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SUMMARY: A 1,179 bp and a 1,424 bp full-length aryl sulfotransferase cDNAs were
isolated from a human brain cDNA library. Their coding domains are 93% identical, each
encoding a cytosolic protein of 295 amino acids. Their deduced amino acid sequences of
these cDNAs are also 93% identical. The 1179 bp brain ¢cDNA has an identical coding
domain to a previously reported human liver aryl sulfotransferase cDNA but it has a
different 5° noncoding sequence. Northern blot analysis using a probe specific for the
1,424 bp cDNA identified a 1500 bp band in mRNA of human liver, colon, kidney and
lung. In a human hepatocellular carcinoma the same band plus an extra larger band was
also recognised. An intron of the gene encoding the 1424 bp cDNA was also identified.

© 1993 Academic Press, Inc.

Sulfotransferases transfer a sulfonate moiety from 3’-phosphoadenosine-5-phosphosulfate
to a wide variety of exogenous and endogenous compounds such as phenols, alcohols,
aromatic amines, N-hydroxylated aromatic amines and steroids (1-3). In general, this
process leads to detoxification of xenobiotics but in the case of N-hydroxylated aromatic
amines, it results in the metabolic activation of these compounds to electrophiles that are
capable of covalent binding to DNA. At least four distinct human aryl sulfotransferases
have been identified (4,5). To date little is known about the structure and function of
these human sulfotransferases. The isolation of the cDNAs encoding these enzymes is the
initial step towards developing: (1) in vitro heterologous expression systems to study their
catalytic function, (2) tissue expression and regulation and (3) to unravel their gene,
mRNA and protein structures (3,6). Recently we reported the isolation of a human liver

aryl sulfotransferase cDNA (6), which encodes a protein that catalyses the sulfation of
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both phenol and dopamine (unpublished data). This paper reports the identification of two

human brain aryl sulfotransferase cDNAs.

MATERIALS AND METHODS

Isolation of a DNA probe by the polymerase chain_reaction: Forward primer 5’
GTGAATTCTCTCTTCTATGAAGACAT and reverse primer 5°
TCATCGATTAGTACCTTTCCTCATGA (6) were used to perform the polymerase chain
reactions (PCR) with DNA templates isolated from a human brain cDNA library
constructed in bacteriophage Lambda-gt10 from mRNA of a 59 year old male who died
of internal haemorrhage. The PCR reaction was performed with 0.08 ug templates, 0.05
pg of each primer, 200 uM each of the four deoxynucleotide triphosphates, 2.5 mM
MgCl,, 3 units of Tag DNA polymerase and 1 x Taq polymerase buffer (Promega,
Australia) in a reaction volume of 100 ul. Thirty-one cycles of the PCR were carried out
with denaturation at 94°C for 1 minute, annealing at 45°C for 1 minute and
polymerisation at 72°C for 1 minute. The PCR amplified DNA was then purified with the
"Prep-A-Gene" kit supplied by BioRad, Australia.

Screening a human brain cDNA library with the PCR amplified DNA: The PCR fragment
was [«-*?P]dCTP (3000 Ci/mmole, Dupont) labelled with the "sequenase random primed
DNA labelling kit" [United States Biochemical (USB), Australia]. The labelled DNA was
used to probe the human brain cDNA library and 2.3 x 10° plaques at a density of about
1 x 10° plaques/150-mm plate were screened. Seven positive plaques were identified and
rescreened until positive plaques were well separated. Recombinant Lambda DNAs were
then isolated from these seven positives following the method of Benson and Taylor (7).

Subcloning and sequencing the full-length human_aryl sulfotransferase cDNAs: The
inserts of the isolated recombinant Lambda DNAs were excised with endonuclease EcoRI
and ligated into EcoRI-restricted M13mpl8 (Pharmacia, Australia). The ligations were
performed at the ratio of 100 ng insert DNA to 20 ng EcoRI-restricted M13mp18 DNA
with 1 unit T4 DNA ligase (Promega, Australia) in 10 ul volume at 4°C overnight. The
ligations were transformed into JM101 cells (Stratagene, CA). Single-stranded M13mp18
recombinant DNAs were isolated and sequenced from both the 5’ end and the 3" end of
the inserts by the dideoxynucleotide chain termination method with the "T7 DNA
sequencing kit" (Pharmacia, Australia).

Northern blot_analysis: Human tissue mRNA was isolated and electrophoresed in a 1%
agarose-formaldehyde denaturing gel as previously described (6,8). The use of human
tissues in these studies had local research ethics committee approval. The following
amounts of human tissue mRNA were added to the gel: 8 ug of liver, colon, kidney and
lung mRNA and 6 ug of hepatocellular carcinoma mRNA. The mRNAs were then blotted
onto a nylon membrane, which was prehybridized in 5 x SSC, 0.1% SDS, 0.05% sodium
pyrophosphate, 10 ug/ml salmon sperm DNA and 1 x Denhardt’s reagent at 68°C for
more than two hours before being exposed to the radioactive probe. A DNA fragment
(PCR-amplified with forward primer 5> GGTAGGATCACAATAGGCCAC and reverse
primer 5° GGGTCTTACTAGTCATCCAGGCTGTAGTGA) corresponding to the region
from base 1158 to 1380 of the 1424 bp cDNA was used to make the [o-**P]dCTP labelled
probe with the "Sequenase Random Primed DNA Labelled Kit". The membrane was
hybridised in 5 x SSC, 0.1% SDS, 0.05% sodium pyrophosphate with a probe
concentration of 0.1 ug/ml at 68°C for about 16 hours and then washed with 2 x SSC for
30 minutes at 45°C, 2 x SSC containing 1% SDS at 55°C for 30 minutes and 2 x SSC
with 1% SDS at 65°C for 30 minutes. The membrane was then rinsed with 2 x SSC and
exposed to Kodak X-ray film for about 72 hours.
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RESULTS AND DISCUSSION
A 228 bp DNA fragment was isolated from a Lambda gt10 human brain cDNA library by

the PCR method using the forward primer 5° GTGAATTCTCTCTTCTATGAAGACAT
and the reverse primer 5° TCATCGATTAGTACCTTTCCTCATGA. This probe was then
used to screen the above whole brain cDNA library. Seven positive clones were isolated
and four of them had an insert of more than one thousand basepairs. These four inserts
were subcloned into the M13mp18 vector and sequenced from both ends.

Insert 1 was a 1179 bp full-length cDNA (HAST2; Accession number: L19955) with

the same coding domain as the human liver aryl sulfotransferase ¢cDNA [termed HAST

HAST2 GGT 3
HAST3 GTGACGGGGAGGCGGTGCCCGGGGCATCTCCGCGGCGGAACTCAGCCTGT 50
HAST3 GAGAAGTCACTGCTTTGGGGAGACCTGATCTGGCTGTGCCAGATGGACAC 100
HAST1 CCGGAGGCACGAGGCCAGGTTCCCAAGAGCTCAGGAACATGGAGCTGATC 50
HAST2 AAGGGAACGGGCCTGGCTCTGGCCCCTGACGCAGGAACATGGAGCTGATC 53
HAST3 TGAGAAAGAAGTAGAAGACTCAGAATTAGAAGAGGAACATGGAGCTGATC 150
* * * hkkkhkhhkkkhhrhkkhhkk
HAST1 CAGGACACCTCCCGCCCGCCACTGGAGTACGTGAAGGGGGTCCCGCTCAT 100
HAST2 CAGGACACCTCCCGCCCGCCACTGGAGTACGTGAAGGGGGTCCCGCTCAT 103
HAST3 CAGGACACCTCCCGCCCGCCACTGGAGTACGTGAAGGGGGTCCCGCTCAT 200
Ak kR kR A Rk Rk kA kA Ak Rk kA k kR hh kA ko k Ak k kAR kK k&
HAST1 CAAGTACTTTGCAGAGGCACTGGGGCCCCTGCAGAGCTTCCAGGCCCGGC 150
HAST2 CAAGTACTTTGCAGAGGCACTGGGGCCCCTGCAGAGCTTCCAGGCCCGGC 153
HAST3 CAAGTACTTTGCAGAGGCACTGGGGCCCCTGCAGAGCTTCCAAGCCCGAC 250
L R R e AL B X T L
HAST1 CTGATGACCTGCTCATCAGCACCTACCCCAAGTCCGGCACCACCTGGGTG 200
HAST2 CTGATGACCTGCTCATCAGCACCTACCCCAAGTCCGGCACCACCTGGGTG 203
HAST3 CTGATGACCTGCTCATCAACACCTACCCCAAGTCTGGCACCACCTGGGTG 300
Ik hhkk Rk ke hkh kA kk AR RARRIARIAR RN, Rkhhkkkhrkkkdhk
HAST1 AGCCAGATTCTGGACATGATCTACCAGGGTGGTGACCTGGAGAAGTGTCA 250
HAST2 AGCCAGATTCTGGACATGATCTACCAGGGTGGTGACCTGGAGAAGTGTCA 253
HAST3 AGCCAGATACTGGACATGATCTACCAGGGCGGCGACCTAGAGAAGTGTAA 350
AAhkhhhkk Ahhkhhhhkhhhhhhhhkhkk Ak Akkhk hkkhdkhhkk &
HAST1 CCGAGCTCCCATCTTCATGCGGGTGCCCTTCCTTGAGTTCAAAGCCCCAG 300
HAST2 CCGAGCTCCCATCTTCATGCGGGTGCCCTTCCTTGAGTTCARAGCCCCAG 303
HAST3 CCGGGCTCCCATCTACGTACGGGTGCCCTTCCTTGAGGTCAATGATCCAG 400
dkkk  kkkkkdkkhdkk Kk K hRRARRAAKXAR KAk kkk _kkkk _*  kdkk
HAST1 GGATTCCCTCAGGGATGGAGACTCTGAAAGACACACCGGCCCCACGACTC 350
HAST2 GGATTCCCTCAGGGATGGAGACTCTGAAAGACACACCGGCCCCACGACTC 353
HAST3 GGGAACCCTCAGGGCTGGAGACTCTGAAAGACACACCGCCCCCACGGCTC 450
hk |, kkdkkkkkk kkkhkkkkhhkhkhkkhkkhhhkkkh hkkkkhhk kkk
HAST1 CTGAAGACACACCTGCCCCTGGCTCTGCTCCCCCAGACTCTGTTGGATCA 400
HAST2 CTGAAGACACACCTGCCCCTGGCTCTGCTCCCCCAGACTCTGTTGGATCA 403
HAST3 ATCAAGTCACACCTGCCCCTGGCTCTGCTCCCTCAGACTCTGTTGGATCA 500
k hkk HAAK AR IR AR Rk Ik khkh Ak khk Ahkkkhhkhhhhkkhhhk
1AST1 GAAGGTCAAGGTGGTCTATGTTGCCCGCAACGCAAAGGATGTGGCAGTTT 450
HAST2 GAAGGTCAAGGTGGTCTATGTTGCCCGCAACGCAAAGGATGTGGCAGTTT 453
HAST3 GAAGGTCAAGGTGGTCTATGTTGCCCGAAACCCAAAGGACGTGGCGGTCT 550
khkkkdkkkkhkhkhhkrkhhhhkhhhhr xkhk khkkkkh hhhwk k% *
HAST1 CCTACTACCACTTCTACCACATGGCCAAGGTGCACCCTGAGCCTGGGACC 500
HAST2 CCTACTACCACTTCTACCACATGGCCAAGGTGCACCCTGAGCCTGGGACC 503
HAST3 CCTACTACCATTTCCACCGTATGGAAAAGGCGCACCCTGAGCCTGGGACC 600
khkkhkkhkkh khkk hkk, hkkk  hkkk hkkkkkhkhkkkkkhhkkkki
HAST1 TGGGACAGCTTCCTGGAGAAGTTCATGGTCGGAGAAGTGTCCTACGGATC 550
HAST2 TGGGACAGCTTCCTGGAGAAGTTCATGGTCGGAGAAGTGTCCTACGGATC 553
HAST3 TGGGACAGCTTCCTGGAAAAGTTCATGGCTGGAGAAGTGTCCTACGGGTC 650

khkkkhdkkkhkhhrhkhkhhk hhkhdkhhkdk Khkhdkkhhkhdkkkrhhkkh ki
Figure 1. Alignment of HAST1, 2 and 3 cDNAs. Adenine at base
-3 criticalto start translation, initiation codon ATG and stop
codon TGA and polyadenylation signal AATAAA are underlined.
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(6); now termed HASTI] previously isolated in our laboratory. From base 35 to the
begining of its 25 bp poly-A tail, HAST2 is 100% identical to HAST1 (fig. I). The 5’ 34
bp noncoding region of the HAST2 cDNA was not obviously homologous to the
corresponding 5’ region of HASTI.

Inserts 2, 3 and 4 represented a unique cDNA (HAST3; Accession number: L19956)
but differed in size. Insert 2 was a 1424 bp full-length cDNA and it was 90%, 48%, 53%
homologous to HAST1 (6), the human alcohol/hydroxysteroid (9) and the bovine
oestrogen sulfotransferase (10) cDNAs, respectively. HAST3 is therefore a unique aryl
sulfotransferase cDNA. Insert 3 was a 1049 bp partial cDNA lacking the 5’ 375 bp region
of the HAST3. Insert 4 was also a partial HAST3 c¢cDNA of 1711 bp long and it lacked

HAST1 CTGGTACCAGCACGTGCAGGAGTGGTGGGAGCTGAGCCGCACCCACCCTG 600
HAST2 CTGGTACCAGCACGTGCAGGAGTGGTGGGAGCTGAGCCGCACCCACCCTG 603
HAST3 CTGGTACCAGCACGTGCAGGAGTGGTGGGAGCTGAGCCGCACCCACCCTG 700
KRR R RA R A A IR R AR KA R AR AR AR AR AR RA R AR AR R AR R AR AR AR
HAST1 TTCTCTACCTCTTCTATGAAGACATGAAGGAGAACCCCAAAAGGGAGATT 650
HAST2 TTCTCTACCTCTTCTATGAAGACATGAAGGAGAACCCCAAAAGGGAGATT 653
HAST3 TTCTCTACCTCTTCTATGAAGACATGAAGGAGAACCCCAAAAGGGAGATT 750
L T e R R e R T R T L T
HAST1 CAAAAGATCCTGGAGTTTGTGGGGCACTCCCTGCCAGAGGAGACCGTGGA 700
HAST2 CARAAGATCCTGGAGTTTGTGGGGCACTCCCTGCCAGAGGAGACCGTGGA 703
HAST3 CAAAAGATCCTGGAGTTTGTGGGGCGCTCCCTGCCAGAGGAGACCATGGA 800
Kok kAR kAR I AR AR AR Ak kdhkkk hhkhk ko hkkkkokkhhhd *hkhk
HAST1 CTTCATGGTTCAGCACACGTCGTTCAAGGAGATGAAGAAGAACCCTATGA 750
HAST2 CTTCATGGTTCAGCACACGTCGTTCAAGGAGATGAAGAAGAACCCTATGA 753
HAST3 CTTCATGGTTCAGCACACGTCGTTCAAGGAGATGAAGAAGAACCCTATGA 850
L I Y e Y Ty
HAST1 CCAACTACACCACCGTCCCCCAGGAGTTCATGGACCACAGCATCTCCCCC 800
HAST2 CCAACTACACCACCGTCCCCCAGGAGTTCATGGACCACAGCATCTCCCCC 803
HAST3 CCAACTACACCACCGTCCCCCAGGAGCTCATGGACCACAGCATCTCCCCC 900
AR RAKIRRAK AR R KRR I h Rk kh Akkhhhkrhkrkhhrhhh ko kkhhhn
HAST1 TTCATGAGGAAAGGCATGGCTGGGGACTGGAAGACCACCTTCACCGTGGC 850
HAST2 TTCATGAGGAAAGGCATGGCTGGGGACTGGAAGACCACCTTCACCGTGGC 853
HAST3 TTCATGAGGAAAGGCATGGCTGGGGACTGGAAGACCACCTTCACCGTGGC 950
LR L T T T Y
HAST1 GCAGAATGAGCGCTTCGATGCGGACTATGCGGAGAAGATGGCAGGCTGCA 900
HAST2 GCAGAATGAGCGCTTCGATGCGGACTATGCGGAGAAGATGGCAGGCTGCA 903
HAST3 GCAGAATGAGCGCTTCGATGCGGACTATGCGGAGAAGATGGCAGGCTGCA 1000
KAk RRAA KA IR AR KRR AR KRR AR AR I AR R AR R AR R ARk Ak hh ke kR kA k kA&
HAST! GCCTCAGCTTCCGCTCTGAGCTGTGAGAGGGGCTCCTGGGGTCACTGCAG 950
HAST2 GCCTCAGCTTCCGCTCTGAGCTGTGAGAGGGGCTCCTGGGGTCACTGCAG 953
HAST3 GCCTCAGCTTCCGCTCTGAGCTGTGAGAGGGGCTCCTGGAGTCACTGCAG 1050
LR L T R A s R T T T T T TS
HAST1 AGGGAGTGTGCGAATCAAACCTGACCAAGCGGCTCAAGAATAAAATATGA 1000
HAST2 AGGGAGTGTGCGAATCAAACCTGACCAAGCGGCTCAAGAATAAAATATGA 1003
HAST3 AGGGAGTGTGCGAATCTACCCTGACCAATGGGCTCAAGAATAAARGTATGA 1099
Khkkhkhkkhhkhhhh kR & khkhhhhkhh  hhkhkhhhkhhrkhk kkkas
HAST1 ATTGAGGGCCTGGGACGGTAGGTCATGTCTGTAATCCCAGCAATTTGG-A 1049
HAST2 ATTGAGGGCCTGGGACGGTAGGTCATGTCTGTAATCCCAGCAATTTGG-A 1052
HAST3 TTTTTGAGTCAGGCACAGTGGCTCATGTCTGCAATCCCAGCGATTTGGGA 1149
Jhk ok ok ok kk kk kk Kk hkkkkkkhkk kkkkhhkkhk hhkkhkk *k
HAST1 GGCTGAGGTGGGAGGATCATTTGAGCCCAGGAGTTCGAGACCAACCTGGG 1099
HAST2 GGCTGAGGTGGGAGGATCATTTGAGCCCAGGAGTTCGAGACCAACCTGGG 1102
HAST3 GGTTGAGCTGGTAGGATCACAATAGGCCACGAATTTGAGACCAGCCTGG- 1198
Fk hkkk khk kkhhkkk | kk hkk hk hk hkkkkkk kkhkk

Figure 1 - Continued
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1. GTGACGGGGAGGCGGTGCCCGGGGCATCTCCGCGGCGGAACTCAGCCTGTGAGAAGTCAC

61 TGCTTTGGGGAGACCTGATCTGGCTGTGCCAGATGGACACTGACGAAAGAAGTAGAAGACT

121 CAGAATTAGAAGAGGAACATGGAGCTGATCCAGGACACCTCCCGCCCGCCACTGGAGTAC
M E L I ¢ DT S R P P L E Y

181 GTGAAGGGGGTCCCGCTCATCAAGTACTTTGCAGAGGCACTGGGGCCCCTGCAGAGCTTC
vV K 6 VvV P L I K Y F A E®RALGP L Q S F

241 CAAGCCCGACCTGATGACCTGCTCATCAACACCTACCCCAAGTCTGGCACCACCTGGGTG
¢ AR P D DL L I N T VY P K S G T T W V

301 AGCCAGATACTGGACATGATCTACCAGGGCGGCGACCTAGAGAAGTGTAACCGGGCTCCC
S Q I L DM I Y Q GG GG D L E K CNIR AP

361 ATCTACGTACGGGTGCCCTTCCTTGAGGTCAATGATCCAGGGGAACCCTCAGGGCTGGAG
1 Y VvV RV P F L E V ND P G E P S8 G L E

421 ACTCTGAAAGACACACCGCCCCCACGGCTCATCAAGTCACACCTGCCCCTGGCTCTGCTC
T L XK b T P P P R L I K S H L P L A L L

481 CCTCAGACTCTGTTGGATCAGAAGGTCAAGGTGGTCTATGTTGCCCGAAACCCAAAGGAC
P Q T L L D Q K V K VvV v Y v A R N P K D

541 GTGGCGGTCTCCTACTACCATTTCCACCGTATGGAAAAGGCGCACCCTGAGCCTGGGACC
vV A V 8 ¥ Y H F HRMEIKAHUPEUPGT

601 TGGGACAGCTTCCTGGAAAAGTTCATGGCTGGAGAAGTGTCCTACGGGTCCTGGTACCAG
W D S F L E K FM A G EV S Y G 5 W Y Q

661 CACGTGCAGGAGTGGTGGGAGCTGAGCCGCACCCACCCTGTTCTCTACCTCTTCTATGAA
H V Q E W W E L S R TH P V L Y L F Y E

721 GACATGAAGGAGAACCCCAAAAGGGAGATTCAAAAGATCCTGGAGTTTGTGGGGCGCTCC
D M XK E N P KR E I Q K I L E F V G R S8

781 CTGCCAGAGGAGACCATGGACTTCATGGTTCAGCACACGTCGTTCAAGGAGATGAAGAAG
L P E ETMDVF MV g HT S F K EMK K

841 AACCCTATGACCAACTACACCACCGTCCCCCAGGAGCTCATGGACCACAGCATCTCCCCC
N P M TN Y T TV P Q E L M D H 8 I S8 P

901 TTCATGAGGAAAGGCATGGCTGGGGACTGGAAGACCACCTTCACCGTGGCGCAGAATGAG
F M R K GMAGDW K TTF TV A Q@ N E

961 CGCTTCGATGCGGACTATGCGGAGAAGATGGCAGGCTGCAGCCTCAGCTTCCGCTCTGAG
R F pD A DY A E KM A G C S L 8 F R 5 E

1021 CTGTGAGAGGGGCTCCTGGAGTCACTGCAGAGGGAGTGTGCGAATCTACCCTGACCAATG
L *

1081 GGCTCAAGAATAAAGTATGATTTTTGAGTCAGGCACAGTGGCTCATGTCTGCAATCCCAG
1141 CGATTTGGGAGGTTGAGCTGGTAGGATCACAATAGGCCACGAATTTGAGACCAGCCTGGT
1201 AAAATAGTGAGACCTCATCTCTACAAAGATGTAAAAAAATTAGCCACATGTGCTGGCACT
1261 TACCTGTAGTCCCAGCTACTTGGGAAGCAGAGGCTGGAGGATCATTTCAGCCCAGGAGGT
1321 TGTGGATACAGTGAGTTATGACATGCCCATTCACTACAGCCTGGATGACAAGCAAGACCC
1381 TCCCTCCAAAGAAAATAAAGCTCAATTAAAATAAAAAAAAAANA

Figqure 2. Nucleotide and deduced amino acid sequence of HAST3.

the 5’ 171 bp and the 3” 38 bp including the poly-A tail. However, Insert 4 contained a
497 bp intron (named HAST3INT; Accession number: 1.19957) at the position between
base 732 and base 733 of HAST3 ¢DNA (figure 2). The intron started with a dinucleotide
GT and ended with an AG (11; figure 3) and it was located inside the HAST3 coding
region. When this intron sequence was compared with the DNA sequences in the
Genbank, no obviously homologous sequences were found.

To identify mRNA coding for HAST3 in human tissues, Northern blot analysis was
performed with mRNAs isolated from the human liver, colon, kidney, lung and
hepatocellular carcinoma tissue. No human brain mRNA was available for analysis. The

probe for this Northern blot was a 221 bp DNA fragment amplified from the 3’
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1 tatgaagacatqgaaggagGTGAGACCGACTGTGATGCTTCCCCCCATGTGACACCTGGGG
61 GCAGGCACCTCACAGGGACCCACCAAGGCCACCCAGCCCCGTCCCTGGGCGGCTCCCACA
121 GCAAGCCCGGATTCCCCATCCTACCTCCCTGGCCCAGGCCCCCCCACTGCAGCCCCACCT
181 GGCAGCAGGCTCGGCACAGCTTTCATCTTCTGCACCTGAGTCAGCTGCATGGGTGGCCAC
241 GGATCAGATACTTAGTCCTATTGCTTATCCTCACCAAAGGGTGTGCCACCAGGGCCACAG
301 TCATGGAAGAAGACCATCCCGGTCCTCACCCATAGGCGCCAAGCCCTGTTCATGATGGGA
361 TCACAGGGCAGAGATCAATTCATTTTACTCCAGAGACTAGGGCCCCAGGGGTTGAGGCTC
421 TTTGGGGTTTCTAGGGGAAGTGGCCAGATCCCCTCTGAGGTTAGAGAGGGCGGACCCGTTT
481 TGTTTTGCTCCACTGAGGAGCCCTCTGCTGCTCAGaaccccaaaagggagattcaaaaga

Figure 3. The intron and its border in one of the HAST3 cDNA
clones. Intron sequence starting with GT and ending with AG is

in uppercase and sequence in lowercase corresponds to the
region from base 715 to 758 of HAST3 in figures 1 & 2.

noncoding region of HAST3 c¢cDNA and it was inside the three HAST3 inserts discussed
above. This 221 bp fragment had 68% homology to HAST1 and HAST2. Dotblot
experiment indicated that under the same hybridization conditions as the Northern blot,
this 221 bp DNA fragment did not hybridize to either HAST1 or HAST2 (photo not
shown). This unique probe identified a strong band around 1500 bases of mRNA in
human liver, colon, kidney, lung and hepatocellular carcinoma (figure 4) indicating the
expression of HAST3 mRNA in these tissues. A additional band of approximately 3,300
bp was also observed in the the hepatoceilular carcinoma mRNA (figure 4). The identity
and significance of this larger mRNA species in hepatocellular carcinoma tissue is
currently unknown.

Figure 1 shows that the translation initiation codon ATG and stop codon TGA
were conserved among HAST1, HAST2 and HAST3. The highly homologous regions of
HASTI, HAST2 and HAST3 started (with a dinucleotide AG, which seems to be the 3’
end of an intron!) from base -6 upstream from the common translation initiation codon
and ended around 50 bases after the common translation stop codon (figure 1). Base -3
upstream from the translation initiation codon ATG was an adenine in all the three
cDNAs and is critical for the sulfotransferase proteins to be translated from the ATG

initiation codon (12; figure 1). The putative polyadenylation signal AATAAA in HASTI

9488
6225
3911
2800
1898

872
562
363

1 2 3 4 5

Fiqure 4. Northern blot analysis of HAST3 mRNA in human colon
(1), liver (2), liver cancer (3), kidney (4) and lung (5).
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HAST2AMI - MELIQDTSRPPLEYVKGVPLIKYFAEALGPLQSFQARPDDLLISTYPKSG -50
II::II:::IIllllllllllllllllllilllll|I||IIIII|||||
HAST3AMI - MELIQDTSRPPLEYVKGVPLIKYFAEALGPLQSFQARPDDLLINTYPKSG -50
HAST2AMI ~ TTWVSQILDMIYQGGDLEKCHRAPIFMRVPFLEFKAPGIPSGMETLKDTP =~100
Illlllllllllllll(lllllll Illlll Illlllllllll
VELEr ey
HASTIAMI - TTWVSQILDMIYQGGDLEKCNRAPIYVRVPFLEVNDPGEPSGLETLKDTP -100
HAST2AMI - APRLLKTHLPLALLPQTLLDQKVKVVYVARNAKDVAVSYYHFYHMAKVHP ~150
Ill II|I|I'||III|I|III|I|I|‘I||II'||II III
HAST3AMI - PPRLIKSHLPLALLPQTLLDQKVKVVYVARNPKDVAVSYYHFHRMEKAHP =150
HAST2AMI -~ EPGTWDSFLEKFMVGEVSYGSWYQHVQEWWELSRTHPVLYLFYEDMKENP -200
PULLLLLLELLL DL L L L Ty
HAST3AMI - EPGTWDSFLEKFMAGEVSYGSWYQHVQEWWELSRTHPVLYLFYEDMKENP -200
HAST2AMI - KREIQKILEFVGHSLPEETVDFMVQHTSFKEMKKNPMTNYTTVPQEFMDH -250
|!l|||||||||Ill|||IlIIlIIII1|Il?lllllll(llll!II
Crlretrryrde ) FL Lt bt e v e
HAST3AMI - KREIQKILEFVGRSLPEETMDFMVQHTSFKEMKKNPMTNYTTVPQELMDH =250
HAST2AMI - SISPFMRKGMAGDWKTTFTVAQONERFDADYAEKMAGCSLSFRSEL -295
I||lllllllIlilllllll!llllllll?llll|||IIIIIIII
Tivrpretrry i i [ Crhirrtiryern)
HAST3AMI - SISPFMRKGMAGDWKTTFTVAQNERFDADYAEKMAGCSLSFRSEL =295

Figure 5. Alignment of the amino acid sequences of HAST2 (HAST1)
and HAST3. 21 amino acid differences were found.

was also conserved in the HAST2 and the HAST3 c¢DNAs (figure 1). In addition, there
were two more putative polyadenylation signals in the HAST3 c¢DNA following the
conserved one. The coding domain of the HAST2 cDNA had 100% identity to that of the
HAST1 cDNA (6), whose protein when expressed in COS cells was able to sulfate a
number of phenolic substrates (unpublished data). It is highly suggestive that HAST1 and
HAST2 were transcribed from the same gene and the differences may be due to splicing.
However, the isolation of a HAST2 ¢DNA from the cDNA library used in this study
indicates that this aryl sulfotransferase is expressed in the human brain.

Similar to HAST! and HAST2 c¢DNAs (Figure 1), HAST3 contained a coding
region of the same length (885 bp), encoding an aryl sulfotransferase (Mr 34196 Da) of
295 amino acids. The coding region of HAST3 is 93% identical to that of HASTI and
HAST?2 and single base substitutions accounted for this sequence divergence. HAST3’s 5’
noncoding region (138 bp) and 3’ noncoding region (395 bp), which ended with a poly-A
iail (Figure 2), are much longer than those of HAST! and HAST?2 (6; figure 1 & 2). The
deduced amino acid sequence of HAST3 is also 93% identical (21 amino acid differences;
figure 5) to that of HAST! and HAST2. Like HAST! and HAST2, no putative
transmembrane hydrophobic domain was found in the HAST3 amino acid sequence (13)

and therefore is most probably a cytosolic protein.
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