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Summary 

T-Glutamyltransferase ((5-glutamyl)-pephde. amino-acid 5-glutamyltrans- 
ferase, EC 2.3.2.2) of  rabbit  hver (detergent form) was punfmd l l00 - fo ld  m 
order to s tudy its kinetic propertles. Kmetac studms were conducted from pH 
6.0 to 12.0 m the absence and presence of the acceptor substrate glycylglycme 
using 7-glutamyl-3-carboxy-4-mtroanlhde as the donor.  

The emstence of  more than one binding site for both donor  and acceptor is 
postulated on kmetm evidence such as donor  substrate actlvatmn, donor  sub- 
strate mhlbltmn and acceptor substrate actlvatmn. 

Homotroplc  interaction is also observed, m the form of negative coopera- 
h w t y ,  m donor  substrate binding, m the absence of  acceptor  at pH less than 
9.0 and positive cooperatlv]ty (n = 2), m the absence or presence of  acceptor  at 
pH greater than 9.0. 

Hydrolase reactmn reaches a maximum of  act lwty at pH 10 (pK 8.6). Trans- 
ferase achwty  under condltmns of  maximal velocity Ls maximal at pH 9.0 (pK 
7.1). The ratm of  transferase act lwty/hydrolase activity is maximal at pH 7.0-- 
7.5. At low donor  substrate concentratmns, maxLrnal activity is attmned at pH 
7.5. 
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Autotransfer is not thought to play a slgnifmant role m the conditmns used 
for the study. 

Studies done with rat kidney brush border membrane at pH 6 and 7.5 corro- 
borate the findings with the purified enzyme. 

Introduction 

7-Glutamyltransferase ((5-glutamyl)-peptlde amino-acid 5-glutamyltrans- 
ferase, EC 2.3.2.2) which catalyzes the transfer of the 7-glutamyl momty from 
7-glutamyl peptldes or synthetic substituted amides on to different peptades or 
ammoactds acceptors m also capable of autotransfer and has some glutammase 
actawty. Kmetm studms done at pH 8--8.5 suggested a pmg-pong mechanism 
[1--8]. It is very hkely that a covalent 7-glutamyl enzyme intermedmte 
formed [1,3,4,6,8--11] and that deacylatmn is the rate-hmltlng step since all 
glutamyl donors have the same effmtency regardless of the leawng group. 

Many authors have reported donor substrate inhibition when the enzyme 
was assayed with 7-glutamyl-carboxynltroamhde [2,12] or mtroanflide [4,13] 
and glycylglycine [2,12--14], whmh m not readily explmned by a ping-pong 
mechanmm. 

Interested in rabbit hver 7-glutamyltransferase as a marker of drug-metabol- 
izing enzyme mductlon [15], we ptmfied and studied the kmetm properties of 
thin enzyme. Results obtained under condltmns of maxLmal velocity at differ- 
ent pH value with and without acceptor, help us to understand the mechanism 
of actmn of 7-glutamyltransferase. Some kinetic expemnents were also done on 
rat kidney brush border membranes to see the influence of binding of 7-gluta- 
myltransferase to natural membrane on the mechanism. 

Materials and Methods 

Materials 
L-7-Glutamyl-3~arboxy-4-nltroanfllde was purchased from Boehnnger 

Mannhelm and glycylglycme from Merck Darmstadt. DEAE-Sephacel and Con 
A-Sepharose were bought from Pharmacta Fme Chemicals, Uppsala, and Ultro- 
gel from Industne Blologlque Fran~mse. Bovine serum albumin and a-methyl- 
D-mannomde were obtmned from Sigma Chemical Co., U.S.A. and sodium 
deoxycholate and Lubrol WX from Fluka Buchs. Other chemicals used were of 
analytical reagent grade. 

Punf~catmn of 7-glutamyltransferase 
Punficatlon procedure was carned out accordmg to a modification of the 

method of  Huseby [12] for the rabbit liver. Fauve de Bourgogne male rabbits 
(1.8--2 kg) received phenobarbital (50 mg/kg per day) for 4 days subcutane- 
ously in the flank and were killed on the 5th day. The livers were excised un- 
mediately after death and homogemzed. 

Homogenization, solub,hzaiaon of the enzyme from the membranes and 
acetone precipitation, butanol treatment and (NH4)2SO4 precipitation were 
carned out according to the method of Huseby [12]. However, when a mLxture 
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of  Lubrol and sodmm deoxycholate (final concentration of 5 g • 1-1 each) was 
used to remove the enzyme from plasma membranes, all subsequent steps were 
carried out  m the presence of Lubrol unless otherwise stated. 

The preparation was then passed through DEAE-Sephacel and Ultrogel AcA- 
22. The column (60 × 3 cm) was equilibrated with 0.01 M Tns-HC1 buffer (pH 
8 0)/0.15 M NaCl/0 2 mM CaC12/0.2 mM MnC12/2 g "1-1 Lubrol. The active 
fractions collected from DEAE-Sephacel were applied and eluted with the same 
buffer. The active fractions were then dialyzed against the same buffer without  
Lubrol. 

The sample was passed on Con A-Sepharose. The column (10 × 2 cm) was 
equilibrated with Tns-HC1 buffer/MnC12/CaC12/NaC1, as above. 

The enzyme solution was apphed and the column washed with buffer until 
the effluent showed no absorbance at 280 nm. Elutmn was carried out with 
1 M a-methyl-D-mannoside dissolved in buffer. 1 ml fractions were collected 

Analytzcal methods 
Protein concentration was estimated by the method of Lowry et al [16] 

with bovine serum albumin as a standard. 
Kinetic experiments were carried out  on a Rotochem IIa Analyzer m 0.1 M 

Tns-HC1 buffer/0.1 M sodium acetate. Increasing concentrations of  L-7-gluta- 
myl-3~arboxy-4-mtroanfllde and glycylglycine were studied at various pH 
values 

Assays were camed out m the following manner: 0.3 ml Tris-acetate/glycyl- 
glyclne buffer was mixed with 0.05 ml L-7-glutamyl-3-carboxy-4-mtroanfllde, 
0.05 ml enzyme and 0.2 ml distilled water. The rate ofp-mtroanzhde liberation 
at 30°C was determined from the Increase m absorbance at 405 nm. 

Kinetic parameters were obtained graphmally according to Lmeweaver-Burk 
plots V and K0 s values have been calculated by extrapolating hnem" fractions 
of the curves or takmg two V values m cases of nonhneanty .  

Results 

The rabbit ~f-glutamyltransferase was purified l l00- fo ld  m the presence of 
Lubrol to a speclfm activity of 13.5 pg • mm -1 • mg -1 (Table I). 

The enzyme was much less active than that  reported by Huseby [12] for the 
human 7-glutamyltransferase. The apparent molecular weight was determmed 
at about 200 000 by chromatography on Ultrogel AcA-34, which is consistent 
with the heavy form of 7-glutamyltransferase. 

Kmetw studies 
Hydrolase reaction m the absence of  acceptor. When the concentration of 

L-7-glutamyl-3-carboxy-mtroanlllde (GluCNA) is increased at pH <9.0, a very 
important  substrate activation is observed (Fig. 1A). Donor substrate activation 
disappears as pH increases. At pH 9.0--10.5, kmetms look Mlchaehan but 
become non-Mmhaehan again at pH >10.5 (Fig. 1B and reset) 

The pH dependency of the hydrolase reaction is shown on Fig. 2B. The 
maximal rate (V) reaches a maximum at pH 9.5 and remains constant up to pH 
12.0 and is dependent on an lomzmg group of  pK 8.6--9.0 This is true for 
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Step V o l u m e  To ta l  p ro t e in  7-Glu t a m  yl t ransferase  Punf l ca t l on  
(ml)  (rag) ac t lv l ty  (-fold) 

T o t a l / U  Specif ic  
(U m g  - l  ) 

Homogenate  4 3 9 2  178 667 2144  0 0 1 2  - -  
De t e rgen t  ex t r ac t  3107  59 600  2086  0 0 3 5  2 9 
Acetone  p r e c l p l t a h o n  2000  33 363 1949  0 0 5 8  4 8 
Butano l  t r e a t m e n t  936  3018  637 0 21 17 5 
( N H 4 ) 2 S O  4 p r e c l p l t a t m n  170 1240  431 0 35 29 2 
DEAE-Sephace l  22 181 145  0 80 67 
Ul t rogel  10 5 8 31 2 3 9 325  
Aff in i ty  c h r o m a t o g r a p h y  3 0 68 9 2 13 5 * 1125  

* The  mo lecu la r  welght  was estu-nated by  Ult rogel  A c A - 3 4  c h r o m a t o g r a p h y  as a p p r o x  200 0 0 0  

both high and low affinity sites. Fig. 2A descnbes the varlahon of K0 s as a 
function of  pH for both high and low affinity sites, indicating a large difference 
in the sites at pH 7.0 which vanishes at pH >9.5.  

Transferase reactmn ~n the presence o f  acceptor. At pH 7 0, where two sites 
seem to be kmetmally active with the donor substrate, the increase m the 
acceptor glycylglycme concentrahon,  at constant  1 mM GluCNA, points to the 
existence of two binding sites for glycylglycme. Fig. 3A clearly shows the anti- 
cooperative bmdmg at pH 7.0. It should be noted that  the rate m the absence 
of acceptor was substracted because It was not  neghglble at low concentrations 
of  acceptor. Antlcooperatave bmdmg disappears at alkaline pH where only one 
high affinity bmdmg rote can be seen (Fig. 3B). Binding of glycylglyclne follows 
the same pattern as that  of  GluCNA as a functmn of pH. 

Glycylglycme activates the transformation of GluCNA m taking part into the 
transferase reactmn. At pH <9.0,  actlvatmn is observed up to 200 mM glycyl- 
glyclne (F:g. 4) possibly due to the action of  a second site and at pH >9.0,  the 
actavatmn is maxnnal at 50 mM. It should be emphas|zed that  the K0 s value of 
the high aff lmty site for glycylglycme barely vanes from pH 7.0 to 11.0 (14-- 
20 mM). 

While m the absence of  acceptor, actavatlon by donor substrate is observed, 
the presence of  glycylglycme on the acceptor site induces a change m kmetlcs. 
Antlcooperatlvlty is still seen but inhibition by substrate is the result (F:g. 4A 
and 4B). Interestingly enough, this change occurs already at 5 mM glycylgly- 
cme (data not  shown) lndmatang that  the binding of the acceptor on the high 
aff lmty site IS determinant.  

Indeed, increasing the concentratmn acceptor does not  seem to affect donor 
substrate mhibltaon but stimulates the transferase actlwty as indicated by the 
effect of  glycylglycme on Fig. 5 

Donor substrate mhlbmon chsappears at alkaline pH, foUowmg the same 
pattern as that  of  the actlvatmn m the absence of acceptor. 

The pH vanat~on of V transferase is very different from that  of  hydrolase 
(Fig. 6A). The pK of  7.1, IS almost 2 pH units lower than that  measured m the 
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Fig l •  Double- rec iproca l  p lo t  of  the  ac t iv i ty  vs ? -g lu t amy l -3 -ca rboxy-4 -mt roanzhde  (GIuCNA)  a t  dtffer-  
en t  p H  values ( e  e ,  7 5,  • • .  8 0,  ~ o, 8 5 and  z - ' ,  9 0) and  m absence  of  glycyl-  
g lycme  Inse t  table  s u m m a n z e s  the  iunet lc  p a r a m e t e r s  ca lcu la ted  f rom the p lo t  

pH K 1 V l K 2 V 2 V 1 / V  2 
(raM) 0~mol m m  -I  1-1) (mM) (#tool  m m  -1 1-1) 

7 5  2 4  6 6  < 0 1  3 1  2 1  
8 0  3 3  1 4 4  0 3  5 5  2 6  
8 5  2 5  2 5 0  0 9  1 4 1  1 8  
9 0  2 1  3 6 9  

Fig, 1B Double- rec iproca l  p lo t  of  the  ac t tv l ty  vs 7 - g l u t a m y l - 3 - c a r b o x y - 4 - m t r o a n l h d e  (GIuCNA)  at  differ-  
en t  p H  values (e  e ,  I 0 0 ,  • • ,  I 0 5 ,  • • ,  I I  0 and  o o i i  5) and m absence  of  
g lycylg lyc ine  Inse t  hgures  are s hown  to I l lustrate  the  a ppa ren ce  of  posi t ive c o o p e r a t l w t y  as pH increases 

absence of  glycylglycme (F]g. 2) Such a shift m pK Is compatible with a 
change m catalysis from hydrolase to transferase, or with an important  interac- 
tion of  the acceptor molecule with the active site residue revolved m the acyla- 
tlon by donor substrate. We must also consider that  acceptor binding may 
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F i g  2 Klnetsc  p a r a m e t e r s ,  V and K 0 5 as  a f u n c t i o n  o f  p H ,  m a b s e n c e  o f  a c c e p t o r  ( A )  K 1 ( e  "-) is  

the  K 0,5 o f  the  l o w  a f h m t y  s i te  w h m h  b a r e l y  v a r i e s  w i t h  p H  K 2 (D D) is  t h e  K 0 ,  5 o f  t h e  h i g h  

a f h m t y  s i t e  w h i c h  increases  to  t h e  l eve l  o f  K 1 a t  p H  9 5 A t  h i g h e r  pH0  o n l y  o n e  b i n d i n g  s t t e  is o p e r a t i n g  
or b o t h  h a v e  the  s a m e  a f h m t y  ( B )  V I (A A) is  V o f  the  l o w  a f h m t y  s l te  and V 2 (o  o)  V o f  
the  h l g h  a f f l n l t y  s l t e  T h e  p K  o f  V l is  8 6 

F i g  3 A  D o u b l e - r e c i p r o c a l  p l o t  o f  the  a c t i v i t y  vs  g l y c y l g l y c m e  m p r e s e n c e  o f  i m M  G l u C N A  a t  p H  7 0 
N o t e  that  v-v 0 Is p l o t t e d  here  v 0 Is d e t e r m i n e d  m the  a b s e n c e  o f  g l y c y l g l y c l n e  L o w  a f f l m t y  site has  a 

KO 5 o f  5 0  m M  and the  h i g h  a f f l m t y s l t e a K  0 5 o f  13  3 m M  T h e r a h o  o f  V I / V  2 = 3 B D o u b l e - r e c i p r o -  
cal  p l o t  o f  v v 0 v s  g l y c y l g l y c m e  a t  10  m M  G I u C N A  a t  p H  10  5 v 0 is  the  ac t swty  d e t e r m i n e d  in a b s e n c e  o f  
g l y c y l g l y c m e  O n l y  o n e  s i te  or t w o  s i tes  o f  equa l  a f h m t y  are s e e n  w i t h  a K 0 5 o f  2 0  m M  

expose a new actwe site residue which contributes to transferase catalysis. 
As shown m Fig. 6B, the pH dependency of  K0 5 was studmd m the presence 

of  100 mM glycylglycme. The K0 s value increases at alkaline pH with a pK 
value of  8.6.  It Is very unhkely that increase m K0 s is due to the presence of  
glycylglycme acting as a compet l twe mhlbltor,  since K0 s also increases (pK = 
9.0) m the absence of  glycylglycme (Fig. 2) GluCNA has a pK of  9.3 and 
might be responsible m part for the variation of  K0 s. 

Fig. 6C represents V/Ko 5 vs. pH. It is noteworthy  that 7-glutamyltransferase 
has its peak of actlwty at pH 7.5 at low donor substrate concentration The 
two pK values, 6.3 and 9.3,  are hkely to be those of  the carbonyl group of  the 
donor m the acyl enzyme ~ntermedmte (hlstidme), and for the proper orienta- 
t ion of  the acceptor (a-NH3). One cannot  exclude the pK of  the donor 
GluCNA. 

Depending on the concentration of  the donor and the acceptor both hydro- 
lase and transferase are likely to operate at the same time. Fig. 7 represents the 
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Fig 4 Double-reclprocal plots of aettvlty vs GIuCNA m the presence of glycylglyeme (¢ e 50 mM, 

• m I00 mM and o o, 200 raM) at pH 6 0 (A) and 8 5 (B) Note the stronglnhlbltlon by 

donor substrate0 but also strong activation by acceptor substrate V values were extrapolated to 1IV V 1 
values were determined at highest GIuCNA concentrations Inset table shows the kanetlc parameters at 50, 

100 and 200 mM glycylglycme Note that the degree of mhlbltaon (V/VI) is about the same at all con- 
centratlons of glycylglycme Note also that glycylglycme acts as an apparent competitive inhlbltor by 

increasing K 0 5 

A G l y c y l g ] y c m e  (raM) 

50 100 200 

K0 5 0 1 0 15 0 32 
V 16 21 31 
V 1 10  13  19  
V/V, 16 16 16 

B G l y c y l g l y c m e  (raM) 

50 100  200  

K0 5 0 41  0 4 4  0 55 
V 121 137 141 
Vl 91 114 124 
V / V  i 1 3  1 2 1 1 

ratio of  V at 100 mM glycylglycme (transferase) to V m the absence of  glycyl- 
glycme (hydrolase). The ratio reaches a maximal value at pH 7.5 and a minimal 
value at pH >10 .0 ,  indicating that at physiological pH, transferase reaction was 
preferred and moreover, that the transferase was optimal m a pH zone where 
deacylatlon seemed to be rate hmlting. 

In view of  the objections that might be rinsed concerning kmetic studies 
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G I u C N A  at pH I 0  5 m the presence  o f  g l y c y l g l y c m e  
(A A 5 m M ,  ¢ =,  50  m M ,  • u I 0 0  m M  and o o 2 0 0  m M )  N o t e  the absence  o f  
ac t lvat lon  and the  presence  o f  apparent  c o m p e t l t l v e  mhlbl taon  Inset  f igures s h o w  that  g l y c y l g l y c m e  d o e s  
n o t  a f f e c t  the  c o o p e r a t l v l t y  o f  d o n o r  substrate  b l n d m g  

done on an enzyme was likely to be attached to detergent mmelles, we repeated 
some experiments with 7-glutamyltransferase in renal brush border membrane 
Fig. 8 clearly shows that 7-glutamyltransferase m its natural environment 
behaves exactly as the detergent-punfmd enzyme. At pH 6.0 and 7.5, actwatlon 
by donor substrate was observed m the absence of glycylglyclne, and the 
presence of  glycylglycme not only stimulated actlwty but led to donor sub- 
strate mhlbltmn. 

Discussion 

Most kinetic studms that were camed out on "~-glutamyltransferase were 
done at pH 8.0--8.5 and at low concentration for both donor and acceptor sub- 

A B 

2 0 5 -  "~ 

oi,,,:,, . . . . . .  
O .5 6 7 8 9 pH 0 5 6 7 8 9 pH 

C 

0 '5 6 7 8 9 pH 

Fig 6 A  In f l uence  o f  pH on  the m a x i m a l  v e l o c i t y  o f  p u n h e d  7 -g lu tamyl trans ferase  at  1 0 0  m M  g lycy lg ly -  
c lne  B I n f l uence  o f  pH on  the  af fxmty  o f  p u n f l e d  7 -g lu tamyl trans ferase  for  7 - g l u t a m y l - 3 - c a r b o x y - 4 -  
nttroanLhde at 1 0 0  m M  g l y c y l g l y c m e .  C In f lu e n c e  o f  pH on  the  ratao o f  the  m a x l m a l  v e l o c l t y  and K 0.S o f  
the  puri f ied "~-g]utamyltransferase at  1 0 0  m M  glycylKlyclne  
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and  V at  0 m M  g l y c y l g l y c m e  are p l o t t e d  N o t e  the  m a x i m u m  a t  p H  7 0- -7  5 wi th  a p K  of  S 3 

F ig  8 Doub le - rec lp roca l  p lo t  o f  act*wty vs G I u C N A  m t h e  a b s e n c e  a n d  p r e s e n c e  of  50 m M  g l y c y l g l y c m e  
f or  rat  k i d n e y  b rush  b o r d e r  m e m b r a n e s  Brush b o r d e r  m e m b r a n e s  were  p r e p a r e d  a c c o r d i n g  to V a n m e r  e t  
al [ 2 6 ]  The  p r e p a r a t l o n  c o r r e s p o n d s  to  a 20-fold  e n n c h m e n t  o f  a speclf lc  ma xke r ,  a lkahne  p h o s p h a t a s e ,  
re la t ive  t o  rena l  c o r t e x  b o m o g e n a t e  (A)  R a t e  a t  pH  6 0 m absence  of  g l y c y l g l y c m e ,  (B) ra te  at  6 0 m 

presence  o f  g l y c y l g l y c m e ,  (C) ra te  at pH  7 5 m absence  of  g l y c y l g l y c m e ,  (D)  ra te  at pH  7 5 In p r e sence  o f  
g lycy lg lyc lne  

strates. They led to the description of a non-sequential pmg-pong mechanism 
[ 1--8]. Our studies are not  contradlctmg former studies but bnng more hght to 
the understandmg of the kanetlc properties of  7-glutamyltransferase. A careful 
examination of the enzyme kinetics over a wide range of  pH values under con- 
dlt]ons of maximal velocity revealed the existence of  complex interaction 
between donor and acceptor sites, wNch could not  be caused by a competmg 
simultaneous autotransfer reaction. Even though the autotransfer reaction was 
not  measured, findings with and without  glycylglyclne, almost ruled out a 
Slgmflcant con tnbutmn of an autotransfer under conditions of assay Indeed, 
bmdmg of an acceptor molecule on the acceptor site mduces an inhibition by 
the donor at high donor concentrations. In the autotransfer reaction, the donor 
acting as acceptor would necessarily bmd to the acceptor site inducing an inhib- 
ition instead of an activation. A sltuatmn is created in which the same substrate 
causes stimulation and lnhlbltmn of its uptake on binding to the acceptor site. 
As found with glycylglycme, the stlmulatory effect on donor transformatmn 
and turnover is such that  it should mask the inhibitory effect. Obwously, this is 
not  the case. Data from others indicate that  the autotransfer decreases at acidic 
pH [11]. Contrarily, we have observed that substrate actlvatmn is maximal at 
ac]dlc pH. 

A strong argument against autotransfer as the explanation of the actwatlon, 
is the very different V pit  profile in the absence and presence of acceptor. If 
actwatlon by donor substrate was due to autotransfer the variation of  activity 
with pH should follow that  of transferase reactmn and it does not. 

Therefore, autotransfer, ~f it occurs at low pH, is not slgmficant. Studies 
done on human hver 7-glutamyltransferase are m good agreement, smce no 
autotransfer product could be identified at pH <:7.0, using chromatography 
[27] 



229 

Our data show a net difference between the hydrolase and transferase 
actlvltms, especially with respect to optimal pH. The values of  acldm pK 
mvolved in transferase activity suggest the role of  an hlstldlne residue. How- 
ever, the role of  an active hlst:dme was rejected by Elce on the basis of  chemi- 
cal modification [9].  

The residue with a pK of 8.6 whmh controls the hydrolase activity and plays 
an important  role m the apparent affinity of  donor  substrate as function of  pH, 
could be an a-NH3 group. Our klnetm data support  that  of  Elce, who recently 
proposed the active participation of  two ~-NH3 groups [9].  The Important  pH 
differences observed here, between hydrolase and transferase actlwtles, are 
reflectmg the Important  changes brought about  by interaction of  an acceptor  
molecule on the acceptor  site 

Another  important  aspect of  the pH study is the difference between acidic 
and alkaline values both in hydrolase and transferase actlwty. This suggests a 
change m rate-hmltlng step which would explmn the identical K0 5 varlatmn 
with pH in both  reactions. Deacylatlon would be rate hmltmg at low pH and 
acylatlon at high pH. This wew is supported agmn by the findings of  Elce [9] 
and Tate [17] ,  whmh show that  a covalent glutamyl enzyme exists at pH 7.5. 

Our results suggest the existence of  more than one binding site for donor  and 
acceptor.  Accorchng to Elce [9] and Tate [17],  there Is one covalent ~-gluta- 
myl /mol  enzyme at pH 7.5, which is located on the small subumt  of  the 
enzyme. The enzyme being a dLmer, the possibility of  havmg another site for 
donor  as well as acceptor  substrate is questioned. However, the existence of  a 
latent active site on the large subumt  of  rat kidney 7-glutamyltransferase was 
reported recently [18].  This site would be Inoperative on the dlmenc enzyme 
under normal conditions It is possible that  th:s site was acttvated at very high 
donor  substrate concentrations explaining the kmetm behavmur descnbed here. 
Unfortunately,  s tomhmmetnc  active site labelling could not  be performed 
because of  an lnsuffmmnt amount  of  the rabbit  liver enzyme. 

This s tudy underhnes the complex mteractmns between acceptor and donor  
substrate binding sites. The only report  of  such interactions was done by 
Thompson and Me:ster [22],  in which maleate was shown to influence donor 
binding. 

In view of our observatmns, it Is no tewor thy  that very similar klnetms were 
observed with bactenal  and mammalian alkaline phosphatases known to have 
two active sites [23--25] .  

Conflicting kinetic data reported by different investigators could reflect the 
molecular structure of the ~-glutamyltransferase used for the klnetac studms. 
Most studms on the mechanism of this enzyme were done on the so called 
'hght form' ,  whmh is obtmned as a dlmenc protein of  the type  ~-~ after a 
proteolyt~c treatment.  It was shown by Hughey and Curthoys [19] that  the 
Tn ton  X-100-punfled enzyme from rat ladney was much heavier than the 
papmn-treated enzyme because of  extensive bmdmg to detergent mlcelles. In 
the absence of  detergent the enzyme aggregates. A proteolyt lc  t reatment  
removes an hydrophoblc  anchor whmh permits bmchng to detergent mlceUes 
and lecithin vesicles [19].  

The ~-glutamyltransferase used for our s tudy was purified m the presence of  
Lubrol. It is probable that  the high apparent molecular weight is due to molec- 
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ular association through binding to detergent mmelles. It was recently reported 
that binding of  7-glutamyltransferase to hpld seems to be similar to the binding 
to plasma membranes,  and that the active site of  the enzyme in artificial or 
natural membrane is most  probably external to the membrane [20,21].  The 
natural environment of  the enzyme Is the lipid matrix of  the cell membrane. 
We have conducted corroborative studms at pH 6.0 and 7.5 with rat kidney 
brush border membranes. The choice of  rat kidney was dictated by the recent 
studies of  Hughey et al. [20] which were done on rat kidney ~,-glutamyltrans- 
ferase, and by the large ~-glutamyltransferase actlwty of  these membranes com- 
pared to the liver ones. It is clear that ~,-glutamyltransferase in natural mem- 
branes exhibits the same properties as that of  the detergent-punfled enzyme 
(Fig 9). 

Kmetm studies conducted on papmn-released ~/-glutamyltransferase from rat 
kidney brush border gave similar results (unpublished data). Thus, the kinetic 
properties seem to be Independent of  the molecular form. 

Under conditions prevalhng in wvo, "),-glutamyltransferase is acting at pH 
7.0--7.5 and in the presence of  acceptor substrate, where transferase activity is 
very much favored. The aff imty constant  K0 s is around 0.1 mM for donor  and 
2--5 mM acceptor is sufficient to cause donor  substrate inhibition. These con- 
centrations are well within physiological limits Moreover, to activate transfer 
much higher concentrations of  acceptor will be required to saturate the second 
site. ~,-Glutamyltransferase would then be regulated both by donor  and accep- 
to t  substrate. If glutathlone is the natural substrate, regulation of  ~,-glutamyl- 
transferase might be hnked to glutathione economy.  
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