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On the  o ther  hand,  i t  is known t h a t  acid phospha tase  is 
involved in the  protein synthesis  mechanism.  The  fac t  
t h a t  serotonin increases the  ac t i v i t y  of j u s t  these  enzymes  
thus  tends to s t rengthen  the  hypothes is  t h a t  serotonin  
s t imula tes  the  ac t iv i ty  of the  nuclei  under  considera-  
t ion s,s. The  ac t iv i ty  of  the  resp i ra tory  enzyme,  succinic 
dehydrogenase,  is normal ly  fair ly s l ight  in the  n.s.o, and  
n.p.v. ; therefore i t  has been assumed t h a t  aerobic  me ta -  
bolism has no great  significance in the  a c t i v i t y  of  the  
cells 16. Also the  result  ob ta ined  in this  work  can  be con- 
sidered an indicat ion in this  direct ion.  
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Fig. 1.--The activity of acetylcholinesterase in the nucleus supra- 
opticus of a control rat. x 72. 

Fig. 2.--The activity of acetylcholinesterase in the nucleus supra- 
opticus of a serotonin treated rat. x 72. 

Department o! Anatomy, University o[ Turku (Finland), 
August 25, 1958. 

Zusammen/assung 

Es wurde his tochemisch festgestell t ,  dass Sero ton in  
eine mAssige Steigerung der  Acetylchol inesterase-  und 
sauren Phospha taseak t iv i tg t  des Nucleus supraopt icus  
und Nucleus paraventr icular is  bewirkt .  Es  wird an  eine 
Akt iv ierung des N. supraopt icus  und N. pa raven t r i cu la r i s  
durch Serotonin gedacht .  

x5 N. Smmzv, N. Mom~AwA, and Y. Ism, J. romp. Neurol. lo8, 
i 0957). 
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The Role of Nucleic Acids 
in Crown-Gall  Tumor  Induction 

Fig. 3.--The activity of acid phosphatase in the nucleus supra- 
opticus of a control rat. × 72. 

Fig. 4.--The activity of acid phosphatase in the nucleus supra- 
opticus of a serotonin treated rat. × 72. 

In a previous paper  1, the  prepara t ion  of a t u m o r  in- 
ducing principle T I P  which was germ-free  was described.  
These experiments ,  first made  on Pelargonium aonale, 
have  been extended to  o ther  plants.  F ina l ly  i t  was 
decided to use Datura stramonium, a p lan t  which reac ted  
well and speedily to  inoculat ions of v i ru len t  s t ra ins  of 
Agrobacte~ium tume/aciens (Smi th  and Townsend),  the  
causal agent  of  Crown-GML The germ-free  induc t ion  of  
Crown-Gall  tumors  was achieved by  incuba t ing  the  bac-  
ter ia  for a two-day  period a t  270C toge ther  wi th  a ju ice  
expressed from plants,  wounded  48 h beforehand.  A steri le 
f i l t rate of this mix ture  was capable  of inducing  typ ica l  
tumors  on Datuwa. Fur the rmore  i t  was demons t r a t ed  t h a t  
T I P  was not  obta ined  by  adding a deoxyr ibonuclease  to  
the mix ture  before incubat ion.  

These results have  now been confirmed,  and in add i t ion  
the  deoxyr ibonuclease  was found to  h a v e  no effect  if added  
to the mix ture  af ter  incubation.  The  fact  t h a t  this  e n z y m e  
can inhibi t  the  format ion of T I P  in vitro would emphas ize  
the impor tance  of the  role of nucleic acids in Crown-Gal l  
t umor  induction.  Such results  show t h a t  t he  ac t ive  
principle of the  bac te r ium is closely re la ted to the  nucleic  
acids, bu t  i t  is also clear  t h a t  the  nucleic acids are  no t  
identical  wi th  T I P  and are no t  alone responsible for the  
t umor  induction.  MANIL et al. s have  s tudied  this  p rob lem 
and have  prepared different  fract ions of nucleic acids f rom 
a mass cul ture  of the  organism. The prol i ferat ions  on 
plants  af ter  inoculat ion wi th  these prepara t ions  were v e r y  
l imited and, as the authors  state,  not  typical .  I t  m a y  be 
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t h a t  t he  ex t r ac t i on  m e t h o d s  a used d id  n o t  p roduce  a 
n a t i v e  nucleic acid. 

The ex t r ac t ion  m e t h o d s  used by" us were  d i f fe ren t  to  
those  of ~{ANIL et al. 2. The  nucleic  acid we  ob ta ined  was  
t r ans fe r r ed  t o g e t h e r  w i t h  specific 'wound  juice ' .  This  gave  
t u m o r s  which  were  morphological ly ,  his tological ly,  a n d  
physio logica l ly  ident ica l  w i th  t u m o r s  i nduced  b y  the  
microbe  alone. 

The s t ra in  5.6 of Agrobacterium tume/aciens was f irs t  
c u l t i v a t e d  for 48 h on a n u t r i e n t  agar  a t  room t empera tu r e ,  
t r ans f e r r ed  to  F e r n b a c h  flasks and  f inal ly to  ae ra t ed  
cul ture  bot t les  wh ich  con ta ined  10 1 of t he  following 
l iquid cul ture  m e d i u m :  KH2PO a 2 g, Na2HPO 4 1.5 g, 
K N O  a 0.25 g, K2SO 4 0.5 g, (NII4}~HPO a 1 g, MgSO 4 • 7H20  
0.25 g, Rochelle  sal t  2 g, dex t rose  40 g, dist i l led wa te r  ad 
1000 cmL The p H  was ad ju s t ed  wi th  K O I I  to  7-6--8.0. 
I n c u b a t i o n  was  for 48 h a t  27°C. The  bac t e r i a  were  
col lected wi th  a Sharpless  t y p e  cent r i fuge  a t  40,000 r. p. m. 
a n d  washed  th ree  t imes  in a Tr is -buffer  0,1 3at a t  p H  8-0. 
The  organ isms  were  su spended  in a so lu t ion  of 18.6 g 
Versene  ( K o m p l e x o n  I I I )  in s o d i u m - p o t a s s i u m - p h o s p h a t e -  
buf fe r  0,01 ]/1 a t  p H  7.4 to  which  was  a d d e d  9 g of NaC1 in  
1 1. The  bac ter ia l  suspens ion  was  t h e n  frozen a t  - - 6 0 ° C  
a n d  defrozen a t  room t e m p e r a t u r e  severa l  t imes  to  enhance  
the breakage  of the  cell walls. Tota l  lysis was  real ised in a 
10% sod ium lauryl  su l fona te  solut ion a t  p H  8.0 a t  37°C. 
The very high a m o u n t  of p ro te ins  requi red  f r equen t  
depro te in i sa t ion  wi th  t he  S c r a g  m e t h o d :  t h e  l iquid was  
shaken  wi th  a m i x t u r e  of ch lo ro fo rm-amyl  alcohol 9 : 1 and  
cen t r i fuged  unt i l  no more  p ro te in  could be col lected in the  
zone b e t w e e n  the  two  phases .  P r ec ip i t a t i on  of all t he  
nucleic acid was  wi th  1.3 vo lumes  of e t hano l  a t  95°/0. I t  
was  t h e n  pur i f ied  b y  so lu t ion  in 0.9% NaC1 and  repre-  
c ip i t a t ion  severa l  t imes  w i t h  e thanol .  The  final  p rec ip i t a t e  
was  d issolved in steri le  NaC1 0-9% and  s to red  a t  0°C. The 
' w o u n d  juice '  was  o b t a i n e d  f rom 4 - - 6  weeks  old p l an t s  of  
Datura stramonium. The  upper  i n t e rnodes  of t h e  s t e m  
were  sl i t  spira l ly  w i th  a razor  blade.  48 h l a t e r  these  in ter-  
nodes  were ' homogen ized '  in a b lendor  t oge the r  w i th  solid 
CO v Af te r  f i l tering b y  press ing  t h r o u g h  a cheeze cloth,  
3 cm 3 of ' w o u n d  juice '  were easi ly  ob t a ined  f rom each 
p lant .  This  sap  was clarif ied in a MSE-cen t r i fuge  a t  
5000 r . p . m ,  for 15 rain. The s u p e r n a t a n t  was  n o w  
lyophil ized.  Fo r  each expe r imen t ,  the  dr ied mater ia l  was 
r econs t i t u t ed  wi th  dis t i l led wa te r  to the  original  vo lume  
and  steri l ized by  pass ing  t h r o u g h  a Seitz-fi l ter .  The 
s te r i l i ty  of each sample  was  tes ted .  

Three  successive e x p e r i m e n t s  were  m a d e  wi th  5--7 
repl ica t ions  in  each.  Inocu la t ion  of t he  4-weeks old p l an t s  
of Datura stramonium was by  m e a n s  of  special  p ipe t t es .  
These  were  closed a t  t h e  end,  b u t  h a d  a hole of s imilar  size 
a t  t he  side. T h e y  were  p u s h e d  in to  a n d  t h e n  f a s t ened  to  
the "wound'  m a d e  on r emova l  of  one  of t he  u p p e r  leaves.  
T h r o u g h  t h e m  0-3 cm ~ of l iquid was  in f i l t r a ted  in 24--36 h 
in to  each  p lant .  Af te r  t he  l iquid had  been  t a k e n  up, t he  
p ipe t t e s  were  r emoved .  

The t es t  series were  as follows: 

(A) A 48-h old cul ture  on n u t r i e n t  agar  of s t ra in  5.6 of 
Agrobacterium tume/aciens in 0-9% NaC1. 

(B) The  steri le  nucleic  acid f rac t ion descr ibed  alone. 

(C) An equa l  m i x t u r e  of t he  nucleic acid f rac t ion  and  
' w o u n d  juice ' ,  the  nucleic acid be ing  a d d e d  to the 
' w o u n d  juice '  j u s t  before  t he  inf i l t ra t ion  of t h e  p lan t .  

The  resuIts  a f te r  a 50-day p e r i o d  were :  

3 A. MIRSKY and A. POLLISTER, Proc. nat. Acad. Sei., Wash. 28, 
a~4 (i942). 

6A) In  every  case t u m o r s  h a d  been  fo rmed  f rom 10 to  
30 m m  d iamete r .  

(B) No t u m o r s  h a d  been  fo rmed  on any  p lan t .  

(C) T u mo r s  on each  p l a n t  could be  observed ,  t h e  size 
v a r y i n g  b e t w e e n  5 and  20 m m  d iamete r .  

P h o t o g r a p h s  of these  t u m o r s  are p r o b a b l y  be ing  pub-  
l ished 4 

The following conclus ions  have  been  d r a w n  f rom these  
resul ts  : The func t ion  of -dgrobacterium tume]aciens in t he  
i nduc t ion  of Crown-Gal l  t u m o r  is due  to  t he  nucleic acids 
and  ve ry  p r o b a b l y  to t he  deoxyr ibonuc le ic  acid. H o w e v e r  
T I P  can n o t  be ident ica l  w i t h  the  nucleic acids of Agro- 
bacterium, because  the i r  in f i l t ra t ion  gave  rise to  no 
tumors ,  We  sugges t  t h a t  an  i m p o r t a n t  p ro te in  f rac t ion  of 
the 'wound  juice '  is modif ied  by  the  nucleic acid and  th is  
becomes  t h e  T I P .  This  is t i le f i r s t  t i m e - - s o  far  as we 
k n o w - - t h a t  a Crown-Gall tumor has  been  induced without 
t he  presence  of t h e  microbe in a n y  one of t he  d i f fe ren t  
phases .  

I t  is i n t e n d e d  to  de t e rmine  in t h e  fu tu re  which  nucleic  
acid is ac t ive  and  to  f rac t iona te  the  i m p o r t a n t  pr inciple  of 
the  ' w o u n d  juice '  as well as t o  e luc ida te  t he  r eac t ion  
m e c h a n i s m  of t he  induc t ion .  

We want to acknowledge our thanks to Dr. P. SCHAEFFER (In- 
stitut Pasteur de Paris) who has been assisting us in developing the 
nucleic acid extraction method. The second author is grateful for 
the help and accommodation provided by the Pasteur Institute. 
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o/ the E. T, H., Ziirich, September 17, 1958. 

Zusammen/assung 

Die Arbe i t  be fass t  s ich m i t  der  I n d u z i e r u n g  y o n  
P f l a n z e n t u m o r e n  du rch  das  Agrobacterium tume/aciens. Es  
k o n n t e  nachgewiesen  werden ,  dass  die Nukle ins~ure-  
f rak t ion  aus d e m  Bac t e r i um i m s t a n d e  ist, nach  Zugabe  zu 
e inem H o m o g e n i s a t  yon  ve r l e t z t en  Datura-stramonium- 
Pf lanzen  ein T u m o r  ausl6sendes  P r inz ip  aufzubauen .  E ine  
dera r t ige  (sterile) F r a k t i o n  ist  in der  Lage,  ech te  Crown-  
Gal l -Tumoreu  zu induzieren,  de ren  Identi t~it  m i t  den  
bakter ie l l  e rzeug ten  T u m o r e n  morphologisch ,  h is to logisch 
n n d  physio logisch  erwiesen ist. 

4 p. MANIGAULT and Ca. STOLL, Ann. Inst. Pasteur, in press 
(1958). 

Z u r  B i o s y n t h e s e  d e s  U b i c h i n o n s  

LOWE, MORTON und. HARRISON I h a b e n  im J a h r e  1953 
gefunden ,  dass  im U n v e r s e i f b a r e n  de r  Leber  yon  V i t a mi n -  
A - M a n g e l r a t t e n  S u b s t a n z e n  u n b e k a n n t e r  N a t u r  angerei-  
c h e r t  werden,  die auI  Grund  t yp i s che r  U V . - S p e k t r e n  er- 
k a n n t  werden  k6nnen.  Die wei tere  B e a r b e i t u n g  f t ihr te  zur 
Re inda r s t e l l ung  einer  K o m p o n e n t e ,  die spt t ter  als Ubichi -  
non  beze ichne t  wurde% Am 18. Jul i  1958 wurde  in Shef- 

t j .  S. LowE, R. A. MORTON und R. G. HARRISON, Nature 172, 
716 (]953). 

2 G. N. FESTENSTEIN, t 7. W. HEATON, J. S. LOWE und R.A. 
MORTON, Biochem. J. 59, 558 (1955). - N. F. CUNNINGHAI~[, J.S. 
LowE, L. MERVYN, R. A. ~IORTON ulld J. VERNON, Proe. biochem. 
Soc. 60, xviii {1955). - F. "W. HRATO~¢, J. S. LowE und R.A. 
MORTON, J. chem. Soc. 1956, 4094. - J, S. LowE, R. A. MORTON 
und J. VERNON, Biochem. J. 67, 228 (1957}. - R. A. MORTON, G. M. 
WILSON, J. S. LowE und ~V. M. F. LEAT, Chem. &Ind.  1957, 1649. 


