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Die U m s e t z u n R  von  L-~pfe l s i iure  durch  Saccharomyces cerevisiae bei  der Gi irung 

I m  Verg le ich  zum  Stoffwechsel  der  K o h l e n h y d r a t e  is t  
der  a n a e r o b e  A b b a u  yon  K a r b o n s / i u r e n  d u r c h  Hefen  n o c h  
wenig  u n t e r s u c h t .  Bei  der  W e i n b e r e i t u n g  s ind Ver/Lnde- 
r u n g e n  der  K a r b o n s / i u r e n  d u r c h  Hefe  yon  In teresse .  Die 
wich t igs te  S/iure im T r a u b e i i m o s t  i s t  L-~pfels/~ure, yon  
der  lange  b e k a n n t  ist, dass  s ich ihr  G e h a l t  w/ ih rend  der  
G~rung  v e r m i n d e r t ,  wie u n t e r  a n d e r e m  RIB~REAU- 
CRAYON u n d  PEYNAUD 1 u n d  RANKINE 2 anff ihren .  I m  
Gegensa tz  zu Schizosaccharomyces-Arten, die L-Apfels~ure 
q u a n t i t a t i v  a b b a u e n  ~, wi rd  von  Saccharomyces se l ten  
m e h r  als 40% der  v o r h a n d e n e n  Apfels~ure  metabo l i s ie r t .  
Bei  Schizosaccharomyces k o m m t  eine decarboxyl ie re i ide  
Ma la tdehydroge i i a se  vo r  4, die &pfelsXure zu B r e n z t r a u -  
bens~Lure u n d  CO 2 oxydier t .  Dieses E n z y m  is t  b i she r  in  
Saccharomyces n i c h t  nachgewiesen  w o r d e n  5, 8. 

E i n g e h e n d e  U n t e r s u c h u n g e n  a n  f iber 200 Wildst/~m- 
m e n  v o n  Saccharomyces cerevisiae u n d  v e r w a n d t e n  A r t e n  
ergaben,  dass  alle St/~mme Jkpfels/~ure u n t e r  . anaeroben 
B e d i n g u n g e n  u m s e t z e n  k6nnen .  Die a b g e b a u t e  S/iure- 
menge  is t  u n a b h ~ n g i g  yon  der  V o r k u l t u r  der  Here  u n d  
va r i i e r t  sehr  bei  ve r sch i edenen  S t / immen.  Aus Apfels~Lure, 
die w/ ih rend  u n d  n a c h  de r  G/grnng a b g e b a u t  wird, en t -  
s t ehen  A t h a n o l  u n d  Koh lend ioxyd .  Dies k o n n t e  in Bi lanz-  
v e r s u c h e n  nachgewiesen  w e r den ;  es gelang, 2~pfels/~ure 
m i t  r u h e n d e n  Hefezel len  in zuckerf re ie r  Puf fe r l6sung  
umzuse tzen .  U n t e r  diesen B e d i n g u n g e n  wird  die Ana lyse  
der  M e t a b o l i t e n  des s  n i c h t  d u r c h  die 
P r o d u k t e  der  a lkoho l i schen  G/~rung erschwer t .  Die Bi lanz  
k o n n t e  a u s s e r d e m  d u r c h  V e r w e n d u n g  yon  UA4C-mar-  
k i e r t e r  ~pfe l s / iu re  bes t / i t ig t  werden.  Bei  e inem A b b a u  
v o n  e twa  30% der  _~pfels~ture wurde  im Verh/ i l tn is  v o n  
1 : 1 die Akt ivi t /~t  i m  Koh lend ioxyd ,  das  in  Alkal i  absor-  
b i e r t  wordei i  war,  u n d  im Des t i l l a t  gefunden .  E i n  signi- 
I i k a n t e r  E i n b a u  des Koh lens to f f s  der  Jkpfels/iure in  die 
Hefeze l lmasse  er io lg te  n ich t .  Die F~Lhigkeit der  Saccharo- 
myces-Zellen zur  ]3i ldung yon CO s a u s  ~-pfels~ure i s t  
u n a b h a n g i g  yon  de ren  W a c h s t u m  bei  G e g e n w a r t  yon  
~pfels / iure .  Das  E n z y m s y s t e m  ist  somi t  n i c h t  induz ie rba r .  
V o r a u s s e t z u n g  ffir die B i l dung  yon  A t h a n o l  u n d  CO~ aus  
hpfels~ture is t  eine W a s s e r s t o f f i o n e n - K o n z e n t r a t i o n  des 
Med iums  yon  p H  3. I m  Bere ich  yon  p H  5 erfolgt  n u r  eiii 
sehr  ger inger  S / iureumsatz .  Mi t  der  e m p f i n d l i c h e n  Iso- 
t o p e n m e t h o d e  k S n n e n  d a n n  in ger inger  Menge  verschie-  
dene  m a r k i e r t e  P r o d u k t e  ge funden  werden  ~. Da  bei  
Saccharomyces die d e k a r b o x y l i e r e n d e  M a l a t d e h y d r o g e n a s e  
b i she r  n i c h t  gefundei i  wurde,  wi rd  Apfels/~ure wahr -  
sche in l ich  t r o t z  der  ungf ins t igen  Lage des R e a k t i o n s -  
g le ichgewichts  zun/~chst yon  M a l a t d e h y d r o g e n a s e  zu 

Oxalessigs/ iure oxyd ie r t ,  die d a n n  m6gl icherweise  s p o n t a n  
in B r e n z t r a u b e n s ~ u r e  f ibergeht ,  Die von  DUNTZE et  al. s 
b e o b a c h t e t e  I n a k t i v i e r u n g  yon  M a l a t d e h y d r o g e n a s e  
d u r c h  Glukose h a t  o f fens ich t l ich  ke inen  Einf luss  auf  die 
U m s e t z u n g  y o n  ~pfels / iure ,  die bere i t s  w~threlld der  
G/ i rung bei  G e g e n w a r t  yon  Zucker  erfolgen k a n n .  E i n  
Z u s a m m e n h a n g  zwischen der  Ak t iv i t / i t  der  N A D - a b h / i n -  
gigen MMatdehydroge i i a se  yon  Hefezel ten  u n d  de ren  
FSthigkeit zum -~pfels / iureabbau k o n n t e  n i c h t  ge funden  
werden.  

Mi t  zellfreien E x t r a k t e n  k o n n t e  be i  G e g e n w a r t  v o n  
N A D  u n d  M a n g a n  Apfels/ iure zu A t h a n o l  und  Koh len -  
d ioxyd  u m g e s e t z t  werden ;  die E n d p r o d u k t e  des A b b a u s  
s t a n d e n  - wie bei  den  Ve r suchen  m i t  i n t a k t e n  Zellen - im 
m o l a r e n  Verh~tltnis yon  1:2.  Das  O p t i m u m  ffir cliese 
R e a k t i o n  l iegt  bei  p H  7, 0 also bei  e inem wesen t l i ch  h 6 h e r e n  
p H - W e r t  als fiir i n t a k t e  Zellen. Le ider  is t  die Akt ivi t~t t  
der  zellfreien E x t r a k t e  zur  COs-Bi ldung aus  A_pfels/~ure 
ger ing u n d  ausse rdem wenig  s tabi l ,  so dass  eine wesen t -  
l iche Re in igung  des E n z y m s y s t e m s  n i c h t  m6gl ich  war .  

Summary. Yeas t s  of t h e  genus  Saccharomyces are  ab le  
to  decompose  L-malic acid par t i a l ly ,  d u r i n g  and  a f t e r  
f e rmen ta t i on ,  w h e r e b y  e t h a n o l  a n d  c a r b o n  d ioxide  are 
t he  end  p roduc t s .  The  d e c a r b o x y l a t i o n  of mal ic  acid b y  
yeas t  c an  be  ach ieved  w i t h  r e s t i ng  cells a n d  cell free 
ex t rac t s .  
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Effect of Fat ty  Ac ids  on  the  C o n t r a c t i o n  of G u i n e a - P i g  I l e u m  in v i tro  

P r o s t a g l a n d i n s  are  f a t t y  acids k n o w n  to s t i m u l a t e  
c o n t r a c t i o n s  of i n t e s t i n a l  s m o o t h  muscle.  Fo r  th i s  reason,  
i nves t i ga t i ons  h a v e  been  m a d e  to e s t ab l i sh  w h e t h e r  o t h e r  
f a t t y  acids h a v e  t he  same  effect, p a r t i cu l a r l y  because  of 
t h e  fac t  t h a t  p r o s t a g l a n d i n s  are b io syn thes i zed  f rom 
essent ia l  f a t t y  acids  1,~. 

~faterials and methods. T he  f a t t y  acids  were s tored  as 
1% solu t ions  in 1 ,2-propanedio l .  These  so lu t ions  were 
d i lu ted  w i t h  sal ine (0.9% NaC1) before  use. Gu inea -p ig  
i l eum sect ions  of a b o u t  4 cm were t e s t ed  in a Magnus  
a p p a r a t u s  a t  37 ~ Con t r ac t i ons  were recorded  b y  m e a n s  

of a k y m o g r a p h  on  smoked  p a p e r  ( recordings en la rged  
• 7). The  o rgan  b a t h  c o n t a i n e d  10 ml  Tyrode  so lu t ion  a n d  

was ae ra t ed  w i t h  carbogei i  (95% O s + 5% COs). No 
a t r o p i n e  was added.  The  m e a n  dose of t he  f a t t y  acids 

1 D. A. VAN DoRP, R. K. BEERTHUIS, D. H. NUGTEREN and H. 
VO~KEMAN, Biochim. biophys. Acta 90, 204 (1964). 

2 S. BERGSTROM, H. DANIELSSON and B. SAMUELSSON, Biochim. 
biophys. Acta 90, 207 (1964). 
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which  p roduced  abou t  5% con t rac t ion  (relative to  a 
m a x i m u m  con t rac t ion  by  his tamine)  was t aken  as the  
m i n i m u m  effective dose (~g/ml Tyrode  solution).  

Resul ts  and  discussion.  The f a t t y  acids inves t iga ted  and 
the  results  ob ta ined  are given in t he  Table.  For  all ac t ive  
f a t t y  acids, s t eady  con t rac t ion  levels were observed wi th in  
the  dura t ion  of t he  t e s t  (5 min). I t  appeared  t h a t  these  
f a t t y  acids all have  two or more  double  bonds  a l though  
no t  all po ly -unsa tu ra t ed  f a t t y  acids were act ive.  No cor- 
re la t ion be tween  ac t iv i ty  and  n u m b e r  of double  bonds  
could therefore  be establ ished.  

.6 ti 
~7 co7 ~. 

."-:--J . , .  . , : .  . .-----.: -. . ' -  

Timeiunits of ~-min) ,- 

Recordings of contractions of an ileum section on addition of 4 
eieosatrienoie acids (co5, o)6, o97, o99) in a concentration of 100 ~xg 
fatty aeid/ml Tyrode solution. Dotted lines indicate washings. 

Estimated minimal doses of various fatty acids effecting contraction 
of isolated guinea-pig ileum 

Fatty acids Formula Minimum 
(double bonds, terminally effective 
numbered) dose 

(vtg/ml) 

Caproie C 6 - 

Laurie C 12 

Palmitic C 16 

Stearie C 18 

Palmitoleic C 16:7/9 (mixture) 

Vaceenie C 18:7 (cis) - 

Oleic C 18:9 (cis) 

Elaidie C 18 : 9 (trans) 

Petroselinie C 18 : 12 (cis) - 

Erucie C 22 : 9 (cis) - 

Linoleie C 18 : 6, 9 50 

Linolenic C 18 : 3, 6, 9 50 

y-Linolenie C 18 : 6, 9, 12 50 

Eieosatrienoie C 20: 5, 8, 11 (C 20:3 r - 

Dihomo-y-linolenic C 20 : 6, 9, 12 (C 20 : 3 r 5 

Eieosatrienoic C 20 : 7, 10, 13 (C 20 : 3 o97) 50 

Eicosatrienoic C 20 : 9, 12, 15 (C 20 : 3 o99) " 

Arachidon~e C 20 : 6, 9, 12, 15 (C 20 : 4 o)6) 0.05 

Eicosapentaenoie C 20: 3, 6, 9, 12, 15 50 

Prostaglandin E 1 0.0005 

Histamine 0.0005 

Possibly some very slight activity. -, No activity at a dose of 
100 [xg/ml. 

Only those  f a t t y  acids which can be conver ted  di rec t ly  
or indi rec t ly  into pros taglandins ,  appeared  to possess a 
cer ta in  act iv i ty .  The mos t  act ive f a t t y  acids, d ihomo-  7- 
l inolenic acid and arachidonic  acid, are known to be the  
di rect  precursors  of p ros tag land in  E1 and  E 2 respec-  
tively1,2; e icosapentaenoic  acid (C 20 t3, 6, 9, 12, 15) was 
shown 3 to  be conver ted  into p ros tag land in  E~. Linoleic 
acid can be conver ted  in to  arachidonic  acid via y-linolenic 
acid and dihomo-y-l inolenic  acid 4-9. The ac t iv i ty  of 
linoleic acid and y-linolenic acid wi th  regard to t he  iso- 
la ted  i leum migh t  therefore  depend  upon the i r  convers ion 
into dihomo-y-l inolenic  acid or arachidonic  acid, which  
themse lves  could be conver ted  in to  pros taglandins ,  
ac tual ly  causing the  con t rac t ion  of the  ileum. The sl ight  
ac t iv i ty  of linolenic acid migh t  be expla ined by  its con- 
version into e icosapentaenoic  acid ~. 

The act ivi t ies  of the  individual  f a t t y  acids were com- 
pa red  on one i leum sect ion (see Figure).  The o96 and o~7 
f a t t y  acids are known to be conver ted  into pros taglandins ,  
whereas  the  o)5 and ~9 f a t t y  acids are no t  x~ 

The high ac t iv i ty  of arachidonic  acid n ,  ~ (not shown in 
the  Figure) migh t  be caused by  the  presence  of P G E  2 
formed by  au tox ida t ion  in vi tro.  The exis tence of such a 
non-enzymat i c  convers ion has been  found by  NUGTEREN 
et al. la. In  th is  respect ,  however,  the  ac t iv i ty  of eicosa- 
pen tenoic  acid is r emarkab ly  low. 

Summariz ing ,  the  resul ts  ob ta ined  do no t  suppor t  t he  
opinion t h a t  t he  s t imula t ing  effect  of f a t t y  acids on i leum 
cont rac t ion  in vi t ro  depends  upon  the i r  co n t ami n a t i on  
wi th  unspecific au tox ida t ion  p roduc t s  ~4. This opinion is 
no t  in agreement  wi th  the  required specific posi t ion of t he  
double  bonds.  I t  seems likely t h a t  the  ac t iv i ty  of t he  f a t t y  
acids depends  upon the i r  convers ion in to  pros taglandins .  
This convers ion m a y  be enzymat i c  - a t  least  in p a r t  - as 
for ins tance  wi th  linoleic and  y-linolenic acid and/or  be 
caused by  au tox ida t ion  in vi tro.  

Z u s a m m e n / a s s u n g .  U n t e r s u c h u n g  der  Wi rkung  von  
essentiel len Fetts/~uren auf die K o n t r a k t i o n  des isotierten 
lVfeerschwein-Ileums ergab, dass  besonders  die d i rek ten  
Vorl/iufer yon  Pros tag land in  E 1 und  E 2, n/imlich Dihomo-  
y-Linolens~ure und Arachidons~iure, ak t iv  sind. 
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