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U p t a k e  of  B a c t e r i a l  H ~ - D N A  i n t o  F i s h  E m b r y o s  

Since the  exper iments  w i th  bac ter ia  which  have  shown 
t h a t  genet ic  t r ans fo rmat ion  z can be produced by  adding  
ex t raneous  D N A  to  bacter ia l  cul tures  2, m a n y  a t t e m p t s  
have  been unde r t aken  to achieve  t r ans fo rmat ion  in h igher  
organisms,  such as ducks,  Drosophila, Ephestia, Bombyx, 
rats,  mice,  rabbits ,  amphibians ,  and tissue cul ture  cells 
of va r ious  objects,  including m a n  a. 

In  our  laboratory ,  we have  begun t r ans fo rmat ion  
exper iments  w i th  fish embryos .  Since mos t  of the  high-  
molecular  D N A  taken  up by  m a m m a l i a n  cells is usual ly  
rap id ly  degraded  4, t he  fa te  of bac ter ia l  HS-DNA in jec ted  
into fish embryos  was f i rs t  inves t iga ted .  

Materials and methods. Abou t  0.3 ~1 HS-DNA of Sal- 
monella typhimurium (300 Fg/ml,  specific ac t iv i ty  5 × 104 
dpm/Fg)  was in jec ted  into  the  yo lk  of embryos  of Platy- 
poecilus maculatus. The  fa te  of in jec ted  Ha-DNA was 
followed by  de t e rmina t ion  of acid- insoluble  and acid- 
soluble rad ioac t ive  ma te r i a l  in bo th  yolk  and embryo  a t  
var ious  t ime  intervals .  A t  each t ime  interval ,  3 samples  
inc luding 4 embryos  were  taken .  The  yo lk  separa ted  
f rom the  embryos  was prec ip i ta ted  wi th  cold t r ichloro-  
acet ic  acid, while t he  embryos  themselves  were homo-  
genized in cold t r ich loroacet ic  acid. B o t h  prepara t ions  
were centr i fuged.  R a d i o a c t i v i t y  in sed iment  (acid- 
insoluble mater ia l )  and supe rna t an t  (acid-soluble mate-  
rial) of yolk  and embryos,  respect ively ,  was measured  
using a Phil ips l iquid sc int i l la t ion counter .  Dur ing  the  
ent i re  exper iment ,  no r ad ioac t i v i t y  has been found to  
diffuse th rough  the  ex t r a -embryon ic  membranes  into the  
cul ture  med ium.  Thus,  all va lues  ob ta ined  could be 
calculated in per  cen t  of t he  to t a l  in jec ted  H3-DNA 
rad ioac t iv i ty .  

Results. The  d is t r ibu t ion  of rad ioac t ive  mater ia l  ill 
sed iment  and supe rnan tan t  of b o t h  yo lk  and embryos  a t  
var ious  t imes  a f te r  in jec t ion  is i l lus t ra ted  in the  Figure  1. 
Dur ing  the  first  few hours, near ly  all r ad ioac t iv i ty  in jec ted  
( =  100%) is associated wi th  acid-insoluble ma te r i a l  in the  
yolk.  Then  i t  decreases, reaching a level  of about  40% 
a t  40 h. Dur ing  the  same period, there  is an accumula t ion  
of r ad ioac t iv i ty  in the  yolk  superna tan t ,  reaching a 
m a x i m u m  of 45% at  45 h. Dur ing  the  fol lowing hours, 
th is  rad ioac t ive  acid-soluble mater ia l  decreases rap id ly  

to abou t  30% be tween  45 and 75 h and t h e n  levels off 
to abou t  20%. 

W h e n  the  acid-soluble mate r ia l  in the  yolk  has reached 
its m a x i m u m ,  the re  is a rap id  ascent  of rad ioac t ive  acid- 
insoluble mate r ia l  in the  embryos  to 40% at  75 h. This  
rapid ascent  is fol lowed by  a slow one to 50% at  140 h. 
Dur ing  the  en t i re  exper iment ,  there  is no s ignif icant  
r ad ioac t iv i ty  in the  acid-soluble f rac t ion of the  embryos .  
Our mos t  recent  resul ts  reveal  t h a t  the  rad ioac t ive  mate -  
rial is incorpora ted  into  the  nuclear  f rac t ion prepared  
f rom the  embryos .  

Discussion. These resul ts  show t h a t  par t  of H3-DNA 
injected into  the  yolk of fish embryos  is degraded.  The  
degrada t ion  p roduc t s  are t aken  up f rom the acid-solul~le 
f ract ion of the  yolk  into the  embryo ,  where  they  are used 
for D N A  synthesis .  A re la t ive  h igh  percen tage  of the  
r ad ioac t iv i ty  in jec ted  is stil l  present  in the  acid-insoluble 
fract ion of the  yolk.  Since it  has no t  ye t  been  shown t h a t  
D N A  synthesis  takes  place in the  yolk, one can  assume 
t h a t  this  f ract ion still  conta ins  fair ly h igh-molecular  
bacter ia l  DNA.  Thus,  there  migh t  be a good chance  t h a t  
this  h igh-molecular  D N A  could be incorpora ted  into  the  
cmbryo  cells. F u r t h e r  exper iments  to clar ify whe the r  
h igh-molecular  D N A  can be incorpora ted  are now in 
progress  5. 

F. GRIFFIT}t, J. Hyg., Camb. 27, 113 (1928). 
O. T. AVERY, Co M. I~[ACLEOD and M. MCCARTY, J. exp. Meal. 79, 
137 (1944). 
For last review see L. LEDOUX, Progr. nucl. Acid Res. molec. 
Biol. 4, 231 (1965). 
K. G. BENSCH, G. GORDON and L. •IILLER, J, Cell Biol. 21, 105 
(1964). 
These investigations were supported by grants from the Deutsche 
Forschungsgemeinsehaft and the Stiftung Volkswagenwerk and 
are part of the thesis of J. VmLKZND at Justus-Liebig-Universitfit, 
Giessen (West-Germany). 
We should like to thank Miss DIANA PURSGLOVE, Genetisches 
Institut, Giessen, for valuable criticism in preparing the manu- 
script and Mr. HERBERT KOCH, Institut fiir Biophysik, Strahlcn- 
zentrum, Giessen, for assistance in using the liquid scintillation 
counter. 

. - -  

~ o g 
. - -  

o "  e 
~ o o 

N= \ ,  o 

 -sc 
N 
-e 

N 

0[ 

• \ ) ' ~ - - - . - ~ .  . . . .  / .  • • o . . . . . . . . . . . . . .  

: t  / . . . . . . . . . .  

4 / • - -  

~ ~ ~  . . . . . . . . . . . .  a t .  . . . . .  i 

50 1~ 150'n 
Time alter injection 

Fate of bacterial H3-DNA injec- 
ted into the yolk of fish embryos. 
O- ' -O,  acid-insoluble material in 
the yolk. 0 - - - 0 ,  acid-soluble 
material in the yolk. A--A, acid, 
insoluble material in the embryo. 
a - - - a ,  acid-soluble material in 
the embryo. 
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Zusammen[assung. H3-DNA y o n  Salmonella typhimu- 
rium w u r d e  in  d e n  D o t t e r  yon  Platypoecih,s maculatus- 
E m b r y o n e n  in j i z ie r t  u n d  ihr  Ve rb l e ib  n n t e r s u c h t .  N a c h  
45 S t u n d e n  f i n d e t  m a n  45% der  i n j i z i e r t en  H3-DNA - 
R a d i o a k t i v i t ~ t  in  der  s£ure l6s l ichen  F r a k t i o n  des Dot t e r s .  
Von d iesem Z e i t p u n k t  a n  n i m m t  die R a d i o a k t i v i t / i t  in 
der  s f iureunl6s l ichen F r a k t i o n  de r  E m b r y o n e n  s t f ind ig  
zu, b is  n a c h  140 S t u n d e n  ein W e r t  v o n  50% e r r e i ch t  ist .  
Der  h o h e  Ante i l  a n  r a d i o a k t i v e m  s&urenunl6s l ichem Ma- 
t e r ia l  im  Dot te r ,  de r  140 S t u n d e n  n a c h  de r  I n j e k t i o n  
n o c h  ca. 35% betrAgt,  l i tsst v e r m u t e n ,  dass  h ie r  n o c h  

h o c h m o l e k u l a r e  B a k t e r i e n - D N A  v o r h a n d e n  ist. S o m i t  
e r s che in t  die M6gl ichke i t  e iner  A u f n a h m e  dieser  hoch-  
m o l e k u l a r e n  D N A  in  die E m b r y o z e l l e n  n i c h t  aus-  
geschlossen.  
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ERDMUTHE VON GROTTHUSS a n d  F. ANDERS 

Genetisches lnstitut der Justus-Liebig-Universitlit, 
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P r o t e i n s  o f  V e n e z u e l a n  E q u i n e  E n c e p h a l o m y e l i t i s  V i r i o n s  

P r o t e i n s  of severa l  a r bov i r u s e s  were  s t ud i ed  b y  m e a n s  
of p o l y a c r y l a m i d e  gel e l ec t rophores i s  1-8. Two or t h r e e  
p ro t e in s  were  f o u n d  in g roup  A arbovi ruses ,  one  of wh ich  
was specif ied as i n t e r n a l  p r o t e i n  a n d  a n o t h e r  as caps id  
p ro te in .  N o t h i n g  is k n o w n  a b o u t  pro te in(s )  of t he  i n n e r  
m e m b r a n e  in w h i c h  v i ra l  r i b o n u c l e o p r o t e i n  is encapsu-  
la ted .  P r o t e i n s  of V e n e z u e l a n  equ ine  e n c e p h a l o m y e l i t i s  
(VEE)  vi rus ,  w h i c h  be longs  to  g roup  A a rbov i ruses ,  h a v e  
n o t  ye t  been  s tud ied .  Th i s  p a p e r  descr ibes  p ro t e in s  of 
V E E  v i r ions  inc lud ing  a p r o t e i n  of t h e  i nne r  m e m b r a n e  
of t h e  vir ions .  

The  m e t h o d s  of p r o p a g a t i o n  of V E E  v i rus  in  ch ick  
e m b r y o  f i b rob l a s t s  a n d  pu r i f i ca t i on  of t h e  v i rus  were  
desc r ibed  ear l ier  *,5, Pur i f i ed  v i rus  p r e p a r a t i o n s  labe l led  
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Fig. 1. Electrophoretogram of 14C labelled proteins of VEE virus. 
The virus was labelled with liC amino acid mixture, purified, 
solubilized and subjected to eleetrophoresis in 5% polyacrylamide 
gel in a Polyanalyst (USA) apparatus at 5 mA/tube for 6 h. Migra- 
tion is from the left (cathode) to the right (anode). 

w i t h  14C a m i n o  acids s were solubi l ized b y  t he  m e t h o d  of 
SUM~{EERS e t  aL e a n d  s tud ied  b y  m e a n s  of e lec t rophores i s  
in  5% p o l y a c r y l a m i d e  gel. F igure  1 p r e sen t s  a n  e lectro-  
p h o r e g r a m  of p ro t e in s  of V E E  vir ions .  I t  is seen t h a t  
V E E  v i r ions  c o n t a i n  3 m a j o r  p ro t e in s  w i t h  d i f f e ren t  
e l ec t rophore t i c  mobi l i ty .  I n  some e x p e r i m e n t s  t h e  f o u r t h  
p e a k  w i t h  low e lec t rophore t i c  m o b i l i t y  was  found,  w h i c h  
can  b e  cons ide red  as a p r o d u c t  of p o l y m e r i z a t i o n  of t he  
f i r s t  m a j o r  p ro te in .  

To specify  t h e  p r o t e i n s  in  r e spec t  to  v i r ion  subs t ruc tu r e s ,  
e x p e r i m e n t s  were c o n d u c t e d  w i t h  f r a c t i o n a t i o n  of V E E  
v i rus  b y  t r e a t m e n t  of pur i f ied  v i rus  w i t h  T w e e n  80 a n d  
e ther .  Th i s  m e t h o d  d i s r u p t s  t he  v i r ions  a n d  releases 
h e m a g g l u t i n i n ,  r i b o n u c l e o p r o t e i n  a n d  also v i r a l  cores 
w h i c h  c o n t a i n  r i b o n u c l e o p r o t e i n  enve loped  in to  i n n e r  
m e m b r a n e  ~. All  t he se  c o m p o n e n t s  were  f r a c t i o n a t e d  b y  
c e n t r i f u g a t i o n  in  Caes ium chlor ide  equ i l i b r ium dens i t y  
g rad ien t .  F igu re  2 shows  t h e  resu l t s  of such  e x p e r i m e n t .  
I t  is seen  t h a t  r i bonuc l e in  b a n d s  a t  ~ = 1.43 g /cm 3, 
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Fig. 2. Equilibrium density centrifugatiou in Caesium chloride 
gradient at 30,000g for 16 h of VEE virus labelled with x4C amino 
acid mixture, purified and disrupted by treatment with Tween 80 
and ether. The bottom of the gradient is to the left. 


