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Sialyltransferases cloned so far show the remarkable tissue-specific expression, which is correlated
with the existence of cell type-specific sialylated sugar structure in glycoconjugates. In the previous
studies, we found various mRNA isoforms of human sialyltransferases generated by alternative
splicing and alternative promoter utilization. To understand the regulatory mechanisms for specific
expression of human sialyltransferase genes and for production of their mRNA isoforms, in this study,
we have isolated and characterized five kinds of human sialyltransferase genes: hST3Gal II, hST85ia
II, hST8Sia III, hST8Sia IV, and hST8Sia V. The hST3Gal II gene is composed of six exons, which span
over 17kb, with exons ranging in size from 46 to over 1017 bp. The hST8Sia Il gene comprises over
10 kb, and consists of only four exons, which is much smaller and simpler than other human
sialyltransferase genes. In contrast, three genes (hST8Sia II, hST8Sia IV and hST8Sia V) span more than
70 kb, and comprise five or more exons. All exon-intron boundaries follow the GT-AG rule. In
particular, the sialylmotif L, which is a highly conserved region in all cloned sialyltransferases, was
found in one exon of hST8Sia III, whereas this motif is encoded by discrete exons in the other human
sialyltransferases. Exon structures of these sialyltransferase genes show the structural diversity, as
found in other human sialyltransferase genes reported so far. We determined the transcription start

site of hST3Gal II gene by the 5-RACE and cap site hunting experiments.
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Sialic acid (NeuAc or Sia) residues occur at the terminal
positions of the carbohydrate groups of three types of
glycoconjugates (N-and O-glycosidically linked oligosaccharides
of glycoproteins, and glycosphingolipids) and play important
roles in a variety of biological processes, such as cell-cell
communication, cell-matrix interaction, cell differentiation,
invasiveness of a number of pathogenic organisms, clearance
of asialo glycoproteins from circulation, protein targetting
and adhesion of leukocytes to endothelial cells mediated
by selectins [26]. In mammalian cells, sialic acids are
usually found at the non-reducing terminal position of
glycoconjugates sugar chains, a2,3- or a2,6-linked to a p-D-
galactopyranosyl (gal) residue, or a2,6-linked to a B-D-N-
acetylgalactosaminyl (GalNAc) residue or a f-D-N-acetyl-
glucosaminyl (GlcNAc) residue [6,7]. Sialic acids are also
found at glycoconjugates chain, a2,8-linked to sialic acid
residues in gangliosides and in polysialic acid (PSA) which
is a linear a2,8-homopolymer observed on several glycoproteins
[6,7,19,22]. The biosynthesis of sialylated oligosaccharide
sequences of glycoconjugates is catalyzed by a family of
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glycosyltransferases called sialyltransferases which reside
at Golgi membrane [20]. To date, 18 different sialyltransferase
cDNAs have been cloned from several animals and human
by PCR and expression cloning methods [7,11,12-16,25]. Since
sialyltransferases share the same sugar donors and recognize
identical acceptor substrate, it was expected that they
would exhibit similar protein sequences. Surprisingly,
amino acid sequences of the cloned sialyltransferase
c¢DNAs showed a little homology with the exception of the
short consensus sequence called the sialylmotif [25].
However, they all share a common structural topology as
in most other glycosyltransferases: a short NH»-terminal
cytoplasmic tail, a 13-20 amino acid signal anchor domain,
an extended stem region followed by a large COOH-
terminal active domain containing sialyl motifs L and S
[20,25]. These enzymes so far cloned exhibit acceptor
substrate specificities for glycoproteins and glycolipids and
show remarkable tissue-specific expression, which is
correlated with the existence of cell type-specific carbohydrate
structure [20,25]. In general their expression appears to be
regulated on the transcriptional level. Precise molecular
knowledge of sialyltransferases is vital for understanding
the regulatory mechanism for the sialylation of glycocon-
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jugates.

Previously we successfully have isolated and characterized
various human sialyltransferase ¢cDNAs, such as Galp
1,3GalNAc a2,3-sialyltransferase (hST3Gal II) {11}, NeuAca
2,3Galp1,3GalNAc a2,6-sialyltransferase (hST6GalNAc IV) [10],
Siaa2,3Galp1,4GlcNAc a2, 8-sialyltransferase (hST8Sia III) [17],
a2 8-sialyltransferase (hST8Sia V) [12] and GM3 synthase
(hST3Gal V) [8]. We also have cloned the genomic DNAs
encoding the hST6GalNAc IV and hST3Gal V, and analyzed
their promoter functions as well as their genomic structures
[8-10]. In addition, mRNA isoforms generated by alternative
splicing and alternative promoter utilization were found in
these genes [8,10].

As an essential step toward understanding the regulatory
mechanisms for specific expression of human sialyltransferase
genes and for production of their mRNA isoforms, it is
necessary to establish the genomic organization of them
and to analyze its promoter function. In this paper we
report the genomic structure of five kinds of human
sialyltransferase genes that have not analyzed yet. We also
determined the transcription start site of hST3Gal II gene
by the 5-RACE and cap site hunting experiments.

Materials and Methods

Isolation of human sialyltransferase genomic

clone and analysis of genomic structure

Human genomic DNA library (Clontech, Palo, CA) was
screened by plaque hybridization method [21] with the [a
-32P]—radiolabeled cDNA probes. As probes of hST3Gal I,
hST8ia II, and hST8Sia V, each fragment containing their
full-length ¢cDNAs, which has been previously isolated by
our group {11,12,17] was used. Each fragment containing
full-length ¢DNA of hST8Sia II and hST8Sia IV was
amplified by polymerase chain reaction (PCR} using primers
synthesized on the basis of cDNA sequences reported in
the previous papers [19,22]. The sequences of the 5" and 3’
primers for hST8Sia II amplifiaction were 5-ATGCAG-
CTGCAGTTCCGGAGCTGG-3' (nucleotides 1-24) and 5'-
CTACGTGGCCCCATCGCACTGGCC-3 (complementary to
the coding strand, nucleotides 1104-1128), respectively. The
sequences of the 5" and 3’ primers for hST8Sia IV amplifiaction
were 5-ATGCGCTCCATTAGGAAGAGGTGG-3 (nucleotides
1-24) and 5-TTATTGCTTTACACACTTT- CCTGTTGTC-3'
(complementary to the coding strand, nucleotides 1052-
1080), respectively. The ¢cDNA isolated from human fetal

brain ¢cDNA library (Clontech, Palo, CA) was used as a
template for PCR. PCR amplification was carried out by 30
cycles consisting of 94C for 1 min, 55 for 1 min and 72
T for 2 min. The PCR products (1.1 kb for hST8Sia Il and
1.0 kb for hST8Sia IV) were subcloned into pGEM-T Easy
cloning vector (Promega) and sequenced. Each fragment
was labeled using Rediprime™ II DNA Labeling System
(Amersham Bioscience) and used in the hybridization.
Positive clones were isolated, and inserted DNA fragments
were initially characterized by restriction digestion and
Southern blot analysis {21]. Hybridization-positive fragments
were subcloned into Bluescript plasmid vectors (Stratagene,
La Jolla, CA), and their sequences were determined using
Autocycle DNA sequencing kit and ALF express DNA
sequencer (Amersham Bioscience). The size and location of
introns were determined by long-distance PCR amplification
with LA-Taq polymerase (Takara Biomedicals, Tokyo,
Japan). Long-distance PCR was performed with exon-
specific primers, and the isolated clones and human genomic
DNA (Clontech, Palo, CA) were used as template. The
amplified PCR products were ligated into apCR-XL-TOPO
Cloning vector (Invitrogen, Groningen, The Netherland)
and sequenced. The exon-intron boundaries of each gene
were determined by aligning sequences of the subcloned
DNA and PCR fragments with the sequence of the cDNA.
The analyses of sequence data and the sequence homology
were performed using the BLAST (N) program of the
National Center for Biotechnology Information (NCBI). In
addition, data analyses were performed by extensive search
of GeneBank/EMBL human genome sequence database
(HTG). Primer design used for genomic structure analysis
was performed using the Primer 3 program of Whitehead
Institute/MIT Center for Genome Research.

5'-Rapid amplification of cDNA ends (RACE)

PCR

Amplification of the 5'-end of hST3Gal II was performed
with the 5-RACE kit (Gibco BRL, Life Technologies)
according to the manufacturer’s instructions, using 5 ng of
mRNAs from human adult brain (Clontech, PaloAlto, CA).
The gene-specific primer RTI (5'-ATGTTACCGTCAAAGTG-
¥, complementary to nucleotides 942-960) was used for the
initial reverse transcription. After synthesis of the first
strand cDNA, an Abridged anchor primer provided by the
company and the gene-specific primer (P1, 5'-CCTTGCTG-
AGGCGCTGCAGGCCGGC-3, complementary to nucleotides



843-867) were used in the first PCR. The second PCR was
performed with an Abridged universal amplification
primer and the gene-specific primer (P2, 5-GCCACGGAG-
AGGAACCACACCCGCAG-¥, complementary to nucleotides
693-720). The PCR products were subcloned into pGEM-T
Easy cloning vector (Promega) and sequenced.

Determination of the transcription start site

The transcription start site of the hST3Gal II gene was
determined by the cap site hunting method [18] with the
GeneRacer kit (Invitrogene, CA)
manufacturer’s instructions. Total RNA (2 ng) from human

according to the

fetal brain and human fetal liver (Clontech, Palo, CA) was
treated with calf intestinal phosphatase to remove the
5-phosphates of truncated mRNA and non-mRNA.
Dephosphorylated RNA was treated with tobacco acid
pyrophosphatase to remove the 5'-terminal m’GpppN cap
structure from intact and full-length mRNA, and the
resulting 5-end of decapped mRNA was ligated to the
GeneRacer"'RNA Oligo using T4 RNA ligase. The first-
strand ¢cDNA was synthesized from the ligated mRNA
with the above gene-specific primer RTI using SuperscriptTM
II RT. The first round of PCR was performed using the
GeneRacer™ 5'-Primer and the above gene-specific primer
P1. The second round of PCR (nested PCR) was performed
using the GeneRacer'™ 5'-Nested Primer and the above
gene-specific primer P2. PCR reactions were carried out by
30 cycles consisting of 94C for 1 min, 55T for 45 sec and
72°C for 1 min. PCR products were subcloned into pGEM-
T Easy cloning vector (Promega) and sequenced. The
transcription start site was determined by identification of
the boundary sequence between GeneRacer™RNA Oligo
and hST3Gal II mRNA sequence.

Results

Isolation and genomic organization of five kinds

of human sialyltransferase gene

We have previously cloned the c¢DNAs encoding
hST3Gal II (GeneBank Accession No. U63090), hST8Sia III
(GeneBank Accession No. AF004668) and hST8Sia V
(GeneBank Accession No. U91641) from the human liver
and brain cDNA libraries. The cDNA fragments encoding
hST8Sia I and hST8Sia IV were prepared by PCR
amplification based on cDNA sequences reported previously
[19,22]. Using these ¢cDNA fragments as probes, two or
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four positive clones were isolated from human genomic
DNA library and characterized. Most of these clones
contained the entire gene structure for a corresponding
gene. By comparison of the nucleotide sequences of the
genomic clones with the cloned ¢DNA sequences, which
included the 5-RACE and cap site hunting products in the
case of hST3Gal II, most of the exon-intron organization
was defined including the exons coding for the entire open
reading frame, and 5- and 3-UTRs. It was finally
confirmed by comparing our data with each sequence of
GeneBank/EMBL human genome sequence database
(HTG) with BLAST (N) program. In addition, this analysis
allowed us to find the chromosomal location of these
genes. Exon location maps of these genes are shown in Fig.
1. The hST3Gal II gene in chromosome 16 consisted of 6
exons, ranging in size from 46 bp to over 1017 bp, with
intron sizes of about 0.2-6.4 kb and spanning over 17 kb
of genomic DNA (Table 1). The coding sequence was
divided into six exons (exons 1-6), and the 5-untranslated
region (UTR) of the cDNA was contained in exon 1 (Fig.
1). Exon 1 contains an in-frame start codon (ATG) which
starts an open reading frame of hST3Gal II. The hST8Sia II
gene in chromosome 15 consisted of 6 exons, ranging in
size from 63 bp to 285 bp, with intron sizes of about 3.9-35
kb and spanning over 70 kb of genomic DNA (Table 2).
The coding sequence was divided into six exons (exons
1-6), and the short 5-UTR of the cDNA was contained in
exon 1 (Fig. 1). Exon 1 contains an in-frame start codon
(ATG) which starts an open reading frame of hST8Sia II.
The hST8Sia III gene in chromosome 18 consisted of 4
exons, ranging in size from 125 bp to over 2023 bp, with
intron sizes of about 1.3-2.3 kb and spanning over 10 kb
of genomic DNA (Table 3). The coding sequence was
divided into four exons (exons 1-4), and the 5'-UTR of the
cDNA was contained in exon 1 (Fig. 1). Exon 1 contains an
in-frame start codon (ATG) which starts an open reading
frame of hST8Sia III. The hST8Sia IV gene in chromosome
5 consisted of 5 exons, ranging in size from 132 bp to over
4832 bp, with intron sizes of about 7-43 kb and spanning
over 96 kb of genomic DNA (Table 4). The coding
sequence was divided into five exons (exons 1-5), and the
5-UTR of the cDNA was contained in exon 1 (Fig. 1). Exon
1 contains an in-frame start codon (ATG) which starts an
open reading frame of hST85ia IV. The hST8Sia V gene in
chromosome 18 consisted of 7 exons, ranging in size from
83 bp to 1394 bp, with intron sizes of about 1.4-51 kb and
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Fig. 1. Structures of the hST3Gal I, hST8Sia II, hST8Sia I,
hST8Sia 1V, and hST8Sia V genes. Exons are shown by
boxes and introns are indicated byhorizontal lines.
Black boxes represent coding regions and open boxes
denote 5"-and 3’-UTRs.

spanning over 78 kb of genomic DNA (Table 5). The coding
sequence was divided into seven exons (exons 1-7), and
the 5-UTR of the cDNA was contained in exon 1 (Fig. 1).
Exon 1 contains an in-frame start codon (ATG) which
starts an open reading frame of hST8Sia V. All exon-intron
boundaries of these genes followed the GT-AG rule that
introns begin with GT and end with AG (Tables 1-5) [1].

5'-UTR amplification of hST3Gal |l by RACE-PCR
To obtain the extended sequence information of 5-UTR
of hST3Gal II mRNA, 5RACE-PCR was performed using
mRNAs isolated from human adult brain, and gene-
specific primers P1 and P2 included in the exon 1. A single
band of about 1 kb bp in human adult brain tissue was

detected, respectively (Fig. 2, lane 2). After subcloning the
PCR product and sequencing the clone (RA-P), we found
that RA-P clone contained 956 bp of exon 1 (Fig. 3), which
is 236 bp longer than the 5-UTR length (720 bp) of
hST3Gal II ¢<DNA cloned previously (GeneBank Accession
No. U63090). This results was used in the determination of
transcription start site compared with those of cap site
hunting described below.

Identification of the transcription start site of

hST3Gal Il gene

As the first step toward characterizing the promoter of
the hST3Gal II gene, the transcription start site was
determined by the cap site hunting method with cap site
¢DNAs of human fetal liver and fetal brain. As shown in
Fig. 2, cDNA with single band of about 1 kb was amplified
by nested PCR using total RNA from human fetal brain,
whereas three PCR products with different sizes (about 0.6
kb, 0.34 kb and 0.23 kb) were detected from human fetal
liver. Sequence analyses of the amplified product revealed
that CSH-1 clone with 1011 bp of human fetal brain cDNA
contained 55 bp longer fragment than the above 5-RACE
product (Fig. 3). These results indicate that the G residue
at 5'-terminus of CSH-1 clone might be the major initiation
site of transcription of hST3Gal II gene.

Discussion
Sialyltransferases are a family of more than eighteen
members that catalyze the transfer of sialic acid from

Table 1. Exon/intron organization and boundary sequences of the hST3Gal II gene®

Exon Exon 5'-splice donor Intron 3'-splice acceptor Exon
No. size (bp) P size (bp) P P No.
TGG TGG ATG gtaagaget — --- cttccacag  ATG CTG CAG
1 >1017 oW §aagag 3015 & ML O 2
ATC ATG AG gtgagceee ---- - tecctgeag G ATG AAT CAG
2 194 I M R” 6435 MP N Q 3
ATC CGA TT gtgagcttc - - tgcttacag C ACC TAC GCC
3 180 I R P 5131 ™y A 4
AAA GAA AAG gtaagctee - - tecteccag GTC CAG ATC
4 46 K E K% 265 VR Q1 5
TGT GAT GAG gtgggtagg - - tececgeag GTG AAC GTG
5 120 o b g PoBEuss 941 B M v 6
6 303 CCAATCACG

*In exon/intron boundaries, exon sequences are shown in uppercase letters, and introns are shown in lowercase letters. The
derived amino acid sequence is displayed below the nucleotide sequence. The amino acid numbering starts at the adenosine of

the initiator methionine as +1.
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Table 2. Exon/intron organization and boundary sequences of the hST8Sia II gene?

1013

Exon ‘Exon 5'-splice donor .Intron J'-splice acceptor Exon
No. size (bp) size (bp) No.
1 123 G;A IATCG 3S;G gtaaatagc — 35886 ---- gtettgeag G AA;MTCSG Gé;A ’
9 6 TSCT i}AT 1346 gtttgtaaa ---- 4135 -—-- cccttecag A GC}; SSGA];\ G&T 3
3 129 ARGG IAT(IZ{ 917&G gtactggta —--- 3976 ---- ttttcacag G AA?(QEAS A;I“T 4
4 258 G‘}"C ?TCR{;G gtaacatgc —- 6025 ---- ctecggeag G TGSMASC (LTG 5
5 204 G\TT ?{GC CC:ZS gteagegoc -— 19170 ---- tttttccag A TACY;EZGSV CTS 6

o w oA

*In exon/intron boundaries, exon sequences are shown in uppercase letters, and introns are shown in lowercase letters. The
derived amino acid sequence is displayed below the nucleotide sequence. The amino acid numbering starts at the adenosine of

the initiator methionine as +1.

Table 3. Exon/intron organization and boundary sequences of the hST8Sia II*

Exon Exon 5-splice donor Intron ¥-splice acceptor Exon
No. size (bp) P size (bp) P P No.
GGA TTC CG  gtgagtgeg ---- - cctcteccag G TCA CAA TTT
1 >2023 G F R® 1373 s Q F 2
CAT CAA AGG gtaggatag ---- - ttattttag CAA GAA ATT
2 125 H oo R glaggalag 2386 & IRT 3
GTC AAC AGG gtgtatatt ---- - gttccacag TAC TGG AAA
3 559 vV N RY 2323 Y2 W K 4
4 607 AGAGCTATAGIT

°In exon/intron boundaries, exon sequences are shown in uppercase letters, and introns are shown in lowercase letters. The
derived amino acid sequence is displayed below the nucleotide sequence. The amino acid numbering starts at the adenosine of

the initiator methionine as +1.

Table 4. Exon/intron organization and boundary sequences of the hST8Sia IV gene®

Exon Exon 5-splice donor Intron 3'-splice acceptor Exon
No. size (bp) P size (bp) P P No.
CTC ATC GG gtaaatgca ---- — fttgtttcag A GAT GGT GAA
1 >423 L1 c® 7056 0*G E 2
GAG ATA AG gtgagtttc - ---- caaatacag G AGG AAC ATA
2 132 E | R® 9052 K N I 3
GTA ATA AG gtgagettt - - cctetteag G TGT AAT CTA
3 258 v 1 R® 29946 N L 4
GTC AGA GG gtaagtgac - - tttttccag T TAC TGG CTG
4 294 v R o gladgte 43973 & w1 5
5 >4932 CCTTTTTTTCACCTGT

*In exon/intron boundaries, exon sequences are shown in uppercase letters, and introns are shown in lowercase letters. The
derived amino acid sequence is displayed below the nucleotide sequence. The amino acid numbering starts at the adenosine of
the initiator methionine as +1.
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CMP-NeuAc forming a2,3-, a2,6- or a2,8-linkages, depending
on the acceptor carbohydrate chain. To date, 15 different
human sialyltransferase ¢cDNAs have been cloned and
characterized [7]. The primary structures of these enzymes
revealed a putative domain structure with a type II
transmembrane topology, like other glycosyltransferases,
consisting of a short N-terminal cytoplasmic domain, a
transmembrane domain and a large C-terminal active
domain. These enzymes have highly conserved sialylmotifs
L and S which exist in all of the other sialyltransferases
cloned so far, but not in other glycosyltransferases {7,25].
These also exhibit acceptor substrate specificities for
glycoproteins and glycolipids and show remarkable tissue-
specific expression. Among them, the genomic structures
of five human sialyltransferase genes have been reported
to date: hST3Gal I [2,23], hST3Gal IV [13], hST3Gal VI [24],
hST6Gal I [27], hST8Sia I [3]. In addition, recently we have
determined the genomic structures of hST3Gal V [4] and
hST6GalNAc IV [10]. They have their coding sequences
distributed over several exons and are dispersed in the
human genome.

In this study, we determined the genomic structures of
five human sialyltransferase genes (hST3Gal II, hST8Sia II,
hST8Sia III, hST8Sia IV and hST8Sia V), which have not
reported yet. Surprisingly, the genomic structure of the

M1 2 3
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Fig. 2. Agarose gel (2%) analysis of PCR products amplified
by the 5-RACE and cap site hunting. Lanes 1, PCR
product from human fetal brain by cap site hunting;
lane 2, PCR product from human adult brain by
5-PACE; lane 3PCR product from human fetal liver by
cap site hunting; M, DNA size marker (100 bp ladder).

-1011 gccat tctagggtcgtgctgcggcagcctggcgcccgacatgtgaagggg‘aacctgzﬁaz
-951 gggattactgtgagetcacageaggataggctygecceggggagtggggatgggeagaac
-891 ctgggccaggagtattaggaaggagacetggaceetggtagggagetcageacaageteg
-B31 cctgacccagatggtattggacacagtgoecegetgaacageagetgtteccagegecag
=171 agaccccacagccacagtaggagct ttgcgacccctacgcaactgeage tgqgctgggqc

-1 e gagagggaccagcacctcagatg cctactgegg
-651 ggatctcgatctctgcagcggagtttttcccacactcacagagcttcctgtttttgtcct
~C8H-2

-591 ctcagggttggggtctygeteccetectetggeagaggttttgggecaggaggtgggaca

-531 acacttgeatggaacecaagtecectgaagecectgtgetetetgttgtgattggagtte

-471 tagggctteccegetgecgggaacgaggggecgecteattgtetgeteatgaaceacaag

-411 gaccccgactgetccagactggattattteaageegocaaagagggggacecctagaget
~C8H-3

-351 ggcagecaggcaatcccaagggactagagggetgcaatggactgaceteccecteaccag

-291 ggtggcaggagaggeagagectetgtggoetagetagtgacggagagaccegatgaagee

~CSH-4
-231 ct gcaggygy cgectgact: g9g actectgecaacgtgtgttet
-1711 ccctacatqagggaggccgtggcaaqggacccctgccactgtcccctgctgcagcacgtg
-111 ccectatgecctttacatgtggty ataggcaggetacgeegtggetggeccetea

-51 gcgggctgggaaaagagtggecacggtgacegtoaccegectgecggeaccATGAAGTGC
10 TCCCTGCGGGTGTGGTTCCTCTCOGTGGCC

Fig. 3. Nucleotide sequences of PCR products amplified by the
5-RACE and cap site hunting. CSH-1 shows the 1011
bp sequence amplified by cap site hunting from human
fetal brain. CSH-2, CSH-3 and CSH-4 show the 624 bp,
346 bp and 232 bp sequences amplified by cap site
hunting from human fetal liver, respectively. RA-P
shows the 956 bp sequence amplified by 5'-RACE from
human adult brain. The bold bases (ATG) indicates the
initiation codon of hST3Gal II ORFA. The N-terminal
amino acid sequence of hST3Gal II is shown as the
capital letters.
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Fig. 4. Comparison of the exon structures of human
sialyltransferase genes. The protein domain structure is
represented schematically by a rectangle, which is
subdivided to show the major structural elements of
the protein. Thick and thin underlines show sialyl
motifs L and S, respectively.

hST3Gal II coding region is almost identical to that of
hST3Gal I, and moreover, the split patterns of coding
sequence for sialyl motifs L and S are also identical (Fig.
4). Previously, our group and the other group have



demonstrated that mammalian ST3Gal 1 and II have
similar substrate specificities and both can utilize Galp
1,3GalNAc, O-Thr/Ser and glycolipid as substrate [4,5,11,
15,16]. Compared to ST3Gal I with the same acceptor
substrate specificity, ST3Gal II exhibits much more acceptor
substrate preference for glycolipids than for O-linked
oligosaccharide of glycoproteins {14,15].

The hST8Sia II and IV also have a similar genomic
structure including the split patterns of coding sequence
for sialyl motif L and the same position of sialyl motif S
on single exon (Fig. 4). These two enzyme can synthesize
polysialic acid (PSA) on a2,3-linked sialic acid on neural
cell adhesion molecule (N-CAM) without any initiators [19,
22,25], indicating that hST8Sia II has almost the same
substrate specificity as hST8Sia IV. Based on these
observations, we can hypothesize that the sialyltransferases
that have similar substrate specificities arose from a
common ancestral gene. On the other hand, the hST3Gal I
gene is located on human chromosome 8 and this position
is entirely distinct from the hST3Gal II gene located on
human chromosome 16. Similarly, the hST8Sia II and IV
genes are located on human chromosomes 15 and 5,
respectively. These suggest that they have arisen from
duplication and subsequent translocation events.

Our data presents that hST8Sia III is much smaller ant
its organization much simpler than other human
sialyltransferase genes reported so far, which span more
than 17 kb, except hST3Gal I and hST6GalNAc IV, and
comprise five or more exon (Fig. 4). In particular, the sialyl
motif L of hST8Sia III, which is a highly conserved region
in all cloned human sialyltransferases, is in one exon, as in
the hST6GalNAc IV.

Sialyltransferases cloned to date exhibit remarkable
tissue-specific expression, which is correlated with the
existence of cell type-specific carbohydrate structure [6,7,
20,25]. In general their expression appears to be regulated
on the transcriptional level. Therefore, precise molecular
knowledge for transcriptional regulation of sialyltransferase
genes is vital for understanding the regulatory mechanism
for the sialylation of glycoconjugates. Because transcriptional
regulations of sialyltransferase genes depends on their cell
type-specific promoter functions, the determination of their
transcription start sites is essential to isolate and characterize
the promoter regions of their genes. In the previous papers
[9,10], we determined transcription start sites of hST3Gal V
and hST6GalNAc IV genes by cap site hunting and then
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isolated their promoter regions. 5’-RACE was also used to
isolate the promoter regions of hST3Gal VI [24] and
hST3Gal I [23].

In this study, we performed 5-RACE and cap site
hunting experiments to determine transcription start sites
of hST3Gal II gene. Among the amplified PCR products,
the longest fragment of 1011 bp from human fetal brain
was considered to be a cDNA extended to the cap site of
hST3Gal II mRNA. Therefore, we assigned the major
initiation site of transcription of hST3Gal I gene to the G
residue at a position -1011 (Fig. 4). Based on this finding,
cloning of the upstream genomic region of this transcription
start site is in progress to clarify promoter function for
elucidation of the mechanism of regulation and tissue-
specific expression of the hST3Gal II gene.
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X8 : 53R QZiwa AYLH0IEA FAEAES AETZE BY

(Bolstz ARALAGR, 'SIYFL FHAG 45T 2AYETTY)

AT AGFANEL FAAEY Eol7 287 159 mRNA isoforme] AAd hdt =H7|T&
z human AJ&aFA o] &4 M AH(hST3Gal 11, hST8Sia 11, hST8Sia I1I, hST8Sia 1V,
hST8Sia V)E2 AsTZE 4399t hST3Gal I #AAHE 17 kbo] 2] A2l 46 bpel A 1017 bpe
Z0o]Z 747 exono] 6742 o] &0} A ¢11, hST8Sia Il f+AAFE 10 kbo|4+¢] AlEAHd 125bpell Al 2023bp ]
Zolg 7} exono] 42 o]F A 9lo] ThE human A|EAHC)EA FAHAAERT HI e F2 8
AN gt e T2 3% F9) fARHhSTSSia 1T, hST8Sia IV, hST8Sia V)S-2 70 kbo]4te] AlEA4tdl
5710139 exon®. 2 o]Foj glon, 557 EF exon-intron boundary® GT-AG ruleg Yebllz §13dch
E35 RE AGAAo| 4 nEFE BEHO] 9 sialylmotif L& hST8Sia I H Azt e 3hte) exond
EA3te W, 2 A gAHEL FAAAE B exond] EA5t exond F2F TtFAE YE
itk =3 B A7 E 5-RACES} cap site hunting®H ol )8 hST3Gal II #Axte AARAIH &
AAR 3T

1017



