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P U R E  C R Y S T A L I . I N E  O X Y T H I A M I N E  P H ( ) S P H O R I C  E S T E R S  

PREPARATION AND SOME CHEMICAL AND BIOLO(IICAL PROPERTIES" 

by 

F. NAVAZIO,  N. S I L I P R A N D I  AND A. R O S S I - F A N E L L I  

Institute o/ Biochemistry, University o/Rome ([lcdy) 

The observation that oxythiamine is a potent thiamine antagonist 1 and that 
thiamine functions in vivo as diphosphate (cocarboxylase 2) focussed the attention of 
many workers on the biological effects of the phosphorylated derivatives of oxy- 
thiamine 3, 4, 5, 6. 

Except for MPOT which, as prepared according to the method of CERECEDO 
..tND EUSEBIL yields a pure compound, both DPOT and TPOT when prepared ac- 
cording to the method of the latter authors (ONRuST et al. ~, CERECEDO aND EUSEm v, 
VELLUZ el al. s) prove chromatographically and electrophoretically 9 to be mixtures of 
many oxythiamine phosphoric esters (MPOT, DPOT, TPOT)** 

In the present paper a description is given of an electrophoretic procedure for 
obtaining pure crystalline oxythiamine phosphoric esters. Some chemical and en- 
zymic properties of these compounds have also been investigated. 

EXPERIMENTAL 

O x y t h i a m i n e  was p repa red  according to the  me thod  of RYDON 1°. O x y t h i a m i n e  phosphor ic  
es ters  were p repared  from o x y t h i a m i n e  by  the  procedure  descr ibed by  VISCONTINI et gl . l l  for 
the  p r epa ra t i on  of t h i a m i n e  phosphor ic  esters. The resu l t ing  m i x t u r e  (MPOT + D P O T  + TPOT) 
was  then  resolved in to  the  single componen t s  by  means  of co lumn electrophoresis .  The a p p a r a t u s  
used for th is  purpose  was the  same as descr ibed by  FLODIN AND PORATH 12 and  the  procedure  
was ve ry  s imi la r  to t h a t  p rev ious ly  s t a t ed  for the  sepa ra t ion  of t h i a m i n e  and i ts  phosphor ic  
esters" and  for the  p r epa r a t i on  of pure  t r i p h o s p h o t h i a m i n O  a. I n s t ead  of the  sod ium ace t a t e  buffer, 
t r i e t h y l a m m o n i u m  fo rmate  buffer p H  5.4, /~ = o-o5 has  been used, fol lowing the  sugges t ion  of 
PORATH 14. The a d v a n t a g e  of th is  buffer is t h a t  i t  can easi ly  be removed  a t  the  end of the  experi-  
ment ,  as i t  is a v e r y  vo la t i l e  subs tance ,  i io  mg of a m i x t u r e  of o x y t h i a m i n e  phosphor ic  es ters  
were placed on a 60 × 4 cm co lumn packed  wi th  cellulose powder .  After  a l lowing 12o ml of the  
buffer to flow so t h a t  the  m i x t u r e  reached a b o u t  ha l f -way  down the  column, a 50 mA cur ren t  
was  appl ied  for 14 hours  wi th  the ca thode  a t  the  b o t t o m  and  the  anode a t  the  top  of the  column.  
The co lumn was  then  d isconnected  and  e lu ted  wi th  the  same fo rmate  buffer on a f rac t ion  collector.  
The var ious  f ract ions  were ana lyzed  by  paper  c h rom a tog r aphy ,  us ing  the  same so lven t  descr ibed 
for the  sepa ra t ion  of t h i a m i n e  and  i ts  phosphor ic  es ters  °, The da rk i sh  spots  on the  c h r o m a t o g r a m s  
were ident i f ied by  means  of a Minera l igh t  shor t  wave  lamp.  For  a more accura te  ana lys i s  the  
c h r o m a t o g r a m s  were pho tog r a phe d  in U.V. l igh t  w i th  the  t echn ique  descr ibed by  MARKHAM 

" This  paper  was suppor t ed  by  a g r a n t  of the  Rockefel ler  F o u n d a t i o n  and C.N.R. 
** The fol lowing abb rev i a t i ons  are used:  OT = O x y t h i a m i n e ;  MPOT = monophosphooxy-  

t h i a m i n e  ; D P O T  = d i p h o s p h o o x y t h i a m i n e  ; T P O T  = t r i p h o s p h o o x y t h i a m i n e  ; DPT  ~ d iphospho-  
t h i a m i n e  (cocarboxylase) .  
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AND SMITH TM. The separated fractions, each corresponding to one ester, were then evaporated 
under reduced pressure at a temperature below 45 ° C. In this way the buffer was abnost com- 
pletely removed. The residue was taken up with 2 ml of water and oxythiamine esters precipitated 
with a mixture (about IOO ml) of equal parts of acetone and absolute ethyl alcohol. The pre- 
cipitates were then dissolved again in 2 ml of water and reprecipitated with the same acetone- 
alcohol. When acidified with i or 2 drops of conc. HC1 and kept at a low temperature the phos- 
phoric esters of oxythiamine precipitated in crystalline form. 

RESULTS 

The  s e p a r a t i o n  of o x y t h i a m i n e  phospho r i c  es ters  b y  m e a n s  of t he  cel lulose c o l u m n  

e l ec t rophores i s  is s h o w n  in Fig.  I .  
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Fig. I. Separation of oxythiamine phosphoric esters (MPOT 
-F DPOT + TPOT = 12o mg) by cellulose powder column 
electrophoresis. Triethylammonium formate buffer pH 5-4, 

0.05 ~/;  4 ° mA current for 12 hours. 

I n  Fig. 2 (a ,b ,c)  t he  p h o t o -  

g r aphs  of t he  c rys ta l s  of re-  

spec t i ve ly  MPOT,  D P O T  and  

T P O T  are  repor ted .  

T P O T  crys ta l s  a re  hy-  

groscopic ,  t h e  m e l t i n g  p o i n t  

is at  173°-175  ° C, and  t h e  
r e f r ac t i ve  index  (in d i e thy l -  

anil ine) is 1.5415. 
The  D P O T  crys ta l s  are  

less hygroscop ic  t h a n  t hose  

of T P O T ,  t he  m e l t i n g  po in t  

is at  2 4 8 ° - 2 5 2 ° C  and  t h e  
r e f r ac t i ve  i ndex  (in m-cresol) 

is 1.5385 . 
The  M P O T  crys ta l s  a re  

s l i gh t l y  hygroscopic ,  t h e  

m e l t i n g  po in t  be ing  at  193 ° -  

r95 ° and  the  r e f r a c t i v e  index  (in d ie thy l -an i l ine )  is r .543o.  The  p h o t o g r a p h  shows  

t h e i r  a r r a n g e m e n t  to  be in rose -c lus te red  needles  (Fig. 2). 

Re/erences p. 279. 
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Fig. 2. Crystals of MPOT (a) X 5 ° 
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DPOT (b) , 7.5 and TI 'OT (c) < 75. 

The purity of these esters has been tested chromatographically as also by elementary 
analysis. 

The titration curves of oxythiamine phosphoric 
esters are shown in Fig. 4. 

The U.V. spectra of oxythiamine and of its esters 
are exactly the same: this means that the phosphoric 
chain does not affect their absorption in U.V. light 
(Fig. 5). 

An analogous observation has been made for 
thiamine and its phosphoric esters. The U.V. spectra 
of oxythiamine and of its esters do not vary with the 

Fig. 3. C h r o m a t o g r a m  of o x y t h i a m i n e  phosphor ic  esters. Sol- 
ven t  : n-propanol ,  water ,  i M ace ta te  buffer p H  5 (65 : 2o : 15) ; 
3 ° hours ;  15o / ,g  of the  m i x t u r e  and  5 ° /~g  of each compound.  
Munkte l l  paper  No. C H R  lOO 9. The p h o t o g r a p h  was  t a k e n  in 

U.V. l ight  according to MARKHAM AND SMITH 15. 
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Fig. 4. T i t r a t ion  curves  of o x y t h i a m i n e  phos- 
phoric esters. 
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Fig. 5. Absorp t ion  spec t ra  of o x y t h i a m i n e  
phosphor ic  esters  (MPOT, DPOT and TPOT).  
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pH. For thiamine and its phosphoric esters, on the contrary, a considerable variation 
of the U.V. spectra with the pH has been noted ~6. 

Kept in dry form in the dessicator at o°C the oxythiamine esters remained 
unaltered. The optimum stability in solution was at pH 5. At this pH and at o ° C 
the esters remained unaltered, except TPOT which began to dissociate into DPOT 
after 2 or 3 weeks. The phosphoric esters of oxythiamine were much more stable 
than the esters of thiamine. 

THE EFFECTS OF OXYTHIAMINE AND ITS PHOSPHORIC ESTERS ON YEAST CARBOXYLASE 

Oxythiamine phosphoric esters have been found to inhibit the enzymes, which 
b r i n g  a b o u t  t h e  a n a e r o b i c  a n d  a e r o b i c  d e c a r b o x y l a t i o n  of p y r u v a t e .  EIJSEBI AND 

CERECEDO 3 f i rs t  d e m o n s t r a t e d  t h e  i n h i b i t i o n  of y e a s t  c a r b o x y l a s e  b y  D P O T .  VELLUZ 

AND HERBAIN 4 o b t a i n e d  t h e  s a m e  i n h i b i t o r y  effect  w i t h  T P O T ,  wh i l e  ONRUST et al. 5 

o b s e r v e d  t h a t  a n i m a l  p y r u v i c  o x i d a s e  w a s  c o m p l e t e l y  i n h i b i t e d  b y  t h e  s a m e  o x y -  

t h i a m i n e  es te r .  More  r e c e n t l y ,  EICH AND CERECEDO 6 f o u n d  t h a t  t h e  d e c a r b o x y l a t i o n  

of p y r u v a t e  a n d  t h e  f o r m a t i o n  of a c e t y l m e t h y l c a r b i n o l  b y  w h e a t  g e r m  c a r b o x y l a s e  

were  i n h i b i t e d  b y  D P O T  a n d  t h a t  t h i s  i n h i b i t i o n  was  l a r g e l y  d e p e n d e n t  u p o n  t h e  

o r d e r  of a d d i t i o n  of t h e  i n h i b i t o r  a n d  c o c a r b o x y l a s e  t o  t h e  e n z y m e .  O x y t h i a m i n e ,  

on  t h e  c o n t r a r y ,  d i d  n o t  a f fec t  p y r u v a t e  d e c a r b o x y l a t i o n .  

I n  t h e  p r e s e n t  w o r k  t h e  ef fec ts  of o x y t h i a m i n e  a n d  i ts  p h o s p h o r i c  es ters ,  p r e p a r e d  

in p u r e  f o r m  as d e s c r i b e d  a b o v e ,  h a v e  b e e n  t e s t e d  o n  t h e  y e a s t  c a r b o x y l a s e  s y s t e m ,  

Y e a s t  c a r b o x y l a s e  w as  p r e p a r e d  a c c o r d i n g  to  t h e  m e t h o d  d e s c r i b e d  b y  GREEN 

et al. ~7 as f a r  as a n d  i n c l u d i n g  s t a g e  4. A f u r t h e r  p u r i f i c a t i o n  was  a c h i e v e d  b y  t r e a t i n g  

t h e  s o l u t i o n  of c a r b o x y l a s e  w i t h  c a l c i u m  p h o s p h a t e  gel  (I v o l u m e  of c a l c i u m  p h o s -  

p h a t e  gel  to  5 v o l u m e  of t h e  e n z y m e  so lu t i on ) .  T h e  a p o c a r b o x y l a s e  was  t h e n  p r e p a r e d  

f r o m  t h e  s u p e r n a t a n t  f o l l owing  t h e  s a m e  p r o c e d u r e  17. E f f ec t s  of o x y t h i a m i n e  d e r i v a -  

t i v e s  on  c a r b o x y l a s e  a c t i v i t y  of t h e  r e c o n s t r u c t e d  s y s t e m  (by  a d d i t i o n  of c o c a r b o x y -  

lase) were  d e t e r m i n e d  m a n o m e t r i c a l l y .  T h e  r e a c t i o n  m i x t u r e  c o n t a i n e d  0.2 m l  of 

Fig. 6. Effects of OT, MPOT, DPOT and TPOT 400 
on yeast carboxylase activity. Curve I, reaction 
mixture, no addition. Curve ~, 4" l ° - 2 / , M  of DPT tjc7 
added with reaction mixture. Curve 3, 4 '1o-2 "~ 
t*M of DPT in the reaction mixture and 8. lo .3 
/ ,M  of OT or its phosphoric esters added with 300 
substrate  2o minutes later. Curve 4, 4"1o-2 # M  
of DPT and 8. IO 2/zM of OT and its phosphoric 
esters with the substrate.  Curve 5, 8"IO-2# M 
of OT with the reaction mixture and 4'  l°-2 # M  
of DPT with the substrate  2o minutes later. 200 
Curve 6, 8, lO .2 # M  of MPOT with the reaction 
mixture and 4" I°-2 # M  of DPT with the substrate  
20 minutes later. Curve 7, 8. Io .2 # M  of TPOT 
with the reaction mixture and 4'  l°-2 t LM of DPT 
with the substrate  2o minutes later. Curve 8, 100 
8 . i o  2 / iM of DPOT with the reaction mixture 
and 4"IO 2 #AI of DPT with the substrate 2o 
minutes later. Curve 9, 8. lO - 2 / , M  of DPOT with 
the reaction mixture and 4.IO -2 /zM of DPT 
with the substrate  4 ° minutes later. Curves 3 and 
4 have been calculated from the mean of the 
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values obtained singly with OT and its phosphoric esters. This was possible since the corresponding 
values are very similar. 

Re/erences p. 279. 
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apocarboxy lase  p repara t ion ,  o. 3 ml of o.I %, MnC12, z /zg  of cocarboxylase  in o.z ml 
of water ,  2.4 ml of phospha te  buffer o.I  3I, pH 6.5. o.2 ml of o .33I  p y r u v a t e  were 
added  to the  react ion mix ture  af ter  t empera tu re  equi l ibrat ion.  The react ion tempera-  
ture was 3 °o C. When  oxy th iamine  or its phosphoric  esters were added,  a corre- 
sponding volume of the  buffer was omi t ted  in the mixture.  

The act ion of cocarboxylase  and of oxy th i amine  der iva t ives  in ttle carboxylase  
sys tem was de te rmined ,  according to EICH .\N1) (~EREt;EI)O a main ly  by  the order  of 
add i t i on  of the  compound  to the reac t ion  mix ture .  The compound  added  first was 
p laced  in the  main  c o m p a r t m e n t  of the  W a r b u r g  vessels in contac t  wi th  the  enzyme,  
the  second compound  in the  side arm was t i pped  into the  main  c o m p a r t m e n t  toge ther  
with the  subs t ra te  a f te r  t e m p e r a t u r e  equi l ibra t ion .  

As EICH AND CERECEDO ~ prev ious ly  found with  the  whea t  germ carboxylase ,  
when oxy th i amine  or i ts phosphor ic  esters were in t roduced  to the  sys tem af ter  
cocarboxylase ,  no inhibi t ion  was observed (curve 3)- S imul taneous  add i t i on  of co- 
carboxylase  and oxy th iamine  or its esters resul ted  in a s l ight  inhib i t ion  (curve 4). 
The in t roduc t ion  of oxy th i amine  and of i ts esters de t e rmined  an increasing inh ib i to ry  
ac t ion  in the  following order :  OT < MPOT < T P O T  < DPOT.  

The curve 9 shows tha t  the  longer the  p re incuba t ion  t ime of the  inh ib i to r  wi th  
the  apoenzyme,  the  more subs tan t i a l  is the inhibi t ion.  

These resul ts  are genera l ly  in agreement  wi th  those ob ta ined  prev ious ly  by  g l e t t  
AND CERECEDO 6 using DPOT.  F u r t h e r m o r e  they  demons t r a t e  t ha t  the  inhib i t ion  b y  
OT der iva t ives  on ca rboxylase  yeas t  sys tem is dependen t  upon the number  of the  
es ter i fying phosphor ic  radicals .  The m a x i m u m  inh ib i to ry  ac t ion was deve loped  b y  
DPOT.  Since this  compound  is the  analogue of the  eocarboxy lase  (DPT), i ts inh ib i to ry  
effect m a y  be in te rp re ted  as an an tagon i sm towards  the  apoenzyme.  The lower 
inhibi t ion  de te rmineb  d y  OT, MPOT and T P O T  m a y  therefore  be assumed to be 
dependen t  upon the  necess i ty  of a phospho ry l a t i on  (OT and MPOT) and of de- 
phosphory la t ion  (TPOT) to D P O T  dur ing  the incubat ion  in yeas t  apoea rboxy lase  
p repara t ion .  I t  means  t h a t  OT, MPOT and T P O T  p robab ly  act on the  ca rboxylase  
sys tem only if p rev ious ly  t r ans fo rmed  into DPOT.  

SUMMARY 

A procedure for the preparation of the pure crystalline phosphoric esters of oxythiamine 
(monophospho-oxythiamine, diphospho-oxythiamine and triphospho-oxythiamine) is described. 
The procedure is based on the electrophoretie separation of a mixture of oxythiamine phosphoric 
esters, obtained by chemical phosphorylation of oxythiamine. 

Some properties of these compounds (U.V. spectra, titration curves, stability in dry form 
and in solution, chromatographic behaviour on paper) are studied. 

The phosphorylated oxythiamine derivatives have been found to inhibit the purified yeast 
carboxylase system only if added to the apuenzyme before cocarboxylase. 

The inhibitory action on carboxylase differs in the various oxythiamine derivatives and 
increases in the following order: oxythiamine < monophosphooxythiamine < triphosphooxy- 
thiamine < diphosphooxythiamine. 

Rt~2SUMt~ 

Une indthode de pr6paration des esters phosphoriques purs cristallis6s d'oxyLhiamine (mouo- 
phospho-oxythiamine, diphospho-oxythiamine et triphospho-oxythiamine) est d6crite. La 
mdthode est fondde sur la s6paration par dlectrophor~se du mdlange des esters phosphoriques 
d'oxythiamine, obtenn par phosphorylation chimique de l'oxythiamine. 

References p. 279. 
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Quelques unes des propri~tds de ces corps (spectres U.V., courbes de titrage, stabilit6 ~ l '6tat 
sec et en solution, compor tement  chromatographique  sur  papier) sont  dtudides. 

Les ddrivds phosphorylds de l 'oxythiamine ne se sont  montrds capables d ' inhiber  la carboxy-  
lase purifi6e de la levure que s'ils sont  ajout6s/~ l 'apoenzyme avant  la cocarboxylase.  

Le pouvoir  inhibiteur sur la carboxylase diff~re pour  chaque ddrivd de l 'oxyth iamine  et 
augmente  dans l 'ordre suivant :  oxyth iamine  < monophosphooxyth iamine  < t r iphosphooxy* 
thiamine < diphosphooxythiamine.  

ZUSAMMENFASSUNG 

Es wird eine Herstellungsweise von reinen kristallinischen Oxyth iamin-Phosphores te rn  (Mono- 
phospho-oxyth iamin ,  Diphospho-oxyth iamin  und Triphospho-oxythianl in)  beschrieben. Die 
Methode be ruh t  auf der elektrophoretischen Trennung  einer Mischung von Oxyth iamin-Phosphor -  
estern, welche durch chemische Phosphoryl ierung von Oxyth iamin  erhalten wurden.  

Einige Eigenschaften dieser Substanzen werden untersucht :  U.V.-Spektrum, Titr ierungs- 
kurven,  StabilitS.t in t rockenem und gel6stem Zustande, Verhalten bei papierchromatographischer  
Analyse. 

Es wurde festgestellt, class das gereinigte Hefe-Karboxylasesystem nur  dann durch (lie 
phosphoryl ier ten Oxythiaminder iva te  gehemmt  wird, wenn nlan letztere vor der Kokarboxylase  
dem Apoenzym hinzufiigt. 

Die auf Karboxylase  ausgeiibte He lnmungswirkung  ist je nach dem untersuchten  Oxy- 
th ianl inder ivat  verschieden; sie steigt in folgender Reihenfolge an: Oxythiamin ~.. Monophospho-  
oxy th i amin  < Triphosphooxythianl in  < Diphosphooxythiamin.  
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