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Identification of cDNAs encoding two human Alpha class glutathione
transferases (GSTA3 and GSTA4) and the heterologous expression

of GSTA4-4

Philip G. BOARD

John Curtin School of Medical Research, Australian National University, GPO Box 334, Canberra ACT 2601, Australia

The Expressed Sequence Tag database has been searched for
examples of previously undescribed human Alpha class gluta-
thione transferases. An incomplete transcript of the previously
described GSTA3 gene was identified in a cDNA library derived
from 8-9 week placenta. This indicates that the GSTA3 gene is
functional and is possibly under specific developmental regu-
lation. A second cDNA, termed GSTA4, was identified in a brain

cDNA library. The encoded GSTA4-4 enzyme was expressed in
Escherichia coli and was found to be immunologically distinct
from GSTAI1-1 and to have high activity with alk-2-enals.
Although GSTA4-4 appears to be functionally similar to the
mouse GSTS5.7 and rat GSTS-8 Alpha class enzymes, sequence
comparisons and phylogenetic analysis suggest that GSTA4-4
may be a member of a distinct Alpha class subgroup.

INTRODUCTION

Over the past 10 years cDNAs encoding twelve distinct soluble
glutathione transferases (GSTs) have been described in humans.
These are members of the Alpha, Mu, Pi, Theta, Kappa and Zeta
evolutionary classes [1-3]. Members of each class tend to have
high sequence identity (>609%,) which falls to less than 259,
between classes. Studies so far suggest that the Mu class is the
most complex with five genes being identified in a cluster on
chromosome 1 [4,5]. Other classes, such as Pi and Zeta, are
clearly much less complex with only single genes being identified
in humans [3,6,7].

Although only two functional Alpha class GST genes have
been positively identified in humans by the cloning of their
corresponding cDNAs [8-10], there is considerable evidence
suggesting that this class may be more complex. Southern blots
probed with a GSTA1 cDNA have generated an extensive
pattern of hybridizing fragments, suggesting the presence of
multiple Alpha class genes and/or pseudogenes [9]. Genomic
cloning studies have identified a number of clones that contain
exons that do not correspond to the GSTA1 and GSTA2
sequences [8,11,12]. These studies also identified a complete gene
termed GSTA3 that could potentially be expressed but for which
no corresponding cDNA or protein product has ever been
identified [11]. Studies in rats and mice have identified Alpha
class GSTs that have high activity with 4-hydroxynonenal [13,14],
and a human enzyme with these properties has been identified
using antibodies to murine GST5.7 [15]. Given the genomic and
immunological evidence it is possible that several additional
Alpha class GST genes may be expressed in a tissue-specific
and/or developmentally regulated manner that has prevented
detection of their cDNAs.

The recent expansion of the Expressed Sequence Tag (EST)
database has made it possible to search numerous human tissues
from different stages of development for evidence of expression of
any gene for which some related protein coding DNA sequence is
available. Because of the possibility of there being additional

undescribed human Alpha class GSTs, the EST database was
searched with human and rodent Alpha class GST c¢cDNA
sequences and two new human cDNAs were identified. One was
an incomplete transcript of the previously described GSTA3 gene
and the second showed similarity with the mouse GST5.7 and rat
8 sequences [11,13,14]. This study reports the cDNA sequence of
each clone and the heterologous expression of the human GST
with similarities to the mouse GST5.7 and rat 8-8 enzymes.

MATERIALS AND METHODS
cDNA clone identification and sequencing

Two human ¢cDNAs with sequences related to previously identi-
fied Alpha class GSTs were identified by a BLAST search of the
EST database through the facility provided by the National
Centre for Biotechnology Information located at the World
Wide Web site http://www.ncbi.nlm.nih.gov/BLAST/. The
EST (yw63d06.r1) corresponding to the GST A3 gene was isolated
from an 8 to 9 week placental cDNA library constructed by
Bento Soares and M. Fatima Bonaldo (Merck and Co., White-
house Station, NJ, U.S.A.). This cDNA clone subsequently
referred to as pGSTA3. The EST (yn64c05.r1) with similarities to
the mouse GSTS.7 and rat 8 GSTs was isolated from an adult
human brain cDNA library constructed by Bento Soares and
M. Fatima Bonaldo. This clone is subsequently referred to as
pGSTA4. Both cDNA clones were made available by the IMAGE
consortium [16].

The cDNAs were sequenced on both strands by the use of
specific oligonucleotide primers and the deletion of fragments
from either end by specific restriction enzyme digests. All
sequencing was carried out using a Thermo Sequenase cycle
sequencing kit (Amersham Life Sciences).

Heterologous expression of GSTA4-4

The protein encoded by the pPGSTA4 cDNA was expressed in E.
coli as a ubiquitin fusion in the plasmid pRB269 [16]. The

Abbreviations used: GST, glutathione transferase; EST, expressed sequence tag.
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ubiquitin moiety was co-translationally removed by a co-
expressed ubiquitin-specific protease Ubpl as previously de-
scribed in detail [16,17]. Briefly a pair of oligonucleotide primers,
A4EXA 5-GAATCCGCGGTGGTATGGCAGCAAGGCCC-
3”and A4.2 5"-CTACAGGACATGAGTAGCC-3’, were used to
amplify a 951 bp fragment from the pGSTA4 cDNA and to add
a Sacll restriction enzyme site and sequence encoding the two C-
terminal glycine residues of ubiquitin at the 5" end immediately
up stream of the GSTA4 ATG translation start codon. The
amplified sequence was digested with Sacll and BamHI and
cloned into pBluescript SK- and the 181 bp region from Sacll to
an Ncol site was sequenced to ensure no errors had been
introduced during the PCR amplification procedure. Sub-
sequently a 571 bp Ncol-BamH1 fragment was removed and
replaced by the equivalent unamplified fragment from the original
pGSTA4 cDNA clone. The 752 bp Sacll-BamH1) fragment was
then excised from pBluescript SK- and ligated between the Sacll
and BamH]1 sites of pRB269. The resulting clone pGSTA4 EX
expressed a ubiquitin-GSTAA4 fusion protein when grown in the
presence of IPTG. When the ubiquitin-specific protease Ubpl
was co-expressed in these cells the ubiquitin moiety was rapidly
removed from the N-terminus of the GST.

E. coli expressing recombinant GSTA4-4 were collected by
centrifugation and after resuspension in 20 mM NaPO,, pH 7.2
the cells were lysed by passage through a Sorval Ribi cell
disrupter. The cellular debris was removed by centrifugation and
the recombinant enzyme was purified from the supernatant by
glutathione agarose affinity chromatography [18]. The pure
enzyme was eluted from the glutathione agarose in 5 mM GSH,
50 mM Tris, pH 9.6, and was dialysed against 20 mM Na,PO,,
pH 7.2. Recombinant GSTA1 was purified in a similar manner
after expression in E. coli from a previously described clone [19].

Enzyme characterization

GST assays using 1-chloro-2,4-dinitrobenzene, 1,2-dichloro-
nitrobenzene, ethacrynic acid, 1,2-epoxy-3-(4-nitrophenoxy)pro-
pane, 4-phenylbut-3-en-2-one and f-napthylacetate as substrates
were previously described in detail by Mannervik and Widersten
[20]. Activity with 7-chloro-4-nitrobenzo-2-oxa-1,3-diazole was
determined spectrophotometrically at 419 nm in sodium acetate
buffer, pH 5.0, as described by Ricci and co-workers [21]. GST
assays using trans,trans-alka-2,4-dienals and trans-alk-2-enals
have been described by Brophy and co-workers [22]. The
determination of GST activity with 1-menaphthyl sulphate was
essentially as described by Gillham [23], and glutathione peroxi-
dase activity with ¢-butyl hydroperoxide and cumene hydro-
peroxide was determined by the procedure described by Beutler
[24].

After separation of the recombinant protein by SDS poly-
acrylamide-gel electrophoresis [25] the gels were either stained
with Coomassie Blue or were electroblotted on to nitrocellulose
filters [26]. The blots were developed with antiserum raised in
rabbits against purified recombinant GSTAI1-1 [19] and goat
anti-(rabbit IgG) alkaline phosphatase conjugate (Sigma). The
isoelectric point of GSTA4-4 was determined by isoelectric
focusing on Phast gels (Pharmacia) using standard proteins of
known pl and previously purified and characterized GSTs.
Amino terminal sequencing was carried out by the Australian
National University Biomolecular Resource Facility.

Phylogenetic analysis

The alignment of the amino acid sequences was carried out
manually in the Genetic Data Environment 2.2 [27] and between
sequence distances were computed using Kimura’s method [28].

The phylogeny of the sequences was estimated using a neighbour-
joining method [29].

RESULTS
cDNA sequences

The ¢cDNA sequences of the GSTA3 and GSTA4 cDNAs are
shown in Figures 1 and 2. The GSTA3 cDNA is 743 bp in length
and appears to be incomplete. The first 26 nucleotides do not
match any known GST sequence but after nucleotide 27 the
translated sequence matches the start of exon 3 of the GSTA3
gene [11]. The deduced amino acid sequence contains five amino
acid substitutions compared with the sequence deduced from the
GSTA3 gene. As this is the only cDNA derived from the GSTA3
gene so far identified it is not yet clear if the differences are owing
to genetic polymorphism or sequencing errors. However, since
the GSTA3 gene sequence was only obtained by single pass
automated sequencing, it is possible that there may be errors in
the original sequence. Comparison of the available sequence with
GSTAL revealed 93 9, identity, confirming that GSTA3 is very
closely related to GSTA1 and GSTA2.

The GSTA4 cDNA is 1255 bp in length and encodes a protein
of 222 residues with a deduced molecular mass of 25.687 Da.
Comparison of this protein with GSTAI1 reveals only 529,
identity. However, comparison of the GSTA4 amino acid se-
quence with that of mouse GST5.7, rat 8 and chicken CL-3 [30]
reveals 58, 56 and 57 9, respectively (Figure 3). A neighbour-
joining tree constructed from the alignment in Figure 3 is shown
in Figure 4 and indicates that while GSTA3 is closely related to
GSTA1 and GSTA2, GSTA4 appears to be equidistant from the

<
GCAGAGACCGGCTAGACTTTACTCAATTTGAAGAGAAATTTATAGGATCTGCAGAAGATT 60
F E E K F I G S A E D L 41
><
TGGGAAAGTTAAGAAATGATGGGAGTTTGATGTTCCAGCAAGTACCAATGGTTGAGATTG 120
G K L R NDG S LMV F Q Q V P MV E I D 61

ATGGGATGAAGTTGGTACAGACCAGAGCCCTTCTCAACTACATTGCCAGCAAATACAACC 180
G M KLV QTR ALTILNYTIASI K Y NL 81

><
TCTACGGGAAAGACATAAAGGAGAGAGCCCTAATTGATATGTATACAGAAGGTATGGCAG 240
Yy G K DI K ERALTIDMYTETGMATD 101

ATTTGAATGAAATGATCCTTCTTCTGCCCTTATGTCGACCTGAGGAAAAAGATGCCAAGA 300
L NEM I L L L P L CURPETEI KD ATIKI 121
><
TTGCCTTGATCAAAGAGAAAACAAAAAGTCGCTATTTCCCTGCCTTCGAAAAAGTGTTAC 360
A L I K E K T K S R Y F P A F E K V L Q 141

AGAGCCATGGACAAGACTACCTTGTTGGCAACAAGCTGAGCCGGGCTGACATTAGCCTGG 420
S H G Q DY L VGNI KU LS R ADTIS LV 161

TGGAACTTCTCTACTATGTGGAAGAGCTTGACTCCAGCCTTATCTCCAACTTCCCTCTGC 480
E L L Y YV EZETLDSSUL I S NTFPILL 181

><
TGAAGGCCCTGAAAACCAGAATCAGCAACCTGCCCACGGTGAAGAAGTTTCTACAGCCTG 540
K A L K TR I S NUILUPTUVZKI KT FULQ P G 201

GCAGCCCAAGGAAGCCTCCCGCAGATGCAAAAGCTTTAGAAGAAGCCAGAAAGATTTTCA 600
S P R K P P A DA AIKA ALETEA ARIKTIF R 221

GGTTTTAATAAAGCAGCCATGGAGGCTAAGAACATGCAAGACCAATATTCTAAAGTTTTG 660

F * 222
CAACAATGAAGTGCTTTACTTAAGTGTTGATTGTGCCTGTTGTAAAGCTAATGAACCCTT 720
TCCAATTATATGCTAATTAAATAATAAAAACTCCTATTTGCT 762

Figure 1 Nucleotide sequence of a GSTA3 cDNA and its deduced amino

acid sequence

The first 26 nucleotides do not code for any recognizable GST sequence. The first recognizable
amino acid sequence coincides exactly with the start of exon 3 of the GSTA3 gene [11]. Inverted
arrows above the nucleotide sequence show the positions of splice junctions. The stop codon
is indicated by an asterisk. The poly(A) addition signal is underlined. The sequence has
accession number AF020919.
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GGGACCGCTGACCTGGCGCTTTGTGCGGCTCCAGGCCTCCGAGTGACTCCAGAAAGCCTG 60
AAAAGCTATCATGGCAGCAAGGCCCAAGCTCCACTATCCCAACGGAAGAGGCCGGATGGA 120
M A AR P KTILUHYPNGTR RGTU RME 17

GTCCGTGAGATGGGTTTTAGCTGCCGCCGGAGTCGAGTTTGATGAAGAATTTCTGGAAAC 180
S VR WV LAAAGVETFT DETETFTLTET 37

AAAAGAACAGTTGTACAAGTTGCAGGATGGTAACCACCTGCTGTTCCAACAAGTGCCCAT 240
K E Q L Y KL QDGNU HTILTULTFOQOQV P M 57

GGTTGAAATTGACGGGATGAAGTTGGTACAGACCCGAAGCATTCTCCACTACATAGCAGA 300
VETIDGMMEI KT LV QTR S I LHY I A D 77

CAAGCACAATCTCTTTGGCAAGAACCTCAAGGAGAGAACCCTGATTGACATGTACGTGGA 360
K HNLF G KNI LI KERTTULTIIDMY V E 97

GGGGACACTGGATCTGCTGGAACTGCTTATCATGCATCCTTTCTTAAAACCAGATGATCA 420
G TL DULTULETLTLTIMMUBHETZPTFTULIEKPDTDQ 117

GCAAAAGGAAGTGGTTAACATGGCCCAGAAGGCTATAATTAGATACTTTCCTGTGTTTGA 480
Q K EV V NMAOQEKATITIURTYTF PV F E 137

AAAGATTTTAAGGGGTCACGGACAAAGCTTTCTTGTTGGTAATCAGCTGAGCCTTGCAGA 540
K I L R G H G Q S F L V G N QUL S L A D 157

TGTGATTTTACTCCAAACCATTTTAGCTCTAGAAGAGAAAATTCCTAATATCCTGTCTGC 600
VIiLULQTTIULALTETETZ KTIZPNTITILS A 177

ATTTCCTTTCCTCCAGGAATACACAGTGAAACTAAGTAATATCCCTACAATTAAGAGATT 660
F P F L OQEYTVI KT LS SNTIUZPTTITZ KT RTF 197

CCTTGAACCTGGCAGCAAGAAGAAGCCTCCCCCTGATGAAATTTATGTGAGAACCGTCTA 720
L E P G S K K KPP PDETIZYVURTUV Y 217

CAACATCTTTAGGCCATAAAACAACACATCCATGTGTGAGTGACAGTGTGTTCCTAGAGA 780
N I F R P * 222

TGGTATTGTCTACAGTCATGTCTTAATGGATCCCAGCTCTGTCATGGTGCTATCTATGTA 840
TTAAGTTGGGTCCTAAGTTGGGTCTTTTGTGTCAAAGAGATCATCTCTTCTAGAAATATC 900
AACCTTTTTTGTCCAGTAAATAATTGTTAGGGGATCTTTATTGGAAAACTTTTTTGGAGA 960
GGCTGGTATTTAAGTTAGATCTGATTGGGCTACTCATGTCCTGTAGCCAGTTCATCCTCA 1020
TAATAAGAATGGGCAGGATCTCTTGTTCTCTCCTGAGTGTCTTTCTACTCTCCTGAGCGT 1080
CTTTCTGCTCTCCTTATCCTGTTCTCTTATCCTTATCCCCTCCAGTCTCTGCCTAATTTT 1140
TAGTGTTTAATAACAACCGAATGTCTAGTAAATGACTCTCCTCTGAGCTGTAATAAATAA 1200
AATGGTAGTAATGAATGCAATCAGTGTTAGCCAAAATAAAGATTTATGAGTCATT 1255

Figure 2 Nucleotide sequence of a GSTA4 ¢cDNA and its deduced amino
acid sequence

The translation termination codon is shown by an asterisk. The poly(A) addition signal is
underlined. The sequence has accession number AF020918.

other human sequences and the mouse GST5.7, rat GST8 and
chicken GST CL-3 cluster.

Expression and characterization of recombinant GSTA4-4

GSTA4-4 was expressed in E. coli as a ubiquitin fusion protein
that is co-translationally cleaved at the C-terminus of the
ubiquitin moiety leaving the free GST subunit. The GST was
purified by affinity chromatography on glutathione agarose. As
shown in Figure 5, the recombinant protein was essentially pure
as determined by Coomassie Blue staining after SDS poly-
acrylamide-gel electrophoresis. Amino terminal sequencing re-
vealed that the ubiquitin had been completely removed, revealing
an N-terminal methionine (31 9%,) or an alanine residue (59 9%).
Thus there appears to have been some minor processing of the
GSTA4 N-terminal after cleavage of the ubiquitin. Examination
of Figure 5 shows that the recombinant GSTA4 appears to be
slightly smaller than the recombinant GSTAI1 run on the same
gel. The deduced molecular masses differ by only 73 Da (GSTAL1
= 25.614, GSTA4 = 25.687 kDa) and indicate that GSTA1 is
the smaller of the two. Thus it seems likely that this difference in
migration on the SDS gel may represent minor differences in
their interactions with the gel. The possibility of C-terminal
processing has not been excluded but the removal of the C-
terminal helix has a detrimental effect on activity [31] and this
does not appear to be a factor here (see below.)

The pI of GSTA4-4 was determined by isoelectric focusing on
polyacrylamide gels and was estimated at pH 8.3, which is not
quite as high as that determined for GSTAI1-1 (pH 8.9) [32].
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Figure 3 An alignment of the amino acid sequences of human GSTA1 [9],
GSTA2 [10], GSTA3, GSTA4, mouse GST5.7 [14], rat GST 8 [13], chicken
GSTCL-1 [37] and chicken GSTCL-3 [30]

Residues identical with those in GSTA4 are shown as a (@). The first 29 residues of GSTA3
were not encoded in the cDNA and are derived from exon 2 of the corresponding GSTA3 gene
[11].

Western blots of GSTA1 and GSTA4 developed with antiserum
raised against recombinant GSTA1-1 failed to show any cross-
reactivity with GSTA4 (Figure 6).

The activity of GSTA4-4 was evaluated with a variety of
substrates and is compared with GSTA1-1 in Table 1. There were
a number of striking differences in the activity profiles. While
GSTAI1-1 was notably active with substrates such as 1-chloro-
2,4-dinitrobenzene, 7-chloro-4-nitrobenzo-2-oxa-1,3-diazole and
cumene hydroperoxide, GSTA4-4 was considerably less active.
In contrast GSTA4-4 showed very high activity with the reactive

hGST4

cGSTA3

| — 1GST8

mGST5.7

cGSTA1

hGSTA3
_E hGSTA2
hGSTA1

Figure 4 A neighbour-joining tree estimating the phylogenetic relationships
between selected Alpha class GSTs
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Figure 5 SDS/PAGE of purified recombinant GSTA4 (lane 1) recombinant
GSTAT1 (lane 2) and molecular size standards (lane 3)
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Figure 6 Western blot of recombinant GSTA1 (lane 2) and recombinant
GSTA4 (lane 3)

The blot was probed with rabbit antiserum to recombinant GSTA1. Prestained molecular mass
markers are shown in lane 1. Equivalent amounts of protein were added to lanes 2 and 3.

Table 1 Activity of recombinant GSTA1-1 and GSTA4-4 with various
substrates

Results are means + S.D. calculated from four determinations. N.d., not detectable.

1

Specific activity [zemol-min~"- (mg™" of

protein)]
Substrate GSTA1-1 GSTA4-4
1-chloro-2,4-dinitrobenzene 941 4+ 6.66 53+1.29
1,2-Dichloronitrobenzene 0.1740.07 N.d.
7-Chloro-4-nitrobenzo-2-oxa-1,3-diazole 66.8 +3.91 1734354
1,2-Epoxy-3-(4-nitrophenoxy)propane N.d. N.d.
4-Phenylbut-3-en-2-one 0.018 +0.001 0.056 £.009
Ethacrynic acid 0.1740.078 0.504-0.09
p-Nitrobenzy! chloride 0.038 +0.09 0.0563 +0.03
Menaphthyl sulphate N.d. N.d.
trans, trans-Hexa-2,4-dienal 0.0940.041 0.464+0.109
trans, frans-Hepta-2,4-dienal 0.26 40.030 0.434-0.033
trans, trans-Deca-2,4-dienal 0.1740.042 0.2440.045
trans-Hex-2-enal 0.184-0.04 4.2440.633
trans-0ct-2-enal 0.37+0.116 43.3+8.51
trans-Non-2-enal 0.86 +0.311 54.043.59
t-Butyl hydroperoxide N.d. N.d.
Cumene hydroperoxide 19.84-1.81 0.2040.34

carbonyl compounds such as trans-oct-2-enal and trans-non-2-
enal. Activity increased with carbon chain length but was notably
lower with trans,trans-alkadienals.

DISCUSSION

In this study the EST database was searched for cDNAs encoding
additional human Alpha class GSTs. Two previously undescribed
cDNAs were identified. The first encodes GSTA3 and, un-
fortunately, it is incomplete. However, the identification of this
cDNA has clearly demonstrated for the first time that the
GSTA3 gene we previously described [11] is transcribed. The
identification of a single GSTA3 transcript in an 89 week
placental library suggests that this gene is probably develop-
mentally regulated. In previous unpublished studies, we failed to
find a copy of this cDNA in adult liver, brain, testis and heart
libraries. It may be significant that the start of the recognizable
coding sequence in the GSTA3 cDNA corresponds with the first
residue of exon 3 of the GSTA3 gene. This suggests that the
transcript that generated the cDNA had been incorrectly pro-
cessed. Further studies are required to obtain a complete cDNA
so that the GSTA3-3 enzyme can be heterologously expressed
and characterized in greater detail.

The second cDNA isolated encoded a GST we have termed
GSTA4-4. 1t is clear that GSTA4 is considerably diverged from
GSTAL1, GSTA2 and GSTA3 since it is immunologically distinct
and has only about 52 9%, amino acid sequence identity with this
group compared with > 909, identity within the GSTAI,
GSTA2 and GSTA3 group. It appears that there are similar
subdivisions within other GST classes. For example, GSTM3 is
a clear outlier compared with the other members of the Mu class
[4,33] and the Theta class can be divided into the GSTT1 and
GSTT2 subgroups that have distinct sequence differences and
catalytic properties [34,35]. In the case of the Theta subclasses
there are clearly orthologous enzymes in a number of mammalian
species [36]. In the present example the human GSTA4-4 enzyme
has functional similarities with the mouse GSTS5.7 [14] and the
rat GST8-8 [13] enzymes. These rodent enzymes have charac-
teristically high activity with 4-hydroxynonenal which is similar
to the high activity of GSTA4-4 with trans-2-nonenal. However,
despite this functional similarity the phylogenetic analysis
suggests that GSTA4 is almost equally diverged from the other
human Alpha class enzymes and the rodent enzymes. Thus it
appears that GSTA4 may be a member of a distinct subgroup
within the Alpha class. GSTA4-4 can be compared with GST5.8,
an Alpha class GST previously purified from human liver [15].
GSTS5.8 was identified by cross-reactivity with antiserum to
mGST5.7 and although there are many interesting similarities
with GSTA4-4, especially the high activity with the reactive
carbonyl compounds and relatively low activity with 1,chloro-
2,4-dinitrobenzene, there are two notable exceptions that suggest
that these may be separate isoenzymes. First the pl of the
GSTA4-4 expressed in this study is considerably more basic (pl
8.3) than the isoenzyme purified from human liver (pI 5.8).
Secondly, two peptides sequenced from the human liver GST 5.8
protein [15], vary distinctly from the sequence obtained from the
GSTA4 cDNA (Figure 7). The available data therefore suggest
that there may be more than one human GST that utilizes
reactive carbonyl compounds; however, no other cDNAs with
these characteristics were identified in this study.

The alkenals are known products of oxidative metabolism
[38,39] and enzymes such as GSTA4-4 appear to play a significant
role in the protection of intracellular components against oxi-
dative damage. It might therefore be expected that GSTA4-4
would be widely expressed in a number of tissues. The GSTA4
cDNA clone described here was isolated from a brain library,
and during our database searches similar clones were identified
in libraries derived from 8 week embryo, foetal brain, foetal
heart, foetal liver, placenta, infant brain, pregnant uterus, breast,
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Figure 7 Comparison of peptide sequences identified in human GST5.8
[15] with the equivalent sequences from mouse GST5.7 [14] and human

hGST5 . 8 IAVAPFKTPKEKAELYDLIK
hGSTA4-4 LIMH--LK-DDQQKEVVNMA
MGST5.7  ===========- E-S----L
hGST5.8  VEELSAPVLNEFPLLQAFIK
hGSTA4-4 L--KIPNI--A--FL-EYTV
MGST5.7  =======m- SD------- KT

GSTA4

Sequence identity with GST5.8 is indicated by a dash (-).

testis and senescent fibroblasts. It is of interest that no clones
were detected in adult liver libraries. Further studies using
specific anti-GSTA4-4 serum are needed to gain a better under-

standing of the tissue distribution of this enzyme.

| am grateful to Ms M. Coggan and Ms L. Langton for technical assistance in
undertaking this study. Dr. S. Easteal kindly provided assistance with the phylogenetic

analysis.
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