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T h e  L o s s  o f  T u m o r - I n i t i a t i n g  

T e m p e r a t u r e  

Avi ru len t  s t ra ins  of Agrobacterium tume/aciens h a v e  
f r equen t ly  appea red  in l abo ra to ry  s tock  cul tures,  b u t  
t he  n a t u r e  of th is  change  is no t  unders tood .  T e m p o r a r y  
loss of v i ru lence  has  also been  observed  fol lowing hea t -  
ing ~,2 or p ro longed  subcul tu re  in a glycine-r ich me-  
d i u m  3-5. A n u m b e r  of UV- induced  auxo t roph i c  m u t a n t s  
of A. tume]aciens have  been  isolated e, which  are fully 
v i ru len t  only  if s u p p l e m e n t e d  wi th  t he  requi red  nu t r i en t .  

W e  wish  to  r epo r t  t he  convers ion  of  cells of a h ighly  
v i ru len t  s t r a in  of A. tumefaciens (C-58) in to  s tab le  
nu t r i t iona l ly  suff ic ient  av i ru len t  cells. To our  knowledge,  
th i s  is t h e  f i rs t  r e p o r t  of t h e  convers ion  of v i ru len t  cells 
of A.  tume/aciens in to  s tab le  av i ru len t  cells u n d e r  con- 
t ro l led  condi t ions .  The  de r ived  av i ru len t  cells cons i s t en t ly  
fail to  in i t i a te  t u m o r s  on  t o m a t o  s tems,  sunf lower  s tems,  
a n d  p in to  bean  leaves. These  cul tures  h a v e  been  main-  
t a i n e d  f r o m  2 to  4 yea r s  w i t h o u t  rega in ing  virulence.  

Our  ini t ia l  e x p e r i m e n t s  invo lved  the  cu l t iva t ion  and  
weekly  t r ans fe r  of 8 vi rulent ,  single co lony isolates f rom 
t h e  C-58 or Ach  s t ra ins  on n u t r i e n t  agar  s lan t s  for 4 
weeks  a t  36°C or a t  room t e m p e r a t u r e .  Af te r  4 weeks, 
cul tures  (Group I) i ncuba t ed  a t  36°C were  unable  to 
induce  t u m o r s  on  p in to  bean  leaves and  sunf lower  s tems.  

Av i ru len t  cu l tures  h a v e  been  isola ted  f rom s t r a in  C-58 
fol lowing 36 °C incuba t ion  for m u c h  sho r t e r  t ime  in terva ls  
(Group II) .  An ove rn igh t  b r o t h  cu l ture  of  a v i ru lent ,  
s ingle co lony  isolate  was  s t r eaked  on  n u t r i e n t  agar  and  
i n c u b a t e d  a t  36°C. Af t e r  var ious  t i m e  in te rva l s  (Table I) 
8 colonies were  r e m o v e d  a n d  each  inocula ted  in to  n u t r i e n t  
b r o t h  and  g rown ove rn igh t  a t  25 °C on a shaker  (Pa ren t  
or P t  isolate).  The  cul tures  were  ad ju s t ed  to  a selected 
concen t r a t i on  ( tu rb idomet r i c  readings)  by  di lu t ion wi th  
n u t r i e n t  b r o t h  and  appl ied  to  c a r b o r u n d u m - i n j u r e d  
p in to  bean  leaves 7. Fol lowing inoculat ion,  t he  p l an t s  
were  kep t  in a da rk  h igh  h u m i d i t y  c h a m b e r  a t  25 °C for 
72 h. T u m o r  coun t s  or qua l i t a t ive  e s t ima tes  of t he  n u m b e r  
of t u m o r s  per  leaf were  m a d e  a f te r  7 days.  

A decrease  in t u m o r  induc t ion  was no ted  in m a n y  of 
t h e  P t  isolates  i ncuba t ed  48 h or longer a t  36°C (Table I). 
T h a t  t he  r educ t ion  in v i ru lence  observed  for these  cul- 
tu res  was  due  to  t he  n u m b e r  of av i ru len t  cells p r e s e n t  
in t h e  colony,  was  ver i f ied by  p la t ing  a n u m b e r  of these  
p a r e n t  isolates  on  n u t r i e n t  agar ,  and  se lect ing 8-12 
colonies.  These  p r o g e n y  (Pg) subcu l tu res  (shaken in 
n u t r i e n t  b r o t h  ove rn igh t  a t  25°C) were  t e s t ed  on  b e a n  
leaves.  Av i ru len t  subcu l tu res  (Pg) were  o b t a i n e d  f rom 
one of t h e  P t  isolates  which  h a d  been  grown a t  36°C 
for  48 h (Table II) .  P r ogeny  subcu l tu res  ind ica ted  t h a t  
72 h or 84 h P t  isolates  were a m i x t u r e  of weakly  v i ru len t  
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A b i l i t y  i n  A g r o b a c t e r i u m  t u r n e ] a c i e n s  b y  I n c u b a t i o n  a t  H i g h  

and  av i ru len t  cells, while  p rogeny  f rom 120 h P t  isolates 
were avi ru lent .  

Since loss of v i rulence could be due  to  nu t r i t i ona l  
deficiencies,  g r o w t h  was  t e s t ed  on 3 min ima l  med ia  
which  s u p p o r t  t h e  g rowth  of t he  p a r e n t  C-58 s train.  
Liquid  shake  cul tures  were used and  g rowth  was observed  
a f te r  24 and  48 h. Group  I av i ru len t s  (4-week heated)  
grew only  on USCHINSKY'S m e d i u m  8 (glycerol, a m m o n i u m  
lactate ,  a spa rag ine  a n d  salts),  a n d  thus  appea r  to  be 
auxo t rophs .  G r o u p  I I  av i ru len t s  (48 h) grew on b o t h  
MANASSE'S 9 (g lu tamic  acid a n d  salts) and  the  NITSCH 
and  NITSCH (sucrose, n i t ra te ,  and  salts) m e d i u m  1°. 
Ne i the r  Group  I I  v i ru len t s  nor  av i ru len t s  grew on  tl~e 
r icher  USCHINSKY'S med ium,  thus  t o x i c i t y  m a y  be 
involved in th i s  case. The  g r o w t h  of Group  I I  isolates  
was  also d e t e r m i n e d  in the  bean  hos t .  Leaves  were 
inocula ted  in t h e  usual  m a n n e r  and  bac t e r i a  washed  off 
10-15 min  a f te r  inoculat ion.  3 leaves were h a r v e s t e d  a t  
intervals ,  r insed  in steri le  water ,  and  g round  wi th  sand 
in n u t r i e n t  b ro th .  The h o m o g e n a t e  was  d i lu ted  and  
s t reaked  on n u t r i e n t  agar  for p la te  counts .  The resul ts  
ind ica ted  t h a t  b o t h  v i ru len t  and  av i ru len t  Group  I I  

Table I. Virulence on bean leaves of selected isolates (Pt) of Agro- 
bacterium tumefaciens (strain C-58) following incubation at 36°C for 
36-120 h on nutrient agar ~ 

Incubation Relative virulence ~ 
at 36 °C (h) of 8 selected isolates (Pt cnltures) 

+ + + +  + + +  + +  + 0 

0 5 3 
36 4 4 
48 1 5 2 
60 2 4 2 
72 5 3 
84 5 

120 

Each of the 8 colonies selected for bioassay at each time was 
grown in nutrient broth shake culture overnight (Pt culture) and 
4x107 cells applied on each of 6 bean leaves, b + + + + ,  200+ 
tumors; + + + ,  100-200 tumors; + + ,  50-100 tumors; +,  less 
than 50 tumors per leaf; 0, none, but at 4 × i0 s ceils per leaf an 
occasional tumor was observed. 

Table II. Virulence on bean leaves of subcultures (Pg) derived 
from parent isolates (Pt) of Agrobacterium tumelaciens (C-58) which 
had been grown at 36°C for 48-120 h • 

Parent isolates (Pt) 

Incubation Viru- 
at 36 °C lence b 
(h} 

Number of subcultures (Pg) 
with relative virulence b 

+ + + +  + + +  + +  + 0 

48 + + +  7 1 
48 + + +  1 10 1 
48 + + 7 2 7 
72 + 4 4 
84 + 5 4 

120 0 9 

Progeny subcultures (Pg) were selected from plates streaked with 
cells from the 36°C grown parent isolates (Pt). The subcultures (Pg) 
were grown in nutrient broth shake overnight at 25°C and bio- 
assayed by inoculating 6-12 leaves with 0,4 -- 4 × 108 cells per leaf 
depending on the expected virulence, b Rating same as for Table I. 



230 Specialia EXPERIENTIA 27/2 

isola tes  grow in a n  a p p a r e n t  log p h a s e  a t  t h e  a b o u t  
s a m e  r a t e  for 28 h, b u t  s u b s e q u e n t l y  t h e  a v i r u l e n t  
leve led  off a t  a h i g h e r  c o n c e n t r a t i o n  pe r  leaf. 

T h e  a v i r u l e n t  G r o u p  I I  cells give t h e  ke to  suga r  t e s t  n 
c h a r a c t e r i s t i c  of m a n y  isola tes  of Agrobacterium a n d  h a v e  
a t y p i c a l  A. tume[aciens co lony  m o r p h o l o g y  a t  r o o m  
t e m p e r a t u r e .  P r e l i m i n a r y  o b s e r v a t i o n s  b y  e l ec t ron  micro-  
scopy  i n d i c a t e d  no  gross  d i f fe rences  b e t w e e n  r o o m  t e m -  
p e r a t u r e  g r o w n  G r o u p  I I  a v i r u l e n t  or  v i r u l e n t  cells. 

A l t h o u g h  t h e  g r o w t h  r a t e s  were  a b o u t  t h e  s a m e  a t  
25°C, t h e  a v i r u l e n t  cu l t u r e s  grew 4 - 8  t i m e s  as  f a s t  as  
v i r u l e n t  cu l t u r e s  a t  37 °C in  n u t r i e n t  b r o t h  s h a k e  cu l tu re .  
W h e n  g r o w n  o n  n u t r i e n t  a g a r  p l a t e s  a t  37°C for  24 h,  
t h e  l a rger  a v i r u l e n t  colonies  a re  eas i ly  d i s t i n g u i s h e d  f rom 
t h e  p i n p o i n t  v i r u l e n t  colonies.  T h i s  g r o w t h  cha r ac t e r i s t i c  
h a s  p r o v e n  to  b e  a m u c h  m o r e  sens i t i ve  a n d  precise  
m e t h o d  for  t h e  i so la t ion  of av i ru l en t s .  I f  colonies  of 
s t r a i n  C-58 are  g r o w n  a t  37°C for  24 h, t h e  cells w a s h e d  
f r o m  t h e  p la tes ,  a n d  r e p l a t e d  a t  37°C, 2-4~/o of t h e  cells 
p r o d u c e  t h e  large  co lony  t y p e  av i ru l en t s .  P r e l i m i n a r y  
d a t a  i nd i ca t e  t h a t  m a n y  of t h e  colonies  g rown  a t  37 °C 
c o n t a i n  a few a v i r u l e n t  cells. T h u s  t h e  conve r s ion  a p p e a r s  
to  be  a h i g h  f r e q u e n c y  even t .  All  a t t e m p t s  to  r e s to re  
v i ru l ence  b y  i n c u b a t i o n  of t h e  a v i r u l e n t  cu l tu res  w i t h  
lysa tes  f rom t h e  v i r u l e n t  ceils, i so la ted  D N A  f rom v i r u l e n t  
cells, Lv-1  p h a g e  D N A  1., or  t h e  i n t a c t  Lv-1  p h a g e  h a v e  
so fa r  failed. 

A l t h o u g h  o u r  resu l t s  could  be  exp l a ined  b y  t h e  occur-  
rence  of a h i g h  f r e q u e n c y  m u t a t i o n ,  p e r h a p s  a more  

l ike ly  poss ib i l i ty  is t h e  loss of a v i ru lence  factor .  I n  
o t h e r  s t r a i n s  t h i s  f ac to r  m a y  b e c o m e  i n t e g r a t e d  more  
t i g h t l y  w i t h  t h e  b a c t e r i a l  DNA.  I t  m a y  be  s ign i f i can t  
t h a t  s t r a i n  C-58 of A.  tume[aciens is also one  of t h e  m o s t  
v i r u l e n t  s t r a i n s  we h a v e  t es ted .  I n  a n y  e v e n t  t he se  
s t r a i n s  s h o u l d  be  e x t r e m e l y  useful  in  t h e  i n v e s t i g a t i o n  
of  v i ru l ence  a n d  t u m o r  i n d u c t i o n  13. 

Zusammen/assung. D u r c h  I n k u b a t i o n  bei  h o h e n  T e m -  
p e r a t u r e n  (37 °C) ve r l i e r t  da s  Agrobacterium tume[aciens 
C-58 a l lmAhl ich  die  Fi~higkeit  zu r  Gal len-  ode r  T u m o r -  
b i l d u n g  in  P f l anzen .  
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Localization of Ions in the Mesophyll Cells of 
by X-Ray Mlcroanalysis 

D i s t r i b u t i o n  of sod ium,  chlor ide ,  p o t a s s i u m  a n d  phos -  
p h o r u s  b e t w e e n  t h e  c y t o p l a s m  a n d  vacuo le s  of leaf  cells 
of Suaeda monoica p l a n t s  was  i n v e s t i g a t e d  b y  X - r a y  
mic roana lys i s .  D i s t r i b u t i o n  of s o d i u m  a n d  chlor ide  in  
leaf  cells of N a C l - t r e a t e d  p l a n t s  d id  n o t  coincide.  S o d i u m  
t e n d e d  to  c o n c e n t r a t e  in  t h e  c y t o p l a s m  whi le  ch lor ide  
was e v e n l y  d i s t r i b u t e d  in  b o t h  c y t o p l a s m  a n d  vacuole .  
D i s t r i b u t i o n  of p o t a s s i u m  in t h e  cells of those  p l a n t s  
was  s imi la r  to  t h a t  of sod ium.  P o t a s s i u m  c o n t e n t  of 
vacuo les  of leaf  cells of p l a n t s  g rown  u n d e r  non-sa l ine  
cond i t i ons  was  h i g h e r  t h a n  t h a t  of t h e  cy top l a sm.  

I t  is genera l ly  accep t ed  t h a t  ions  a b s o r b e d  in excess 
b y  p l a n t  cells a re  a c c u m u l a t e d  ins ide  t h e i r  vacuoleS. 
H a l o p h y t e s  are  no  e x c e p t i o n  in t h i s  respec t  a n d  a con-  
s ide rab le  a c c u m u l a t i o n  of ions  in  t h e i r  vacuo les  was  
f r e q u e n t l y  r e p o r t e d  a-4. Moreover ,  t r a n s p o r t  of sod ium 
a n d  ch lor ide  f r o m  t h e  c y t o p l a s m  in to  t h e  vacuo les  of 
s u c h  p l a n t s  was  be l i eved  to  be  a m a j o r  cause  for  p l a n t  
ha losuccu lence  a n d  a m e c h a n i s m  for  d i m i n i s h i n g  t he  
effects  of a h i g h  i n t r a c y t o p l a s m a t i c  s a l t  c o n t e n t  4-e. I t  
was  also f r e q u e n t l y  s p o k e n  of ' s a l t '  e f fects  d e n o t i n g  a 
s imi la r  t r a n s p o r t  of s o d i u m  a n d  chlor ide .  S ince  n o  
e x p e r i m e n t a l  ev idence  for  such  a s s u m p t i o n s  was  ava i l -  
able ,  t h e  p r o b l e m  w h e t h e r  ions  r e m a i n  ins ide  t h e  cy to -  
p l a s m  of  t h e  succu l en t  leaf  cells, or  w h e t h e r  t h e y  a re  
neu t r a l i z ed  in t h e  vacuoles ,  was  inves t iga t ed .  

Seeds of Suaeda monoica Forssk.  were  g e r m i n a t e d  in 
P e t r i  d i shes  a n d  seedl ings  g rown  in w a t e r  cu l tu re  o n  a 
h a l f - s t r e n g t h  H o a g l a n d ' s  so lut ion.  S o d i u m  chlor ide ,  
50 m M ,  was  a d d e d  to  ha l f  of t he  p lan t s .  P l a n t s  were 
g rown  for  4 weeks  in a g r o w t h - c h a m b e r  u n d e r  c o n s t a n t  
t e m p e r a t u r e  (27 °C) a n d  c o n t i n u o u s  i l l u m i n a t i o n  (12,000 
lux).  Co ty ledons  a n d  leaves  were  t h e n  t a k e n  for  ana lys is .  

the Succulent Halophyte Suaeda monoica Forssk. 

Mate r i a l  was  m o u n t e d  on  t o p  of a m i c r o t o m e  b lock-  
holder ,  e m b e d d e d  in f resh  r a t  b r a i n  or  in  l iver  slices T, 
a n d  f rozen  w i t h i n  30 sec in  a d r y  ice a ce tone  m i x t u r e  
( - - 7 0 ° C ) .  Blocks  were  c u t  in  a c r y o s t a t  a n d  t h e  f rozen  
cross-sect ions  p laced  on  cold ( - - 2 0 ° C )  a l u m i n i u m  p la t e s  
wh ich  h a d  p rev ious ly  been  coa t ed  w i t h  a t h i n  l aye r  of 
s i l icone grease.  A second  p l a t e  was  loaded  on  t o p  of t h e  
m o u n t e d  sect ions.  The  m a t e r i a l  was  lef t  for  a few h o u r s  
in  a deep  freezer,  t r a n s f e r r e d  to  a lyophi l i ze r  a n d  dr ied  
u n d e r  v a c u u m  (10 -3 Torr)  ove rn igh t .  A g r a d u a l  d e h y d r a -  
t i on  of t h e  f rozen sec t ions  - whi le  p laced  b e t w e e n  2 
m e t a l  p l a t e s  - was  f o u n d  to  be  essent ia l  for  keep ing  t h e  
sec t ions  f la t  a n d  in t ac t .  S t r i c t  care  was  t a k e n  to  keep  
t h e  m a t e r i a l  deep ly  f rozen t h r o u g h o u t  t h e  p rocedure .  
V a c u u m  was  b r o k e n  w i t h  d r y  air.  Fo l lowing  d e h y d r a t i o n ,  
t h e  sec t ions  were  coa t ed  w i t h  c a r b o n  a n d  t h e  loca t ion  
of  Na,  K, P a n d  C1 was  d e t e r m i n e d  b y  X - r a y  micro-  
ana lys i s  (Jeolco J X A - 3 A  X - r a y  mic roana lyze r ) .  A n  
acce l e r a t i ng  vo l t age  of 10 K V  was  used. S a m p l e  c u r r e n t  
was  a p p r o x i m a t e l y  6 ×  10 .8 A. B e a m  d i a m e t e r  was  less 
t h a n  1 ~m.  B a c k g r o u n d  level  was  d e t e r m i n e d  b y  lower ing  
t h e  s p e c t r o m e t e r  1 ° off t h e  specif ic  B r a g g ' s  angle.  R e s u l t s  
for  u n d a m a g e d  cells were  r ep roducab le .  
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