
Gen. Physiol. Biophys (1996), 1 5 , 403—413 403 

Analysis of Kinetic Propert ies of 7-Glutamyl 
Transpeptidase from R a t Kidney 

L. DVOR.ÁKOVÁ, J. K R Ú Š E K , F. Š Ť A S T N Ý and V. LISÝ 

Institute of Physiology, Academy of Sciences of Die Czech, Republic, 
Vídeňská 1083, 142 20 Prague 4- Czech Republic 

Abstract. The initial rate kinetics of rat kidney -y-glutamyl transpeptidase were 
measured using L--)-glutamyl-;>nitroanilide and glycyl-glycine as the donor and 
the acceptor substrate, respectively. Experimental data were fitted with the initial 
rate equation, and the obtained results indicated that: (1) Michaelis constants for 
transpeptidation (Kb), autotranspeptidation (A'„) and hydrolysis (A"/,.) are 8.56 
mmol/1, 2.02 mmol/1 and 0.005 mmol/1, respectively. (2) The maximum rate of 
transpeptidation (H) exceeds that of hydrolysis (V),) and autotranspeptidation (V„) 
160 times and 5 times, respectively. (3) A comparison of the ratios of maximal rate: 
Michaelis constant of individual reactions shows that hydrolysis is approximately 10 
times more efficient than the remaining two reactions. (4) Under routine conditions 
used for ^-glutamyl transpeptidase estimation, transpeptidation is the prevalent 
reaction. 

Key words: 7-Glutamyl transpeptidase — Kinetics — Rat — Kidney 

Abbreviations: GGT. 7-glutamyl transpeptidase; GpNA, 7-glutamyl-p-nitroanil-
ide; Gly-Gly, glycyl-glycine. 

Introduction 

7-Glutamyl transpeptidase (GGT; E.G.: 2.3.2.2) is a widely distributed membrane 
bound glycoenzyme with the highest activity found in the kidney (Tate and Meister 
1981). As it is the only known enzyme able to cleave the 7-glutamyl bond (Spiesky 
et al. 1990), it has been suggested to participate in the metabolism of various 7-
glutamyl compounds, such as glutathione or leukotrienes, and in the transport of 
amino acids and small peptides across the plasma membrane (Tate and Meister 
1981; Anderson et al. 1982; Jankásková et al. 1992). GGT is of interest not only 
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because of its physiological functions but also because of its clinical significance Foi 
example changes m its acti\iť\ as well as in the s t i u c t m e of its sac chande moiet\ 
can seive as an mdicatoi of hepatobiliary disease (Kottgen et al 1978 Boelsterh 
1979 B i o t m a n and Pimce 1988) 

G G T catalyzes both the lrvdiolysis of 7-glutam>l (ompounds and the tiansfei 
of 7-glutamyl íesidue fiom these donoi substiates (A) to acceptoi ammo acids oi 
small peptides (B) In addition some donois may also at t as acceptoi subst iates 
(Allison 1985) Thus G G T catah/es thioe t\pes of i ear t ions 
1) t ia i i sptpt idat ion -i-Glu-4 + B — -)-Glu-B + A 
2) autot ianspept idat ion 7-GI11-A + ")-Glu-A — 7-Glu-^-Glu- A + A 
3) hvdiolysis 7-GI11-A + H->0 -> Glu + A 

Fui theimoie, inhibition l:ľ\ the acreptoi substiate has to be coiisideierl (Al
lison 1985) Anahs is of the enzune kinetics m such a complicated system which 
includes all the mentioned 1 evictions is quite difficult Consequently one of the íe-
actions is often omitted in íepoits conceining this pioblem (Thompson and Meis
tei 1976 Shaw et al 1977, Allison 1985) Howe\ei, the íoutine dcteimination of 
G G T a c t m t y (Tate and Meistei 1974) as well as the estimation of the appai-
ent Michaelis constant fiom Linewcvuei Bulk plot (Reyes and Baiela 1980) aie 
usually peifoimed m a íeaction nnxtuie containing milliinolai conceiitiations of 
L-7-glutainvl-/Mutioaiiilide (L-GpNA) and gl>c>l-ghcme (Gl>-Glv) as the donoi 
and the arceptoi of the 7-glutaiiľyl moieťy, iespecti\eh In this case, an> of the 
1 evictions mentioned above can not be excluded The kinetic model i m o h i n g the 
complex of all G G T catalyzed leactions has not \et been desrnbed Thus, the ini
tial la te equation which coiiesponds to this model and is valid foi conditions of 
íoutiiie G G T actrwt\ estimation is being picruded m this íepoit and is applied to 
the determination of kinetic constants foi íat kidney G G T The íeaction scheme 
used foi 0111 model of G G T kinetics is based on the kinetic mechanism described 
b\ Allison (1985) to which íeaction steps belonging to autot ianspept idat ion aie 
added 

M a t e r i a l s a n d M e t h o d s 

All chemicals weie puichased fiom Sigma Chemical Co 
The c nule membiane fiaction (P2 fiaction) was piepaied fiom the kidneys of 

50-day-old female Wistai íats by the method of Cotman and Mathews (1971) The 
Pi fiaction ljsed 111 5 mmol/1 Tns-HCl buffei, pH 7 5 was solubihzed with 0 5Vc 
Tnton X-100 111 50 mmol/1 Tiis-HCl, pH 7 5 The supernatant aftei centiifugation 
(13,000 x r/, 20 mm) was used foi analysis (Kottgen et al 1976 D\oíáková et al 
1992) All steps wľeie peifoimed at 4°C 

Initial la te measuiements wreie peifoimed m 80 mmol/1 Tns-HCl buffei, pH 
9 0 (Tate and Meistei 1974), containing 75 mmol/1 NaCl The concentiation of 
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the donoi substrate, L-GpNA, ranged fiom 0 05 mmol/1 to 2 5 mmol/1 The ac 
ceptoi substiate, Gly-Gly, was maintained at the concentration of 20 mmol/1 in 
one set, and was omitted in the other set of expenments In GGT catalyzed reac
tion, GpNA is split into a p-nitroanilme and a 7-glutamyl residue Consequently, 
in the fiist set of experiments, 7-glutamyl-glycyl-glycme, 7-glutamyl-7-glutamyl-p-
mtroanilme, and glutamate are formed by tianspeptidation, autotranspeptidation 
and hydiolytic reaction, respectively In the absence of Gly-Gly only hydrolysis and 
autotianspeptidation can occui The initial late was determined on the basis of the 
foimation of p-mtioanilme which can be monitored by the mciease of absoibance 
at 410 11m The absorbance was lecoided continuously for 3 mm at 37°C using a 
Spectrophotometer PU 8700 (Philips, Netherlands) One unit (U) of GGT activity 
was defined as the amount of the enzyme which catalyzes the formation of 1 //mol 
of p-mtioanilme per minute (Tate and Meistei 1974) 

The kinetic constants were estimated by non-linear fit (Marquaidt Leven-
berg algonthm, Sigmaplot 4 1 Jandel Scientific) of the initial late equation to the 
expenmental data The mathematical model, based on the scheme shown 111 Fig 1 , 
was denved using the method of King and Altman (1956) 

Results and Discussion 

The íecipiocal form of the initial late equation involving all types of GGT cata
lyzed íeactions mentioned above (Fig 1) was denved and drawn up using Cleland 
symbols (Cleland 1963) 

U[A](l + A)+[A]>Ji 

"w(-g)^**("£)('*£) 
[A] and [B] aie concentiations of the donoi and the acceptoi substiates, respec
tively All kinetic constants, defined in Table 1, aie compnsed in equation (1), when 
Vb is mcorpoiated into the partitioning constant Ktab 

In the absence of the acceptoi substrate ([B] = 0) equation (1) is reduced to 
equation (2) 

1 _ [A]' + [A] + Ka 

v Yí + }jL 
A K a 

In the couise of the first set of measurements the concentration of the acceptoi 
substiate [B] is held constant and can thus be combined with the kinetic constants 
fiom equation (1) The constant members of equations (1) and (2) can then be 
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F i g u r e 1. Reaction scheme foi s imultaneous hyd i oh sis (I ) t i anspept ida t ion (II ) and 
a u t o t i d n s p e p t i d a t i o n (III) catalyzed b\ G G 1 Iiee en/Miie a n d -)-glutani\l cn/\iiic a n 
denoted ľ and ľ iespecti\<h 1 and B c o n e s p o n d to the donoi and a<eep1e>i s u b s t i a t e s 
iesp<cti\(l\ C o m p e t i t n e inhibition b\ the acc<ptoi subs t ia t i is included 

tiansfoimed to new paiameteis which aie included in equations (}) and (4) 

[A]"' " [A] 
+ c 

(3) 

[A] + e 

f 1 
—- 1 h C 

\AY + [A] + 

[A] 
+ r 

The paiameteis aie defined in Table 2 
To obtain the sets of expeiimental data the initial la te was measmed both 

m the1 piesence and in the absence of the acceptoi subst iate nuclei v a i u n g en
zyme coucentiations (Fig 2) The lesultmg data weie fitted with equations (3) 
and (4) lespectively, using the non-lineai least-squaies-iegiession analysis By this 
computei fitting, the constant paiameteis a b, r and / weie obtained (Table 3) 
Compaiing equations (3) and (4) it can be seen that the paiameteis c and r aie 
piesent in both of these equations Undei the condition of identical rn/Miie ae tivity 
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T a b l e 1 

A,, 

A, 

. Definition of kinetic 

Michaelis constant 
for donoi 

Inhibition constant 
foi acceptor 

cons 

(* 

t ants 

i + i 

Ar(A_ 

4)[k5k 
i + A 

fi(k-l 

6 ) « 

+ 
4 + A_ 

k 2 ) + k 

T7 

? W -
l ( k - o 

1 + A>) 

+ k6)(k- + k -')] 

A;, M i c h a e l i s c o n s t a n t (/, 3 + A t ) [ k 5 k 6 ( k - i + k 2 ) + k i ( k _ 5 + k 6 ) ( k - + k>)] 

lo i a c c e p t o i 
A 1 A 3 A „ , + A ( ) ( A > + A 4 ) + A k^J_l + kl) 

Ka M i c h a e l i s c o n s t a n t ( A _ 3 + A 4 ) [ k s k 6 ( k - i + k>) + k i ( k 5 + k 6 ) ( k 2 + k 7 ) ] 

foi d o n o i a c t i n g as k [ k ^ k , + A 4 ) (A, + A6) 
a c c e p t o i 

\ , M a x i m u m l i l a t m A,A.>A-(A f + A4)(A -, + kh) 

l a t e f o i l n d i o h s i s (A j + A O p ^ k ^ k - i + k . ) + k i ( k - , + k b ) ( k , + k - ) ] 

\ b M a x i m u m í c l a t n e í , A2A (A ,(A _r + A()) 

i a t ( foi t i a n s p e p - , , u ; , /. i , 1 

t i d a t i o n A ArA( (A_j + Ai) 

I \ I a \ i n i u n i iela1i\< A,A2A-;A((A s + A i) _ A,A( 

iat< ioi a u t o t i a n s A i A ,(A _ , + A , ) ( A J + AR) ~ A, + A„ 
p e p t i e l a t i o n 

A ,(, P a i t i t i o n m g c o n s t a n t A ( ) V / A ( A _ i + A4) 

11 A(A4 

used foi the two sets of expeiiments (i e those peifoimed m the piesence and m 
the1 absence of the acceptoi substiate) these two paiameteis can be used to inspect 
the conex tness of the1 computet fitting The paiameteis containing the maximum 
íe l a tne la te (i e paiameteis d t and <j) as well as the maximum íe la t ru íates 
themsehes could be estimated just foi each individual expeimient Then -\alues 
aie not constant as a solubih/ecl membiane fiaction containing only pai t ia lh pu
nned en/Miie was used foi the1 initial late mevtsuiements Ho\\e\ei then latio is 
constant and can be deteimined independently of the1 degioe of the e n / \ n n pun t \ 
(Table 3) 

The c u n e s constiucted on the basis of equations (3) and (4) aie show n m 
Fig 2 The lionlineaiiU of the r u n e s which m the case of Fig 2 4 simulates sub
stiate1 inhibition anses fiom the natuie of equations (3) and (4) If these equations 
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Table 2. 
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\ h lab J 

equ, 
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ions (3) and (-1) 
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\i 

aie handled as a íatio of two polynomials t hex can be lewnt ten m the following 

\\a\ 

e P t 
I a i b-a- r--(b-a-) 

i ,1 [A] ,/ ,_1 

'R + < 

c ( ( 

The light sick of equations (5) and (6) can be ehwekd into two pai ts m which the 

fust two membeis roi i rspond to a line ai lrlationship while the thud lr \pcibohi 

meinbei is íesponsible foi the euivatuie in the íange of high donoi subst ia te ron 

centiations Because of the limited solubility of GpNA all expenmental data shown 

in Fig 2 4 aie situated in the lmeai pai t of the e uive Thus undei the conditions 

rlescnbed in this papei the upwairl r u n a t u i e onh coiiesponds to the theoieti-

ra lh calculated íesult Howe^el the shape of the c u n e was expeinneutalh demon-

st ia ted using anothei donoi subst iate, L 7-glutamvl 3-caiboxv-4-nitioamhde the 

solubility of which is substantially highei (PetitCleic et al 1980 Solbeig et al 

1981) Fig IB coiiesponds to the situation when no acceptoi substiate is piesent 

(equation (4) 01 (6)) It is obvious that the lrypeibohc meinbei appeals at substau 

tialh lowei coucentiations of the donoi substiate when roinpaied with Fig 2 4 

Thciefoie the thud meinbei 111 equation (6) has to have a highei \a lue than that 

111 equation (5) Evidence foi this fact can be obtained by mt iodurmg numeiical 

values of the paiameteis (Table 3) 
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Figure 2. Double-iecipioe al plots of initial late \s donoi substiate (L-GpNA) .4 In 
the piesence of acceptoi substiate (20 mmol/1 Gl\-Gh) B In the absence of acceptoi 
substiate Lines weie diawn using the paiameter values of Table 3 with equation (3) (.4) 
and equation (4) (B) Total activity of the samples (A) T 361 U/1, A 289 U/l 0 631 
U/1 + 1148 U/l, Á 639 U/1, • 348 U/1, V 748 U/l (B) T 361 U/1, A 289 U/l, O 631 
U/1 + 1148 U/1, • 781 U/1, • 925 U/1 
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T a b l e 3 Pal unele is and then i i t ios eoinputed liom <<|iiitions (3) m<l (1) using the 
non lineal le ist sepiaies lcgnss ion a n i h s i s 

I, 

Pai line t e i 

2 2 ± 0 2 

i 1 ± 0 3 

P u line 1e i lat io 

I ri 6 ± 0 ri 

i i l i i l 1 

e 0 19 ± 0 09 

] 0 00r)l ± 0 000! 

i97 ± ri 

Nôh i i< 1) \ due i e pie se ills 1 lie me ill ol p u line t e i \ dues o] it line el h emi fit 1 m„ e)t e epi e 
tleins ( i) and ( I) to 1 7 se ts eil e xpei uncntal dat l i S D 

T a b l e 4 . Kinetic constants of i it kielnex G G T 

A, 

A 

A, 

0 OOM ± 0 0001 

2 0 ± 0 4 

s <>± 1 1 

T7 

h. 

r> o ± ") 7 

t 7 ± 0 7 

10 1 ± 21 

V A, 

\ih 

\ h, 

\i hi 
\ihi 

12 1 ± 0 7 

1 2 ± 0 1 

9<)±() 7 

A > 100 

Note D< hint ion of s\ mbols used foi kine tie s e em s t mis is n\\( n m I ililt J ( on si m t \ 11 u e s 
l\i h hi md A tie gi\e n m imiiol/1 Ílu d íl i n pn se nt t lie nie m ol "> 7 e xpe i nm nts 
± S I) 

The ae tual kine tie e einstants weic1 c ale ulatc d (Table 4) on the basis of pa iam 
etc i definitions shown m Table 2 The1 \ahu of A/ is almost the same as that 
published In Thompson and Mi istel (1976) who estimated A; = 5 6 //mol/1 At 
the- oician le\el the \ aluc of A , shown in Table 4 is similai to A of ho^ kielm x 
G G T (A = 2 08 nniiol/1 A, = 24 9 iiiinol/1) (I onclon e t al 1976) while A, lathe i 
coiiesponds to hi ol human G G T (seiuin A = 7 9S mmol/1 hi = 12 5 nniiol/1 
l n e i A , = 7 2 mmol/1 A/ = 10 6 mmol/1 kieliic x A , = 9 7 mmol/1 hi = 10 7 
mmol/1) (Shaw et al 1978) 

The latio of the maximum lelatrve late of the two K actions was est imated 
If G G T is satuiatcel with its substiates the maximum iclatnc late of t ianspcp 
filiation 1/ rxceeds that of lľ\ diolxsis 1/ and autotianspeptidation 1 160 times 
and 5 times í c s p e c t n e h The maximum í r la tne late oi autot ianspeptidat ion I „ 
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T a b l e 5. C o n t u h u t i o n s of indi\ idual l tae l ions te> the total value of initial late when the 
donoi substiate e euie e nt lation eepials A , (if 2 0 mmol/l) 

Aceeptoi substiate í;, (, if 
co iuent ia t ion (mmol/1) 

0 2 4'/ 90 OS'/ 
20 0 r) 1'/ 19 lľrÁ 77 SO'/ 

Note i h • a and i< lfpiesenl ílu initial lates of lndiolvs is a u t o t i a n s p e p t i d a t i o n and 
t i a n s p e p t i d a t i o n í e s p u t i v e h 

is 35 t i m e s h ighei t h a n t h a t of h v e h o h s i s \ ^ ( T a b l e 4) U s i n g t h e v a l u e of 1 ,/hj 

( i is A> h oi a) as a mevisuie of c a t a h tie e f f i c i e n t a n d en/Miie specific it\ it h a s 

b e e n found t h a t I n d i o h s i s is t h e m o s t efficient í e a c t i o n whi le the1 effieiene\ of 

b o t h t i a n s p e p t i d a t i o n a n d a u t o t i a n s p e p t i d a t i o n is a b o u t 10 t i m e s lowei ( T a b l e 4) 

H o w e v e i a s u i t a b l e s u b s t i a t e c o n c e n t i a t i o n c a n s u p p i e s s a m i n e efficient í e a c t i o n 

whi le a n o t hen u v u t ion b e c o m e s d o m i n a n t W h e n t h e d o n o i s u b s t i a t e c one e n t i a t i o n 

t e a c h e s the \ a l u e o f A , f i t 2 m m o l / l ) t h e c o n t i i b u t i o n of a u t o t i a n s p c p t i d a t i o n 

t o the final \ a l u e of ini t ia l late is 1/2 \„ I sing e q u a t i o n s (3) a n d (4) w i t h pa-

lainc tc i \ a l u e s liste-d in Table1 3 t h e e o n t i i b u t i o n s of t h e othc i t w o l e a c t i o n s mav 

be c a l c u l a t e d (Table 1 5) T h i s T a b l e g n e s the1 . i p p i o x n n a t e í e l a t i v c c o n t i i b u t i o n s 

of i n d i v i d u a l l e a c t i o n s o c c m n n g u n d e i s t a n d a i e l e x p e r i m e n t a l c o n d i t i o n s as t h e 

A , v a l u e is close t o the d o n o i s u b s t i a t e c o n c e n t i a t i o n l o u t m e h used fen G G T 

ac t n i t v e s t i m a t i o n (ie 2 5 m m o l / l ) Because the a c t r p t o i s u b s t i a t e is u s u a l h 

p i e s e n t in t h e l eae t io i i ni ixtuie t i a n s p e p t i d a t i o n is t h e pievalcuit í e a c t i o n while 

a u t o t i a n s p e p t i d a t i o n a n d I n d i o h s i s í e p i e s e n t a p p i o x m i a t o h 20 '/ a n d 1'/ of t h e 

t o t a l v a l u e í e s p e c t i v c h 

Foi t h e a i i a h sis of t h e kinetic p i o p e i t i e s piese n t e d m t h i s p a p e i a K latix tTx 

h igh specific Aetivitv of G G T was l c q u i i e d I l o w c n e i c e r t a i n si i i iplif ication is es

s e n t i a l w h e n kinetic p i o p e i t i e s of G G T aie t o be a n a h / e d f iom sonic es w i t h low 

aetivi tv The s imphhe at ion is b a s e d on f u i t h e i a n a h sis of c q u a t i o n (5) w Inch l e s u l t s 

in a def ini t ion of t h e c o n s t a n t of half s a t u i a t i o n (A; , s fo i inal a n a l o g of M i c h a e l i s 

c o n s t a n t of o n e - s u b s t i a t e l eae t io i i ) ( D v o i a k o v a et al 1996) A l t h o u g h the esti

m a t i o n of A/, is u s u a l h sufficient foi e haiac t e n / a t i o n of G G T kinetic p i o p e i t i e s 

( R e v c s a n d B a i c l a 19S0) the c o m p l e x ie a c t i o n men h a n i s n i s h o u l d be kept m m i n d 

We s u p p o s e t h a t the mode 1 piopose d h e i c e an c o n t i i b u t e t o the1 u n d e i s t a n c l m g a n d 

m t e i p i e t a t i o n of t h e k inet ics of G G T - m e d i a t c d l e a c t i o n s 

A c k n o w l e d g e m e n t s . 1 his woik was supjioiteel b\ Giant 71100 of the \cade im of Se 1-
c ne t s eif t he ( /e e li Re public and hv Giant i()9/9r>/0010 of t he Giant A„t ne \ e)l 1 lie ( /< e li 
Hi public 
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