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The substrate specificity of liver glucose-6-phosphatase 

The recent  s tud ies  of BEAUFAYS AND DE DUVE 1, ~ have  shown t h a t  l iver  g lucose-6-phospha tase  
ac t s  on p r i m a r y  phosphor ic  es ters  of a wide v a r i e t y  of compounds  such as pheny l phospha t e ,  e thy l  
phospha te ,  and  ~z-glycerophosphate.  In  addi t ion ,  t h e y  showed t h a t  the  hexose  ester, fructose-6- 
phospha te ,  is a s u b s t r a t e  for the  enzyme.  Our in t e res t  in th i s  enzyme  arose from the  a v a i l a b i l i t y  
of a n u m b e r  of phosphor ic  es ters  of sugars  and  sugar  de r iva t ives  r ang ing  from 5 to  7 carbon a toms  
in cha in  length  s and  the  poss ib i l i ty  t h a t  some of these  m i g h t  p rove  useful  as compe t i t i ve  inh ib i to r s  
of the  ac t ion  of the  enzyme  on g lucose-6-phosphate .  

In  Table  I are g iven the  a p p r o x i m a t e  va lues  of the  Michael is  cons t an t s  (K,n) of some of the  
es ters  t e s ted  and the  r e l a t i ve  ra t es  of hydro lys i s  a t  the  s t a t ed  subs t r a t e  concent ra t ions .  E x t r a p o l a t i o n  
of the  r e l a t ive  ra t es  to  infini te  s u b s t r a t e  concen t r a t i ons  would  la rge ly  affect the  va lues  only  for 
ga lac tose-6-P  and  L-sorbose- l -P.  The ra tes  found wi th  the  va r ious  subs t r a t e s  are not  wide ly  different  
excep t  t h a t  r ibose-5-P and L-sorbose-I-P appea r  to  be hyd ro lyzed  s o m e w h a t  less r ap i d l y  t h a n  the  
o the r  subs t ra tes .  The K~. values ,  on the  o ther  band,  appea r  to  v a r y  over  a 25-fold range  of concen- 
t ra t ions .  Grea t  emphasis ,  however ,  should  no t  be p laced  on the  abso lu te  numer ica l  values.  In  mos t  
ins tances  the  va lues  g iven could be conf i rmed by  e x p e r i m e n t s  per formed  wi th  different  enzyme  
prepara t ions ,  bu t  an occas ional  e x p e r i m e n t  y ie lded  d a t a  i nd ica t ive  of h',~ va lues  two  or three-fold  
h igher  t h a n  these.  

T A B L E  I 

A P P R O X I M A T E  M I C H A E L I S  C O N S T A N T S  A N D  R E L A T I V E  R A T E S  FOR L I V E R  

G L U C O S E - 6 - P H O S P H A T A S E  \ V I T H  V A R I O U S  P H O S P H A T E  E S T E R S  

The enzyme  p r e p a r a t i o n  was the  mic rosome f rac t ion  of r a t  l iver  (Sprague-Dawley,  fed ad lib.) i so la ted  
from 0.25 M sucrose hom oge na t e s  v. The  m i toc hond r i a  were r emoved  by  cen t r i fuga t ion  a t  900o × g 
for Io  minutes .  One - t en th  vo lume  of 1. 5 M KC1 was  then  added  and the  microsome f rac t ion  was  
col lected by  cen t r i fuga t ion  a t  13,ooo × g for 45 minutes .  The microsonle  f rac t ion  was  washed  wi th  
0.2 M his t id ine ,  p H  6. 7 and  suspended  for 
use in the  same buffer. These p r e p a r a t i o n s  
e x h i b i t e d  essen t ia l ly  no a c t i v i t y  wi th  glucose- 
i -phospha te ,  and  a t race  of a c t i v i t y  wi th  

f l -g lyce rophospha te  as subs t r a t e .  All  incuba-  
t ions  were m a d e  a t  3 °°  for per iods  of t i m e  
r ang ing  as necessa ry  from 5 to  60 minu tes .  
All s u b s t r a t e s  were neu t ra l i zed  to  p H  6. 7 
a n d  the  i n c u b a t e d  m i x t u r e  con t a ined  0.04 M 
his t id ine ,  p H  6.7. M a x i m a l  a c t i v i t y  of the  
e n z y m e  is a t  p H  6.0-6.34,5. A smal l  inf luence 
of p H  in the  range  of p H 6 . 3  7.1 on the  K m 
va lues  could  be de tec ted .  Assay  of a c t i v i t y  
was made  by  m e a s u r e m e n t  of l ibe ra ted  inor- 
gan ic  p h o s p h a t e  s . 

Substrate 
Ester Km Relative rate concentration 

Moles,'liter Moles,'liter 

Glucose-6-P 0.002 i 0.025 
2-Deoxyglucose-6-P  O.Ol 3 --- 
Galac tose-6-P  o.o5 o.4 o.o33 
1 ,5-Sorbi tan-6-P o.ol  o.75 0.o25 
Allose-6-P o.oo7 o.9 o.o33 
Glucosamine-6-P  o.o i * - -  
Ribose-5-P  o.oo5 o.3 0.o33 
Glucohep tu lose -7-P  o.o18 
Mannose-6-P o.o2 o. 5 o.o 7 
L-Sorbose-I -P o.oo8 o.15 o.oo8 

* Not  de te rmined .  

Glucose-6-phospha tase  is a p a r t i c u l a t e  enzyme<  5. The va lue  for the  Michael is  c o n s t a n t  of 
ga lac tose -6 -phospha te  ob t a ined  wi th  a p r e p a r a t i o n  t r e a t ed  wi th  a de te rgen t  (Tri ton X-Ioo)  k n o w n  
to cause pa r t i a l  d isso lu t ion  of pa r t i c u l a t e s  of th is  k ind  6 showed no difference from t h a t  ob t a ined  
wi th  the  u n t r e a t e d  p r e p a r a t i o n  a l t hough  some des t ruc t ion  of enzyme  occurred and  the  m a x i m a l  
r a t e  was lower in the  presence of de te rgen t .  

The d a t a  of Table  I I  i l l u s t r a t e  the  inh ib i t ion  of d e p h o s p h o r y l a t i o n  of one s u b s t r a t e  by  the  
presence of ano the r  and  p rov ides  some assurance  t h a t  the  observed  hydro lyses  are ca t a lyzed  by  
a single enzyme.  The e x t e n t  of inh ib i t ion  is rough ly  in accord wi th  the  K m va lues  g iven in Table  I. 

The repor t  I t h a t  f ruc tose -6-phospha te  is d e p h o s p h o r y l a t e d  by  l iver  g lucose-6-phospha tase  has  
been conf i rmed by  fol lowing the  appea rance  of free f ructose 1° du r ing  incuba t ion  of th i s  es ter  wi th  
the  enzyme.  Owing  to  the  presence of t races  of phosphoglueose  isomerase  in the  p repara t ions ,  
however ,  i t  was imposs ib le  to de t e rmine  the  Michael is  c o n s t a n t  and  re l a t ive  r a t e  wi th  fructose-6- 
p h o s p h a t e  as subs t ra te .  Typ ica l  d a t a  ob t a ined  were t i le  l inear  fo rma t ion  dur ing  12o mi nu t e s  of 
i ncuba t i on  of 3 .o /Jmoles  of t o t a l  r educ ing  sugar  and  t .6  t, moles of free fructose.  The ra te  of f ructose 
fo rma t ion  was  only  a b o u t  IO % of t h a t  which wouhl  h a v e  been ob ta ined  wi th  g lucose-6-phospha te  

* Aided by  a g r a n t  f rom the  Na t iona l  F o u u d a t i o n  for In fan t i l e  Para lys i s ,  Inc. 
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T A B I . E  II  

I N H I B I T I O N  OF L I V E R  G L U C I ) S E - O - P H O S P H A T A S I * ;  B Y  1 , 5 - S O R B I T A N - 0 - 1  ~ 

E n z y m e  act ion was followei1 by  the  l ibera t ion  of free sugar  9. 1,5-Sorbitan is non-reducing.  

Nuhxlrale 

Glucose-6- l '  
Galactose-6-  P 
Allose-6-P 
L-Sorbose- I -P 

.% u l s s t r a h "  t,5-Norhitan -0 - l '  Per cent 
omcenlrati,~ concentration 

moles lih'r moles liter inhibition 

o.o~43 o.o214 I l 
o.o 143 o.o214 45 
o.o~43 o.oe14 3 ° 
0.0062.5 o.o188 5 ° 

and  m a y  reflect co inpe t i t i ve  i i ih ib i t ion  by  the  glucose ester  formed t h rough  isomerase  action.  Nei ther  
f ruc tose - I , 6 -d i -phospha te  nor 6 -phosphog lucona te  were a t t a c k e d  at  apprec iab le  rates .  

As judged  from the  fact  t h a t  the  lowest  Km va lue  is exh ib i t ed  wi th  glucose-O-phosphate  as 
subs t r a t e ,  th i s  es ter  appears  to be the  p r i m a r y  su t i s t r a te  and  when presen t  in a m i x t u r e  of esters, 
as m a y  occur under  tIhysinlIIgical condi t ions ,  i t  m a y  be presume/ t  to be p re fe ren t i a l ly  dephosphory-  
la ted.  
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• Lupin seed proteins 
I I .  A P H Y S I C O - C H E M I C A L  S T U D Y  OF T H E  P R O T E I N S  F R O M  

Y E L L O W  L U P I N  S E E D  (L  U P I N U S  L U T E U S )  

In  p a r t  I 1 the  phys ico-cheni ica l  p roper t i e s  of t i le  g lobul ins  from blue lup in  seed (Lupinus 
angustifolius) were descr ibed.  The p ro te ins  f rom yel low [upin seed (Lupinus luteus) were e x a m i n e d  
s imi lar ly .  The p re sen t  c o m m u n i c a t i o n  descr ibes  the  resul t s  of th is  exami na t i on .  

The p ro t e in s  of de fa t t ed  and deco r t i ca t ed  yel low lupin  seed meal  were e x t r a c t e d  wi th  lO% 
sod ium chlor ide  and  then  p r e c ip i t a t e d  by add ing  a m m o n i u m  su lpha t e  to  85 % sa tu ra t ion .  Measure-  
men t s  on a Spinco e lec t r i ca l ly -d r iven  u l t r acen t r i f uge  revea led  (Fig. L(a)) th ree  ma jo r  componen t s  
of s e d i m e n t a t i o n  c o n s t a n t s  [1.6, 7.4 and  2.o (des ignated  as the  Sn. 6, s~. 4 and  s~. 0 components )  for 
th i s  p r e p a r a t i o n  in buffer of ionic s t r eng th  (I) -- o. 31 and  p H  ~ 7.o. This  p r e p a r a t i o n  was  ve ry  
ye l low in colour  and  i t  was  therefore  considered necessary,  for reasons  ou t l ined  p rev ious ly  1, to 
a t t e m p t  to  r emove  the  colour ing  m a t t e r  from the  meal  before the  p ro te ins  were ex t rac ted .  Comple te  
r e m o v a l  of these impur i t i e s  was  effected by  repea ted  ex t r ac t i on  of the  meal  wi th  cold wa te r  us ing  
a W a r i n g  blendor .  

The p ro te ins  of purif ied lupin seed meal  were aga in  e x t r a c t e d  with ~o % sodium chlor ide  and 
p r ec ip i t a t ed  by  85 % s a t u r a t i o n  wi th  a m m o n i u n l  su lphate .  Fig. I(b) shows s e d i m e n t a t i o n  d i a g r a m s  
of th i s  p r e p a r a t i o n  in buffer [ -- o.3I, p H  = 7.o. Here  aga in  th ree  c o m p o n e n t s  (su.e, sT. 4 and s2.0) 
were observed.  W h e n  Fig. l ib )  is compared  with Fig. I(a) a decrease  in c o n c e n t r a t i o n  of the  s=. 0 
c o m p o n e n t  is not iced.  Hence  some of the  s2. 0 c o m p o n e n t  was r emoved  by the  wa te r  ex t r ac t i on  
used for the  pur i f ica t ion  of the  meal.  The pro te ins  e x t r a c t e d  in the  w a t e r  wash were p r ec i p i t a t ed  


