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Analysis of Kinetic Properties of 1-Glutamyl
Transpeptidase from Rat Kidney

L. DVORAKOVA, J. KRUSEK, F. STASTNY and V. LISY

Institute of Physwlogy. Academy of Sciences of the Czech Republic.
Videnska 1083, 142 20 Prague 4. Czech Republic

Abstract. The initial rate kinetics of rat kiduey ~y-glutamyl transpeptidase were
measured using L-4-glutamyl-p-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 (K7), autotranspeptidation (A,) and hydrolysis (I,) are 8.56
mmol/l, 2.02 mmol/l and 0.005 mmol/l, respectively. (2) The maximum rate of
transpeptidation (V},) exceeds that of hydrolysis (V) and autotranspeptidation (17)
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 4-glutamyl transpeptidase estimatiow, transpeptidation is the prevalent
reaction.
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Abbreviations: GGT. y-glutamyl transpeptidase; GpNA, y-glutamyl-p-nitroanil-
ide; Gly-Gly, glycyl-glycine.

Introduction

v-Glutamyl transpeptidase (GGT; E.C.: 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 y-glutamyl bond (Spiesky
et al. 1990), it has been suggested to participate in the metabolism of various «-
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; Jankaskova et al. 1992). GGT is of interest not only
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because of 1ts physiological functions but also because of its chinical sigmficance Foi
example changes i its activity as well as i the structure of 1ts sacchaiide moiety
can serve as an indicator of hepatobiliary disease (INottgen et al 1978 Boelsterh
1979 Brotman and Prince 1988)

GGT catalyzes both the hvdiolysis of 4-glutamyl compounds and the tiansfer
of 4-glutamyl 1es1due fiom these donor substiates (A) to acceptor amino acids o1
small peptides (B) In addition some donors may also act as acceptor substrates
(Allson 1983) Thus GGT catalyzes thiee types of 1eactions
1) transpeptidation ~-Glu-A + B — 7-Glu-B + A
2) autotranspeptidation 4-Gl-A + 4-Glu-A — ~-Glu-~-Glu-A + A
3) hvdiolysts 4-Glu-A + H,O — Glu + A

Fuitheimote, mlubition by the acceptor substiate has to be consudered (Al
lison 1985) Analy<is of the enzyme kinetics m such a complicated system which
wchudes all the mentioned 1eactions 15 quite difhicult Consequently one of the 1e-
actions 18 often omitted i 1eports concermug this problem (Thompson and Meis-
ter 1976 Shaw et al 1977, Allison 1985) However, the 1outine determimation of
GGT activity (Tate and Mewster 1974) as well as the estimation of the appai-
ent Michaehs constant fiom Lineweaver  Buwk plot (Reyes and Balela 1980) aic
wsually performed m a 1eaction mixture contaiming nullimolar concentrations of
L-vy-glutamvl-p-mtioambide (L-GpNA) aud glycyl-glycie (Gly-Gly) as the donor
and the acceptor of the y-glutamyl motety, 1espectively In this case, any ot the
1eac tions mentioned above can not be excluded The kinetic model mvolving the
complex of all GGT cataly zed 1eactions has not yet been described Thus, the ni-
tial 1ate equation which cotresponds to this model and 15 valid for conditions of
routine GGT activity estimation 15 bemg provided m this 1eport and 15 applhed to
the determination of hinetic constants for 1at hidney GGT The 1eaction schenie
used for our model of GGT kinetics 15 based on the kinetic mechaunism descnibed
by Allison (1985) to which 1caction steps belonging to autotianspeptidation are
added

Materials and Methods

All chemicals were purchased from Sigma Chemical Co

The c1ude memhane fraction (P, fraction) was prepared fiom the hdneys of
50-day-old female Wistar 1ats by the method of Cotman and Mathews (1971) The
P; fiaction lysed m 5 mmol/l Tus-HC1 buffer, pH 75 was solubilized with 0 5%
Tiiton X-100 1n 50 mmol/l Tiis-HCL pH 75 The supeinatant after centrifugation
(13,000 x g, 20 min) was used for analysis (INottgen et al 1976 Dvoidhovd et al
1992) All steps wete peiformed at 4°C

Initial 1ate measurements weie performed m 80 mmol/l Tis-HCl buffer, pH
90 (Tate and Mewster 1974), contamming 75 mol/l NaCl The concentration of
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the donot substrate, L-GpNA, ranged fiom 0 05 mmol/l to 2 5 mmol/l The ac
ceptor substiate, Gly-Gly, was mamtaned at the concentration of 20 mmol/l 1n
one set, and was omitted in the other set of experiments In GGT catalyzed reac-
tion, GpNA 1s split mnto a p-nitroaniine and a y-glutamyl residue Consequently,
1 the first set of experiments, y-glutamyl-glycyl-glycine, y-glutamyl-v-glutamyl-p-
nitroaniline, and glutamate are formed by tianspeptidation, autotranspeptidation
and hydiolytic reaction, respectively In the absence of Gly-Gly only hydrolysis and
autotianspeptidation can occur The mmitial 1ate was determined on the basis of the
foimation of p-mitioanihime which can be monitored by the mciease of absorbance
at 410 nm The absorbance was 1ecorded continuously for 3 min at 37°C using a
Spectrophotometer PU 8700 (Philips, Netheilands) One unit (U) of GGT activity
was defined as the amount of the enzyme which catalyzes the formation of 1 pmol
of p-uitioaniline per minute (Tate and Meister 1974)

The kmetic constants were estimated by non-hnear fit (Marquardt Leven-
berg algorithm, Sigmaplot 4 1 Jandel Scientific) of the initial 1ate equation to the
experimental data The mathematical model, based on the scheme shownin Fig 1,
was deirived using the method of King and Altman (1956)

Results and Discussion

The 1eciprocal form of the mtial 1ate equation mvolving all types of GGT cata-
lyzed 1eactions mentioned above (Fig 1) was dertved and drawn up using Cleland
symbols (Cleland 1963)

N <1+ [,ﬂ) + ARV

[A] <1+%)+%+A’h<1+%> (1+[%]>

[A] and [B] are concentiations of the donot and the acceptor substiates, 1espec-
tively All hinetic constants, defined in Table 1, ate comprised in equation (1), when
Vs 1s 1incorporated nto the partitiomng constant K,

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

(1)

v =

Bp 11
1_[AP [A] K, 2)
A ‘
A K,

In the couise of the first set of measurements the concentration of the acceptor
substiate [B] 1s 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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Figure 1. Reaction scheme for simultancons hydiolysis (I') tianspeptidation (11} and
autotranspeptidation (III) catalvzed by GG1 Tice ensvine and A-glutann] cnzyme ane
denoted I” and F 1espectinely  Vand B cottespond to the donoy and acceptor substiates
tespectively Competitine mbubition by the acceptor substiate 15 ncluded

tiansformed to new paiameters which are meluded m equations (3) and (4)

- +L+(
L_RP T A 5
¢ —d~+€

[A]

f 1
1:W'+‘m+( (4)
) V)
L [_A_]+p

The parameters are defined m Table 2

To obtan the sets of expernmental data the mitial 1ate was measured both
m the presence and 1 the absence of the acceptor substiate under varving en-
sy coucentiations (Fig 2) The resulting data were fitted with equations (3)
and (4) respectively, using the non-hinear least-squares-1egiession analysis By this
computer fitting, the coustaut parateters a U, ¢ and f were obtamed (Table 3)
Companng equations (3) and (4) 1t can be seen that the parameters ¢ and e are
present 1 both of these equations Under the condition of identical ensvine activity
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Table 1. Definition of kinetic constants

KAy Michaelis constant hv(h g+ he)(hs + Ao3)(hoy + A2)

for donor (h 5+ ha)[hsho(ho1 + K2) + hi(h—y + ko) (h7 + k2)]
ki, Inhibition constant _8

for acceptor s
Ly, \lichaelis constant (h s+ A O)[hshe(hot +h2) + hi(h_s + ke)(h- + k>)]

t t
01 acceptol hyhah_s +A()(A>+L4)+ N ]\,,/M)(]'l_g_;_]\l)

I, Michaelis constant (s + Aa)fhsho(hor + ha) + ki(k 5+ he)(h2 + k)]
for donor acting as hihs(h a4 ha)(h> + ko)
acceptor

v AMasnnum rclatine hihsh=(h s+ A)(h 5+ ho)

tate for hyvdiolvers

A3+ 4 ))[l\ql\()(l\_] -+ 1\_)) + l\l(l\_r, + 1\(3)(1\3 -+ 1\")]

Ly AMasimmum adative hihohshg(hor + ko)
tate for transpcp- Aihs(hos +h)(h +4y) +

1
DAk (= +44)

tidation

{ VMaximum relative hyhshsho(h 5+ hy) hohe
tate for autotrans hihs(hos+hi)(ha+he) ks +hg
peptidation

A Paititioning constant Ayl Ao+ hy)

oo hyhy

used for the two sets of experiments (1e those performed m the presence and
the absence of the acceptor substiate) these two parameters can be used to mspect
the conrectness of the computer fitting The parameters contaming the masimui
telative 1ate (1e parameters d ¢« and ¢) as well as the mavimum relative 1ates
themselves could be estimated just {for each mdividual expennment Then values
are not constant as a solubilized membrane hiaction contamng only partially pu-
tthed enzvyme was used for the mtial 1ate measuements However then 1atio s
constant and can be determimed mdependently of the degiee of the ensvine puiity
{(Table 3)

The curves constincted on the basis of equations (3) and (4) ate shown m
Fig 2 The nonlmeatity of the curves which 1w the case of Fig 24 simulates sub-
strate mlubition arses fiom the natwe of equations (3) and (4) If these equations
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Table 2. Definition of patameteirs fiom equations (3) and (4)

[ hy <J+%> <1+[113—]> 14 —I‘:—

(3]
N

b 1+

[\mb

are haudled as a 1atio of two polynomals they can he 1ewiitten w the following

way
e e ¢
b—au=  c—-=(b—ua=)
l:ﬁi+ (I+ d d (5)
] d [A] d ([L_*_(
(Al
1-f S5
S
1 1
Pt (©
g—— +¢
[A)

The nght side of equations (5) and (6) can be divided mto two parts m which the
fist two members correspond to a hmcar wclationslup while the thnd s parbolic
member 1s 1esponsible for the cuvatze 1 the 1ange of high donor substiate con
centrations Because of the hnuted solubility of GpNA  all expenimental data shown
i Fig 24 are situated 1 the linear pait of the cuive Thus under the conditions
described m thius paper the upward cuivature ouly corresponds to the theoretr-
cally calculated 1esult However the shape of the cutve was expermmentally demon-
stiated using another donor substrate, L 4-glutamyl 3-carbovy-4-nitroantlide the
solubility of which 19 substantially lugher (PetitClerc et al 1980 Solberg et al
1981) Fig 2B coriesponds to the situation when no acceptor substiate 15 present
{equation (4) 01 (6)) It 15 obvious that the hyperbolic member appears at substan
tiallv lower concentiations of the donor substiate when compared with Fig 24
Theretore the thind member i equation (6) has to have a lugher value than that
m equation (5) Evidence for this fact can be obtamed by mtioduang numnerical
values of the parameters (Table 3)
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Figure 2. Double-1eciprocal plots of mitial rate vo donor substiate (L-GpNA) A In
the presence of acceptor substiate (20 mmol/l Gly-Glv) B In the abscnce of accepto
substiate Lines were diawn using the paiameter values of Table 3 with equation (3) (A)
and equation (4) (B) Total activity of the samples (A) ¥ 361 U/l, A 289 U/l 0 631
U/l 4 1148 U/1, A 639 U/l, @ 348 U/1, v 748 U/l (B) ¥ 361 U/l, A 289 U/l, 0 631
U/t + 1148 U/L, A 781 U/, @ 925 U/1
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Table 3 Pai unctars and than 1tios computed rom cqutions (3) wd (1) using the
non hnear least squaies 1egiession analvers

Par muctar Puundtar 1atio

a 22402 ¢ 564005
9
!

b 103 £ 256011
€
/

§ 0194009 £ 197 4+ 33
g

] 00051 + 0 0003

Note 1 wh s aduc iepresents the o of pu unctar vilues obt uncd from fittin, of cqua
tions (3) and (1) to | T scts of cxpaunental dat v+ 5D

Table 4. linctic constants of 11t hidney GGT

N 0 0051 + 00003 A 0457 LA 21407
\y VL
A 20404 TS LT40T IEL 12401
' Vo
"
N So+11 AT Lo1+ 2] P VO+07
' Vol
IN > 100

Note Ddfimtion of svinbols used for kincties constints s qivenm Dible T Constant v dues
Ky A K omd Aoucgnven mmmol/T Tho datvreprescut the maom of 5 7 expanments
+SD

The actual kinctic constants were calculatcd (Table 4) ou the hasis of patam
ctar defimtions shown m Table 2 The valuc of Ay 15 almost the same as that
publishcd by Thompeon and Master (1976) who ¢stimatcd Ay = 56 jnnol/l At
the organ level the value of v, shown m Table 4 1< stunlar to & of hog hiduey
GGT (A =208 mwol/l Ay =249 mmol/1) (I ondon ct al 1976) while Iy 1atha
corresponds to Iy of human GGT (setnm A = 795 mmol/l Ay = 125 nunol/l
lmer A, =72mmol/l h; =106 mmol/l liducy A, =97 mwmol/l Ay =107
mol/1) (Shaw et al 1978)

The 1at10 of the maximum relative 1ate of the two rcactions was stimated
If GGT 15 satwrated with 1ts substiates the maxmun tcdatine 1atc of trauspep
tidation 1, «xcecds that of hydiolysis 1, and autotranspeptidation Vo 160 ties
and 3 tunes 1espectivels The maximum rddative 1ate of autotranspeptidation 1,
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Table 5. Contiibutions of mdividual 1cactions to the total value of mitial 1ate when the
donot substiatc concentiation equals A, (1e 20 mnol/1)

Acceptor substrate Uh . 1
concentiation (mmol/l)

0 2 1Y 9 95U
20 0n 1% 19 22% 7T SOU

Note 1), 14 and ¢ wepresent the matial 1ates of hydiolysis autotranspeptidation and
tianspeptidation 1espectively

15 35 tunes ngher than that of hiydiolyas 1, (Table 4) Using the value of 1, /L,
{t s b o a) as a measme of cataly tic ethaency and enzyme spearficity it has
beenu tound that hivdrolvars s the most efhaent reaction while the efhiciency ot
both tanspeptidation and autotranspeptidation 15 about 10 tunes lower (Table 4)
However a suitable substiate concentiation can suppress a more efficient 1eaction
while another 1eaction becomes dommant When the donor substiate concentration
reaches the value of A, (1¢ 2 mwol/l) the contuibution of autotranspe ptidation
to the final value of mitial ratc 1 1/2°1, Using equations (3) aud (4) with pa-
ramcter values histed i Table 3 the contubutions ot the otha two reactions may
be calandated (Table 3) This Table gives the approximate 1elative contributions
of mdividual 1eactions occunmg undar standard oxpernuental conditions  as the
I, value s close to the donor substiatc concentiation 1outimely nsed tor GGT
activaty ostination (1¢ 25 mmol/l) Becanse the acceptor substrate s nsualls
present m the reaction mztuie  transpeptidation 15 the prevalent 1eaction while
autotianspeptidation aud hydiolysis 1epresent approxamately 20% and 14 of the
total value 1espectinely

For the analysis of the himetic propertics prescnted m thus paper a iddatively
hugh specific activity of GGT was 1equued However certam sumplification is es-
scutial when himctic propaities of GGT arc to be anals zed fiom sources with low
actrvity The simphification s based on turther analysis ot cquation (3) which results
m a definttion ot the constant of half satwiation {(Ivy. formal analog of \ichaehs
constant of one-substrate reaction) (Dvorahova ot al 1996)  Although the esti-
mation ot Iy, 15 usually suthacnt tor chatacterization ot GG T lanetic properties
(Reves and Barela 1950) the complex 1caction mechanism should be hept i nand
We suppose that the moddd proposcd here can contitbute to the understanding and
wmterpretation of the kimctics of GGT-mediated 1eactions
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