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physical and chemical methods used are compatible and that their combined applica- 
tion puts a tool of considerable power in the hands of biologists. 
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SUMMARY 

A s t u d y  ha s  been m a d e  of t he  cell walls  of 15 species of mar ine  algae. The  cell walls  were separa ted  
chemica l ly  in to  four  f rac t ions  which  were hyd ro lysed  a n d  ana lysed  b y  pape r  c h r o m a t o g r a p h y  
for the i r  cons t i t uen t  sugars .  Before and  af ter  each chemical  ex t r ac t ion  samples  were examined  
by  X - r a y  diffract ion ana lys i s  a n d  e lect ron microscopy.  

The  resu l t s  indica te  t h a t  t he  algae inves t iga t ed  m a y  be divided in to  th ree  g roups  on a basis  
of  the i r  cell wall  s t ruc tu re .  Only  Group  I (Cladophora rupestris a n d  Chaetomorpha melagonium) 
shows  a n y  r e semblance  to t he  condi t ion  in h igher  p l an t s  b y  t he  presence of Cellulose I. The  algae 
of  Group  2 (compris ing t he  r ema in ing  sp wi th  t he  except ion  of Porphyra) are  charac te r i sed  by  
a crys ta l l ine  microfibri l lar  f rac t ion  which  is cer ta in ly  no t  Cellulose I a n d  hyd ro lyses  to  give a 
m i x t u r e  of suga r s  a lways  con ta in ing  glucose and  of ten  xylose.  Porphyra is qu i t e  un ique  and  fo rms  
a th i rd  g roup  in which  m a n n o s e  replaces  glucose as t he  basic  s t r uc tu r a l  un i t  of  t he  microfibrils.  

The  i m p o r t a n c e  of t he  ma te r i a l  p re sen t ing  an  a m o r p h o u s  appea rance  in t he  e lectron micro-  
g r a p h s  is s t ressed.  
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U R I D I N E  PYROPHOSPHOGLYCOSYL COMPOUNDS AND T H E  

FORMATION OF GLUCURONIDES BY ISOLATED ENZYME SYSTEMS 

G. T. MILLS,  A N N  C. L O C H H E A D  AND E V E L Y N  E. B. S M I T H *  

Biochemistry Department, University o] Glasgow (Scotland) 

The isolation of uridine pyrophosphoglucuronic acid (UPPGA) from fiver tissue by 
SMITH AND MILLS 1 and the demonstration that this compound acted as a glucuronic 
acid donor in the formation of glucuronides by fiver homogenates opened the way to 
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the  e lucidat ion of the  p a t h w a y  of glucuronide format ion  in the  liver. The isolat ion of 
U P P G A  1 followed from the  demons t ra t ion  b y  DUTTON AND STOREY 2, a, 4 of the  pres- 
ence in l iver of a the rmos tab le  factor  involved in glucuronide synthesis.  In  1955 
STOREY AND DUTTON 5 confirmed t h a t  this  factor  was U P P G A .  

I t  was shown b y  SMITH AND MILLS 1 t ha t  the  format ion  of U P P G A  did  not  follow 
a p a t h w a y  analogous to t h a t  for the  format ion  of ur idine pyrophosphoglucose  (UPPG),  
the  reac t ion  for the  l a t t e r  being:  

Uridine triphosphate (UTP) + glucose-l-phosphate ~-- UPPG + pyrophosphate 

(MUNcH-PETERSEN, KALCKAR, CUTOLO AND SMITHS). 
Al though l iver  cell nuclei  conta in  the  enzyme ur idy l  t ransferase 1,7 U P P G A  is 

not  formed from UTP and ei ther  a- or fl-glucuronic ac id - l -phospha te  in the  presence 
of this  enzyme nor  in the  presence of u r idy l  t ransferase from yeas t  1. 

I n  1954 STROMINGER, KALCKAR, AXELROD AND MAXWELL 8 demons t r a t ed  the  
presence, in fiver, of a DPN- l inked  dehydrogenase  which conver ted  U P P G  into  
U P P G A  and  t hey  la te r  showed 9 t ha t  two molecules of D P N  were reduced per  molecule  
of U P P G  oxidised to U P P G A .  STROMINGER et a l2  found this  dehydrogena t ion  reac t ion  
to be op t imal ly  act ive a t  p H  8. 7 and irreversible.  

These findings, coupled wi th  the  work  of MUNcH-PETERSEN et a l ) ,  lo, n on the  
mechanism of format ion  of U P P G ,  and the demons t ra t ion  of the  presence of the  
enzyme ur idyl  t ransferase in l iver cell nuclei  1, 7 suggested tha t  the  route  of format ion  
of glucuronides from glycogen or glucose involves the  format ion  of g lucose- l -phos-  
pha t e  from glycogen or glucose-6-phosphate ,  the  conversion of g lucose- l -phospha te  
to U P P G ,  the  oxida t ion  of the  l a t t e r  compound  to U P P G A  and finally the  t ransfer  of 
ghicuronic acid from U P P G A  to an acceptor  to  form a glucuronide.  

In  the  present  paper ,  d a t a  is presented  on the coupling of these var ious  react ions 
in isola ted enzyme systems which demons t ra te  the  format ion  of ghicuronides  from 
glucose and  glycogen. 

A pre l iminary  account  of this  work  has a l ready  appea red  (MILLS AND SMITH12). 

MATERIALS AND METHODS 

Adenosine triphosphate (ATP) (crystalline disodium salt), adenosine diphosphate (ADP), triphos- 
phopyridine nucleotide (TPN) (80% purity), glucose-6-phosphate dehydrogenase (Practical, 
Type II) and hexokinase (Type II) were obtained from Sigma Chemical Company, St. Louis, 
Mo., U.S.A. 

Glucose-l-phosphate (G-I-P), glucose-6-phosphate (G-6-P), diphosphopyridine nucleotide 
(DPN) (95% purity), reduced diphosphopyridine nucleotide (DPNH) (65% purity) and a-oxo- 
glutarate were obtained from Boehringer and Soehne, Mannheim, W, Germany. 

Uridine triphosphate (UTP) was obtained from Pabst Laboratories Milwaukee, Wisconsin, 
U.S.A. 

UPPG was prepared from baker's yeast (Distillers Co. Ltd.) by the method of CAPUTTO, 
LELOIR, CARDINI AND PALADINI la and purified by ion exchange chromatography (CABIB, LELOIR 
AND CARDINI14). The preparation used was free from uridine pyrophosphogalactose (UPP galactose) 
(C I. MILLS, SMITH AND LOCHHEAD15). 

Uridine pyrophosphate (UPP) was prepared from UPPG by hydrolysis at pH 2 for 15 minutes 
in a boiling water bath. 

UPPG dehydrogenase was prepared from calf liver by the method of STROMINGER, MAXWELL, 
AXSLROD AND KALCICAR 9. The concentration of the enzyme preparation was adjusted so that 
30 #1 produced a A Ea40 of o.ioo per minute when assayed in the presence of o.o 5 /zmole UPPG, 
0. 5 #mole DPN and o.IM-TRIS buffer pH 9.1 to i ml. 

Zwischenferment was prepared from dried brewer's yeast (Kongens Bryghus, Copenhagen) 

Re/erences p. 1"1o/11i. 



VOL. 27 (1958) FORMATION OF GLUCURONIDES BY ENZYME SYSTEMS lO 5 

by the method of LEPAGE AND MUELLER 16. This preparation contains, in addition to glucose-6- 
phosphate dehydrogenase, the enzymes uridyl transferase and nucleoside diphosphokinase 1,1°. 

Uridyl transferase was prepared from dried brewer's yeast (Kongens Bryghus, Copenhagen) 
by the method of MUNCH-PI~TERSEN 11. 

Glutamic dehydrogenase was prepared from an acetone powder of calf liver by the method of 
KORNBERG AND PRICER 17. 

Phosphoglucomutase was prepared by the method of NAJJAR 18. The preparation was taken as 
far as the "second heat filtrate". 

Muscle phosphorylase was prepared by the method of GREEN AND COR119. The preparation 
was taken as far as the dialysis against glycerophosphate and cysteine but was not crystailised. 

o-Aminophenylglucuronide (o-APG) formation was measured by the method previously 
described 1. 

RESULTS 

The/ormation o/ UPPGA and o-APG /rein UPPG 

T h e  r e l a t i onsh ip  b e t w e e n  the  f o r m a t i o n  of U P P G A  f rom U P P G  w h e n  assayed  spec t re -  

p h o t o m e t r i c a l l y  in t he  presence  of U P P G  d e h y d r o g e n a s e  and  D P N ,  a n d  w h e n  assayed  

by  o - A P G  f o r m a t i o n  in a two-s t ep  r eac t ion  is shown in Fig .  I .  

I t  wil l  be  seen f rom Fig.  I t h a t  in the  presence  of excess D P N  there  is an  a lmos t  

q u a n t i t a t i v e  convers ion  of  U P P G  to  U P P G A  and  t h a t  t he  overa l l  f o r m a t i o n  of 

o - A P G  is a p p r o x i m a t e l y  85 %. 

I t  was  cons idered  t ha t ,  in t he  presence  of a D P N  r egene ra t i ng  sys tem,  m u c h  

smal l e r  a m o u n t s  of D P N  t h a n  was  used  in Fig.  I wou ld  a l low the  convers ion  of 
cons ide rab le  a m o u n t s  of U P P G  to  U P P G A .  T h e  resul t s  of an  e x p e r i m e n t  to t e s t  

th is  hypo thes i s ,  us ing  g l u t a m i c  d e h y d r o g e n a s e  w i t h  a - o x o g l u t a r a t e  a n d  N H  a as t he  

D P N  r egene ra t i ng  sys tem,  are  p r e s e n t e d  in Fig.  2, t h e  ove ra l l  o -APG f o r m a t i o n  b o m  

U P P G  is shown in th is  figure. 
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Fig. I. The relationship between DPN reduction 
by UPPG dehydrogenase and UPPG and the 
formation of o-APG. Curve (a). Varying 
amounts of UPPG incubated with i #,mole 
DPN, 3 ° /,l UPPG dehydrogen~se and o.i 
M-TRIS buffer pH 9.I to I.o ml. Total .4 Ea4 o 
measured against control run without UPPG. 
Curve (b). Incubation mixture from (I) heated 
for 3o seconds in boiling water bath, cooled, 
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Fig. 2. The effect of DPN + regenerating system 
on the overall formation of o-APG from 
UPPG in the presence of limiting amounts 
of DPN. Curve (a). As for curve (b), Fig. i, 
using 0.2 #mole DPN. Curve (b). As for curve 
(a), with the addition of 2o /~1 glutamic de- 
hydrogenase, 2 /~moles a-oxoglutarate and 

2 #*moles NH,C1. 

centrifuged, supernatant adjusted to pH 7.7, and UPPGA measured by o-APG formation. 
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I t  will be seen from Fig. 2 tha t  when 0.2 t~moles DPN is used in the absence of the  
DPN regenerating system, the o-APG formed reaches a ma x i mum of o.085 /~moles, 
the amoun t  expected from the DPN present. However, in the presence of the D P N  
regenerating system, the o-APG formed is approximately  proport ional  to the amount  
of U P P G  used. The curve departs slightly from l ineari ty at  the higher concentrat ions 
of U P P G ;  this may  be due either to a small breakdown of the U P P G A  formed or to a 
suboptimal  rate of reaction for the U P P G  dehydrogenase. At the highest level of 
U P P G  used, the o-APG formed represents a 77 % yield. 

The effect o/ U T P  and G-I-P concentrations on the rate o//ormation o/ UPPGA 

The demonst ra t ion  by  MUNcH-PETERSEN et al. ~, lo, n tha t  the mechanism of U P P G  
formation is by means of the reaction UTP  + G-I -P  ~- U P P G  + P-P and the 
demonst ra t ion  tha t  the enzyme uridyl  transferase is present in liverL7 strongly 
suggests tha t  this reaction is operative in glueuronide formation and  that  U P P G A  
formation from UTP and G- I -P  may  be est imated by  following DPN reduction in the 
presence of ur idyl  transferase and  U P P G  dehydrogenase. 

The relative rates of formation of UPPGA,  as measured by  the ,I Ea, o of DPN 
reduction, from UPPG,  from UTP  and  G- I -P  and from UPP,  ATP and  G- I -P  in  the 
presence of the requisite enzyme systems are shown in Fig. 3. Fig. 4 shows the relation- 
ship between U P P G A  formation and U T P  concentrat ion with a constant  amount  of 
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Fig. 3. The relative rates of formation of 
UPPGA (as measured by DPN reduction) from 
(a) UPPG, (b) UTP and G-I-P and (c) UPP, 
ATP and G-I-P. Curve (a). o.i #mole UPPG 
incubated with 0. 5 /,mole DPN, 3 ° #1 UPPG 
dehydrogenase and o. I M-TRIS buffer pH 8. 5 to 
I.O ml. Curve (b) As curve (a) using o.I #mole 
UTP, o. 5 #mole G-I-P and o. 5 mg Zwischen- 
ferment in place of UPPG. Curve (c). As curve 
(a) using o,i #mole UPP,o.2 #mole ATP, 0. 5 
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Fig. 4. The effect of UTP concentration on the 
rate of UPPGA formation. Incubation mixtures 
contained i.o /zmole G-l-P, i.o #mole DPN, 
30/*1 UPPG dehydrogenase, o.5 mg Zwischen- 
ferment, 5 #moles MgClz, o.IM-TRIS buffer 
to I.o ml and UTP as indicated. Curve (a) 0.o 5 
#mole UTP. Curve (b) o.I #mole UTP. Curve 
(c) 0.2 #mole UTP. Curve (d). o. 5 #mole UTP. 
Corrections made for controls run without UTP. 

#mole G-I-P and 0. 5 mg Zwischenferment in place of UPPG. Corrections made for controls 
run without UPPG, UTP or UPP. 
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G-I-P. The relative rates of UPPGA formation from G-l-P,  G-6-P and glucose in the 
presence of UTP and the requisite enzyme systems are presented in Fig. 5. 

From the results presented in Fig. 3, 4 and 5 it is clear that  UPPGA can be formed 
from UTP and either G-l-P, G-6-P or glucose using the requisite enzyme systems and 
that  the rate of reaction depends upon the UTP concentration. In addition it will be 
seen from Fig. 3 that  UTP can be replaced by UPP and ATP in the presence of nucleo- 
side diphosphokinase. 

In an experiment similar to that  recorded in Figure 4 it was found that  the rate of 
UPPGA formation depended upon the G-I -P  concentration when the UTP concentra- 
tion was constant. 

The lower rate of formation of UPPGA from G-6-P and from glucose and ATP is 
probably a reflection of the position of the phosphoglucomutase equilibrium which is 
very much in favour of G-6-P. 

The/ormation o~ glucuronides [rom glucose and glycogen 
In  Fig. 5 (curve c) it was shown that  UPPGA can be formed from glucose in the pres- 
ence of the requisite enzymes and substrates. The dependence of the overall reaction 
from glucose to o-APG on the ATP concentration is shown in Fig. 6. 

I t  will be seen that  the rate of formation of o-APG is dependent upon the ATP 
concentration; in this case the ATP requirement is for G-6-P formation. The low rate 
of o-APG formation is again probably a reflection of the position of the phospho- 
glucomutase equilibrium. 
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Fig. 5" The relative rates of formation of 
UPPGA from G-I-P, G-6-P and glucose in the 
presence of UTP. Curve (a) 0. 5 ~umole G-I-P, 
0.2 /~mole UTP, 0. 5 /tmole DPN, 0. 5 mg 
Zwischenferment, 5/zmoles MgClz, 3 °/~1 UPPG 
dehydrogenase and o . IM-TRIS buffer pH 
8.5 to I.o ml. Curve (b) 0.5 /umole G-6-P, o.z 
/zmole UTP,  0. 5 /zmole DPN, IOO/zl phospho- 
glucomutase,  5 #moles MgCI~, io /~moles 
cysteine, 0.5 nag Zwischenferrnent, 30/~1 UPPG 
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Fig. 6. The effect of ATP concentration on the 
overall formation of o-APG from glucose. In- 
cubat ion mixtures  contained o.5/*mole glucose 
2 mg hexokinase, 20o /zl phosphoglucomutase,  
5 / ,moles  MgCI~, io / ,moles  cysteine, 0. 5/*mole 
UTP, i .o/*mole DPN, 25/*1 glutamic dehydro- 
genase, 2 #-moles a-oxoglutarate, 2.0 /zmoles 
NH4C1, o. 5 mg Zwischenferment, ioo /A UPPG 
dehydrogenase, o . IM-TRIS buffer pH 8. 5 to 
I.o ml. and ATP as indicated. Reactions run 
for 4 ° min, heated for 3o seconds in a boiling 
water bath, cooled, centrifuged, the pH of the 
superna tant  adjusted to pH 7.7 and UPPGA 

measured by o-APG formation. 

dehydrogenase and o . IM-TRIS buffer pH  8. 5 to i .o ml. Curve (c) 0. 5 jumole glucose, 0.2 #mole 
UTP, i.o #mole ATP, o. 5 #mole DPN, i mg hexokinase, ioo/~1 phosphoglucomutase,  5 #moles 
MgC12, io /*moles cysteine, o.5 mg Zwischenferment, 3 ° /zl U PPG  dehydrogenase and o.i M- 

TRIS buffer p H  8. 5 to I.o ml. Corrections made for controls run without UTP. 
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I t  was found possible in these experiments to substitute glycogen, phosphorylase 
and inorganic phosphate for the G-I -P  thereby establishing a pathway from glycogen 
to glucuronide. A typical experiment is recorded in Fig. 7. I t  will be noted from this 
figure that  the rate of formation of UPPGA from glycogen is almost as fast as from 
G-I -P  and much faster than from G-6-P or glucose. 
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UPPGA o-amlnc 
calc. froml phenyl 
z~ E34 o glucuron~ 
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Fig. 7. The  f o r m a t i o n  of U P P G A  and  o -APG f rom glycogen  and the  effect of U T P  concentrat ion 
thereon.  Incubat ion  mixtures  contained 25 m g  glycogen,  ioo/*1 phosphorylase  (equivalent  to 4.5 g 
muscle) ,  i o  / ,moles  cyste ine ,  o.I / ,mole  A M P  (5'), i mg Zwischenferment ,  5 / ,moles  MgC1 s, I .o 
/ ,mole  D P N ,  3o/ ,1  U P P G  dehydrogenase ,  o . 5 M - p h o s p h a t e  buffer  p H  7.8 to  I.O ml  and  o.~ / ,mole  
U T P  (curve (a)) a n d  o.2 / ,mole  U T P  (curve (b)). Af te r  4 ° minutes  incubat ion the  mixtures  were  
treated as in Fig, 6 for the  measurement  of o -APG formation.  Corrections were  made for controls 

run wi thout  U T P .  

DISCUSSION 

The formation of glucuronides by liver slices was shown by LIPSCHITZ AND 

BUEDING ~° to be an aerobic process, inhibited by cyanide. These workers also found 
fluoride and iodoacetate to inhibit glucuronide formation at levels which did not 
greatly depress the oxygen uptake of the slices and concluded that phosphorylation 
reactions were important in ghicuronide formation. The work of LIPSCHITZ AND 
BUEDI~C indicated that liver glycogen was a probably source of glucuronic acid and 
they suggested that 3-carbon intermediates were important in glucuronide formation, 
these compounds being more effective than glucose in stimulating glucuronide forma- 
tion in liver slices from fasted animals, This observation however may only be an 
indication of the intermediate role of the hexose phosphates, the latter being formed 
more readily from 3-carbon compounds than from glucose due to the low hexokinase 
levels of l ive# 1, ~2. Liver glycogen was implicated as a source of glucuronic acid by 
DZIEV¢IATKOWSKI AND LEWIS ~ who demonstrated ~ fall in liver glycogen simultaneous 
with glucuronide formation in the whole animal. A number of workers ~ - ~ ,  using 14C 
labelled glucose in both mammalian and bacterial systems, h~ve demonstrated the 
conversion of glucose to glucuronic acid without cleavage of the carbon chain, while 
othersSL ss have indicated that preformed glucuronic acid is probably not a precursor of 
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glucuronides. The implicating of the uridine pyrophosphoglycosyl compounds in 
glucuronide formation 1,5,~3 has led to an elucidation of the probable pathway of 
glucuronide formation in liver, and the results of the present work on isolated enzyme 
systems indicates that the pathway may be represented as in Fig. 8. 

In this system the important requirements are a supply of ATP and a DPN 
regenerating system in addition to the substrate glycogen. It  was shown by SMITH AND 
MILLS 1 that cyanide, fluoride and iodoacetate have negligible effects on the transfer of 
glucuronic acid from UPPGA to the acceptor. In liver slices it is probable that the 
effects of these three inhibitors are on the ATP regenerating systems leading to a 
depletion of available ATP. In the present work it has been shown that the overall 
formation of glucuronides from glucose may be dependent upon the ATP supply; in 
this respect ATP will be required for the resynthesis of UTP from UPP as well as for 
hexose phosphate formation. 

The central role of the uridine pyrophospho compounds of glucose and glucuronic 
acid allows the formation of an "active" form of glucuronic acid without free glucuronic 
acid existing as an intermediate. In the dehydrogenation step from UPPG to UPPGA 

G]utamic 
dehydroqcnar,¢ 

Glutamate  : ° ~ O x ° q l u t ' z a r ° t e  
GLYCOGEN .Pi ~ ! j + NH3 

Phosphoqlucomuto sphor'ylase 2DPN 2DI~NH . ~-ON R-G!ucuronide 

G GP 'i, ~Gj-- p UPPG ~ Z UPPGA ~-~ J .  UPP 

g c x o k i n a s e  I • i " " I 

GLUCOSE / ~ATP/[ tr~n~fcra~ | 

ATP q~neDa.C~nq 
SVS t,¢~'~. 

Fig. 8. The pathway of glucuronide formation. 

the level of oxidised DPN will be a rate determining factor and here again the coupling 
of this step with the oxidative metabolism of the cell will allow maintenance of the 
correct level of DPN +. It  is probable that many other DPNH oxidising systems could 
substitute for the glutamic dehydrogenase system used in the present work. It  would 
thus appear probable that liver glycogen is the ultimate source of glucuronic acid and 
that the direct formation from glucose is a minor route due to low liver hexokinase 
levels and the position of the phosphoglucomutase equilibrium. 

It has been claimed by FISHMAN 34 that the enzyme fl-ghicuronidase is involved in 
glucuronide synthesis. The main arguments against this view are the lability of the 
glucuronosyl transferase as compared with fi-glucuronidase and the fact that saccharo 
I "4 lactone does not inhibit glucuronide formation at levels which completely inhibit 
fl-glucuronidase ~. FISHMAN AND GREEN ~ have recently demonstrated that fl-glucu- 
ronidase may have a glucuronosyl transferring action and they have suggested 87 that 
this mechanism is important in glucuronide formation. While fl-glucuronidase may, 
in fact, be active in transferring glucuronic acid from a glucuronide to another agly- 
cone, primary formation of the glucuronide is obviously necessary and the most likely 
mechanism, based on all the available evidence, is that proposed in Figure 8. 
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As will be seen from Figs. I and 2 the highest level of formation of o-APG is 
85 % when based on DPN reduction during the formation of UPPGA from UPPG. I t  
has previously been shown 1 that,  when using chromatographically pure UPPGA, the 
level of 0-APG formation approaches ioo %. In  the present work the lower rate of 
0-APG formation may be due to breakdown of UPPGA by the enzyme preparations 
used. Some preliminary results indicate that  when the UPPG dehydrogenase is 
allowed to act for shorter times the 0-APG formed in such a conjugation reaction is 
closer to IOO %; similar findings have been reported by STROMINGER et al. 9. 
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SUMMARY 

A study has been made of the formation of uridine pyrophosphoglucuronic acid (UPPGA) and 
o-aminopheny l  g lucuronide  (o-APG) in i sola ted e n z y m e  sys t ems .  I t  h a s  been  s h o w n  t h a t  t he  con- 
ve r s ion  of ur id ine  py rophosphog lucose  (UPPG)  to  U P P G A  can  be m a d e  i n d e p e n d e n t  of D P N  
concen t r a t i on  b y  us ing  a D P N H  oxidis ing s y s t e m ;  by  us ing  such  a coupled sy s t em,  t he  convers ion  
of U P P G  to o -APG is a b o u t  85% of t h e  U P P G  presen t .  

Coupl ing t he  U P P G  dehydrogenase  s y s t e m  wi th  t he  ur idyl  t r ans fe rase  of MUNCH-PETERSEN, 
i t  was  s h o w n  t h a t  t h e  ra te  of U P P G A  fo rma t i on  was  d e p e n d e n t  upon  t he  U T P  and  G- I -P  con- 
cen t ra t ions .  Glycogen,  phospho ry l a se  and  inorganic  p h o s p h a t e  can  be s u b s t i t u t e d  for G- I -P  wi th  
l i t t le r educ t ion  in t he  ra te  of U P P G A  format ion .  The  use  of G-6-P  and  p h o s p h o g l u c o m u t a s e ,  or  
glucose,  ATP,  hexok inase  and  p h o s p h o g l u c o m u t a s e  as s u b s t i t u t e s  for G - I - P  gave  a slower ra te  of 
U P P G A  fo rma t ion .  

F r o m  the se  e x p e r i m e n t s  a m e c h a n i s m  of g lucuronide  fo rma t ion  f rom glucose and  glycogen is 
p roposed  and  d iscussed in re la t ion  to o the r  work  on the  m e c h a n i s m  of g lucuronide  fo rmat ion ,  
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I N F L U E N C E  DES  C H L O R U R E S  ALCALINS 

SU R L ' H Y D R O L Y S E  T R Y P S I Q U E  D E  LA L A C T O G L O B U L I N E  NATIVE 

E T  D]~NATUR]~E P A R  LA C H A L E U R  

J E A N N I N E  Y O N  

Laboratoire de Biologie physicochimique de la Facultd des Sciences, Institut de 
Biologie physicochimique, Paris (France) 

Divers travaux ont permis de d6terminer la nature des forces impliqu6es dans l'asso- 
ciation d'un enzyme avec son substrat 1, 2, 8. Les substrats utilis6s avaient une structure 
chimique relativement simple. Plus r6cemment, STEINER 4, 6tudiant au moyen de la 
lumi~re diffus6e l'association de la trypsine avec une autre prot6ine, l'inhibiteur du 
soja, en fonction du pH et de la force ionique, arrive ~ la conclusion que la formation 
du complexe implique la participation d'un groupe carboxyle. Une 6tude analogue a 
6t6 appliqu6e par cet auteur au probl~me de la dim6risation de l 'a-chymotrypsine 5. 

Lorsque les forces d'attraction coulombiennes interviennent d'une mani~re 
appr6ciable dans l'association enzyme-substrat, on peut s'attendre k ce qu'une modi- 
fication de la force ionique du milieu entraine des variations dans l'affinit6 de l'enzyme 
pour son substrat; au contraire si les liaisons ioniques sont n6gligeables ou s'il y a 
compensation entre les attractions et les r6pulsions 61ectrostatiques, on ne notera 
aucune variation sensible de l'affinit6. Dans le pr6sent travail, nous avons donc 
6tudi6 quantitativement l'effet de l 'augmentation de la concentration saline (prin- 
cipalement KC1 et NaC1) sur l'hydrolyse des formes natives et d6natur6es ( se t  [ de 
BRIGGS ET HULL s) de la fl-lactoglobuline. L'6tude cin6tique et thermodynamique 
permet de localiser l'effet des sels qui peut s'exercer soit au stade de la formation 
r6versible du complexe interm6diaire, soit sur le processus de d6composition irr6ver- 
sible de ce complexe. 
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