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sp rechenden  opt isch  ak t iven  Lac t a ldehyde  mi t  H 2 ~sO 
und  anschl iessende Reduk t ion  mi t te l s  LiA1H 4 gewonnen.  
Die Stel lung des schweren Iso tops  am C-1 tolgt  unmi t t e l -  
ba r  aus der  hohen  op t i schen  Re inhe i t  ( > 95%) der  zwei 
Diole, welche die M6glichkeit  einer  mi t  dem Aus tausch  
paral lel  laufenden Tautomer i s ie rung  der  E d u k t e  aus- 
schliesst ,  und wurde  im iibrigen durch  massenspek t ro -  
met r i sche  Messungen an den en t sp rechenden  Bisphenyl -  
u r e t h a n e n  best/ i t igt .  Analoge Behand lung  yon  Ace toxy-  
ace ton  gab eine racemische Probe  von  2AsO-Propan-1,  2- 
diol, 3, in welchem die Lage des schweren I so tops  ebenfal ls  
auf  massenspek t rome t r i s chem Wege best~ttigt werden  
konnte .  

Die drei  180-indizierten Subs t ra te  1, 2 und  3 wurden  
u n t e r  iden t i schen  Bedingungen  mi t  e inem zellfreien Ex-  
t r a k t  aus A.  aerogenes in Gegenwar t  des e - (Dimethy l -  
benz imidazoly l ) -Co-5 ' -deoxyadenosy l -cobamids  inkubie r t  
und  der  jeweils gebi ldete  P rop iona ldehyd  zwecks Vermei-  
dung  eines Aus tausches  mi t  den Sauers to f fa tomen  des 
Wassers  in situ mi t te l s  Hefe-Alkoholdehydrogenase  und  
N A D H  zu Propano l  reduzier t .  Nach  Bi ldung der  Pheny l -  
u r e t h a n e  wurde  der  tsO-Gehalt  der  drei P roben  massen-  
spek t rome t r i s ch  b e s t i m m t  (vgl. Tabelle). 

Die e rha l t enen  Resu l t a t e  zeigen, dass je nach  der  (S)- 
oder  (R)-Konf igura t ion  des Subs t ra tes  das Sauerstoff-  
a t o m  des P roduk te s  aus der  prim~tren bzw. sekund~tren 
OH-Gruppe  s t am m t .  

In  der  wohlbegr i inde ten  Annahme,  dass beide Enan t io -  
meren  des Propan-1,  2-diols nach  e inem prinzipiel l  glei- 
chen  Mechanismus  umgese tz t  werden,  scheinen folgende 

Substrat 180-1Jberschuss % 
(in %) Retention 

Edukt a ]?rodukt 

(R)-l-180-Propan-l,2-diol, 1 12 1 8 

(S)-l-lsO-Propan-1,2-diol, 2 9 8 88 

(RS)-2AsO-Propan-l,2-diol, 3 12,8 5,5 43 

a Gemessen am Fragment m/e - 195, entstanden durch die Ab- 
spaltung von Phenylisocyanat aus dem Molekfil-Ion. Fehlergrenze: 
~= 0,5%. 
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Schlussfolgerungen unumg~tnglich: (i) im Laufe beider 
U m s e t z u n g e n  w a n d e r t  die sekund~tre OH-Gruppe  s tereo-  
spezifisch yon  C-2 nach  C-1 u n t e r  Ausbi ldung des P ropan-  
1,1-diols 4; (ii) die D e h y d r a t a t i o n  des le tz te ren  zu Pro-  
p iona ldehyd  ist  enzyma t i s ch  kontrol l ier t ,  wobei  das 
E n z y m  zwischen den  s ter isch n ich t iden t i schen  OH- 
Gruppen  yon  4 zu un te r sche iden  vermag.  

Ffir die P r o p a n d i o l d e h y d r a s e - R e a k t i o n  ist  es n u n m e h r  
ver lockend,  ein Reak t ions schema  zu pos tu l ieren  (vgl. 
a --> b --> c) in welchem die Ha lbace ta l fo rm des Lac t -  
a ldehyds  als oxyd ie r te  Zwischenstufe  v o r k o m m t  s. 

HO_ ~ OH G-H3 

Ooenzym H-Coenzyrn 
a b 

OH 

"OH 

Summary.  Inves t iga t ion  of the  propanedio l  dehydrase  
react ion wi th  1sO-labelled subs t r a t e s  indicates  t h a t  the  
convers ion of p r o p a n e - l , 2 - d i o l  to p rop iona ldehyde  in- 
volves t r ans fe r  of the  oxygen  a t o m  from C-2 to C-1. The 
dehydra t i on  of the  so formed propane-1,  1-diol is s ter ical ly  
control led by  the  enzyme.  
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X - R a y  M i c r o a n a l y s e r  S t u d y  o n  t h e  L o c a l i z a t i o n  
o f  M i n e r a l s  i n  N a t i v e  P l a n t  T i s s u e  S e c t i o n s  

His to-  and cy tochemica l  me thods  are i m p o r t a n t  aids 
to  the  inves t iga t ion  ot the  mineral  me tabo l i sm in plants .  
On the  whole, the  common  colour tes ts  do no t  give a good 
local izat ion 1. This  d i sadvan tage  has been overcome by  
the  spodogramme  technique  2, bu t  excep t  for Si, the  
ident i f ica t ion of the  minera ls  in the  ash is difficult  3. 
Recen t ly  a ve ry  sensi t ive method ,  mic roau to rad iography ,  
has been developed.  This  t echnique  has been used ex- 

tens ive ly  on p l an t  mater ia l  by  L/JTTGE and  WEIGL 4 and 
by  BRANTON and  JACOBSON 5. Bu t  its value is d imin ished  
by  the  fact  t h a t  a h igh resolut ion is only reached wi th  
isotopes of low rad ian t  energy.  
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The  X - r a y  m i c r o a n a l y s e r  is a sens i t ive  i n s t r u m e n t  a n d  
i ts  r eso lu t ion  is v e r y  h igh  owing to  t he  use of a n  e lec t ron  
b e a m  of 1 /z d iamete r .  All  e l emen t s  t h a t  are  heav i e r  t h a n  
N a  can  be  d e t e r m i n e d  q u a l i t a t i v e l y  and  also q u a n t i t a -  
t i ve ly  in r e l a t ive  uni t s ,  if iden t ica l  p r e p a r a t i o n  procedures  
are  followed. 

No work  w i t h  t he  X - r a y  mic roana ly se r  on  p l a n t  t i ssues  
ha s  so far  b e e n  r e p o r t e d  in  l i t e ra tu re ,  b u t  severa l  inves t i -  
ga t ions  on  zoological  a n d  medica l  ma te r i a l s  h a v e  been  
car r ied  o u t  6. 

Our  e x p e r i m e n t s  h a v e  s h o w n  t h a t  the  X - r a y  micro-  
ana lyse r  is a powerfu l  tool  for  t he  local iza t ion  of minera l s  
in  p l a n t  t i ssues  a n d  cells. I n  t h i s  p a p e r  t he  d i s t r i b u t i o n  of 
t he  n u t r i e n t  e l emen t s  K a n d  P in leaves  of Zea Mays is 
descr ibed.  

Methods. The  e x p e r i m e n t s  were car r ied  ou t  w i t h  Zea 
Mays (Ohio M 34). The  cu l t i va t i on  of the  p l a n t s  in nu-  
t r i e n t  so lu t ion  u n d e r  g reenhouse  cond i t ions  is descr ibed  
elsewhere 7. Tissue samples  ( th i rd  leaf, midd le  of the  
blade)  were excised f rom p l a n t s  5 weeks old. 

Preparation. K a n d  P p a r t l y  occur  in a wa te r t so lub le  
s t a t e  in p lan t s .  The  local iza t ion  of these  dif fusible  sub-  
s tances  is g u a r a n t e e d  b y  t he  use of t h e  c r y o s t a t  t e c h n i q u e  
descr ibed  b y  Ls The  t i ssue  samples  were em- 
b e d d e d  in f resh b ra in ,  f rozen w i t h  CO2, and  sec t ioned  in 
a D i t t e s - D u s p i v a  c r y o s t a t  a t  - - 1 5 ~  20 /~ th ick .  T h e  
sect ions  were aff ixed to pol i shed  a l u m i n i u m  p la te le t s  an d  
coa ted  w i t h  a layer  of c a r b o n  200 A_ th ick .  A l u m i n i u m  
back ings  were pre fe r red  to glass sl ides for t he i r  b e t t e r  
d ischarge  of h e a t  a n d  c u r r e n t  d u r i n g  analysis .  

An  X - r a y  m i c r o a n a l y s e r  of J a p a n  E lec t ron  Opt ics  was 
used. P r inc ip les  and  app l i ca t ions  of t he  i n s t r u m e n t  are 
g iven  b y  BIRKS I~ 

Analysis conditions. X - r a y  mic roana lyse r  t y p e  J E O L  
J X A - 3 A ;  h i g h  vol tage ,  25 kV;  b e a m  d iamete r ,  1 #;  b e a m  
cur ren t ,  50/~A; sample  cu r ren t ,  0.3 #A;  s p e c t r o m e t e r  1, 
q u a r t z  c rys t a l  for p o t a s s i u m  (Ka- rad ia t ion  , 67 ~ 50') ;  
s p e c t r o m e t e r  2, K A P  c ry s t a l  for  p h o s p h o r u s  (K~-radia-  
l ion,  26 ~ 38') ; v a c u u m ,  10 -~ m m  Hg (column a n d  spect ro-  
mete rs ) ;  gas f low p r o p o r t i o n a l  coun te r s  (90% Ar, 10% 
m e t h a n e ) .  

Results and discussion. The  e l emen t s  N, Ca, Sr (if 
p r e sen t  in  t he  n u t r i e n t  solut ion) ,  Fe,  Si, P, a n d  S are 
d e t e c t a b l e  in  t h e  leaf  sect ions,  m a i n l y  in t h e  va scu l a r  
bund l e s  of t he  midr ib .  

F igure  1 shows a cross sec t ion  t h r o u g h  t he  midr ib .  
Vascu la r  b u n d l e s  are  a r r a n g e d  a t  t he  lower  side w i t h  
p a r e n c h y m a  cells c o n t a i n i n g  ch lo rop las t s  b e t w e e n  t h e m .  
The  res t  consis ts  of colourless  p a r e n c h y m a  and  some 
sc le renchyma.  

E x a m i n a t i o n  of t h e  b o r d e r e d  a rea  w i t h  t h e  X - r a y  
mic roana ly se r  gives t he  fol lowing resul ts :  I n  F igure  2a 
t h e  e l ec t ron  l inea r  s c a n n i n g  l ine is v is ib le  b e t w e e n  A a n d  
t3. The  l ine s t a r t s  in  t he  b ra in ,  passes  t he  s c l e r e n c h y m a  
and  the  va scu l a r  bundle ,  and  ends  in t h e  colourless  
p a r e n c h y m a .  K- a n d  P - c o n c e n t r a t i o n s  a long  t he  e lec t ron  
l inear  s c a n n i n g  l ine are  r ep r e sen t ed  in F igure  2b. B o t h  
e l emen t s  are m a i n l y  local ized in t h e  s c l e r e n c h y m a  a n d  
t h e  vascu la r  bundle .  The  p r inc ipa l  s i tes  of depos i t ion  are 
in  t he  cell walls  and  t h e y  are p a r t l y  l imi ted  to n a r r o w  
areas  of one  to a few ~. 

The  s i tes  of a c c u m u l a t i o n  are no t  a lways  t h e  same  for 
K a n d  P. K is chief ly  local ized in  t h e  s c l e r e n c h y m a  a n d  
t he  cell wal ls  of t he  b u n d l e - s h e a t h .  Moreover ,  t he  K - p e a k  
be tween  6 and  7 m u s t  be  ass igned to  the  l u m e n  of a ves-  
sel;  t h i s  is t he  d i rec t  p roof  of a h i g h  c o n c e n t r a t i o n  of K 
in the  t r a n s p i r a t i o n  s t r eam.  No depos i t ion  of K is de tec-  
t ab l e  in  t he  p a r e n c h y m a .  

The  m a i n  si tes of c o n c e n t r a t i o n  of P lie in  t h e  scleren-  
c h y m a  a n d  in t h e  walls of b u n d l e - s h e a t h  cells a n d  yes- 

sels. Smal le r  q u a n t i t i e s  are found  in t h e  p h l o e m  an d  t he  
p ro t o x y l em,  t h e  depos i t ion  of P in t h e  p a r e n c h y m a  is 
on ly  low. T h e  P - p e a k  in  t h e  l u m e n  of the  b u n d l e - s h e a t h  
cell (3) seems to d e m o n s t r a t e  a fa i r ly  h igh  c o n c e n t r a t i o n  
in t h e  nucleus.  

T h e  d i s t r i b u t i o n  of K p roves  t h a t  a t r a n s v e r s e  t r a n s -  
p o r t  f r om t h e  vessels t akes  place w i th  a f avoured  deposi-  

Fig. 1. Cross section through the midrib of a maize leaf affixed to a 
polished aluminium platelet and coated with carbon. The bordered 

area was examined with the X-ray microanalyser, x 50. 

Fig. 2a. Electron linear scanning line between A and B after analysing 
the bordered area in Figure 1. x 125. 
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Fig. 2b. K- and P-concentration 
along the electron linear scanning 
line. 1 = Sclerenehyma; 2 = 
Outer cell wall of bundle-sheath; 
3 = Lumen of a bundle-sheath 
cell; 4 ~ Inner cell wall of bundle- 
sheath; 5 = Phloem; 6 = Vessel 
wall; 7 = Protoxylem; 8 - Bundle- 
sheath cell; 9 = Lumen of a paren- 
ehyma cell; 10 = Parenehyma cell 
wall. 

Fig. 3. Absorbed electron image of a part of the midrib showing a 
dark phase, presumably caused by Fc deposition, mainly in parts of 

the vascular bundle, x 225. 

Fig. 4. Absorbed electron image of a vascular bundle showing the 
dark phase localized to the cell walls. • 900. 

t ion  in cell walls. An  earl ier  s t u d y  n has  shown  t h a t  K 
exis ts  in maize  leaves  on ly  in a wate r - so lub le  form. H e nc e  
the  K - p e a k s  localized to t he  cell walls  m u s t  or ig ina te  
f rom a p rec ip i t a t ion  of soluble  p o t a s s i u m  salts .  FREY- 
W'ZSSLING 12 supposes  t h a t  K m a y  be f o u n d  in cell walls  
as c a r b o n a t e  an d  su lpha te .  

R e m a r k a b l e  are t he  h igh  depos i t ions  of P in cell walls  
which  p o in t  to p rec ip i t a t ions  of ca l c ium p h o s p h a t e .  Pre-  
l i m i n a r y  e x p e r i m e n t s  showed  a r a t h e r  low c o n t e n t  of Ca; 
f u r t he rm o re ,  one h a s  to cons ider  the  c o n t e n t  of Ca in the  
midd le  lamellae.  Since a p rec ip i t a t i on  of p o t a s s i u m  phos-  
p h a t e  is i m p r o b a b l e  f rom the  cu rves  in F igure  2b, P m u s t  
be b o u n d  also o rgan ica l ly  in cell walls. 

E l ec t ron  im ag es  of t he  s a m e  p r e p a r a t i o n s  show differ- 
en t  phases .  The re  are p r inc ipa l ly  th ree  phase s  in t he  ab- 
sorbed e lec t ron  images  (Figures  3 and  4). T h e  b r i gh t  
phase  m a y  or ig ina te  f r om organic  mate r ia l s ,  t he  g rey  one 
f rom th e  a l u m i n i u m  back ings ,  while  t he  d a r k  phase  pre-  
s u m a b l y  shows  t h e  d i s t r i bu t i on  of a h e a v y  e lement ,  
n a m e l y  Fe. I n  F igure  3 t he  da rk  phase  appea r s  f o r emos t  
in t h e  v a s c u l a r  b u n d l e s  a n d  in the  p a r e n c h y m a  con t a in ing  
ch lo rop las t s ;  t h i s  phase  does no t  ex is t  in t he  scleren-  
c h y m a .  In  the  ab so rbed  e lec t ron  image  of t he  v a s c u l a r  
b u n d l e  (Figure 4) t he  d a r k  p h a s e  is localized to the  cell 
walls. F u r t h e r  e x p e r i m e n t s  to d e t e r m i n e  i ts  n a t u r e  are 
in progress .  

F r o m  th i s  i n v e s t i g a t i o n  i t  follows t ha t ,  c o m b i n e d  wi th  
a c r y o s t a t  t echn ique ,  t he  X - r a y  m i c r o a n a l y s e r  is a sui t -  
able m e a n s  of s t u d y ;  owing to its h igh  reso lu t ion  i t  al lows 

d e m o n s t r a t i o n  of ve ry  sma l l  m ine ra l  depos i t ions  in p l a n t  
t i ssues .  The  local izat ion of soluble m ine ra l s  is a proof  t h a t  
d i f fus ions  in t he  t i s sue  are p r e v e n t e d  b y  our  p r e p a r a t i o n  
m e t h o d .  

A repor t  on the  d i s t r i bu t i on  of severa l  e l e m e n t s  (ma in ly  
K, Ca, Sr, P) occur r ing  in d i f fe rent  t i s sues  of h ighe r  p l a n t s  
is in p r e p a r a t i o n  13. 

Zusammen/assung. Mit Hilfe der  e l ek t ron i schen  R 6 n t -  
gen-Mikrosonde  k o n n t e n  die E l e m e n t e  K,  Ca, Sr, Fe, Si, 
P u n d  S in K r y o s t a t s c h n i t t e n  von  n a t i v e m  Pf l anzenge -  
webe lokal is ier t  na c hge w ie se n  werden.  V e r suc he  fiber die 
V e r t e i l ung  yon  K u n d  P in Maisb l i i t t e rn  zeigen eine bevor -  
zug te  A n h g u f u n g  in den  Le i tb f inde ln  u n d  im  S k l e r e n c h y m  
der  Mit te l r ippe.  E l e k t r o n e n b i l d e r  l a s sen  eine d u n k l e  
Phase ,  v e r m u t l i c h  die V e r t e i l ung  v o n  Fe anze igend ,  
haupts~tchl ich  in den  Zel lw~nden der  Le i tb f inde l  e rkennen .  
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