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EXPERIMENTAL RESEARCH

A SIMPLE APPROACH FOR PILOT ANALYSIS OF TIME-DEPENDENT ENZYME INHIBITION: DISCRIMINATION
BETWEEN MECHANISM-BASED INACTIVATION AND TIGHT BINDING INHIBITOR BEHAVIOR

O.A. Buneeva, L.N. Aksenova, A.E. Medvedev”

Institute of Biomedical Chemistry, 10 Pogodinskaya str., Moscow, 119121 Russia; *e-mail: professor57@yandex.ru

The increase in enzyme inhibition developed during prolonged incubation of an enzyme preparation with a chemical substance may be
associated with both the non-covalent and also with covalent enzyme-inhibitor complex formation. The latter case involves catalytic conversion of
a mechanism-based irreversible inhibitor (a poor substrate) into a reactive species forming covalent adduct(s) with the enzyme and thus irreversibly
inactivating the enzyme molecule. Using a simple approach, based on comparison of enzyme inhibition after preincubation with a potential inhibitor
at 4°C or 37°C we have analyzed inhibition of monoamine oxidase A (MAO A) by known MAO inhibitors pargyline and pirlindole (pyrazidol).
MAO A inhibitory activity of pirlindole (reversible tight binding inhibitor of MAO A) assayed after mitochondrial wash was basically the same
for the incubation at both 4°C and 37°C. In contrast to pirlindole, the effect of pargyline (mechanism based irreversible MAO inhibitor) strongly
depended on the temperature of the incubation medium. At 37°C the residual activity MAO A in the mitochondrial fraction after washing was
significantly lower than in the mitochondrial samples incubated with pargyline at 4°C. Results of this study suggest that using analysis of both
time- and temperature-dependence of inhibition it is possible to discriminate mechanism-based irreversible inhibition and reversible tight binding
inhibition of target enzym
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INTRODUCTION

The increase in enzyme inhibition developed during
prolonged incubation of an enzyme preparation with a chemical
substance may be associated with both the non-covalent enzyme-
inhibitor complex formation via an induced-fit mechanism
and also with covalent enzyme-inhibitor complex formation
proceeding via the mechanism based inhibition. The latter case
involves catalytic conversion of a mechanism-based irreversible
inhibitor (a poor substrate) into a reactive species forming
covalent adduct(s) with the enzyme and thus irreversibly
inactivating the enzyme molecule. Since catalytic activity
usually demonstrates higher temperature-dependence than non-
covalent enzyme-inhibitor complex formation, it appears that
preincubation of enzyme preparations with studied inhibitors
at different temperatures will help to discriminate tight binding
from mechanism-based inhibition.

In this study we have compared inhibition of
monoamine oxidase (MAO; EC1.4.3.4) type A (MAO A) by two
known inhibitors: pargyline and pirlindole (pyrazidol). Pargyline
(N-methyl-N-propargylbenzylamine hydrochloride) is an
irreversible mechanism-based inhibitor of both MAO A and MAO
B; the radiolabeled [*H]-pargyline has been used for estimation
of MAO A and MAO B concentrations in tissue preparations
(e.g. [1, 2]). Pirlindole hydrochloride (2,3,3a,4,5,6-hexahydro-
8-methyl-1H-pyrazino [3,2,1-j,k] carbazole hydrochloride), an
original Russian antidepressant [3, 4], is a selective MAO A
inhibitor [5], which exhibits properties of the reversible tight
binding inhibitor [6].

MATERIALS AND METHODS

The radiolabeled substance ["“C]5-hydroxytryptamine
creatinine sulfate (a MAO A substrate) was from Amersham

(England). Other reagents were purchased from Sigma-Aldrich
(USA). Monoamine oxidase inhibitors were from the Collection
of chemical substances (Laboratory of Pharmacoproteomics,
Institute of Biomedical Chemistry).

Rat liver mitochondria were isolated by the conventional
method of differential centrifugation [7]. The final mitochondrial
pellet was resuspended in 50 mM potassium phosphate buffer,
pH 7.4 and stored at -20°C until analysis.

MAQO inhibition by pargyline and pirlindole was investigated
by incubating the thawed mitochondrial suspension (protein
concentration 3 mg/ml) with pirlindole or pargyline (final
concentrations of 5 uM and 2 pM, respectively) at 4°C or 37°C.
The incubations were performed in the presence of the protease
inhibitor phenylmethylsulfonyl fluoride (PMSF) (0.1 mM). The
mitochondrial samples were incubated with MAO inhibitors for
0-30 min. After centrifugation (13000 rpm, Eppendorf Centrifuge
5415R, 30 min) the mitochondrial pellet was resuspended in 50
mM potassium phosphate buffer, pH 7.4 (protein concentration
of 1 mg/ml) and used for the MAO A assay. Control samples
were treated under the same conditions, but in the absence of
pargyline or pirlindole.

The activity of MAO A was determined radiometrically using
0.1 mM ["C]5-hydroxytryptamine creatinine sulfate (specific

Table 1. Inhibition of rat liver mitochondrial MAO A activity (%)
assayed after incubation with 5 uM pirlindole at 4°C or 37°C and
subsequent mitochondrial wash

Temperature Incubation time, min
30 60
4°C 52+7 59+7
37°C 55+6 55+6

Note. Data represent percent of MAO A inhibition (mean + SEM; n = 7) after
sedimentation of the mitochondrial pellet from the incubation mixture. Details
are given in the Materials and Methods section.
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Table 2. Inhibition of rat liver mitochondrial MAO A activity assayed after incubation with 2 uM pargyline at 4°C or 37°C and subsequent mito-

chondrial wash

Temperature Incubation time, min
0 15 30 45 60
4°C 0 1345 9+5 21+4 20+4
37°C 0 39+5% 42+9* 47+6* 44+4%*

Note. Data represent percent of MAO A inhibition (mean + SEM; n = 7) after sedimentation of the mitochondrial pellet from the incubation mixture. Details are given
in the Materials and Methods section. The asterisk shows statistically significant difference between MAO A inhibition assayed at 4°C or 37°C (p < 0.01).

radioactivity of 10 Ci/mole) as a substrate. Previous studies have
shown that this concentration of ['*C]5-hydroxytryptamine is
specifically deaminated by MAO A [7]. Mitochondrial protein
content was determined by the method of Bradford [§].

Results were statistically treated using two-tailed Student’s
t test. Differences were considered as statistically significant at
p <0.05.

RESULTS

In accordance with results of previous studies (e.g. [6, 9])
pirlindole was a potent MAO A inhibitor (Table 1). Its MAO A
inhibitory activity assayed after mitochondrial wash was basically
the same for the incubation at both 4°C and 37°C (Table 1).

In contrast to pirlindole, the effect of pargyline strongly
depended on the temperature of the incubation medium (Table 2).
At 37°C the residual activity MAO A in the mitochondrial fraction
after washing was significantly lower than in the mitochondrial
samples incubated with pargyline at 4°C (p <0.01).

DISCUSSION

A study of a mode of drug-target enzyme interaction is an
important step during characterization of mechanisms of the drug
action in the context of both its effectiveness and also safety.
(In the case of MAO inhibitors this was proved in numerous
studies [10, 11].) Frequently, initial suggestion on the mode of
enzyme inhibition (reversible or irreversible) comes from a time
dependent increase in the enzyme inhibition resulted in a IC,;
decrease, which is used for calculation of &, [12], However,
some reversible inhibitors (e.g. befloxatone, a reversible MAO A

inhibitor [13]) also demonstrate time-dependent inhibition.

Results of this study indicate that using a simple approach,
analysis of both time- and temperature-dependence of inhibition
it is possible to discriminate mechanism-based irreversible
inhibition and reversible tight binding inhibition. The latter
demonstrates less pronounced (if any) temperature dependence
of enzyme inhibition.
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MPOCTOM MOAXO/J K IEPBUMHOMY AHAJIA3Y 3ABUCHUMOI'O OT BPEMEHU MTHT' MBUPOBAHUS ®EPMEHTA:
PA3JIMYEHUE MEXAY JEMCTBUEM MEXAHU3M-AKTUBHPYEMOI'O U TIPOYHO-CBSI3AHHOI'O MHTUBUTOPA

O.A. Byneeea, JI.H. Axcenosa, A.E. Meosedes”

HayuHo-nccnenoBarebCKuii MHCTUTYT OMOMeAnIIMHCKOI xuMun umenu B.H. OpexoBuua,
119121, Mocksa, [Torogusckas yia. 10, *e-mail: professorS7@yandex.ru

VBenuuenne MHruOMpoBaHus QepMeHTa NpH JUTUTENbHON MHKyOanuu (epMEHTHOro mpernapara ¢ XMMHYECKUM BEIIECTBOM, MOXET OBITh
CBSI3aHO Kak ¢ (JOPMHUPOBAHHUEM HEKOBAJICHTHOTO KOMILIEKCA (hepMEHT-HHIHOUTOP, TaK U ¢ 00pa30BaHUEM KOBAJICHTHOTO ()epMEHT-UHTHOUTOPHOTO
koMruiekca. [locnenHuii BKIIIOYaeT KaTaIUuTHIECKOe MPEeBpallieHne HeoOpaTuMOro HHrHOuTOpa (KIUIOXOro» cydcTpara) B peakinOHHOCTIOCOOHbIH
IPOIYKT, KOTOPBIil 00pa3yeT KOBAJICHTHBIN aJIyKT ¢ (EPMEHTOM U, TAKUM 00pa3oM, HEOOPaTUMO HHAKTHBHUPYET MOJeKydy dGepmenTa. Mcnomnb3ys
IPOCTOH TOJXOJ], OCHOBAHHBIH Ha CPABHEHHM MHTHOUpOBaHUs (epMEeHTa Mocje NMPenHKyOaluu ¢ NOTeHIUaIbHbIM HHrHOHTOpoM mipu 4°C win
37°C, MBI TpOAHATM3UPOBAIN UHIHOMpoBaHHe MOHOaMUHOKCHAa3bl A (MAO A) usBectHbIMU HHTHOMTOpaMu MAQO napruyiiHOM ¥ MUPUITHHAOIOM
(nmupasunonom). MAO A uHrHOMpyomas akTHBHOCTb MUPIHHAONA (00PaTHMOro MPOYHO CBs3aHHOro MHruburopa MAO A) mocie mpOMBIBKH
MHTOXOHJIpHH, OblJIa MPAaKTHIECKH OAMHAKOBOM 1t MHKyOarmu kak npu 4°C, tak u npu 37°C. B omnyre ot nupiaunaoia, 3pdexr napruimHa
(HeobpaTuMOro MexaHU3M-aKTHBHpyeMoro uuruoutopa MAQO) cuibHO 3aBUCEN OT TeMIepaTypsl HHKyOarronHo# cpenbl. [Ipu 37°C ocrarounast
akTuBHOCTE MAO A 1mociie mpOMBIBKM MUTOXOHIPUAIIBHON (hpakiiuy ObliIa 3HAYUTEIBHO HIDKE, YeM B 00pa3liax MUTOXOH/IPU, HHKYOHPOBAHHBIX C
napruinHoM 1pu 4°C. Pe3ynbsrarsl JaHHOTO HCCIIEJOBAHUS OKA3bIBAIOT, YTO C TOMOIIBIO aHAIN3a 3aBUCUMOCTH HHIMOMPOBAHHS KaK OT BPEMEHH,
TaKk ¥ OT TEeMIIEpaTypbl MOXKHO pa3jnyaTh AeHCTBHE HEOOpATUMBIX MEXaHM3M-aKTHBHUPYEMBIX MHIMOMTOPOB M OOpPaTUMBIX NMPOYHOCBA3aHHBIX
MHTHOUTOPOB IIEJICBOTO (hepMeHTA.

KuaroueBble ciioBa: nHrHOMpoBanue GepMeHTa; 3aBUCUMOE OT BPEMEHH U TeMIIepaTypbl HHTHOMPOBAHUE; MEXaHH3M-aKTUBHPYEMbIE
HHTUOUTOPHI; 0OpaTHMBbIEC TPOUYHOCBSI3aHHBIE HHTHOUTOPHI
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