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$1 ' M M . k r h "  

A cell-free bacter ia l  p repara t ion  is described which can ox ida t ive ly  cleave get~tisic 
acid to  yield ma ley lpyruv ic  acid. h i  the presence of GSH this p repara t ion  can be 
made  to  ca ta lyze  the  isomerizat ion and hydrolys is  of m a l e y l p y r u v a t e  to  yield fumar ic  
and  pyruv ic  acids. Other  sn l fhydry l -con ta in ing  compounds  canno t  replace reduced 
g lu ta th ione .  

I N T R O D U C T I O N  

The isolat ion of a bac te r ium capable  of growing with sodium gent isa te  as  tile sole 
ca rbon  source was r epo r t ed  b y  Roov ,  L,~.x_x-oy .kXD TURNER 1. T h e y  suggested t ha t  
the  metabol i sm of this c o m p o u n d  might  involve  r ing cleavage in a m a n n e r  ana!ogous 
to  the degrada t ion  of  hornogentisic  acid as r epo r t ed  earlier  b y  RAVDt ~" A.WD CI~AN I~ALL e. 
In  a p re l iminary  paper  "~ we repor ted  t ha t  cell-free ex t r ac t s  of a s t ra in  of Pseudomonas  
grown on sodium gent isa te  as the sole carbon  source coifld metabol ize  gent i sa te  
ox ida t ive Iy  to  yield py ruv ic  and  malic acids, Since th~se crude  ex t r ac t s  con ta ined  
ft,_marase, it was poin ted  ou t  t h a t  t he  findings were in accord wi th  the  ring cleavage 
mechan ism pos tu la ted  b y  R o o f  el al. W e  subsequen t ly  became aware  of earl ier  work,  
publ ished in J a pan ,  in which TA,~,~,KA, SU(;tVA~t.x, Y.X.NO ANO AREolA L isolated and  
cha rac te r i zed  f u m a r y l p y r u v i c  acid as a p roduc t  of gent isa te  ox ida t ion  by  dia lyzed 
cell-free ex t r ac t s  of Psel tdomonas  ovalis. The  observa t ions  repor ted  in ttle present  
paper  d e m o n s t r a t e  t h a t  ma ley lpy ruv ic  acid is the more  immedia te  p roduc t  of gentisic 
acid metabol i sm and  t h a t  m a l e y l p y r u v a t e  is conve r t ed  to  f u m a r y l p y r u v a t e  by  
enzymic  isomerizat ion.  In this l a t t e r  react ion,  g lu ta th ione  m a y  act  as a colaetor .  

V.X~E R I M I : . N T A L  

Biological  materials  

The  organism used in these expe r imen t s  is a s train of Pseudomonas  isolated from 
ra t  feces. S tock  cul tures  were s tored  a t  room t ,pera ture  on Tr ipt icase  Soy Agar.  
Cells were t r ans fe r red  to  new s lants  eve ry  two weeks. The  cu l tu re  inedium consisted 
of o.x % ammoif ium sulfate,  o.o5 % magnes ium sulfate,  o.5 % sodium gent isa te  in 
o.x M potass ium phospha te  buffer,  p H  7-I5.  The  sodium gent isa te  was steril ized b y  
f i l t ra t ion and  added  to  the  l iquid med ium which had  been pr,~viously au toc laved .  

: A l t h o u g h  this  cu l tu re  med ium was capable  of suppor t ing  growth,  it was fonnd  t h a t  

i Re]eveners p, 123. 

( 



Ix8 X. LaCg r o e  $4 (x959) 

tile yield of bacter ia  could be increased by  the  addi t ion  of IO mg of ferrous a m m o n i u m  
sulfate and  5o mg of dried yeas t  ext rac t  per liter of culture medium. The bacter ia  were 
incubated  at  room tempera ture  for 4 days  in 5 1 bot t les  each containing z I of medium. 
The cells were harves ted  by centr i fugat ion and  washed with  200 ml of o.005 3~ 
sodium gentisate  in o.o5 3I  pota~ssium phosphate  buffer of pH 7.I5 per ioo  g of 
wet ceils. Approx ima te ly  3 g of wet ceils were obta ined  from I 1 of medium.  These 
cells can be stored at  ~ I 5  ° for several mon ths  before heing used. MMeylaectoaectic 
acid isomerase and  fumarylace toacct ic  acid hydrolase  were prepared according to 
the procedure of KNOX '~. 

tCeagen.~s 

Sodium gent isate  was purchased from Nutr i t ional  Biochemical Corporat ion and  
was used as such for the bacterial  cultures.  All enzymic  incubat ions  were performed 
with commercial  sodium gent isa te  which had  been recrystal l ized twice from water .  
Homogentis ic  acid lactone was obtained from the  California F o u n d a t i o n  for Bio- 
chemical  Research and  was used wi thou t  fu r the r  purification. Solutions of crystal l ine 
box~ne plasma alb~min for a protein s t anda rd  were ob ta ined  from the  Armour  
Laboratories.  Tripticase Soy Agar is a product  of the Bal t imore  Biological Labora to ry .  
Lactic acid dehydrogena,se~ alcohol dehydrogenase,  DPN,  and  pro tamine  sulfate were 
products  of Nutr i t ional  Biochemical Corporation.  Maleylacetoaceta te  was prepared 
in solution according to the procedure of KNox ~ wi th  the  slight modification tha t  
homogentisic acid Iactonc was used instead of homogentis ic  acid. Since tho lac tone 
is considerably less soluble than  the acid, each Warburg  vessel used con ta ined  
3/Lmoles of substra te  dissolved in I mI disti l led water  in the  side arm.  The  buffer 
used for the main well was Tris o.2 ,~I, pH  7.2. 

Analytical methods 

Protein de terminat ions  were made by  the m e t h o d  of XV.~m~t:RG AND CHRISTIANn; 
when the rat io of optical  densities at  280 to 26o m/~ was less th~n o.6, the  b iure t  
me thod  of WE~SSMA~ ANI~ SCHO~'~,~CH was used. Spect rophotometr ic  measurements  
were made  with  the Beckman model DU spect rophotometer .  Manometr ic  meas,ar:. ~ 
ments  were conducted  a t  36 ° by  use of the Warbu rg  appara tus .  Ident i f icat ion of 
organic acids b y  paper ch roma tog raphy  uti l ized the following solvent sys tems:  
bu tano l -wa te r - fo rmic  acid, benzyl  a lcohol -water - formic  acid s and  a l coho l -wa te r -  
ammonia".  Silica gel ch roma tog raphy  as described by  VARNEI! 9 was used for the  
isolation of maleic acid, Under  these condition.q mMeic acid was eluted from the 
column between 120 to  I 6 0  ml. 

Preparatio~s o! aelt-[ree extracts 

25 g of bacter ia  were suspended in 50 ml of 0.05 M pota.ssium phosphate buffer, 
pH 7.15, conta ining 30 nag sodit~gn gent isa te  and  pe rmi t t ed  to remain at  room 
t empera tu re  wi th  stirring for 15 min. The centr i fuged ceils were d i s rup ted  by freezing 
and  thawing  under  pressure ~:cording to the  principles e luc ida ted  by  HUGHES TM. To 
this end the biological mater ia l  was placed in a stainless steel conta iner  i ~ in. in 
d iameter  which can be f i t ted with a piston xa/1 ~ in. diameter .  The block was cooled 
in an alcohol Dry  Ice bath ,  the piston placed on the  cyl inder  and  the bacter ia  were 
subjected to pressures of approx imate ly  Iooo kg/cm ~. As this sys tem warms a point  
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is reached w~en the  frozen bacterial  suspension suddenly  thaws.  This is accompanied 
by the rupture  o|  a t  least 9o % of the cells. The mater ia l  is then suspended in 5o ml 
of o.o5 111 potass ium phosphate  buffer pH 7.z5, st irred at  room tempera ture  for 
I5 rain and  centr ifuged a t  o ° for z h at  I5,OO~ ~-~ g. The superna tan t  mater ia l  was 
then t rea ted  with  z ml amoun t s  of z %,, protamine sulfate untiI  no addi t ional  precipi- 
ta t ion  occurred. The supe rna tan t  solutions obta ined from these pro tamine  sulfate 
precipi tat ions were t rea ted  with  an equal amoun t  of a sa tura ted  ammon ium sulfate 
solution which had  been adjus ted  to pH 7.z wi th  ammonium hydroxide.  The precipi- 
t a t e  was redissolved in o.o5 M potass ium phosphate  buffer pH 7.I5, the final volume 
being equivalent  to  one half  the volume of the original cell-free extract ,  and t rea ted  
once more wi th  sa tura ted  a m m o n i u m  sulfate to 5o % saturat ion.  The precipitate was 
then  redissolved in xo ml of 0.0 5 M potassium phosphate  buffer and  used as soon 
as possible. This mater ia l  loses ac t iv i ty  af ter  several days  even when stored ~t ~ z o  °. 
All p ro tamine  sulfate and  a m m o n i u m  sulfate operations were performed at o% 

E~zymic i~tcubations 

Incubat ions  were performed in Warburg  manometer  vessels which conta ined 
ro t~moles of sodium gentisate,  5 t~moles of ferrous ammonium sulfate, o.5 mt of 
enzyme solution, and  xoo t~moles of potass ium phosphate  buffer at  pH  7.x5. The 
to ta l  volume was L r  ml;  the  tempera ture  was 36°; and  the gas phase was air. Large 
x25 ml manome te r  vessels conta ining xo t imes the above amounts  were used for 
prepara t ive  purposes.  

Proparaiion o/maleylpyruvato 

Manometr ic  incubat ions  were carried out as described with  the  use of the am.  
mon ium sulfa te- t rea ted  enzyme  preparat ions.  When  the theoret ical  amoun t  of oxygen 
h a d  been absorbed (one mole of oxygen per mol0 of substrate)  the  oxygen consumpt ion  
ceased. The contents  of the  flask were cooled; one- ten th  the  volume of chilled 30 °o 
perchloric acid was added;  t h ~ m a t e r i a l  was centr i fuged and the superna tan t  l iquid 
neutra l ized wi th  potass ium hydroxide  at  o% The precipi tated potassium per'chlorate 
was removed and  the  solutions conta ining the  products  of oxidat ion were used. 

Calculat ions of the molar  absorpt ion coefficients of the  new compound  were 
made on the  basis of the  previously observed oxygen consumpt ion  in relat ion to 
suitable a l iquots  of the  above solution. The molar  absorpt ion at  33 ° mt~ in solutions 
of pH 7.15, ob ta ined  in this manner  agreed within 5 % of the  value obta ined b y  
es t imat ing  the amoun t  of the new compound  by enzymic analysis,  i.o. by  enz~-mica1Iy 
producing py ruva t e  and  oxidizing reduced DPN with  lactic acid dehydrogenase 
(see  EsuLrs). 

When large amoun t s  of the  new intermedia te  were required in a form capable 
of being stored, the  following procedure was used. The contents  of the large mano-  
met t le  vessds  were chilled and  added to  five t imes their  volume of absolute alcohol. 
The precipi ta te  obta ined  was removed by  centr i fugat ion,  and the  alcoholic super- 
na t an t  was t rea ted  with  4 vol. of absolute ether.  A yeUow flocculent precipi ta te  was 

• formed which was centr i fuged and  dried in a vacuum dessicator.  This yellow mater ia l  
T 

consisted of crude a m m o n i u m  salt of ma ley lpyruva te ,  in approx imate ly  60 % pur i ty .  
i t  can be stored at  o ° for several months  wi thout  change. Material  prepared in this 

,.:. 
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m a n n e r  has all the  proper t ies  of the mate r ia l  which was present  in the neut ra l ized  
p0rchloric acid superna, tan ts .  

Preparation, b[ /~tmaryl~yruvate 

TANAKA cl e l :  t prepared  this c o m p o u n d  b y  incubat ing  sodium gent isa te  wi th  
d ia lyzed  cell-free ex t rac t s  of m - h y d r o x y b e n z o a t e  induced cells of Pseudomonas  ovalis. 
E t h e r  ex t r ac t s  of the  acidified depro te in ized  incuba t ion  mix tu res  y ie lded a subs tance  
which ut ter  recrys ta l l iza t ion f rom e thy l  ace ta t e  and  pe t ro leum e the r  was ident if ied 
as f u m a r y l p y r u v a t e .  We have  found t ha t  the  in t e rmed ia te  m a l e y l p y r u v a t e  is no t  
stable as the free acid;  a t t e m p t s  to isolate the free acid resul ted  irt i ts  convers ion  
to f u m a r y l p y r u v a t e .  This p r o p e r t y  of the new in te rmed ia te  was ut i l ized for the  
p repara t ion  of f u m a r y l p y r u v a t e .  Solut ions were therefore  acidified wi th  di lute  sulfuric 
acid and worked up  in the m a n n e r  r epor ted  by  TANAKA e/ aL The  yield based on  
m a l e y l p y r u v a t e  was 52 ?o, This ma te r i a l  decomposed  at  z83-x88 °, and  had  the  u.v. 
spectral  and enzymic  proper t ies  r epor t ed  b y  the original  workers.  

RESULTS 

Whe n  sodium g e . t i s a t e  was incuba ted  with the  bacter ia l  enzyme  p repa ra t i on  a yel low 
p roduc t  appeared.  Depro te in ized  solut ions of the  above  incuba t ion  m i x t u r e  showed 
the  presence of a mater ia l  with u.v. absorp t ion  proper t ies  different  f rom those  of 
f u m a r y l p y r u v i c  acid (Figs. x and 2). The  absence of significant absorp t ion  in the  
near  u.v. region in acid solut ion is in con t ras t  to  the s t rong absorp t ion  proper t ies  
of f lnna ry lpy ruva te .  The  in te rmedia te  d i sappeared  when incuba t ed  wi th  the  same 
bac te r ia l  p repara t ion  but  with added  GSH.  This  p rocedure  p roduced  a subs t ance  
which can oxidize D P N H  in the presence of lactic acid dehyd rogenase  (Fig. 3). 
F u m a r y l p y r u v a t e  did not  require GSH in o rde r  to  undergo  a s imilar  reac t ion  (Fig. 4)- 
Nei ther  subs t ra te  of itself had the  capac i ty  of oxidizing D P N H  in the presence of 
lactic acid dehydrogenasc .  Rep lacemen t  of the  bacter ia l  e n z y m e  with ma ley lace to -  
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Fig. t. Absorption ~peetra ~d the new inter° 
mediate at pit 7.I5 - 0 - - ,  pH z 3 - - O - - ,  
and plt i --,~---, The method for tile deter- 
m i,,at!on of tim molar extinction coetticients 

is described in the text. 
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Fig. 2. Absorption spectra of furnary]pyruvic 
ac ida tpH z - - A - - ,  pFi 7. z5 - - O  m, and pH 
T 5 - - Q - - .  Determinations of the molecular 
extinction coefficients were made on known 

solutions of purified materi~l. 
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Fig .  3- T h e  a c t i o n  of  t h e  b a c t e r i a l  e , z y m e  s y s -  
t e m  a n d  G S H  on  t h e  n e w  i n t e r m e d i a t e .  All 
a b s o r p t i o n  d a t a  a r e  r e c a l c u l a t e d  o n  t h e  b a s i s  
of  a c o n s t a n t  t o t a l  v o l u m e  of  3.0 nil .  T h e  eu-  
v e t t e  i n i t i a l l y  c o n t a i n e d  t h e  n e w  i n t e r m e d i a t e  
o , 2 o / t m o l e  d i s s o l v e d  in  ~).o 5 3 I  p o t a s s i u m  p h o s -  
p h a t e  b u f f e r  p H  7 . t5 ,  A d d i t i o n s :  A. b a c t e r i a l  
e n z y m e  p rep .  o . [ o  m g  p r o t e i n ;  B, G S H ,  o . l  5 
l l m o l e ;  C, I ) I ' N H  0 .36  l t m o l e ;  a n d  D, l ac t i c  

ac id  d e h y d r o g e n a s e ,  0 .04  rag .  
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Fig.  4- T h e  e n z y m i c  hy-dro lvs i s  of  f u m a r y l p } ' r u -  
r a t e  in  t h e  p r e s e n c e  , f  t h e  b a c t e r i a l  e n z y m e  
s y s t e m .  Alt a b s o r p t i o n  d a t a  a r e  r eca lcuM~ed  
on  t h e  basi.~ of  m a i n t a i n i n g  t h e  t o t a l  w f l u m e  
a t  3.o ml ,  T h e  c u v e t t c  i n i t i a l l y  c o n t a i n e d  0.- '7 
/~ m o l e  of  f u m a r y ] p y r  t t va t e  in  0 .05  ;~I p o t a s s i t t m  
p h o s p h a t e  buf fe r .  A d d i t i o n s :  A, b a c t e r i a l  e n -  
zy 'me  p rep . ,  o . t l  m g  p r o t e i n ;  1~, D I ' N ] t  o. 5 
i t m o l c ;  a n d  C, l a c t i c  a c id  d e h y ' t l r o g e n a s e ,  

0 . 0 4  rag.  

acet ic  acid isomerase and  maley lace toace t ic  acid hydrolase  gave  simitar results (Fig. 5). 
Maleylace toace t ic  acid can be h~dro lyzed  by the  be~cterial sys tem provided  reduced 
g lu ta th ione  is added  (Fig. 6). I t  st1~ald be no ted  tha t  ten t imes the  a m o u n t  of bacter ial  
e n z y m e  are necessary  in order  to ob ta in  a ra te  of isomerizat ion and hydrolysis  of 
ma ley l ace toace t a t e  comparab le  with the  ra tes  observed  with the  new in termedia te .  

The  bacter ia l  enzym e  prepara t ion  had sufficient fumarase  present  to p reven t  the  
accumula t i on  of fumaric  acid. Consequent ly  the  mammal i an  enzymes  were used to  
demons t r a t e  the  p roduc t s  of enzymic  hydrolysis .  In  the case of f u m a r y l p y r u v a t e  bo th  
fumar ic  and  py ruv ic  acid accumula ted .  The  ~ew in te rmed ia te  also yielded these acids 
bu t  on ly  when g lu ta th ione  was present  in the  incuba t ion  mix ture .  The ident i f ica t ion 
of the  organic acids was based on paper  ch roma tog raphy .  

Fig. 7 shows t h a t  cysteine,  th ioglycola te  and  z mercap to -e thano l  could no t  
effect ively  replace nor  inhibit  GSH in the  bacter ia l  system. 

Whe n  the  new in te rmedia te  was ref luxed with o.x N N a O H  for 30 rain the sub- 
s tance lost i ts op t ica l  propert ies .  Cont inuous  e ther  ex t r ac t ion  of this acidified solut ion 
yielded a subs tance  which c h r o m a t o g r a p h e d  on silica gel columns in the  same m a n n e r  
as maleic acid, The  yield was xo % calcu ted on the  basis of the  a m o u n t  of t i t r a t ab le  
acid recovered  f rom the  column.  This ma,er'~,l when subjec ted  to  paper  ch roma tog-  
r a p h y  had the same proper t ies  as maleie acid in the three solvent  systems,  zoo ~moles 
of  the  new in te rmed ia te  were i ncuba t ed  with g lu ta th ione  and  the  bacter ia l  e n z y m e  

Re[ere~rces  p l  ." z 3.  
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Fig.  5- T h e  i s o m c r i z a t i o n  a n d  h y d r o l y s i s  o f  t h e  
new i n t e r m e d i a t e  J by  p r e p a r a t i o n  e l  ma-  
l e v l a c e t o a c e t i c  ac id  i s o m e r a s e  a n d  I u m a r v l a c e -  
t o a c e t i c  ac id  h v d r o l a s e .  Fc)r p u r p o s e s  o f ' c o m -  
p a r i s o n  ma ley l ' a ce toace t i c  ac id  O-- is s u b -  
i e c t e d  to  t h e  s a m e  e n z y m e s .  A d d i t i o n s :  A, 
h y d r o l a s e  o. 1 ml ( a c t i v i t y  :-5 u n i t s  p e r  ml  p e r  
ra in) ;  13, G S H ,  0.3 p m o l e ;  C, I s o m e r a s e  o , r  ml 
( a c t i v i t y  !e /ml /min  "_,.o). I n i t i a l  c o n c e n t r a t i o n  
e l  s u b s t r a t e s :  n e w  i n t e r m e d i a t e ,  0. 7 /¢raole;  
m a l e y l a c e t o a c e t a t e ,  o. z 2 l~mole w i t h  f u m a r y l -  
a c e t o a e e t a t e  as a c o n t a m i n a n t  0 . 0 4 / ~ m o l e .  
D a t a  r e c a l c u l a t e d  o n  b a s i s  o{ m a i n t a i n i n g  t o t a l  

v o l u m e  c o n s t a n t  at e.8 ,nl. 

[ . 0  - 

E 

< .4 

,2 

B 

5 ~0 15 ~0 

Fig. 6. The isomcrization and hydrolyses of 
m a l e y l a c e t o a c e t a t e  - - O - -  b y  a ] ) r e p a r a t i o n  of 
t h e  b a c t e r i a l  e n z y m e s .  F o r  p u r p o s e s  of  corn-  
pa r i sou ,  ] r t a l e y l p y r u v a t e  - - [ ] - -  is p r e s e n t e d  
u n d e r  t h e  s a m e  c o n d i t i o n s  e x c e p t  t h k t  o n e  
t e n t h  t h e  a m o u n t  of  e n z y m e  p r e p a r a t i o n  w a s  
used ,  A d d i t i o n s :  A, b a c t e r i a l  e n z y m e  s y s t e t n ,  
0.04 m g  p r o t e i n  in e u v e t t e  c o n t a i n i n g  m a l e y I -  
p y r u v a t e  a n d  o .4o  rag p r o t e i n  fo r  e u v e t t e  c o n -  
t a i n i n g  m a l e y l a c e t o a c e t a t e  ; B, G S H  0.3 it mo le .  
D a t a  a r e  r e c a l c u l a t e d  on  t h e  b a s i s  of  c o n s t a n t  
t o t a l  v o l u m e  of  2.8 ml .  S u b s t r a t e  c o n c e n -  
t r a t i o n s  w e r e  t h e  s a m e  as  t h e  c o n d i t i o n s  of  

Fig .  5- 

Fig.  7- Spec i f i c i ty  fo r  G S H  r e q u i r e m e n t  
in t h e  b a c t e r i a l  e n z y m e  s y s t e m .  Tc:tal 
v o l u m e  2-7 ml.  E a c h  e u v e t t e  in i t i a l ly  con -  
t a i n e d  o . t  r ag  of  t h e  b a c t e r i a l  e n z y m e  
p r e p a r a t i o n  a n d  o .z5  / tmo le  of t h e  n e w  
i n t e r m e d i a t e  in  0.05 ,11 p o t a s s i u m  pho-~- 
p h a t e  buf fe r .  T h e  a d d i t i o n s  a r e  as  ind i -  

c a t e d  on t h e  c h a r t s .  
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(under condit ions described in Fig. 3). A ketoacid  accumula ted  which was isolated 
as the  2 ,4-dini t rophenylhydrazone,  Recrysta l l izat ion from e thanol  yielded a mater ia l  
wi th  the  same alkaline absorpt ion  spec t rum as the 2 ,4-dini t rophenylhydrazone of 
pyruv ic  ac id 'L  The decomposi t ion poin t  was 2 1 7 - 2 1 8  °. There was no change of de- 
composi t ion  point  when this mater ia l  was mixed with ~.n au thent ic  sample of the 
pyruv ic  acid hydrazone ,  

DISCUSSION 

The in te rmedia te  arising from the enzymic  oxidat ion  of sodium gentisate d;,ffers from 
f u m a r y l p y r u v a t e  in several  respects.  The inabil i ty of this subs tance  to absorb  light 
in the  near u l t raviole t  under  acid condit ions and  its resistanc~ to enzymic  hydrolys is  
b y  mammal i an  and  bacterial  prepara t ions  are propert ies  tha t  differ f rom those of 
fumary lpy ruv ic  acid. The new in te rmedia te  can be conver ted  to  f umary l py ruva t e  
b y  nonenzymic  me thods  as well as b y  enzymic procedures  in which G S H  acts  as a 
cofactor.  I t  is n o t e w o r t h y  tha t  the  foregoing propert ies  of the  in te rmedia te  are  similar 
to those  repor ted  b y  KNox  AND ED~VARDS x2,xa f o r  maleylace toace ta te .  

The identif icat ion of maleic acid as a product  of alkaline degradat ion  of  the  new 
subs tance  and  the  identif icat ion of pyruv ic  acid as a product  of  its enzymic cleavage 
are evidence of its i den t i ty  as maley lpyruva te .  

The bacter ial  gent isa te  oxidat ion sys tem allows the accumula t ion  of maleyl-  
p y r u v a t e  when GSH is omi t t ed  from the incubat ion  mixture.  Under  these condi t ions 
f u m a r y l p y r u v a t e  is uns table .  This is evidence t ha t  the first p roduc t  of the  c leavage 
of  gent isate  possesses the cis  configurat ion which must  be isomerized before being 

• c leaved to fumaric  and  p~-ruvic acids. 
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