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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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D a t a  p r e s e n t e d  (Figure  1) revea l  t h a t  in t he  m e s o p h y l l  
cells of N a C l - t r e a t e d  p lan t s ,  sod ium was  loca ted  m a i n l y  
in t h e  c y t o p l a s m .  On ly  sma l l  p o r t i o n s  of t h e  sod ium 
a n d  p o t a s s i u m  c o n t e n t s  of  t h e  cells were  found  ins ide  
t h e  vacuoles .  C o n t e n t  of p h o s p h o r u s  ins ide  t h e  vacuoles  
was  negl ig ib le  a n d  t h u s  be low t h e  d e t e c t i o n  l i m i t s  of t h e  
i n s t r u m e n t .  I t  is i n t e r e s t i n g  to  n o t e  t h a t  t h e  t o t a l  c o n t e n t  
of ch lor ide  in cells of N a C l - t r e a t e d  p l a n t s  seemed  to  be  
low. D i s t r i b u t i o n  of ch lor ide  a n d  sod ium did  n o t  coincide  ; 
whi le  r e l a t ive ly  more  s o d i u m  was  c o n c e n t r a t e d  in  t h e  
cy top l a sm,  chlor ide  was  e v e n l y  d i s t r i b u t e d  t h r o u g h o u t  
t h e  cell sect ion.  

A d i f f e ren t  d i s t r i b u t i o n  of ions  was  found  in p l a n t s  
g rown w i t h o u t  NaC1 in t h e  g r o w t h  m e d i u m  (Figure  2). 
A p p a r e n t l y ,  t h e  levels  o b s e r v e d  for sod ium a n d  ch lor ide  
were b a c k g r o u n d  levels  only.  However ,  in such  sod ium-  
de f i c i en t  cells, p o t a s s i u m  seemed  to  s u b s t i t u t e  for  sod ium.  
P o t a s s i u m  was  a m p l y  f o u n d  ins ide  t h e  vacuo le s  w i t h  i t s  
c o n t e n t  in t h e  v a c u o l e  exceed ing  t h a t  of t h e  c y t o p l a s m .  
P h o s p h o r u s  in  such  cells  was  loca ted  in t h e  c y t o p l a s m  
as well  as in  t h e  vacuoles .  

A t  p resen t ,  i t  is s t i l l  d i f f icu l t  to  m a k e  a n  exac t  q u a n -  
t i t a t i v e  e v a l u a t i o n  of t h e  da t a .  T h e  m e t h o d  used is n o t  
ye t  re f ined  e n o u g h  to  e n a b l e  t h e  d i s t i n c t i o n  of t h e  f ine 

Fig. 1. Distribution of sodium, chloride, potas- 
sium and phosphorus in the mesophyll cells 
of Suaeda monoica plants grown on a half- 
strength Hoagland's solution + 50 mM NaC1. 
Absorbed electron image. × 850. Range of 
determinations (cpm): Na- 3 × 103; K- 10s; 
C1- 10s; P -  104. s, scanning line; e, element 
distribution; b, background (20-1° ) ;  c + w, 
cytoplasm and cell wall; v, vacuole. 

imJ  ' 

Fig. 2. Distribution of sodium, chloride, potas- 
sium and phosphorus in the mesophyll cells 
of Suaeda raonoica plants grown on a half 
strength Hoaglands, NaCl-defieient solution. 
Range of determinations (epm) : Na- 10n; K- 
104; C1- lOS; P-  104. 
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cel lular  const i tuents .  Never theless ,  the  resolut ion ob- 
ta ined  stil l  p e r m i t t e d  a gross d is t inct ion be tween  2 
ma jo r  compar tmen t s ,  i.e. cell vacuoles  on one hand,  
and cell wall  w i th  the  adher ing  cy top lasm on the  o ther  
hand  8-I0. Conclusions based on these  analyses  imp ly  
t h a t  t h e  c y t o p l a s m  of t he  mesophy l l  ceils of  Suaeda 
monoiea, absorb and re ta in  high quan t i t i e s  of sodium 
ra the r  t h a n  re jec t  it.  Ne i the r  sodium nor  chloride 
were excess ively  accumula ted  and inac t iva ted  4 in the  
vacuoles  of ceils of Suaeda monoica plan ts  g rown under  
saline condit ions.  

Fur the rmore ,  as sa t i s fac tory  growth  of Suaeda monoica 
plan ts  depends  on the  presence of high concent ra t ions  
of sodium chloride in the  g rowth  m e d i u m  11, i t  also seems 
reasonable  to assume t h a t  sodium par t ic ipa tes  in physi-  
ological processes and thus  will be concen t ra ted  in sites 
which ac tua l ly  affect  growth,  i.e. inside the  cy top la sm 12. 

Zusammen/assung. Die Ver te i lung  von  Na t r ium,  Chlo- 
rid, K a l i u m  und Phosphor  im Zy top la sma  und in den 

Vakuolen  der  Bla t tze l len  yon Suaeda-monoica-Pflanzen 
wurde  mi t te ls  RSntgen-Mikrosonde  untersucht .  N a t r i u m  
neigte  zur  Anre icherung  im Zytoplasma,  wS.hrend Chlorid 
gleichm/issig im Zy top lasma  und  in Vakuo len  ver te i l t  war. 
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Inhibition of  A u x i n  Transport by a M o r p h a c t i n  

A m o n g  the  var ious  morphact ins ,  I T  3456 has been 
shown to be the  most  ac t ive  in s t imula t ion  of e longat ion 
of t issue segments  and in interference wi th  aux in  t rans-  
por t  x, 3. In  the  present  inves t igat ion,  seedlings raised in 
t h e  presence of, or  t issue segments  p re t r ea t ed  w i t h  
me thy l -  2-chloro-9-hydroxyfluorene-  (9)-carboxylate  ( IT 
3456) have  been used to s t udy  its effect on indoleacet ic  
acid-2-14C (IAA) t ranspor t .  

Seeds of Zea mays L. (cv. Kobenhavns  Torve)  were 
tho rough ly  washed and soaked for 4 h in t a p  w a t e r  and 
p lan ted  on t ap  water  sa tu ra ted  pape r  pads  in plas t ic  
boxes.  Af te r  48 h the  ge rmina t ing  seeds f rom one of the  
boxes were t ransferred onto  paper  pads  sa tu ra ted  wi th  
10-~M morphac t i n  solution. The  seedlings were raised 
in comple te  darkness  for 96 h, excep t  be tween  48 and 
54 h when  t h e y  were exposed to  red l ight .  F o r  t r anspor t  
exper iments  8 m m  sections, t aken  1-2 m m  below the  
t ip  of 96 h e t io la ted  coleoptiles,  were used. 

Two sets of exper iments  were conducted,  each in a 
bas ipeta l  and acropeta l  direct ion.  1. An  assembly  con- 
sisted of  sect ions f rom t a p  wa te r  grown seedlings sup- 
pl ied wi th  donor  blocks (5.5 × 4 × 1 ram) conta in ing  e i ther  
1% s u c r o s e + 0 . 4  rag/1 I A A  or 1% s u c r o s e + 0 . 4  mg/ l  
I A A + 1 0 - e M  morphae t in  bo th  in 1.5% agar  on the  
apical  or  basal  cu t  ends and the  o ther  end (receiver) 
p laced on (basipetal) or  covered  wi th  (acropetal) plain 
1.5% agar  blocks. Af t e r  30 rain the  or iginal  donor  blocks 
were replaced wi th  new rad ioac t ive  donor  blocks (1% 
s u c r o s e +  0.4 mg/ l  IAA, specific a c t i v i t y  48.5 mCi /mM)  
and fresh receiver  blocks replaced the  old ones. 2. I n  
this  assembly,  sect ions f rom seedlings raised in the  
presence of morphac t in  solut ion in t ap  wa te r  were  used 
and prov ided  d i rec t ly  wi th  rad ioac t ive  donor  blocks (1% 
s u c r o s e + 0 . 4  mg/1 IAA) and the  o the r  cu t  end was 
covered  or  placed on receiver  blocks. 

Four  assembly  componen t s  were pooled af ter  90 min  
of t r anspor t  for each measu remen t  and the  exper iments  
were  repl ica ted  3 t imes.  The  t empe ra tu r e  t h roughou t  
was main ta ined  a t  24 ~ 1°C and  on ly  green (Cinemoid 
nos. 32, 21 and 5) safe l ight  was used dur ing manipula-  
tions. The  r ad ioac t iv i ty  in donors, t issues and receivers  
was analyzed  in a Packa rd  l iquid scint i l la t ion counter  a, 4. 

The  seedlings raised in presence of 10-eZv/morphac t in  
showed lack  of geotropic  response, as was observed 
earl ier  5, ~. F r o m  the  Table  it  can be seen t h a t  morphac t in  
t r e a t m e n t s  did no t  mate r ia l ly  affect  the  to t a l  a m o u n t  
absorbed f rom the  donor  blocks b u t  i t  did s ignif icant ly  
reduce the  percen tage  t rans loca ted  th rough  the  t issue 
into  the  receiver  block. Thus  morphac t in - t r ea t ed  tissues 
re ta ined  more aux in  t h a n  the  controls.  The  r emarkab le  
s imi la r i ty  be tween  the  two  me thods  of morphac t i n  t rea t -  
m e n t  is wor th  noticing.  Thus  the  ac t ion  of morphac t i n  
is so rapid  t h a t  essent ial ly no difference can  be demon-  
s t ra ted  be tween  sections pre - t rea ted  for 30 min  alid 
seedlings raised for 48 h in morphac t in  solution. The  
threshold  level is being de termined.  

Effect of morphactin (IT 3456) on the transport  of indoleacetic 
aeid-2-14C 

Percentage Basipetal Acropetal 
of applied 

C P M C P M 

In tissue 29.99 39.41 36.47 11,48 11.81 11.50 
In receiver 11.22 0.42 0.54 0.00 0.00 0.00 
Total 41.2I 3 9 . 8 3  3 7 . 0 1  1 1 . 4 8  1 1 . 8 1  11.50 

C, control sections treated with 1% sucrose + 0.4 rag/1 IAA; P, sec- 
tions pre-treated with 1% sucrose+0.4 rag/1 IAA+10-SM mor- 
phactin; M, sections from seedlings raised in presence of 10-SM 
morphaetin. 
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