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D i e  k a t a l y t i s c h e n  E i g e n s c h a f t e n  e i n i g e r  Z u c k e r  

i n  h o m o g e n e r  L S s u n g  

Die von uns in den le tz ten  J a h r e n  bea rbe i t e t e  homo-  
gene Lbsungska ta lyse  in R e d o x s y s t e m e n  h a t  meh r f a c h  
prakt i sche  A n w e n d u n g  ge fundenL  So k o n n t e n  verschie-  
dene PenicillineZ als R e d o x k a t a l y s a t o r e n  geprfif t  und  zu 
ihrer  Un te r sche idung  eine Schne lhne thode  auf  dieser  
Grundlage ausgearbe i t e t  werden.  Gute Dienste  le is te ten 
dabei  b e s t i m m t e  P romoto r ionen ,  die die pe roxyda t i s che  
E n t f ~ r b u n g  einer  Ind igoca rmin l6sung  wi rksam fbrder ten .  
Le tz te re  Tes t lbsung gehbr t  zu den empf ind l i chs t en  Sub- 
s t r a t en  dieser  Ar t  und  wurde  auch  d iesmal  zur Pr t i fung  
der  ka t a ly t i s chen  E igenscha f t en  einiger Zucker  verwen-  
det .  Fe z+ erwies sich in S p u r e n m e n g e n  als ausgeze ichne te r  
Akt iva tor ,  w~hrend  sich das sons t  bevorzug te  ~ Co 2+ hier  
indi f ferent  verhiel t .  Man ve r se tz t  25 mg Zucker  in 25 cm a 
Wasse r  bei  37 ° mi t  1 cm 3 Fe(NOs)3-L6sung b e s t i m m t e r  
K o n z e n t r a t i o n ,  sodann  mi t  25 cm s H20  , (1,2prozentig)  
und  schliesslich mi t  10 cm 3 Ind igocarmin l6sung  (= 3,3 mg 
Farbs tof f )  und  b e s t i m m t  nach  gu tem D u r c h m i s c h e n  die 
Entf~irbungszei t  bei 37 °. 

Peroxydatische Indigocarminentftirbung bei 37 ° in Gegenwart 
einiger Zucker und bei Zusatz der nachstehenden Ionen. Angegeben 

ist die Entffirbungszeit in min 

S~imtliche un t e r such t en  Hexosen  sowie auch die betr .  
Bisacchar ide  s ind gute  p e r o x y d a t i s c h e  Ka ta ly sa to r en ,  
de ren  Wi rkung  sogar noch du rch  0,01 mg Fe z+ bedeu t end  
verst~irkt wird (siehe Tabelle).  Die beste  W i r k u n g  zeigen 
Laktose  und  Saccharose,  die verh~iltnism~issig schwAchste 
die Fruktose .  Dass die Zucker  tats~ichlich K a t a l y s a t o r e n  
sind, wird da raus  wahrscheinl ich ,  dass  m a n  in derse lben 
Versuchsprobe  bei g le ichble ibender  Zuckermenge  immer  
neue Por t ionen  von  Ind igoca rmin  en t f~rben  kann,  wobei 
n i c h t  die Masse des Ka ta lysa to r s ,  sondern  die Zahl seiner 
ak t iven  Zent ren  dabei  aussch laggebend  ist. Man wird 
dahe r  a n n e h m e n  diirfen, dass  gewisse O H - G r u p p e n  der  
Zueker als W i r k g r u p p e n  fungieren,  an welchen  nach  De- 
fo rmierung  der  H202-Molekel und  Bi ldung  von  HO-  und  
HO2-Radika len  die ka ta ly t i sche  Re a k t i o n  ausge t ragen  
wird.  Der  Mechan i smus  wurde  bere i t s  in a n d e r e m Zu- 
s a m m e n h a n g  ausffihrl icher besprocl ien 4. 

Summary .  Different  sugars  ca ta lyze  the  pe roxyda t i c  
dece le ra t ion  of indigocarmine .  Trace a m o u n t s  of Fe z+- 
ions accelerate  th is  react ion.  
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Zucker/ Fe a+ Fe a+ Co ~÷ 
Metallion 0,1 mg 0,01 mg 1 mg 

Glukose 4 19 26 
Fruktose - 16 - 
Laktose - 12 - 
Maltose - 11 - 
Saccharose - 14 - 
- 41) 520 570 
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T h e  O c c u r r e n c e  o f  A r a c h i d o n i c  a n d  R e l a t e d  

A c i d s  i n  P l a n t s  x 

In  con t r a s t  to the  accep ted  view t h a t  a rachidonic  acid 
is res t r ic ted  to animals  and  unicellular p h o t o s y n t h e t i c  
organisms,  b u t  does not  occur in h igher  forms of p l an t  
life 2-4, we have  found i t  as a cons t i t uen t  of the  lipids of 
mosses  and  ferns a t  a s ignif icant  percentage .  Arachidonic  
acid is associa ted  in these  mater ia l s  wi th  o the r  polyenoic  
acids which  are charac ter i s t ic  for an imal  lipids. The dis- 
covery  of this  group of acids in p lan t s  wa r r an t ed  verifica- 
t ion by  deta i led  s tudy.  

Arachidonic  acid was found in several  ferns, including 
Onoclea sensibilis, Osmunda clayloniana, Ad ian tum peda- 
turn and  Matteucia struthiopteris, when the  f a t t y  esters  
were p repared  f rom lipids of these  mater ia]s  and  sub jec ted  
to gas-l iquid c h r o m a t o g r a p h y  (GLC). Besides es tab l i sh ing  
the  presence  of a rach idona te  by  GLC re ten t ion  t imes  ~, 
the  i den t i t y  as 5, 8, t l ,  14-eicosate t raenoate  was verified 
for .4diantum p. af te r  collecting 5 mg  of the  subs tance  
from the  p e r t i n e n t  peak  of GLC. The es ter  was sub jec ted  

to h y d r o g e n a t i o n - G L C w~fich verified the  p red ic ted  chain 
length  and  to ozoniza t ion-hydrogenat ion-GL.C which 
es tab l i shed  the  e xpezted  end frag ments  of the  u n s a t u r a t e d  
ester.  

The f a t t y  acids of several  ind iv iaua l  mosses  containe~l, 
be tween  10% and  35~o arachidonic  aciJ .  For  a larger 
scale p repara t ion ,  abou t  1 kg of mixed  m~sses consis t ing 
main ly  of Brachythecium and  l l fniu 'n  were ha rves ted ,  
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Component~ Brachythecium + Mnium 
Polytrichum Hedwigia Hylocomium Sphagnum 
]uuiperinum ciliata splendens Analysis Isolated 

% % % % % mg 

Structure b 

C14 5.8 1.-1 0.6 1.1 0.1 
C16 9.9 10.0 9.3 14.5 12.1 120 
C16: t 1.2 1.1 1.4 7.8 2.5 30 8% Z17 

31%,/]7 
61%z]11 

C16:3 - - 3.1 f~.6 2 /17, I0, 13 
C18 2.0 2.1 2.4 1.9 tr 
C18:1 7.5 ~.L6 8.5 l 1.8 2.8 28 65% zJ9 

35%zjl l  
C18:~2 11.6 15.0 17.9 16.2 14.4 92 gig, 12 
C18;3 12.9 ~4.4 20.6 31.4 t4.7 88 30/0 z]6, 9, 12 

97% ,/19, 12, 15 
C18:4 _ tr. - - tr. 2 A6, 9, 12, 15 
C20 9.9 ~2..t 1.0 tr. 0.3 
C20:1 _ _ tr. 0.3 
C20: 2 _ _ - t r .  

C20:3 tr. tr. tr. 10 78%A] 8, I1, 14 
22~/o Zlll, 14, 17 

C20:4 9.3 14.9 13.2 9.6 33.8 175 .d5, 8, 11, 14 
C20:5 _ - 10.2 - 5.6 36 ZI5, 8, 11, 14, 17 
C22 16.2 9.7 .l. 1 2. l 1.7 
C24 13.4 8.3 5.0 - 2.3 

Small amounts of saturated and tmsaturated sbort and odd-numbered chain acids have been fmmd but are not listed, b The data refer to 
esters isolated from nfixed mosses as described in the text. 

Washed free of soil and  e x t r a c t e d  wi th  CHCla-MeOH in a 
War ing  Blender .  The l ipids were saponif ied by ref luxing 
Under N 2 for several  hours  w i th  K O H  in aqueous  e thanol .  
After  r e m o v a l  of the  unsaponif iubles ,  the  f a t t y  acids were 
esterified wi th  d i a z o m e t h a n e  and  freed f rom polar  pig- 
men t s  on a silicic acid column.  The yield of pur i f ied esters  
was 1.3 g. L iqu id - l iqu i ]  c h r o m a t o g r a p h y  6 followed by  
GLC~ af forded  sepa ra t ion  of this  mate r ia l  and  yie lded 
sufficient ind iv idua l  es ters  or isomeric mix tu re s  for fur- 
ther  expans ion  of the  analy t ica l  da ta .  Chain lengths  and  
n u m b e r  of double  bonds  were ind ica ted  by  r e t en t ion  
t imes in the  c h r o m a t o g r a p h i c  separa t ions .  The  chain  
lengths  were verif ied wi th  the  isolated esters  by  hydro -  
gena t ion-GLC;  the  u n s a t u r a t i o n  of e icosapen taenoa te ,  
e ieosa te t raenoa te  and oc t adeca t r i enoa te  was  ascer ta ined  
by u l t rav io le t  abso rp t ion  af ter  alkal ine i somer iza t ionL 
UV-spec t ra  before i somer iza t ion  showed  less t h a n  5% 
conjuga t ion  in C20:5 and  no con juga t ion  in t he  o the r  
esters.  I n f r a red  spec t ra  ind ica ted  15% and  less t h a n  5% 
trans double  bond  in the  respec t ive  esters.  Double bonds  
o ther  t h a n  cis and  m e t h y l e n e - i n t e r r u p t e d  are  no t  promi-  
nen t  and  m a y  r a t h e r  be a r te fac ts .  The posi t ion of double  
bonds  in all isolated esters  was d e t e r m i n e d  by  ozonizat ion-  
hydrogena t ion -GLC which  ident i f ied  bo th  the  a ldehyde  
and a ldehyde  es ter  f r agments .  The Table  lists t he  compo-  
si t ion of f a t t y  es ters  f rom indiv idual  mosses,  t oge the r  
With the  resul ts  of the  p r e p a r a t i v e  separa t ion  and  the  
s t ructures .  

Analyses  of n u m e rous  o the r  p lants ,  pa r t i cu la r ly  the  
green par t s ,  f rom several  botanica l  divis ions did no t  re- 
Veal the  presence  of a rach idonic  acid. Mosses and  ferns 
are r a t h e r  un ique  in hav ing  th is  acid as a m a j o r  compo-  
nent .  

Te t raenoic  and o the r  p o l y u n s a t u r a t e d  C20 acids have  
been found  in Ginkgo" and have  also been de t ec t ed  in 
Other p l an t s  in our  search for a raeh idonic  acid. They  have  
a zD double  bond ,  b u t  t he  res t  of the  u n s a t u r a t e d  s y s t e m  

is set  a p a r t  f rom it by  more  t h a n  one m e t h y l e n e  group.  
Acids of the  s ame  t y p e  have  been  s tud ied  f rom several  
bo tan ica l  sources  ~0-~2. Since the  i sola ted  double  bond  is 
never  found  in pos i t ion  7, i t  appea r s  t h a t  cha in  e longa t ion  
is p rec luded  once zl 6 has  been  in t roduced .  Similarly,  
e longat ion p r o d u c t s  of t h e  zt ~ acids (arachidonic  and  
C20:5) ill mosses  and  ferns have  n o t  been  found.  This  is 
in c o n t r a s t  to t he  convers ions  of a rach idonic  acid which  
are charac te r i s t i c  for an imals  ~a. 

Zusammen /as sung .  I m  Gegensa tz  zu der  a l lgemeinen  
Auffassung,  dass  Arachidons~iure nur  in Tieren und den 
n iedr igs ten  F o r m e n  des Pf lanzenre iches  vo rkomme,  
k o n n t e  diese S~iure in m e h r e r e n  A r t e n  F a r n  und  Moos 
nachgewiesen  und  ident i f iz ier t  werden.  Die re la t ive  Menge 
der  Arachidons / iure  betr~igt in den bisher igen Beispielen 
zwischen 10 u n d  35% der  F e t t s g u r e k o m p o n e n t e n .  
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