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Abstract—Human arylamine N-acetyltransferase type 1 (NAT1) has been cloned from human genomic
DNA, into the vector pET(5a) and expressed in Escherichia coli. The recombinant protein has been
purified to apparent homogeneity using anion exchange chromatography. The arylamine acceptor
specificity, and the effect of potential NAT1 inhibitors has been investigated using purified recombinant
protein. The K,, of the recombinant NAT1 protein for the substrates para-aminobenzoate (p-aba) and
4-aminosalicylate are 14.3 and 11.8 uM, respectively. Folate and amethopterin were found to be potent
competitive inhibitors of p-aba acetylation, with K; values of 13.3 and 9.5 uM, respectively. The pteroate
moiety of folate, in contrast is a poor inhibitor, with 100 uM pteroate inhibiting only 40% of NAT1
activity. A catabolite of folate para-aminobenzoly-L-glutamate has also been shown to be a NAT1
substrate with a K, value of 263 uM.
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NAT? catalyses the N-acetylation of arylamines from
acetyl-CoA {[1]. The reaction is a classical two-step
substituted enzyme (ping-pong) kinetic mechanism,
in which the acetyl group is transferred first from
the acetyl donor, acetyl-CoA, to the NAT enzyme
and subsequently to the acceptor amine substrate
[2].

Arylamines can also be N-hydroxylated by hepatic
cytochrome P4501A2, and carcinogenic arylamines
are converted to N-hydroxy-arylamine proximate
carcinogens [3]. Following N-hydroxylation NAT
can O-acetylate the N-hydroxy moiety, which
results in the formation of highly unstable N-
acetoxyarylamine metabolites. On hydrolysis the
resulting arylnitrenium ions can form complexes
with DNA. Such DNA adduct formation has been
implicated in the production of malignant phenotypes
[4].
NAT thus appears to have two opposing
metabolicroles. N-Acetylation results in deactivating
compounds for excretion [5], but in conjunction with
cytochrome P450 N-hydroxylation of arylamines
NAT can catalyse O-acetylation to produce activated
carcinogens.

There are two isozymes of human NAT, NAT1
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and NAT2, which are encoded at two loci on
chromosome 8 [6]. The two isozymes share 87%
sequence identity at the nucleotide level [7] and
have overlapping but distinct substrate specificities.
According to recently approved nomenclature [8]
the most common human NAT! allele is designated
NAT1*3, and in this paper it is the NAT1*3 allele
to which NAT]1 refers.

NAT2 is expressed in the liver [9] and colonic
epithelium [10], and is extensively involved in
the metabolism of drugs including isoniazid,
sulphamethazine and procainamide [11]. The NAT2
gene locus is polymorphic with at least six different
alleles differing by a combination of up to three
point mutations within the coding region [12]. One
allele confers fast acetylation (NAT2*4), whilst all
the others are associated with slow acetylation. The
acetylator status of individuals has for many years
been linked with predisposition to disease. Slow
acetylators are at increased risk of arylamine induced
bladder cancer [13,14], and hydralazine induced
immunotoxicity [15].

NAT1 has a widespread tissue distribution, being
found in the liver [16], bladder [17], erythrocytes
[18], brain [19] and lymphocytes [20]. Substrates
of NATI include p-aba, 4-ASA, and sulpha-
methoxazole [21,22] and in common with NAT?2,
the carcinogens 2-aminofluorene and benzidine. To
date no endogenous substrate for either isozyme has
been identified.

There is one major NATI allele but others have
also been described at this locus [23]. Functional
variation in NAT1 activity has also been described
[24,25]. It is not clear what the relationship is
between the allelic variants of NAT1 and inter-
individual variation in NAT1 activity. It has
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previously been suggested that endogenous inhibi-
tors, possibly folate, could contribute to the observed
functional variation in NAT1 activity. NATI
constitutes at maximum only 0.005% of total cell
protein {16] and so human NAT1 has been purified
after cloning and expression in E. coli. The
recombinant protein has been used to investigate
further the characteristics of substrates and potential
inhibitors of NAT1.

MATERIALS AND METHODS

Restriction endonucleases and other DNA-
modifying enzymes were purchased from Boehringer
Mannheim (Lewes, Sussex, U.K.) with the exception
of Native Pfu polymerase which was obtained from
Stratagene (Cambridge, U.K.). Oligonucleotide
primers were synthesized by Mrs V. Cooper (Dyson
Perrins Laboratory, University of Oxford, U.K.).
The Novagen expression vector pET(5a) and E. col
glycerol stocks were purchased from NBL Gene
Sciences Ltd (Cramlington, U.K.). A gene clean II
kit was purchased from Stratech Scientific (Luton,
U.K.). All chemicals and buffers were purchased
from either Sigma (Poole, U.K.) or Aldrich
(Gillingham, U.K.), except where stated. HPLC
grade acetonitrile and acetic acid were purchased
from Rathburn Chemicals (Walkerburn, U.K.). N-
Acetamidosalicylic acid and N-acetamidobenzoyl-L-
glutamic acid were synthesized as previously
described [26]. All chromatographic media were
purchased from Pharmacia (St. Albans, U.K.), with
the exception of the DEAE MemSep anion exchange
cartridge which was from Millipore (Watford, U.K.).
A dye binding kit, for the estimation of protein
content, was purchased from Biorad (Hemel
Hempstead, U.K.).

Plasmid construction. The coding region of human
NATI was amplified by the PCR using 2.5 U Native
Pfu polymerase, 1ug genomic DNA as template
and 50 pmol each of a pair of oligonucleotide
primers, NatHu22 ACTCCGAATTCTAAATAG-
TAAAAA (antisense) and NatHu23 TAAGGGG-
CATATGGACATTGAA (sense), which introduce
the restriction enzyme sites Ndel and EcoRI
(underlined). The mismatches created which gen-
erate the restriction enzyme sites are shown in italics.
Thirty-five cycles of amplification were carried out
as follows: denaturation: 95°, 5 min; annealing: 54°,
5 min; and extension: 75°, 2 min.

The DNA product was separated by elec-
trophoresis on a 1% (w/v) agarose gel, and isolated
using a silica matrix (Geneclean II kit).

The NAT1 coding region was then inserted into
the pET(5a) expression plasmid vector at the Ndel
and EcoRlI sites. The plasmid was initially established
in the E. coli strain NMS554, which lacks a
chromosomal copy of the T7 RNA polymerase gene.

The cloned NAT1 was sequenced using methods
and primers [23] as previously described [27].

Expression. Plasmid produced in the E. coli strain
NMS554 was used to transform either the E. coli
strain BL21(DE3)pLysS or BL21(DE3), for the
production of recombinant protein. Both strains of
E. coli have inserted into their int gene a fragment
of DNA containing the lacl gene, the lacUVS
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promoter and the gene for T7 RNA polymerase.
The lacUV5 promoter is inducible by isopropyl-$-D-
thiogalactopyranoside (IPTG). Addition of IPTG to
a growing culture induces the T7 RNA polymerase,
which in turn transcribes the target DNA in the
plasmid.

Escherichia coli were grown at 37° in L-broth with
50 pg/mL ampicillin, and were induced at mid-log
phase with 0.4 mM IPTG for 4 hr. Cultures with
volumes greater than 1L were grown by S. Cole
(Oxford Centre for Molecular Science, University
of Oxford, U.K.) using the same conditions, except
that cells were induced with 0.1 mM IPTG. Following
induction cells were harvested by centrifugation
(3000 rpm, 4°, 20 min). The cell pellet was then
resuspended in 20mM Tris/HCl, 1mM EDTA,
5mM DTT and 1 mM pefabloc (S. Black (U.K.)
Import/Export). Except where indicated cell lysis
was induced by freezing once in liquid nitrogen and
then thawing at 37°, for the E. coli strain
BL21(DE3)pLysS, or by sonication (10 sec) for the
E. coli strain BL21(DE3). The recombinant soluble
protein was recovered after DNAse treatment, and
centrifugation (10,000 rpm, 4°, 30 min Sorval SS34
rotor) to remove cell debris.

The recovered soluble protein was retained for
determination of NAT1 activity. In order to
determine whether there were any aggregated
insoluble NAT1 (inclusion bodies) associated with
the cell debris, the cell debris from 250 mL of
bacterial culture was resuspended in 10 mL of 0.5%
Triton X100, 1mM EDTA, and centrifuged
(5000 rpm, 4°, 10 min). The insoluble material was
washed twice more with 0.5% Triton X100, 1 mM
EDTA, and was finally resuspended in 1mL
phosphate buffered saline.

Chromatographic purification of recombinant
NATI1. Bacterial cell lysate (0.2-0.5g protein,
corresponding to approximately 500 mL bacterial
culture) was loaded at 4° onto a column of Q-
Sepharose ‘fast flow’ (1.6 X 32cm), and run at a
flow rate of 2.5mL/min on a Pharmacia FPLC
system. The column was washed with 20 mM Tris/
HCI, 1mM EDTA, 5mM DTT, 0.5 mM pefabloc
pH7.5. A linear gradient of 500 mL 0-500 mM NaCl
was then applied in the same buffer. Fractions of
10 mL were collected, and 50 uL of each was assayed
for NATI activity using 1 mM p-aba as substrate.
Fractions containing NAT1 were desalted using a
50 mL Sephadex G25 column.

The desalted NAT1 fractions were then applied
to a DEAE MemSep anion exchange cartridge, and
the cartridge was washed (5 mL/min) with 20 mM
Tris/HClpH 7.5, 1 mM EDTA, 5 mM DTT, 0.5 mM
pefabloc. A linear gradient of 200 mL 0-75 mM
NaCl was developed in the same buffer. Fractions
of 5mL were collected.

For larger scale purifications corresponding to 1-
2L of bacterial culture a further purification step on
a Superdex 75 gel filtration column (2.6 X 46 cm)
was carried out after Q-Sepharose. The Superdex
75 column was washed with 300 mL of 20 mM Tris/
HClpH 7.5, 1mM EDTA, 5mM DTT and 0.5 mM
pefabloc at a flow rate of 2 mL/min. Fractions of
4 mL were collected, and aliquots were assayed for
NAT]1 activity with 1 mM p-aba as substrate.
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Enzymatic assays. N-Acetyltransferase activity in
supernatants after bacterial cell lysis was determined
using a spectrophotometric assay as described
previously [24] with 1 mM p-aba as substrate.

The method was modified for HPLC analysis as
follows. In a total volume of 90 uL; 50 uL of purified
recombinant NAT1 (up to 4 ng protein) in 20 mM
Tris/HCl, 1mM EDTA, 5mM DTT containing
0-180 uM folate or amethopterin was mixed with
20uL. of an acetyl-CoA/phosphotransacetylase
regenerating system (200mM Tris/HCl, 4 mM
EDTA, 22 mM acetyl phosphate, 4 mM DTT, 2.2 U/
mL phosphotransacetylase and 450 uM acetyl-CoA),
and pre-incubated at 37° for 3 min. Substrate was
then added in 20 uL. water, to start the reaction. The
conversion of substrate was measured over 5 min at
37°, and was terminated by the addition of 10 ul
15% (v/v) perchloric acid. Precipitated protein was
pelleted by centrifugation (3 min, 13,500 rpm, 4°)
and tubes were placed on ice for less than one hour
prior to analysis. Assays with para-aminobenzoyl-
L-glutamate as substrate used 0.15pug purified
recombinant NAT1 protein. In all assays the
condition of linearity was met.

Formation of N-acetylated products was quantified
by HPLC (Waters 600E System Controller and 484
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Tunable Absorbance Detector; Millipore Corpor-
ation, Milford, U.S.A.) using a semi-preparative
reverse-phase C18 column. Ten or 20 uL. of each
assay supernatant was injected. HPLC conditions
were as follows: UV detection at 266 nm and a flow
rate of 2mL/min, except that 1 mL/min was used
for para-aminobenzoyl-L-glutamate. The mobile
phases used were 50 mM acetic acid, acetonitrile
(90:10) for p-aba (2.8 min), N-acetylp-aba (5 min),
folate (4.4 min), 4-ASA (3.4 min), N-acetyl 4ASA
(5.2 min), para-aminobenzoyl-L-glutamate (4.2 min)
and N-acetyl-p-aminobenzoyl-L-glutamate (7.2 min).
The retention times are shown in brackets after each
compound. For p-aba and N-acetyl-p-aba, in the
presence of amethopterin and pteroate the mobile
phase was 50mM acetic acid/acetonitrile (92:8),
giving retention times of 3.2 min for p-aba, 6.5 min
for N-acetyl-p-aba, 8.8 min for amethopterin and
10.4 min for pteroate. Kinetic parameters (K,,, K;
and V,,) were determined from Lineweaver-Burk
plots. Protein concentrations were measured using
a Bradford dye binding assay with human y-globulin
as a standard [28].

Electrophoretic analysis of recombinant NAT1.
Both the bacterial cell lysate and purified fractions
were analysed by electrophoresis on 10% (w/v)
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Fig. 1. Comparison of NAT1 expression in the E. coli strains BL21(DE3) and BL21(DE3)pLysS.
Cultures (250 ml) of BL21(DE3) and BL21(DE3)pLysS, carrying the NAT1/pET(5a) vector construct
(Fig. 1), were grown in L-broth containing 50 ug/ml ampicillin, at 37° with shaking. Once the absorbance
at 600 nm had reached 0.6 (mid-log phase) cells were induced by the addition of IPTG to a final
concentration of 0.4 mM. At the times indicated after induction 2 mL aliquots of culture were withdrawn.
Cells were collected by centrifugation (3000 rpm, 4°, 10 min) and resuspended in 200 gL 20 mM Tris-
HCI, 5mM DTT, 1 mM EDTA, 0.5 mM pefabloc (pH 7.5). Cells were then lysed, as described and
the cell debris removed by centrifugation. Supernatants were assayed for NAT1 activity as described.
NAT1 activity recovered from the E. coli strain BL21(DE3) is depicted by the closed triangles, and
from the strain BL21(DE3)pLysS by the open circles.
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polyacrylamide Tris/tricine gel containing 0.1%
(w/v) SDS [29]. Gels were either stained with silver
[30) or Coomassie blue.

RESULTS

Expression

Human NAT1 was expressed successfully in the
E. coli strains BL21{DE3) and BL21(DE3)pLysS.
As Fig. 1 shows more NAT1 is being expressed, and
can be recovered, from the pLysS strain which has
proved to be of great use in developing a purification
strategy.

The E. coli strain BL21(DE3)pLysS expresses T7
lysozyme [31]. Relatively high levels of T7 lysozyme
can be tolerated by the bacteria as the protein is
unable to pass through the inner membrane to reach
the peptidoglycan layer. Treatments which disrupt
the inner membrane, but would not normally result
in lysis, such as freeze-thaw and osmotic shock,
induce rapid lysis in cells containing T7 lysozyme. It
has been possible, therefore, to lyse cells recovered
from 500 mL of bacterial culture in 5 mL of buffer
using one cycle of freezing and thawing. This
produces a concentrated source of protein without
the need for ammonium sulphate precipitation which
results in high losses of NAT1 activity [32].

All NAT1 activity, expressed in either strain of
bacteria, was found to be soluble. This was confirmed
by the absence on SDS-PAGE of any insoluble
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material corresponding to NAT1, which migrates
with an apparent molecular weight of 33 kDa.

Purification

Recombinant NAT1 was successfully isolated
(Table 1), after 100-fold purification, using two anion
exchange chromatographic steps. Figure 2 shows the
results of the first purification step on Q-Sepharose.
NAT1 elutes as a single protein peak at around
100 mM NaCl. The recovery of the total activity is
75% in this step, and 42% is in the peak fraction.
When the material from the Q-Sepharose step is
applied to a MemSep anion exchange cartridge
NAT1 elutes at 20 mM NaCl. Analysis of the eluted
fractions by SDS-PAGE gel electrophoresis shows
that the NATI1 has been purified to apparent
homogeneity (Fig. 3).

Purification of NAT1 on a larger scale after anion
exchange on Q-Sepharose and gel filtration on
Superdex 75, results in NAT1 which has been
purified 57-fold (Table 1).

Enzymology

The kinetic properties of NAT1 were characterized
using partially purified recombinant NAT1 (Table
1). The apparent K,, values are 14.3 uM for p-aba
and 11.8 uM for 4-ASA. These values are in broad
agreement with K,, values measured for NATI1
derived from human tissue sources. NAT1 partially
purified from human liver has K,, values of 12 uM

pmolesp-aba/min/mg protein

80

Fraction Number

Fig. 2. Purification of NAT1 on Q-Sepharose. Cells from 400 mL of BL21(DE3)pLysS culture were
resuspended in 62 mL of buffer A (20 mM Tris/HCl, 1 mM EDTA, 5mM DTT and 0.5 mM pefabloc
(pH 7.5)), which lyses the cells by osmotic shock. The recovered soluble protein was then applied to
a column of Q-Sepharose (32 X 1.6 cm). The column was washed with 70 mL of Buffer A prior to the
application of a 500 mL 0-500 mM NaCl gradient, in the same buffer. Fractions of 10 mL were collected.
The absorbance at 280 nm is indicated by the solid line. Fractions were assayed for NAT1 activity
(open circles) using 1 mM p-aba and 0.44 mM acetyl-CoA as substrates. The NaCl gradient is indicated
by the dotted line. The desalted peak Q-Sepharose fraction was then applied to a DEAE MemSep
anion exchange cartridge.
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1

Fig. 3. Silver stained 10% (w/v) polyacrylamide Tris-tricine
gel, showing purified recombinant NAT1. The desalted
peak fraction from the Q-Sepharose purification shown in
Fig. 2 was applied to a Mem Sep HP1010 anion exchange
cartridge, and washed with 25mL of 20 mM Tris-HCI,
1mM EDTA, 5mM DTT and 0.5 mM pefabloc (pH 7.5).
A linear gradient of 0—75 mM NaCl was then developed in
200 mL of the same buffer. Track 1 corresponds to the
fraction eluted at 20 mM NaCl. The closed arrow heads
indicate the molecular weight markers in kDa.

for p-aba and 9 uM for 4-ASA [32]. Crude soluble
fractions of human leukocytes, which only express
NAT1, have K,, values in the range of 12-14 uM for
p-aba[25]. para-Aminobenzoyl-L-glutamate was also
demonstrated to be a NAT1 substrate with a K,
value of 263 uM.

We have also characterized the inhibition of
partially purified NAT1 and shown that both folate
and amethopterin are competitive inhibitors with
respect to p-aba N-acetylation. The K; values were
calculated (Fig. 4a and b) to be 13.3 uM for folate,
and 9.5 uM for amethopterin. Pteroate is a much
poorer inhibitor than either folate or amethopterin.
When the compounds are compared as inhibitors of p-
aba N-acetylation, pteroate gives only approximately
50% of the inhibition observed with folate and
amethopterin (Fig. 4c).

DISCUSSION

In the present study it has been demonstrated that
the recombinant human NAT1 catalyses the N-
acetylation of substrates with Michaelis constants
that are in good agreement with those determined
previously with NAT1 purified from human tissue
sources [25, 32], showing that the expressed protein

Table 1. Purification of recombinant NAT1 from BL21(DE3)pLysS bacterial culture
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Fig. 4. Inhibition of p-aba N-acetylation by amethopterin and folate. NAT1 activity using 3 ng protein
from the peak fraction of Superdex 75 was assayed over 5 min as described in the Methods section.
The reaction was started with 90, 225, 450 or 675 uM p-aba as substrate. The substrates and products
were separated on HPLC. The mobile phases were as outlined in Table 1. Lineweaver—Burk plots are
shown for (a) amethopterin, and (b) folate. (c) Inhibition of NATI by folate, amethopterin and
pteroate. All reactions were started by the addition of p-aba to a final concentration of 150 uM. The
uninhibited activity in (c) was measured to be 17.8 pmols p-aba acetylated/min/mg protein.
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is a good model for NAT1 in vivo. The folate
catabolite p-aminobenzoyl-L-glutamate has also been
demonstrated to be a substrate for NAT1, with a
K,, value of 263 uM.

Previous kinetic studies with the folate antagonist,
and chemotherapeutic agent, amethopterin have
been performed by Jacobson [33] and Andres [34],
using pigeon liver as the source of NAT. Both
reported non-competitive inhibition with the acceptor
amine p-nitroaniline. Jacobson also found large
discrepancies between the inhibitory potencies of
amethopterin and folate, with folate being a much
weaker inhibitor. Erythrocyte NAT1 activity, with
p-aba as a substrate, has been shown to be
competitively inhibited by amethopterin [35] and
folate [36]. The K; values were 10 uM for folate and
60 uM for amethopterin. However, there are
difficulties in interpreting this data as NAT1 accounts
for 0.005% of total protein present in the cell, and
folate is known to bind electrostatically to many
proteins, including haemoglobin. By using purified
recombinant NAT]1 the electrostatic binding of folate
to other proteins can effectively be discounted, and
therefore the true nature of the inhibition can be
determined.

Folate, and the related compound amethopterin,
are shown here to be competitive inhibitors of
NAT1; both inhibit with similar potencies when
measured as inhibitors of p-aba N-acetylation.

Amethopterin is a folate antagonist and is
administered as a chemotherapeutic agent for the
treatment of leukaemias [37]. Amethopterin blocks
the synthesis of deoxythymidylate by competitively
inhibiting dihydrofolate reductase in the nanomolar
range. The inhibition of dihydrofolate reductase
prevents the conversion of dihydrofolate to tetra-
hydrofolate, this in turn prevents the synthesis of
N3, N'Y-methylenetetrahydrofolate which acts as
a methyl donor to convert deoxyuridylate to
deoxythymidylate [38].

In vitro experiments have been carried out
to investigate the uptake of amethopterin by
erythrocytes [39] resuspended in plasma containing
0.1 mM amethopterin, which reflects the con-
centration of the drug achieved during high dose
chemotherapy. Amethopterin in the erythrocytes
only accumulated to a concentration of 0.5 uM.
Therefore, the concentration of amethopterin likely
to be reached in vivo is 0.5 uM. This concentration
is below the K; for inhibition of NATI1 by
amethopterin, measured here as 9.5 uM. Therefore
it is likely that NAT1 will be inhibited by less than
0.5% by amethopterin during chemotherapy, and so
inhibition of NAT1 is unlikely to contribute to the
chemotherapeutic role of amethopterin.

The central portion of both folate and amethopterin
is p-aba (Fig. 5). It therefore seemed possible that
inhibition of NAT1 by folate and amethopterin could
be mediated through this portion of the molecule.
However, pteroate (p-aba conjugated with a
pteridine ring) (Figs 4c and 5) is a much less potent
inhibitor of NAT1. This would indicate that folate
and amethopterin do not interact with NAT1 through
the p-aba portion of their structure, and that it is
the negatively charged glutamate tail, which is
missing in pteroate, which is important for interaction
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Fig. 5. The chemical structures of folate, amethopterin,
pteroate and p-aminobenzoyl-L-glutamate. The folate
structure is illustrated in the keto form.

with the active site of NAT1. This is supported by
the finding that para-aminobenzoyl-L-glutamate is a
NATI substrate. In vivo folate exists inside cells in
multiple polyglutamated forms [40, 41]. In view of
the likely interaction of the glutamate moiety with
NAT1 it will be important to investigate the effects
of the different polyglutamated folates on NAT1
activity. The purified enzyme will allow this
interaction to be investigated.

In vivo the concentration of all folates in
erythrocytes has been estimated to be between 1
and 2 uM [24, 42], but these values may be inaccurate
in view of the indirect methods used for estimating
the concentration. The K; measured here for
inhibition of NAT]1 by folate is 13.3 uM. However,
the K, of NATI for p-aminobenzoyl-L-glutamate, a
catabolite of folate, is 263 uM. p-Aminobenzoyl-L-
glutamate is acetylated in vivo since p-acet-
amidobenzoyl-L-glutamate is found in the urine
of rats [43] and humans [44]. Therefore, the
concentration of folate inside cells is likely to have
an effect on the amount of p-aminobenzoyl-i-
glutamate which can be acetylated. There is likely
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to be a balance between the effect on NAT1 of the
concentration of folate and its breakdown product
p-aminobenzoy!-L-glutamate. This could explain the
observation that in rats {45] the degree of acetylation
of p-aminobenzoyl-L-glutamate, measured by the
urinary excretion of p-acetamidobenzoyl-L-gluta-
mate, increases over a period of eight days after
administration of a single dose of tritiated folate.

Folate deficiency syndromes as seen during
malignancy [46] or pregnancy [47] may also be
related to NAT1 activity. During pregnancy there is
an increased demand for folate, which cannot be
accounted for by transfer of folate from the mother
to the foetus. In pregnancy there is accelerated folate
catabolism as the excreted concentration of p-
acetamidobenzoyl-L-glutamate rises during the
second trimester, but returns to normal postpartum
[47]. 1t has been demonstrated that p-aminobenzoyl-
L-glutamate is not a substrate for NAT2 [48],
and therefore the data on p-acetamidobenzoyl-L-
glutamate excretion in pregnancy suggest that NAT1
activity may increase. Hormonal changes which take
place during pregnancy may play a part in the
upregulation of NAT1, as it has been demonstrated
that glucocorticoids induce hepatic NAT in rats [49].
Increased NAT1 activity in the mother may have a
protective effect in preventing the transfer of
potentially carcinogenic or toxic arylamines to the
foetal circulation. The placenta, the major barrier
between the maternal and foetal circulation also
expresses NAT1 [50, 51], which may further protect
the foetus.

NAT1, like folate, has a widespread tissue
distribution. From studies presented here using
purified recombinant human NAT1 enzyme it
appears that the role of NAT1 may be to catalyse
the acetylation of the folate breakdown product p-
aminobenzoyl-L-glutamate, and that the amount of
this breakdown product is a balance between NAT1
activity and the intracellular concentration of folate.
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