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ABSTRACT. Human N-acetyltransferase 1 (NAT1) is a widely distributed enzyme that catalyses the
acetylation of arylamine and hydrazine drugs as well as several known carcinogens, and so its levels in the body
may have toxicological importance with regard to drug toxicity and cancer risk. Recently, we showed that
p-aminobenzoic acid (PABA) was able to down-regulate human NATI in cultured cells, but the exact
mechanism by which PABA acts remains unclear. In the present study, we investigated the possibility that
PABA-induced down-regulation involves its metabolism to N-OH-PABA, since N-OH-AAF functions as an
irreversible inhibitor of hamster and rat NAT1. We show here that N-OH-PABA irreversibly inactivates human
NATI both in cultured cells and cell cytosols in a time- and concentration-dependent manner. Maximal
inactivation in cultured cells occurred within 4 hr of treatment, with a concentration of 30 uM reducing activity
by 60 = 7%. Dialysis studies showed that inactivation was irreversible, and cofactor (acetyl coenzyme A) but not
substrate (PABA) completely protected against inactivation, indicating involvement of the cofactor-binding
site. In agreement with these data, kinetic studies revealed a 4-fold increase in cofactor K, but no change in
substrate K, for N-OH-PABA-treated cytosols compared to control. We conclude that N-OH-PABA decreases
NATI activity by a direct interaction with the enzyme and appears to be a result of covalent modification at the
cofactor-binding site. This is in contrast to our findings for PABA, which appears to reduce NAT1 activity by
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down-regulating the enzyme, leading to a decrease in NAT1 protein content.
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In humans, the acetylation of primary arylamines is cata-
lysed by two closely related enzymes, NAT1! (EC 2.3.1.5)
and NAT2 (EC 2.3.1.5). NAT2 is expressed primarily in
the liver [1] and colon epithelium [2], while NATTI is
widely expressed and is found in a range of tissues [3—0].
Both isozymes are now known to be polymorphically
expressed [7—12] and exhibit wide interindividual variabil-
ity in activities [13]. Acetylation by NATs plays an impor-
tant role in the biotransformation of a variety of therapeu-
tic arylamine and hydrazine drugs and also in the bioacti-
vation of several known carcinogens [14-18]. NAT2, and
more recently NAT1, have been implicated as risk factors
for various forms of cancers [19-27].

Generally, N-acetylation is considered a detoxification
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step in arylamine metabolism. Bioactivation of arylamines
usually involves an initial N-oxidation reaction catalysed
by cytochrome P450 1A2 [28], prostaglandin H synthase
[29-31], or myeloperoxidase [31-33], giving rise to the
corresponding arylhydroxylamine. While N-arylhydrox-
ylamines and/or their nitroso intermediates are able to react
with cellular macromolecules [28, 34-37], subsequent O-
acetylation by NATSs yields the highly reactive N-acetoxy
ester, which spontaneously decomposes to arylnitrenium
ion and is capable of forming covalent adducts with DNA
and protein [38, 39]. NATSs also catalyse the intramolecular
N,O-acetyltransfer for N-arylhydroxamic acid substrates
[40]. In this instance, the N-arylhydroxamic acid serves as
both the acetyl donor and the N-hydroxy substrate.
Several studies have investigated the in witro bioactiva-
tion of N-arylhydroxamic acids by hamster and rat hepatic
NATSs. These studies showed that N-OH-AAF, as well as a
variety of structurally similar N-arylhydroxamic acids, func-
tion as irreversible mechanism-based inhibitors of hamster
and rat hepatic NATs, and that bioactivation was predom-
inantly catalysed by the NATI isozyme [40—43] which is
orthologous to human NAT2. N-OH-AAF was also shown
to be an effective inhibitor of hamster NATI but not
NAT?2 in vivo [44]. Moreover, purified hamster recombi-
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nant NAT1 and NAT2 were able to be irreversibly inac-
tivated by N-OH-AAF [45]. These studies suggest that
N-arylhydroxamic acids and/or arylhydroxylamines also
could inactivate human NAT’s.

Recently, we have shown that PABA, and several other
NATI-selective substrates, are able to down-regulate hu-
man NATTI in cultured cells [46]. While the exact mech-
anism by which PABA acts is at present unclear, it is
possible that a reactive metabolite is formed, directly
inactivating the enzyme and enhancing its degradation. In
the present study, we investigated the effect of the hydrox-
ylamine of PABA on NATI activity from human PBMC.
We show that N-OH-PABA irreversibly inactivates NAT1
both in cultured cells and cell cytosols in a time- and
concentration-dependent manner. Since NATI activity
may modulate an individual’s susceptibility to certain types
of cancers/toxicities, inactivation of NAT1 by arylamine
metabolites may be of toxicological importance.

MATERIALS AND METHODS
Chemicals

Ficoll-Paque and enhanced chemiluminescence detection
reagent were purchased from Amersham International. Cell
culture medium was purchased from GIBCO and fetal
bovine serum was from WA Serum Laboratories. PABA,
p-nitrobenzoic acid, DTT, DMSO, N,N-dimethylform-
amide, horseradish peroxidase-conjugated goat anti-rabbit
immunoglobulin, and phorbol 12-myristate 13-acetate were
obtained from Sigma Chemical Co. Diethyl ether, zinc
dust, and ammonium chloride were purchased from BDH,
and AcCoA was from Boehringer Mannheim.

Isolation and Culture of Human PBMC

Blood was collected from healthy volunteers (previously
genotyped as NAT1*4 homozygotes) and anticoagulated
with EDTA. PBMC were isolated by mixing whole blood
with an equal volume of PBS which was then layered on an
equal volume of Ficoll-Paque and centrifuged (16-18°) at
400 g for 20 min. The PBMC layer was collected, washed
once with PBS, and resuspended in BME culture medium
supplemented with 10% fetal bovine serum, gentamicin (50
pg/mL), and benzylpenicillin (80 wg/mL). PBMC were
incubated at 37° in an atmosphere of 5% CO,, 95% air at
a density of 1 X 10° cells/mL. Cell viability was assessed by
trypan blue dye exclusion and was >95% for all prepara-
tions.

Assay for NAT1 Activity

PBMC were washed once with PBS and resuspended in 0.8
mL of 20 mM Tris/1 mM EDTA buffer (pH 7.4) containing
I mM DTT and disrupted at 4° using a cell sonicator
(Branson Sonifier B250; duty cycle 100%, output = 5; 3 X
5-sec bursts). The cell lysate was then centrifuged for 3 min
at 16,000 g (4°) and the supernatant retained for assay of
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NATI activity. Reaction vials contained 5-10 pg cell
lysate protein, 440 uM PABA, and 1.1 mM AcCoA in a
150 wL total volume. Reactions were started by the
addition of AcCoA then incubated at 37° for 30 min,
and terminated by the sequential addition of trichloro-
acetic acid (25%; 25 pL) and 25 wL 2 M NaOH. After
centrifugation at 16,000 g for 3 min, N-acetyl-PABA in
the supernatant was quantified by HPLC [47]. Protein
concentration was determined by the method of Bradford
[48] and NAT1 activity normalised to lysate protein
concentration. Under these conditions, the rate of
PABA acetylation was linear with respect to time and
protein concentration.

Kinetic Studies

PBMC cytosols were incubated at 37° for 30 min in the
presence of 50 uM N-OH-PABA or vehicle only (control),
and then residual NAT1 activity was measured. Estimates
of K,, and V., were determined at a fixed cofactor
(AcCoA) concentration of 1.1 mM by measuring NATI
activity at several different concentrations of substrate
(PABA) over the range 10 to 640 WM. Estimates of K, and
V e also were determined at a fixed substrate concentra-
tion of 440 M by measuring NAT1 activity at several
different concentrations of cofactor over the range 10 to
2200 uM.

Dialysis Studies

Cell lysates (0.5 mL) were injected into 10 K Slide-A-Lyzer
dialysis cassettes (Pierce Chemical Co.) and dialysed for
2 X 2 hr at 4° against 1.5 L of buffer (20 mM Tris/1 mM
EDTA/1 mM DTT; pH 7.4). Following dialysis, residual
NATTI activity was assayed as described above.

Western Blots for NAT1

Cell lysates (15 pg) were electrophoresed on 12% (w/v)
SDS—polyacrylamide gels, transferred to nitrocellulose
membranes (100 mA, overnight, 4°), and immunoblotted
using a polyclonal antibody that was shown to be NATI1-
specific by Stanley and coworkers, using purified recombi-
nant NAT1 and NAT2 standards [49]. Briefly, membranes
were blocked for 1 hr at room temperature with 5% (w/v)
skim milk powder in PBS and then washed for 1 hr with
0.05% (v/v) Tween 20 in PBS. After washing, membranes
were incubated at room temperature with NAT1 antibody
(diluted 1:4000 with 5% [w/v] skim milk powder in PBS)
for 2 hr, washed for 30 min, incubated with horseradish
peroxidase-conjugated goat anti-rabbit immunoglobulin
(diluted 1:10,000 with 5% [w/v] skim milk powder in PBS)
for 1 hr and then washed for another 30 min. NAT1 was
visualised using enhanced chemiluminescence detection.
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FIG. 1. Inactivation of NAT1 in cultured PBMC by N-OH-PABA. (a) PBMC were incubated in BME culture medium for up to 24
hr in the absence or presence of 50 pM N-OH-PABA. Cells were washed with PBS and then lysed and residual NAT1 activity
measured. Each point represents the mean % SE of triplicate incubations. (b) PBMC were incubated in BME culture medium for 4 hr
in the presence of 0-100 puM N-OH-PABA (@) or N-OH-SMX (O). Cells were washed with PBS and then lysed and residual NAT1
activity measured. Each point represents the mean * SE of triplicate incubations. Cell viability assessed by trypan blue dye exclusion

was > 95% for all treatments.

Synthesis of N-Hydroxy-PABA

N-OH-PABA was synthesised by a modification of the
method used by Yeh et al. [50] for the synthesis of
N-OH-AAF. Briefly, 1 g of p-nitrobenzoic acid was dis-
solved in 100 mL N,N-dimethylformamide:ethanol (1:1)
and placed on ice. Ammonium chloride (2 g in 20 mL
water) and zinc dust (1 g) were added and the mixture
stirred rapidly for 30 min on ice. The solution was filtered
into 100 mL of water and the filtrate extracted with 2 X
200 mL of diethyl ether. The organic layer was collected,
dried with anhydrous MgSO,, evaporated to dryness under
argon, and reconstituted in 2 mL DMSO:ethanol (4:1).
The concentration of N-OH-PABA was measured by the
Batho reagent assay [51], and purity assessed by HPLC was
>95%.

Data Analysis and Statistics

Data are expressed as means * SE. Statistical comparisons
between different treatments were assessed by Student’s
t-tests using a 5% confidence level (SigmaStat Ver. 1.01,
Jandel Scientific). The estimates for K, and V. were
determined by fitting the Michaelis-Menten equation to
the primary data by non-linear least squares regression
analysis using SigmaPlot software (Jandel Scientific). Pro-
tein content was estimated from Western blots using
ImageQuant Ver. 1.1 (Molecular Dynamics).

RESULTS
Effect of N-OH-PABA on NAT1 Activity in Cultured
PBMC

Human PBMC were cultured in BME medium for 24 hr in
the absence or presence of 50 puM N-OH-PABA. Cells
treated with N-OH-PABA showed a time-dependent loss

in NATT1 activity (measured as the N-acetylation of PABA
in vitro), with maximal loss occurring within 4 hr (Fig. 1a).
PBMC cultured for 24 hr in the absence of N-OH-PABA,
but with an equivalent amount of vehicle (0.5% DMSO:
ethanol, 4:1), showed no significant loss in NAT1 activity
compared to freshly isolated cells (19.5 = 0.5 and 17.6 *
0.7 nmol/min/mg protein, respectively). Cells also were
treated with 0—-100 wM N-OH-PABA for 4 hr, cytosols
prepared and residual NAT1 activity measured. There was
a significant (P < 0.05) decrease in NATI activity that
was concentration-dependent with a half-maximal effect at
about 10 pM (Fig. 1b). The effect of N-OH-SMX on
NATI activity in cultured cells also was assessed. Like
N-OH-PABA, treatment of PBMC with N-OH-SMX re-
sulted in a concentration-dependent loss of NATT1 activity.
However, N-OH-SMX was less effective at inactivating
NAT! compared to N-OH-PABA. At a concentration of
30 uM, NATI activity was reduced by 22 * 3% for
N-OH-SMX compared with 60 = 7% for N-OH-PABA.

To determine if the inactivation of NATI activity in
cultured cells by N-OH-PABA was irreversible, cell lysates
were subjected to dialysis prior to NAT1 assay. PBMC were
treated with 50 uM N-OH-PABA or an equivalent amount
of vehicle (control; 0.5% DMSQO:ethanol, 4:1) for 4 hr and
then cell cytosols were prepared. An aliquot of the cell
cytosols was retained for NAT1 assay and the remainder
was dialysed as outlined in Materials and Methods. Dialysed
cytosols from N-OH-PABA-treated PBMC showed activi-
ties of only 7 = 3 and 8 * 6% control for dialysed and
undialysed cell cytosols, respectively, suggesting irreversible
inactivation of NATI1. Dialysis had no effect on NATI1
activity, since control values prior to and following dialysis
were not significantly different (13.2 = 0.3 and 12.8 = 0.2
nmol/min/mg protein, respectively).
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FIG. 2. Inactivation of NAT1 by N-OH-PABA in vitro. (a) PBMC cytosols were incubated at 37° for 30 min in the presence of 0-100
pM N-OH-PABA. Residual NAT1 activity was then measured as described in Materials and Methods. Each point represents the
mean =* SE of triplicate incubations. (b) NAT1 activity (PABA acetylation) was measured in PBMC cytosols that were preincubated
for 30 min at 37° in the presence or absence (control) of 25 pM N-OH-PABA (open bars). Aliquots of these same samples were also
dialysed against fresh buffer for 4 hr (see Materials and Methods) and NAT1 activity was remeasured (closed bars). In addition, the
effects of preincubation with AcCoA (1.1 mM) + N-OH-PABA (25 pM), PABA (440 pM) + N-OH-PABA (25 pM) or PABA
(440 pM) alone also were assessed after dialysis (closed bars). Data are expressed as means = SE of triplicate incubations. Group means
that were significantly different (P < 0.05) from the appropriate pre- or postdialysis control group are indicated by an asterisk.

Effect of N-OH-PABA on NAT1 Activity In Vitro

In addition to decreasing NAT1 activity in cultured cells,
N-OH-PABA also was able to inactivate NAT1 in cell
cytosols. PBMC cytosols were incubated at 37° for 30 min
in the presence of 0-100 pM N-OH-PABA. Residual
NATI activity was then measured as described in Materials
and Methods. Treatment with N-OH-PABA resulted in a
concentration-dependent decrease in NAT1 activity (Fig.
2a), with maximal inactivation occurring within 15 min of
treatment. Cell cytosols were subjected to dialysis to deter-
mine if the inactivation by N-OH-PABA was irreversible.
Cytosols were preincubated with N-OH-PABA (25 uM) at
37° for 30 min and then residual NATI activity was
measured. NAT1 activity was significantly (P < 0.05)
reduced compared to control (vehicle only), and the
inactivation was irreversible since activity was not restored
by dialysis of N-OH-PABA-treated cytosols prior to NAT1
assay. Preincubation with 25 puM PABA had no effect on
NATI activity with or without dialysis prior to NAT]I
assay, indicating that PABA itself cannot inactivate NAT1
in vitro. The effect of having cofactor (AcCoA; 1.1 mM) or
substrate (PABA; 440 wM) in the preincubation mix prior
to dialysis also was assessed. Addition of cofactor, but not
substrate, completely protected against inactivation of
NATI1 by N-OH-PABA (Fig. 2b). To determine if this
protective effect was a result of AcCoA scavenging the
hydroxylamine, N-OH-PABA (25 pM) was incubated at
37° for 30 min in the absence and presence of AcCoA (1.1
mM), and then the amount of N-OH-PABA remaining was
assessed by HPLC. There was no alteration in the levels of
N-OH-PABA when incubated in the presence of AcCoA,
indicating that the protective effect was not a result of

AcCoA scavenging the hydroxylamine. Taken together,
these data suggest that the inactivation of NAT1 by
N-OH-PABA involves the cofactor-binding site.

Determination of Kinetic Parameters

N-Acetylation by NAT1 proceeds via sequential interac-
tion with cofactor (AcCoA) and substrate (PABA). To
determine if the loss of PBMC NAT1 activity following
treatment with N-OH-PABA was due to a decreased ability
of the enzyme to interact with either substrate or cofactor,
the kinetic parameters K, and V.. were measured. PBMC
cytosols were incubated at 37° for 30 min in the presence of
50 puM N-OH-PABA or vehicle only (control), and then
residual NAT1 activity was measured. K,, and V. values
were estimated for both substrate and cofactor (Fig. 3) as
described in Methods and Materials. Compared to control,
cytosols that were treated with N-OH-PABA showed a
significant (P < 0.05) reduction in the V. for both
PABA (19.9 = 0.7 and 9.6 = 0.6 nmol/min/mg protein,
respectively) and AcCoA (17.4 = 0.4 and 109 * 0.3
nmol/min/mg protein, respectively). The K, for PABA was
not significantly different for control and treated cytosols
(149 = 18 and 133 = 12 uM, respectively). However, there
was a significant increase in K, for AcCoA when control
and N-OH-PABA -treated cytosols were compared (276 *
8 and 1150 = 15 puM, respectively).

Effect of N-OH-PABA on NAT1 Protein Levels

To determine if the loss of NAT1 activity observed after
incubation of PBMC with N-OH-PABA involved a change
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FIG. 3. Determination of kinetic parameters. PBMC cytosols were incubated at 37° for 30 min in the presence of 50 phM N-OH-PABA
(O) or vehicle only (@), and then residual NAT1 activity was measured. Estimates for K, and V. were determined by fitting the
Michaelis—-Menten equation to the primary data by non-linear least squares regression analysis. Kinetic parameters were determined for
(a) PABA, at a fixed cofactor (AcCoA) concentration of 1.1 mM, and (b) AcCoA, at a fixed substrate (PABA) concentration of 440

M.

in NATI1 protein levels, cell lysates were subjected to
Western blot analysis using a NAT1-specific antibody.
PBMC cells were cultured in the presence of 50 pM
N-OH-PABA for 0, 1, and 4 hr and then cell cytosols were
prepared. NATI1 activity was significantly (P < 0.05)
reduced by as early as 1 hr posttreatment. However, there
was no significant (P < 0.05) loss of NATI protein over
the 4-hr treatment period (Fig. 4). The lack of correlation
between NATTI activity and NATI protein indicates that
the inactivation by N-OH-PABA is not a result of a net
decrease in NATT1 protein, but a decrease in the amount of
active enzyme present.

DISCUSSION

It is now well documented that human NATs are polymor-
phically expressed, with 24 NAT1 and 26 NAT2 variant
alleles currently identified. Since both isozymes are capable
of bioactivating a number of potential human carcinogens,
recent studies into NATs have been primarily focussed on
identifying variant alleles and determining how they mod-
ulate risk for various types of cancers [reviewed in 52].
However, wide variation in NAT1 activity observed within
a single phenotype [9] suggests that non-genetic factors may
contribute to overall activity in vivo.

Recently, we have shown that several NAT1-selective
substrates, including PABA, were able to down-regulate
human NATI in cultured cells [46]. However, the exact
mechanism of this substrate-dependent down-regulation is
unclear at present. The hydroxylamine of 2-AAF was
shown to be an irreversible inhibitor of hamster NATs in
vitro and in vivo [41, 44], and hydroxylamine metabolites in
general have been implicated in the alkylation of cellular
proteins [35, 36]. Cytochrome P450 is able to N-hydrox-

ylate several aromatic amines, but is only present at low
levels in PBMC [53, 54]. However, prostaglandin H syn-
thase is present in PBMC and platelets at relatively high
concentrations [55] and is capable of metabolising aromatic
amines to their corresponding hydroxylamines [29-31]. We
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FIG. 4. Western blot analysis of NAT1 inactivation by N-OH-
PABA. PBMC were incubated for up to 4 hr in BME culture
medium in the presence of 50 pM N-OH-PABA. At 0, 1, and
4 hr, cells were washed with PBS and cytosols prepared and
assayed for NAT1 activity (@). Data are expressed as means =+
SE (n = 3), and an asterisk indicates significant difference (P <
0.05) compared to control (t = 0). Cell cytosols also were
subjected to Western blot analysis using a NATI1-specific
antibody as described in Materials and Methods. The relative
amount of NAT1 protein present was quantified by densitom-
etry (open bars).
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hypothesised that PABA may be metabolised to N-OH-
PABA, which could inactivate NATI. It is also possible
that the inactivation may be mediated by a nitroso inter-
mediate, which is formed during the spontaneous oxidation
of many hydroxylamines and is able to react with proteins
[28, 56] and sulfhydryl groups [57] more readily than the
hydroxylamines themselves. All NATs have a conserved
Cys®® (sulfhydryl group) at their active site that is directly
involved in the transfer of acetate from AcCoA to the
arylamine and is essential for enzyme activity [58—-60].
Therefore, covalent modification of Cys®® by hyroxylamine
and/or nitroso metabolites is the most likely mechanism for
enzyme inactivation.

In the present study, we have shown that N-OH-PABA
is able to inactivate NAT1 in cultured PBMC in a time-
and concentration-dependent manner. Significant inacti-
vation occurred at low micromolar concentrations and was
evident within 30 min of treatment. Dialysis of cytosols
from N-OH-PABA-treated cells did not restore activity,
indicating that inactivation was irreversible. Moreover,
N-OH-PABA (but not PABA) was able to irreversibly
inactivate NAT1 when added to cell cytosols in vitro. This
suggests that N-OH-PABA is able to decrease NATI
activity in cultured cells by directly binding to, and inac-
tivating the enzyme. Addition of AcCoA, but not PABA,
to cell cytosols completely protected against inactivation of
NATI1 by N-OH-PABA, indicating that inactivation in-
volves the cofactor-binding site but not that of the sub-
strate. These data suggest that inactivation may involve
covalent modification of Cysés, since it is a participant in
acetyl transfer during catalysis.

Kinetic studies revealed that V.. values for cytosols
treated with N-OH-PABA were significantly reduced for
both substrate and cofactor compared to control, indicating
that the inactivation was not competitive. The K,, for
PABA-treated cytosols was not significantly different from
control. However, N-OH-PABA -treated cytosols showed a
4-fold increase in cofactor K,, compared to control. These
data are in agreement with dialysis studies, suggesting that
inactivation involves the cofactor-binding site. Recently,
we showed that PBMC NATI1 down-regulation by PABA
did not involve a change in K, for either PABA or AcCoA
[46]. The differential effect of N-OH-PABA and PABA on
AcCoA K,, in these two studies indicates that these
compounds decrease NATI1 activity by different mecha-
nisms.

To determine if the loss of NATI activity in cultured
PBMC involved a change in NAT1 protein levels, cytosols
from N-OH-PABA-treated cells were subjected to Western
blot analysis using a NAT1-specific antibody. No signifi-
cant loss of immunodetectable NAT1 protein occurred
over the 4-hr treatment period. This did not correlate with
NATI1 activity, which was maximally reduced by 4-hr
posttreatment. Therefore, inactivation of NAT1 by N-OH-
PABA does not involve a net loss of NATI protein. We
have shown previously that NAT1 activity and protein
levels are strongly correlated in PABA down-regulated
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PBMC [46]. Together with the kinetic data, this strongly
suggests that PABA and N-OH-PABA act by separate
mechanisms, and our hypothesis that PABA down-regu-
lates NATI1 activity via the formation of N-OH-PABA
appears incorrect. N-OH-PABA decreases NAT1 activity
by binding directly to the NATI enzyme, possibly by
covalent modification of the active site cysteine, causing
irreversible inactivation, whereas PABA appears to reduce
NATTI activity by down-regulating the enzyme, which leads
to a decrease in NAT1 protein content.

Interestingly, inactivation of NAT1 was not restricted to
the hydroxylamine of PABA. N-OH-SMX was also able to
inactivate NATI in cultured PBMC. N-OH-SMX and/or
its nitroso intermediate have been implicated in the high
incidence of hypersensitivity reactions associated with sul-
famethoxazole treatment [61, 62]. Therefore, NAT1 may
be an important determinant of susceptibility to sulfame-
thoxazole-induced toxicity. Toxicity associated with oral
PABA use [63-65] also may be due to its oxidation to
N-OH-PABA and subsequent inactivation of NATI. In
addition, Rieder et al. [66] have shown that N-OH-SMX, at
low micromolar concentrations, suppressed mitogen-in-
duced proliferation of T-lymphocytes. Therefore, it is pos-
sible that NATI1 plays a role in the ability of cells to
respond to proliferative stimuli. However, the effects of
N-OH-PABA and N-OH-SMX may also be caused by their
interactions with other proteins in the cell.

We conclude that N-OH-PABA is an irreversible inac-
tivator of human NATI in both cultured cells and cell
cytosols. Inactivation is caused by a direct interaction with
the enzyme and appears to be a result of covalent modifi-
cation at the cofactor-binding site.

This work was supported by a grant from the Medical Research
Foundation, Royal Perth Hospital. N.J.B. was supported by the
Elizabeth Stalker McEwan Trust. We are grateful to Prof. Edith Sim
for the NATI antibody used in this study and to Dean Naisbitt for
N-OH-SMX.
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