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A specific fructokinase in peas* 
A new t y p e  of f ruc tokinase  has been ident i f ied in green pea seeds. 

Pea seed honlogena tes  were found to have  in addi t ion  to a pa r t i cu l a t e  hexokinase  (which 
can phosphory l a t e  glucose, fructose, anti  2-deoxyglucose,  and  which is c o m p e t i t i v e l y  inh ib i ted  
by  N-ace ty lg lucosamine)  a soluble enzyme which appeared  to p h o s p h o r y l a t e  fructose bu t  not  
glucose or L-sorbose. Since these " f ruc tok inase s "  read i ly  phosphory l a t e  L-sorbosO,2, pur i f ica t ion  
of this  enzyme  was  u n d e r t a k e n  wi th  the  purpose  of cha rac te r i za t ion  of its subs t r a t e  specifity.  

H o m o g e n a t e s  were f rac t iona ted  by  cent r i fugat ion ,  sa l t ing  out  wi th  a m m o n i u m  sulfate,  and  
adsorp t ion  of ex t raneous  pro te ins  with charcoal .  The purif ied p r epa ra t i ons  were essent ia l ly  free 
of hexok inase  and con ta ined  l i t t le  phosphof ruc tok inase ;  ATPase  a c t i v i t y  was s l igh t  in the  con- 
d i t ions  used;  phosphoglucose  isomerase  a c t i v i t y  was over five t imes  grea te r  t han  t h a t  of the 
f ruc tokinase .  The l a t t e r  is p ro tec ted  by  me ta l -b ind ing  agents :  in add i t ion  i t  is a c t i v a t e d  by cys- 
teine. A c t i v i t y  and  s t ab i l i t y  are m a x i m a l  in the  p H  range  6. 5 to 8.o. 

The purif ied p repa ra t ions  were incuba ted  wi th  fructose,  ATP-Mg, cysteine,  fluoride, phos- 
phate ,  and  t r i s ( h y d r o x y m e t h y l ) - a m i n o m e t h a n e ,  a t  pH  7.5. Phosphory l a t i on  was followed by 
d i sappea rance  of sugar  s. No fructose d i sappeared  if the ATP was omi t ted .  W i t h  excess ATP 
free fructose d i sappears  complete ly .  The k ine t ics  sugges t  a high affinity for f ructose (the K m 
m u s t  be smal ler  t h a n  i " IO aM) and no inh ib i t ion  by  a c c u m u l a t e d  products .  

A n u m b e r  of re la ted  sugars  have  been tes ted  for phosphory l a t i on  and for inh ib i t ion  of fruc- 
tose phosphory la t ion .  The r e l a t ive ly  high concen t r a t ion  of 5" io-%~I was chosen to increase the  
poss ib i l i ty  of de tec t ing  low affinity subs t r a t e s  or inhibi tors .  Phosphory l a t i on  was  measured  by  

T A B L E  I 

S U B S T R A T E  S P E C I F I C I T Y  OF P E A S  F R U C T O K I N A S E  

Purified enzyme' (2  un i t s  a) was incuba ted  (3 o°) wi th  1.7 I *M of cysteine,  17 IL, M of NaF,  po ta s s ium 
p h o s p h a t e  and  Tris, 1o I , M  ATP, 5 /~M MgSO4, a t  p H  7.5, and  sugars  as follows: 16. 7 1,211 
when tes ted  as subs t r a t e s ;  3.3 l* M of f ructose plus  16 .7 / ,M of the  sugar  t es ted  as inhibi tor .  
Tota l  vo lume  was o.33 ml. I n c u b a t i o n  t imes  were o, ~o, and 3 ° minu te s  when  fructose was present  

and o, 3 ° and  9o minu te s  in the  o ther  cases. For  me thods  see the  tex t .  

Relative rates 
at 5 . i o  2,11 Relative a~ni t i es**  

Fruc tose  ~ .oo i .oo 
L-Sorbose ~ o.o5 ~ o.o2 
Mannoheptu lose  <~ o.o 5 o.o 3 
Sedoheptulose* * * ~ o. 2o 
1-Methylfructose ~ 0.05 ~ 0.02 
3-Methylf ructose  ~ o.05 ~ 0.02 
Glucose o.o8~ ~ 0.02 
Mannose o.06 ~ 0.02 
2-Deoxyglucose ~ 0.05 ~ 0.02 
N-Ace ty lg lucosamine  % o.o 5 ~ o.o2 
Galactose  % o.o5 ~ o.o2 
Arabinose  ~ o.o 5 o.o 3 
Xylose  ~ o.o 5 % o.o2 
Ribose  ~ 0.05 - 
L-Arabinose ~ 0.05 - 

* Sedoheptulose  was  p repared  by  acid hydro lys i s  of sedohep tu losan  m o n o h y d r a t e  k ind ly  
suppl ied  by  Dr. N. K. RICHTMYER; i - m e t h y l f r u c t o s e  and 3 -methy l f ruc tose  were a gif t  of Dr. 
T. Z. CSAKY; L-arabinose was  purchased  from the  Br i t i sh  Drug  Houses, L td . ;  the  o ther  sugars  
were ob ta ined  as descr ibed in a prev ious  paper  s. 

**Ca lcu la t ed  from A'r"F (F) " ( V F - - V F + x )  ' where F s t ands  for f ructose and X for the  
IG~ X (X) VF+ x 

compound  t e s t ed  as inhibi tor .  This fo rmula  was appl ied  af ter  knowing  from the  resul t s  in the  
prev ious  co lumn t h a t  none of these  compounds  had  a ny  h igh  p h o s p h o r y l a t i o n  r a t e  a t  the  concen- 
t r a t i o n  used. No a t t e m p t  has been m a d e  to  s u b s t a n t i a t e  as t r u l y  compe t i t i ve  the  inh ib i t ion  
observed in two cases because  i t  was too small .  

*** By  s u b s t r a t e  d i sappea rance  a t  2.5" I o - 2 M  concent ra t ion .  
§ I t  has  been verif ied t h a t  no i somer iza t ion  to f ructose occurs dur ing  i ncuba t ion  of glucose 

in the  above  condi t ions  excep t  for the  absence of ATP. 

* This i nves t i ga t i on  was suppor t ed  by the  Consejo Superior  de Inves t igac ione  Cientificas.  
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e s t i m a t i o n  of esterified sugar  as p rev ious ly  /lescribed4; the  ana lyses  were carr ied  out  by  one or 
more  of the  me thods  for ketoses  5, pentoses  ~ or c a r b o h y d r a t e s  (anthroneV), as appropia te .  The 
resul t s  are s u m m a r i z e d  in Table  I. Out  of the  four teen sugars  o the r  t h a n  fructose t e s t ed  there  
was only  a s l igh t  a c t i v i t y  wi th  glucose and mannose .  None of the  sugars  t es ted  seems to h a v e  
m u c h  aff ini ty  for the  enzyme.  These resul t s  sugges t  a s u b s t r a t e  specif i ty  unusua l l y  h igh  a m o n g  
enzymes  p h o s p h o r y l a t i n g  hexoses.  

The p roduc t  of the  p h o s p h o r y l a t i o n  of f ructose a c cumul a t ed  as a m i x t u r e  of phosphor ic  
es ters  which corresponds  to an a p p r o x i m a t e l y  equ i l ib ra t ed  m i x t u r e  of f ructose-6-P and glucose- 
6-P (Table II) .  The poss ib i l i ty  of f ruc to se - i -P  being the  p r i m a r y  reac t ion  p roduc t  can  be exc luded  
because  of the  i nab i l i t y  of the  sy s t em to form aldose out  of added  f ruc tose - i -P .  The p r i m a r y  
p roduc t  appears  then  to be fructose-6-P.  

T A B L E  I I  

REACTION PRODUCT 

I n c u b a t i o n  wi th  fructose as in Table  I bu t  w i t h o u t  p h o s p h a t e  and  on a larger  scale. The nucleot ide-  
free f l t r a t e  was  f r ac t iona ted  wi th  b a r i u m  ace ta te  and  ethanol .  The Ba- insoluble  f rac t ion was 
negligible,  g iv ing  only t races  to  the  ketose  test .  The resul t s  given below correspond to  the  Ba- 

alcohol  insoluble  fract ion.  

Standard ~3I 

Ketose  5 fructose-6-P 2.8 
Ketose 5 Ba-Zn soluble f ructose-6-P o.o 
Reduc ing  sugar  s f ructose-6-P 6.2 
Pentose  6 ribose o.o* 

{ inorganic  o.o 
P h ° s p h a t e °  I acid labi le  * * 0. 4 

( t o t a l  7.4 

• An a p p a r e n t  va lue  of o.35 tIM was found. I t  can  be accounted  for by  non-pen tose  reduc ing  
sugars.  ** H y d r o l y s e d  by  boi l ing in N H2SO 4 for I I  nl inutes .  

P h o s p h o r y l a t i o n  of f ructose  a t  C-6 makes  the  ex is tence  of some a c t i v i t y  on the  cor responding  
aldoses glucose and mannose  more  unde r s t andab l e .  I t  m u s t  be emphas ized  t h a t  a l t h o u g h  the  
ra tes  observed  a t  a s u b s t r a t e  concen t ra t ion  of 5" lO %,~I are p r o b a b l y  less t h a n  max ima l ,  the  
p h o s p h o r y l a t i o n  coefficients a would  be cons iderab ly  smal ler  t h a n  m i g h t  appea r  f rom these  figures. 

I t  appears  t h a t  among  the  enzymes  p h o s p h o r y l a t i n g  fructose the  n a m e  f ruc tok inase  should  
be res t r i c ted  to those  h a v i n g  a h igh  s u b s t r a t e  specificity,  as the  one here  described.  For  the  l iver  
enzyme  the  app rop i a t e  name  seems to be ke tok inase  I since i t  can r ead i ly  p h o s p h o r y l a t e  several  
ke tohexoses  1, 2 and  a t  leas t  one ke tohep tose  (nlannoheptulosel°) .  Those of muscle  n and  in t e s t ina l  
mucosa  4, as well as t h a t  of Schitosoma mansoni 12 would require  fu r ther  charac te r iza t ion* .  

The ex i s tence  in peas  of a f ruc tok inase  m a y  help to  exp la in  the  m e c h a n i s m  of the  a p p a r e n t  
a ccumula t i on  of glucose as the  sucrose con ten t  d imin ishes  in ce r t a in  s tages  of peas  ge rmi na t i on  la. 
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• If  an enzyme  were found which phos pho r y l a t e s  f ructose  specif ical ly a t  C-I, i t  ough t  to  be 
g iven  the  n a m e  f ruc tokinase .  Then the  C-6 p h o s p h o r y l a t i n g  enzyme  could be des igna ted  as 
f ruc tokinase .  

• * F r o m  the  I n s t i t u t o  de Edafo log ia  y Fis iologia  Vegetal ,  C.S.I.C., Madrid.  


