes 

i n  v i t r o  ~ 

Severa l  i n v e s t i g a t o r s  h a v e  s h o w n  b y  e x p e r i m e n t s  in 
vivo t h a t  a n t i g e n  is e l i m i n a t e d  more  r a p i d l y  in i m m u n e  
t h a n  in n o r m a l  a n i m a l s  (for re ferences  see~), a fac t  pre-  
s u m a b l y  d e p e n d e n t  u p o n  t h e  f o r m a t i o n  of va r ious ly  com-  
posed a n t i b o d y / a n t i g e n  complexes .  I t  h a s  also been  s h o w n  
t h a t  pas s ive ly  t r a n s f e r r e d  a n t i b o d y  is d e g r a d e d  fas t e r  
when  t h e  i n j ec t i on  of a n t i b o d y  is p receeded  b y  a n  in jec-  
t ion  of a n t i g e n  s. B o t h  HUMPHREY 4 a n d  WEIGLE 5 h a v e  
also r e c e n t l y  r e p o r t e d  t h a t  w h e n  b o t h  c o m p o n e n t s  of 
a n t i b o d y / a n t i g e n  complexes  are  i n j ec t ed  i n t r a v e n o u s l y  to  
n o r m a l  r a b b i t s ,  t h e y  are  r ap i d l y  e l imina ted ,  

I t  h a s  b e e n  d e m o n s t r a t e d  in ear l ier  c o m m u n i c a t i o n s  
t h a t  r a b b i t  a n t i b o d y / a n t i g e n  complexes  are  t a k e n  u p  a n d  
b r o k e n  d o w n  b y  n o r m a l  gu inea  pig leucocytes  in vitro ~,6 
and  t h a t  sp leen  cells f r om i m m u n e  a n i m a l s  a d s o r b  con-  
s ide rab ly  more  an t i gen  t h a n  cells f rom n o r m a l  a n i m a l s  7 
This  l a t t e r  fac t  is p r e s u m a b l y  m a i n l y  due  to a n t i b o d y  
fixed on  cell surfaces .  

The  p r e s e n t  n o t e  r epo r t s  o n  t he  in vitro fa te  of t r ace -  
label led r a b b i t  a n t i b o d y / a n t i g e n  complexes  in  t he  p resence  
of l eucocytes  f rom p e r i t o n e a l  e x u d a t e s  of n o r m a l  g u i n e a  
pigs a n d  r abb i t s .  The  pu r pos e  of t h e  i n v e s t i g a t i o n  was  to 
e s t ab l i sh  (1) w h e t h e r  b o t h  a n t i g e n  a n d  a n t i b o d y  are  t a k e n  
up  a n d  b r o k e n  down,  a n d  (2) w h e t h e r  t he  fa te  of  a n t i b o d y  
in homologous  ceils was  d i f f e ren t  to  t h e  fa te  in  he t e ro -  
logous cells. H u m a n  s e r u m  a l b u m i n  (HSA)  was used  as  

Catabolism of antibody/antigen complexes by leucocytes in vitro 

Type of ceils Type of antigen/antibody Breakdown of 
complex antigen or of 

antibody(%) ~ 

Rabbit leucocytes 

Supernatant control 
after cell removal 

Guinea pig leucocytes 

Supernatant control 
after cell removal 

Gey's 10 % serum 
control 

Rabbit antibody/I131-HSA 
Rabbit C14-antibody/HSA 

Rabbit antibody/P31-H SA 
Rabbit CX4-antibody/HSA 

Rabbit antibody/P31-HSA 
Rabbit C14-antibody/HSA 

Rabbit antibody/I131-HSA 
Rabbit Cl*-antibody/HSA 

13 
9 

0 
0 

6 
5 

0 
0 

0 

a These values were obtained by calculation from the radioactivity 
of the supernatants after precipitation by TCA. 

an t igen .  Two types  of inso luble  complexes  were p r e p a r e d  : 
(a) A complex  compr i s ing  b o t h  ca r r i e r  a n d  t race - labe l l ed  
I131-HSA a n d  un labe l led  r a b b i t  a n t i b o d y .  (b) A c o m p l e x  
compr i s ing  un labe l led  H S A  a n d  i n t e r n a l l y  label led  r a b b i t  
C14-antibody.  The  C14-antibody was  o b t a i n e d  b y  i ncuba -  
t i ng  spleen f r a g m e n t s  f rom h y p e r i m m u n e  r a b b i t s  (boos ted  
4 d a y s  p rev ious ly  w i th  t he  an t igen ,  HSA)  w i t h  C14-amino 
acids  in Gey ' s  b a l a n c e d  sa l t  so lu t ion  in vitroLS. R a b b i t  
C14-ant ibody was i so la ted  b y  p r e c i p i t a t i o n  w i t h  un labe l l ed  
H S A  in t he  p resence  of ca r r i e r  a n t i b o d y .  B o t h  t ypes  of 
inso luble  complexes  c o n t a i n e d  s imi la r  a m o u n t s  of an t i -  
b o d y  a n d  a n t i g e n  in t he  region of s l igh t  a n t i g e n  excess.  

E x u d a t e  cells were t a k e n  3 days  a f t e r  i n t r a p e r i t o n e a l  
i n j e c t i o n  of g lycogen in saline.  For  the  s t u d y  of u p t a k e  
a n d  b r e a k d o w n  iden t i ca l  a m o u n t s  of t h e  labe l led  an t i -  
b o d y / a n t i g e n  complexes  (100 [zg pro te in)  were i n c u b a t e d  
w i t h  0.5 ml of a 10% suspens ion  of e i t he r  gu inea  pig  or  
r a b b i t  cells in  Gey ' s  so lu t ion  c o n t a i n i n g  10% h o m o l o g o u s  
s e r u m  (Medium) for  2 h a t  37°C. Cont ro l s  c o n t a i n e d  Me- 
d i u m  w i t h o u t  ceils. To exc lude  t he  poss ib i l i ty  t h a t  t he  
d e g r a d a t i o n  of t h e  complexes  occur red  ex t r ace l lu l a r ly ,  
con t ro l s  were se t  up  w i t h  s u p e r n a t a n t s  f rom cell suspen-  
s ions  preincubated for 2 h a t  37°C. The  cells were cen t r i -  
fuged d o w n  a n d  t he  s u p e r n a t a n t s  i n c u b a t e d  w i t h  t he  
a n t i b o d y / a n t i g e n  complexes .  

To t e r m i n a t e  t he  e x p e r i m e n t s ,  t he  m i x t u r e s  were c e n t r i -  
fuged  a n d  0.2 ml  of a 25% t r i ch lo raee t i c  ac id  so lu t ion  was  
a d d e d  to  the  c lear  s u p e r n a t a n t s .  Af te r  i5  m i n  t he  mix -  
t u r e s  were cen t r i fuged  a n d  t he  r a d i o a c t i v i t y  of t he  super -  
n a t a n t s  d e t e r m i n e d .  T h e  resu l t s  of a t yp i ca l  e x p e r i m e n t  
a re  s h o w n  in  t he  Table .  

T h e  con t ro l s  show t h a t  i n c u b a t i o n  of  dells for  2 h d id  
n o t  re lease suf f ic ien t  p r o t e o l y t i c  e n z y m e  to  d e g r a d e  t h e  
a n t i b o d y / a n t i g e n  complexes  ex t r ace l lu l a r ly .  T h e  b r e a k -  
down  wh ich  occur red  in t he  p resence  of t he  cells is t he re -  
fore a s s u m e d  to  t ake  p lace  i n t r ace l l u l a r l y  fo l lowing p h a g o -  
cy tos i s  of t h e  complex .  
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