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I s o f o r m s  of Baker ' s  Yeast  T r a n s k e t o l a s e  

Some d a t a  o b t a i n e d  in our  l a b o r a t o r y  h a v e  p o i n t e d  
ind i rec t ly  to  t he  h e t e r o g e n e i t y  of c rys ta l l ine  t r a n s k e t o l a s e  
(EC 2.2.1.1) i so la ted  f rom b a k e r ' s  yeas t  b y  t he  p rocedure  
of RAC~Ea et  a l} .  I o n  exchange  c h r o m a t o g r a p h y  a n d  
disc e lec t rophores i s  on  p o l y a c r y l a m i d e  gel h a v e  revea led  
t he  ex is tence  of 2 i soforms of t r anske to lase .  The  p r e s en t  
p a p e r  r epor t s  t h e  resu l t s  of t he  a b o v e  inves t iga t ion .  

Crys ta l l ine  t r a n s k e t o l a s e  was i so la ted  b y  t h e  m e t h o d  
of RACKER et  al. ~. A n  equ i l i b r a t ed  m i x t u r e  of e n z y m a t i -  
cal ly p r e p a r e d  p e n t o s e p h o s p h a t e s  was used as a s u b s t r a t e  
for m e a s u r e m e n t s  of a c t i v i t y  ~. The  t r a n s k e t o l a s e  a c t i v i t y  
was assayed  s p e c t r o p h o t o m e t r i c a l l y  b y  t he  r a t e  of reduc-  
t ion  of N A D  a t  t he  expense  of ox ida t i on  of glyceral-  
d e h y d e p h o s p h a t e  in  t h e  coupled  r eac t ion  w i t h  glycer-  
a l d e h y d e p h o s p h a t e  d e h y d r o g e n a s e  3. The  same  s y s t e m  
was used to v isual ize  t he  a c t i v i t y  in po lyac ry l amid e  gel 
in  t he  presence  of n i t r o b l u e  t e t r a z o l i u m  and  p h e n a z i n e  
m e t h o s n l p h a t e .  The  p ro t e in  c o n t e n t  was  d e t e r m i n e d  b y  
t he  m e t h o d  of LowRY et  al. 4 a n d  b y  m e a n s  of d i rec t  
m e a s u r e m e n t  of op t ica l  dens i t y  a t  280r im.  P r o t e i n  
regions  on  disc e l ec t rophoreg rams  were s t a i ned  w i t h  
amido  b l ack  10B. 

I on  exchange  c h r o m a t o g r a p h y  was car r ied  ou t  w i t h  
CM-S ephadex  C-50. The  co lumns  ( 0 . 5 x l 0 c m )  were 
p a c k e d  w i t h  ion e x c h a n g e r  equ i l i b r a t ed  w i t h  0.052VI 
p o t a s s i u m - p h o s p h a t e  buffer ,  p H  5.75. A sample  of t h e  
e n z y m e  was passed  t h r o u g h  S e p h a d e x  G-50 in t h e  in i t ia l  
buf fer  so lu t ion  pr io r  to  app ly ing  i t  to  t he  column.  G r a d i e n t  
e lu t ion  was car r ied  ou t  w i t h  50 ml  of 0 . 7 M  p o t a s s i u m  
p h o s p h a t e  buffer ,  p H  5.75, aga ins t  50 ml  of 0 . 0 5 M  phos-  
p h a t e  buffer .  A c o n s t a n t  r a t e  of flow of 20 ml /cm2/h  
was ensured  b y  a pe r i s t a l t i c  m i c r o p u m p .  E l u t e d  p ro t e i n  
was recorded  b y  m e a n s  of a h igh ly  sens i t ive  flow dens i to-  

m e t e r  a t  253 rim, a n d  t h e  increase  in sa l t  c o n c e n t r a t i o n  
was fol lowed e lec t romet r ica l ly .  F r a c t i o n s  (2 ml) were 
col lected a n d  assayed  for  e n z y m a t i c  a c t i v i t y  a n d  pro te in .  
All t h e  e x p e r i m e n t s  were car r ied  o u t  a t  3 ~ 

Fo r  purposes  of r e c h r o m a t o g r a p h y  ac t ive  f rac t ions  
were pooled,  c o n c e n t r a t e d  b y  m e a n s  of d ry  S e p h a d e x  
G-50, an d  excessive sa l t  was  r e m o v e d  b y  a S e p h a d e x  
co lumn  pr io r  to  r eapp l i ca t i on  on  an  ion exchanger .  Disc 
e lec t rophores is  was car r ied  o u t  on  6% p o l y ac ry l amide  
gel. I n  t h e  e lec t rophore t i c  s epa ra t ions  var ious  buf fe r  
sys tems ,  ensur ing  d i f fe ren t  p H  values,  were used. 

Two isoforms of t r a n s k e t o l a s e  h a v e  been  de tec ted  in 
a h igh ly  pur i f ied  c rys ta l l ine  p r e p a r a t i o n  b y  m e a n s  of 
c h r o m a t o g r a p h y  w i t h  ion exchange  Sephadexes .  The  be s t  
way  to  s epa ra t e  t h e  isoforms is to  pass  t r a n s k e t o l a s e  in  
0 . 0 5 M  p o t a s s i u m  p h o s p h a t e  buffer ,  p H  5.6-5.8, t h r o u g h  
a co lumn  filled w i t h  CM-Sephadex .  T h e  e n z y m e  becomes  
b o u n d  to w i t h  t h e  n e g a t i v e l y  cha rged  groups  of t h e  ion 
excharfger  and,  as t h e  c o n c e n t r a t i o n  of p h o s p h a t e  buffer  
is g radua l ly  increased,  t h e  e n z y m e  is e lu ted  f rom the  
co lumn  as 2 s epa ra t e  peaks,  each h a v i n g  t r a n s k e t o l a s e  
a c t i v i t y  (F igure  1, a). E a c h  p e a k  of a c t i v i t y  has  a clear-  
cu t  co r re spond ing  p ro t e i n  peak.  I so Io rm I I  is more  
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Fig. 1. Separation of isoforms of transketolase apoenzyme on CM- 
Sephadex and subsequent rechromatography of each isoform under 
the same conditions. Substances applied were: a) 1.5 mg of trans- 
ketolase; b) 0.4 mg of isoform I and c) 0.3 rag of isoform II. - - . - - ,  
increasing concentration of the during buffer; --, transketolase 
activity; - , concentration of protein. 

Fig. 2. Electrophoretic separation of transketoIase apoenzyme 40 [~g 
in the cation system. Pyridine-CH3COOH (0.04M, pH 6.5) buffer 
was used in the electrode vessels. Electrophoresis was carried out 
for 2.5 h at a current of 2 mA per tube. Protein fractions were stained 
with amido black. 
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s t rong ly  b o u n d  to t he  ca t ion  exchange r  and,  consequen t ly ,  
m u s t  h a v e  a h ighe r  pos i t ive  charge.  

Sepa ra t e  r e c h r o m a t o g r a p h y  of b o t h  ac t ive  f rac t ions  
of t r a n s k e t o l a s e  revea led  t h a t  each  i soform was e lu ted  
as a n  i nd iv idua l  p ro t e in  p e a k  d i sp lay ing  e n z y m a t i c  

a c t i v i t y  (Figures  1, b a n d  c). I so fo rm I is a lways  r e m o v e d  
f rom the  co lumn  a t  0 . 1 M  c o n c e n t r a t i o n  of t h e  Mut ing  
p h o s p h a t e  buf fe r  an d  i soform I I  a t  0 .2M.  The  specific 
a c t i v i t y  of t r a n s k e t o l a s e  across t h e  p ro t e i n  peaks  is 
c o n s t a n t  in  all f ract ions,  i n d i c a t i n g  t h a t  b o t h  isoforms 
are free f rom p ro t e in  c o n t a m i n a t i o n .  A n o n a c t i v e  p e a k  
of p ro t e i n  wh ich  is weak ly  b o u n d  to t h e  ca t ion  exchange r  
appea r s  to be an  i n a c t i v a t e d  fo rm of t r anske to tase .  I t  is 
also seen in t h e  course of r e c h r o m a t o g r a p h y  of i n d i v i d u a l  
isoforms as a resu l t  of p a r t i a l  i n a c t i v a t i o n  of t h e  enzyme  
d u r i n g  its concen t r a t i on ,  desa l t ing  an d  s torage  a t  p H  
lower t h a n  6.0. 

P h o s p h a t e  is mos t  i m p o r t a n t  for c h r o m a t o g r a p h i c  
s e p a r a t i o n  of t h e  isoforms.  A d e q u a t e  s e p a r a t i o n  was n o t  
observed  w h e n  p h o s p h a t e  was s u b s t i t u t e d  b y  ace t a t e  or  
w h e n  t h e  c o n c e n t r a t i o n  of p h o s p h a t e  buf fe r  was  de- 
creased 15-fold ( the ionic s t r e n g t h  of t h e  so lu t ion  was 
k e p t  c o n s t a n t  b y  add i t i on  of KC1). 

T h e  exis tence  of i soforms of t r a n s k e t o l a s e  f i rs t  demon-  
s t r a t e d  b y  ion exchange  c h r o m a t o g r a p h y  was conf i rmed  
b y  e lec t rophores is  (Figures  2 an d  3). I t  c an  be  seen in 
t h e  figures t h a t  in  b o t h  acidic an d  a lka l ine  ranges  t he  
e n z y m e  has  2 p ro t e in  f ract ions .  

Fig. 3. Electrophoretie separation of transketolase apoenzyme 
(100 ~zg) in the anion system with subsequent determination of 
transketolase activity. Tris buffer (0.041M, pH 8.9) containing 
0.0063 M boric acid and 0.0017M EDTA was used in the electrode 
vessels. 1. Protein stained with amido bIaek. 2. Transketolase 
activity. 

BMB0~BI. MeT0~0M HOHOO6MeHHo~ xp0maTorpa~uH c HC- 
n0~ba0BaH~eM HOH00~MEHHMX ce~a~eKcoB HOKa3aH0 cymec- 
TBOBaHHe AByx Ha0~0pM TpaHCKeTo~aau neKapcKHx Apo~{- 
~efi. HaanqHe aByx aKTHBHMX n30r ~epMeHTa 6Mao 
HOATBep~eHO T a ~ e  npH 3~eKTp0~opeT~qeCKOM pa3~ene- 
HHH BMC0K00qH~eHHOP0 npeHapaTa anoTpaHcKeTonaaM B 
H0~HaKpH~aMH~HOM reae. 
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A b s e n c e  of D e h y d r o x y l a t i o n  of Caffeic Acid  in G e r m - F r e e  Rats  

The  d e h y d r o x y l a t i o n  of caffeic acid (3 ,4 -d ihydroxy-  
c innamic  acid) to  m - h y d r o x y  de r iva t i ve s  fol lowing a d m i n -  
i s t r a t ion  to  an ima l s  was f i rs t  r epo r t ed  b y  DEEDs et  al. I, 2 
m - H y d r o x y p h e n y l p r o p i o n i c  acid was shown  to be  t h e  
m a j o r  m e t a b o l i t e  of caffeic acid in r a t s  and  t he  f ind ing  
t h a t  t h i s  m e t a b o l i t e  was  also excre ted  fol lowing t h e  i.p. 
a d m i n i s t r a t i o n  of caffeic acid sugges ted  t h a t  d e h y d r o x y -  
Ia t ion  was  no t  a r e su l t  of t he  ac t ion  of i n t e s t i n a l  mic ro-  
organisms.  However ,  severa l  s u b s e q u e n t  s tud ies  w i t h  
caffeic acid a n d  re l a t ed  c o m p o u n d s  h a v e  def in i te ly  
imp l i ca t ed  t he  i n t e s t i n a l  microf lo ra  as t he  s i te  of t h e  

d e h y d r o x y l a t i o n  reac t ion  a-~. The  in i t ia l  f ind ing  t h a t  
d e h y d r o x y l a t i o n  of caffeic acid occur red  also a f te r  i ts  
i.p. i n j ec t i on  ha s  been  shown  to be  d e p e n d e n t  u p o n  t h e  
b i l i a ry  excre t ion  of caffeic acid a n d / o r  i t s  m e t a b o l i t e s  
which  can  t h e n  undergo  d e h y d r o x y l a t i o n  in t he  in t e s t ine  7. 
These  f ind ings  in animals ,  wh ich  p o i n t  to  t he  in t e s t ine  as 
t he  s i te  of d e h y d r o x y l a t i o n ,  h a v e  been  f u r t h e r  sub-  
s t a n t i a t e d  in s tud ies  of the  m e t a b o l i s m  of caffeic acid b y  
i n t e s t i n a l  m ic roo rgan i sms  7-9. The  ev idence  now ava i l ab le  
t h u s  ind ica tes  t h a t  t h e  d e h y d r o x y l a t i o n  of caffeic acid 
occurs  in  t he  in t e s t ine  as a resu l t  of bac te r i a l  m e t a b o l i s m  
r a t h e r  t h a n  in t he  t i ssues  of t he  an imal .  However ,  un- 
equivoca l  ev idence  in  t h i s  r ega rd  is d e p e n d e n t  u p o n  
s tudies  in germ-free  animals .  No such s tudies  w i t h  caffeic 

acid h a v e  h i t h e r t o  been  p u b l i s h e d  an d  we the re fore  
t h o u g h t  i t  would be  of i n t e r e s t  to  r epo r t  our  f indings  
on  t h e  m e t a b o l i s m  of caffeic acid in germ-free  rats .  

The  germ-free  r a t s  used were of t h e  C D F  s t r a in  and  
were rea red  accord ing  to t echn iques  descr ibed pre-  
v ious ly  10. The  c o n v e n t i o n a l  r a t s  were of the  same s t r a in  
a n d  were t h e  f o u r t h  gene ra t ion  a f te r  conven t iona I i za t ion .  
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