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|dentification of seven new a2,3-sialyltransferase
lll, ST3Gal lll, transcripts from human foetal brain
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Institute of Laboratory Medicine, Department of Clinical Chemistry and Transfusion Medicine, Sahlgrenska University Hospital, SE
413 45 Géteborg, Sweden

We have recently cloned and sequenced 19 human ST3Gal lll gene isotranscripts from peripheral blood leukocytes and
identified very complex patterns of isotranscripts of this gene in neuronal tissues. We have now cloned and sequenced
additionally seven new isotranscripts from foetal brain. These novel isotranscripts showed losses of complete exons
along the whole length of the coding sequence. None of the new isotranscripts coded for proteins with the two (L- and
S-) sialylmotifs intact. One of the isotranscripts belonged to the isoform ST3Gal liI-B, five to the ST3Gal Ill-C isoform and
one to ST3Gal llI-D isoform of isotranscripts, which lacks exon 3, exons 3 and 4 and exon 4 respectively. Two of the C
series isotranscripts, ST3Gal lll C4 and C11 had both lost exons 12 and 13 containing the S-motif but had otherwise the L-
and the VS-motifs intact. Three isotranscripts, ST3Gal Il C5, C12 and D5, were similar in the 3’-end coding for an identical
amino acid sequence unrelated to the original enzyme. Isotranscripts ST3Gal Il C9 and B10 were distinctly different from
all other forms identified so far. The splice variants reported here are unlikely to express enzymatic activities but may other
biological functions.
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Abbreviations and accession numbers: ST3Gal Il (SIAT6, ST3N), Gal31-3(4)GlcNAca2,3-sialyltransferase Il (EC
2.4.99.6, L23768, E08204, Q11203); ST3Gal Il A8 (AF425853); ST3Gal Il C4 (AY167993); ST3Gal Ill C5 (AY167995);
ST3Gal Ill C9 (AY167996); ST3Gal Ill C12 (AY167998); ST3Gal Illl B10 (AY167992); ST3Gal Il D5 (AY167994);
Glyceraldehyde-3-phosphate dehydrogenase, GAPDH (J04038, NM_002046); IV3NeuAcnLcOse,;Cer, Neu5Aca2,3Galg3
1,4GIcNAc31,3Gal31,4Glc3-Cer; IViNeuAcLcOse,sCer, Neu5Aca2,3Gal31,3GlcNAc31,3Gal31,4Glc3-Cer; IVENeuAcGg
Ose,Cer, Neu5Aca2,3Gal31,3GalNAc31,4Gal31,4Glc3-Cer; nLcOse,Cer, Gal31,4GIcNAc31,3Gal31,4Glc3-Cer; LcOse,
Cer, Gal31,3GIcNAc31,3Gal31,4Glc3-Cer; GgOse,Cer, Gal31,3GalNAc31,4Gal31,4Glc3-Cer; LIF-CE: laser induced fluo-
rescent capillary electrophoresis; NCAM: neural cell adhesion molecule; PBL: peripheral blood leukocytes; UTR: untrans-
lated region.

Introduction 48 amino acids is termed the “L (large)-sialylmotif” which par-
ticipates in the binding of the donor substrate CMP-Neu5SAc
and a smaller sequence of about 23 amino acids towards the
C-terminal is termed the “S (short)-sialylmotif” which partici-
pates in the binding of both the donor and the acceptor [2-5].
Also a very short sequence, the “VS-motif”, further down to-
wards the C-terminal and comprising only 3-5 amino acids has
been identified as a conserved sequence of importance for the
enzymatic activity [6,7]. The human «2,3 sialyltransferase III,
ST3Gal III gene is located on chromosome 1 [8] and spans over
more than 223 kilo bases of genomic DNA and is distributed
over 15 exons [9]. So far there is no evidence for alternative

To date 19 different human sialyltransferase genes have been
identified that catalyse the transfer of sialic acid from CMP-
Neu5Acinto an «¢2,3-, ®2,6- or «2,8-linkage to the terminal po-
sition of carbohydrates on glycoproteins and glycolipids. Anal-
ysis of the protein sequences of sialyltransferases reveals, as for
most glycosyltransferases, a topological feature characteristic
for Type 2 transmembrane proteins [1]. All sialyltransferases
cloned to date contain two conserved sialylmotifs in the cat-
alytic part of the enzyme. A large sialylmotif of approximately
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splicing in 5-UTR or 3’-UTR [10] but various transcripts are
produced by alternative splicing within the coding region. We
have thus recently cloned and sequenced 19 human ST3Gal 111
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gene isotranscripts from peripheral blood leukocytes of one sin-
gle individual [9]. The transcripts revealed a systematic pattern;
exons 3, 4 and 5 were either inserted or deleted. The persistent
feature made us classify the transcripts into five major isoforms.
The ST3Gal I1I-A contains exons 3, 4 and 5, ST3Gal 111-B lacks
exon 3, ST3Gal III-C lacks exons 3 and 4, ST3Gal I1I-D lacks
exon 4 and finally ST3Gal III-E lacks exons 3, 4 and 5. The
alternatively spliced ST3Gal I1I isotranscripts showed a highly
tissue-specific expression. The most pronounced expression of
isoforms, with the catalytic part of the enzyme intact, was found
in muscle tissues, uterus and in adrenal glands whereas the
most complex patterns of isotranscripts were found in foetal
and adult brain and in spinal cord. In foetal and adult brain
at least 9 isotranscripts were identified. We have now cloned
and sequenced additionally seven new isotranscripts from foetal
brain and found them to be the result of alternative splicing of
the ST3Gallll gene.

Materials and methods
Cloning and sequencing

cDNA was synthesized from total RNA-samples from normal
whole brains pooled from 21 spontaneously aborted male and
female Caucasian foetuses, ages 26—40 weeks (Cat no K4005-
Z, Clontech, Palo Alto, CA, USA). The cloning and sequenc-
ing was performed as previously described [9]. Briefly, primers
(STIII-11s and STIII-11as) were designed to cover the coding
region of the ST3Gal 111 gene. The amplified fragments were lig-
ated into the pTAg cloning vector pCR2.1 and transformed into
INVaF One Shot competent cells (Invitrogene BV, Groningen,
the Netherlands). All selected clones were sequenced in both
directions using Big Dye Terminator kit on ABI PRISM 310
instrument (P-E Applied Biosystems, Foster City, CA).

Laser induced fluorescent capillary electrophoresis

The sense primer, STIII-11s, was labelled in the 5-end
with the fluorescent dye 6-carboxyfluorescein (6-FAM) with-
out any other change of the primer used for cloning.
The antisense primer, STIII-11as, was similarly labelled
with the hexachlorinated analogue to 6-FAM (HEX). The
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene
(Acc.no. NM_002046) transcript was used as an external pos-
itive control, using a 6-FAM labelled GAPDH sense primer
and an unlabeled antisense primer, giving rise to a fragment of
692 bp. About 0.1 g RNA was used in the RT-step and 10 ul
of the transcribed cDNA was further used as template. The RT-
PCR and capillary electrophoresis technique was performed as
described in reference [9].

Results
Cloning and sequencing

We have recently reported our findings of the complex splic-
ing pattern of the ST3Gal Il gene in peripheral blood leuko-
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cytes and in other human tissues (Figure 1). In the electrophore-
tograms of ST3Gal 11l isotranscripts from foetal and adult brain
and from adrenal gland we discovered several additional and un-
known peaks (Figure 2). In order to characterize the isoforms
corresponding to these peaks we have cloned and sequenced
the amplified fragments in this size range obtained from foetal
brain. Within our clones we isolated seven new isotranscripts
covering the coding region of the human ST3Gal 111 gene from
exon 2 to exon 14. All the deletions followed the GT-AG rule for
splicing of intron sequences. The isotranscripts showed losses
of complete exons coding for both the potential stem region as
well as for the catalytic part of the enzyme (Figures 1 and 3).

The protein structures of these alternative splices are illus-
trated in Figure 3, where the amino acid sequences of the puta-
tive proteins are related to the ST3Gal I1I exons identified before
[9]. None of the cloned isotranscripts coded for proteins with
the two sialyl motif’s intact. Although the isotranscripts thus did
not code for catalytically active proteins the resulting proteins
displayed some similarities. Five of the isotranscripts belonged
to the C-series; C4, C5, C9, C11 and C12, and showed differ-
ences only from exon 7 and downward. The ST3Gal III C4 and
C11 isotranscripts both showed losses of exons 12 and 13, the
latter coding for the S-motif of the sialyltransferase. These iso-
transcripts did however contain exons 10, 11 and 14 coding for
the L- and VS-motifs and resulted in proteins with completely
identical N-terminals and a C-terminal sequence homologous
to the C-terminal of the full-length protein. The CS5, C12 and
D5 isotranscripts coded for truncated proteins, which shared a
unique 16 amino acid sequence located at the most C-terminal
part of the polypeptide (Figure 3). Within our clones we also
identified the new B 10 isoform adding to the long list of ST3Gal
111 gene isotranscript [9].

Laser induced fluorescent capillary electrophoresis

After establishing the isotranscript clones, the amplified frag-
ments were checked by capillary electrophoresis and compared
with the tissue expression of ST3Gal Il gene (Figures 2 and
4). The fragment sizes, sizes estimated by the software and elu-
tion times for each transcript are given in Table 1. The ST3 Gal
111 C12, C5, D5, C4 and C11 fragments are easily recognized
in the electrophoretograms. However, the ST3Gal III C9 and
B10 fragments were not expressed over the detection limits
in the electrophoretogram of cDNA from foetal brain. In the
electrophoretogram of foetal brain in Figure 2 there are still
some minor unidentified peaks, which may well be hitherto un-
characterised ST3Gal III isotranscripts. The 750 bp fragment
in Figure 4 was always found together with the ST3Gal 11l C12
isotranscript and probably reflects a dimerization of the original
fragment of 368 base pairs (estimated size 375 bp).

The relative expression, described as percentages of GAPDH
expression, of all ST3Gal III isotranscripts in foetal and adult
brain and in spinal cord are listed in Table 2. Spinal cord did
not express any of these new isotranscripts.
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Figure 1. lllustration of cloned ST3Gal /Il transcripts and their relation to the ST3Gal /Il gene. Coding sequences are shown as grey
boxes and L- and S-motifs are shown as bars below the gene sequence. Transcripts with insertions of intron nucleotides (26, 32 or
173 nt long) have been omitted but their positions are indicated in the illustration. Bold typing marks the isotranscripts identified in
foetal brain and asterix marks the new isotranscripts defined in this paper.

Discussion pronounced expressions were found in muscle tissues while the
most complex patterns of isotranscripts were found in nervous
We have earlier identified and examined the tissue specific ex-  tissues. The 7 new isotranscripts now cloned from foetal brain

pression of 19 isotranscripts of the ST3Gal III gene. The most  add to this complexity. In foetal and adult brain there were only
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Figure 2. Electrophoretograms from LIF-CE analyses of amplified ST3Gal I/l transcripts obtained from foetal brain (top), adult brain
(middle) and spinal cord (bottom). Identities of amplified fragments are given on top of each peak and size markers are given as bp

lengths below reference peaks (Ref. 8).

two catalytically active isoforms expressed, ST3Gal 111 B1 and
C1. These isotranscript showed a relatively lower expression,
related to the GAPDH expression, than in other tissues [9].
All other isoforms expressed in foetal brain showed deletions

Table 1. Capillary electrophoretic data of fluorescence la-
belled amplified fragments from seven clones of ST3Gal Il
isotranscripts

Fragment Estimated Elution time
Isotranscript’ size (bp) size (bp)? (min)?
C12 368 375 63.39
C5 623 638 73.16
D5 668 676 74.42
C11 717 721 75.80
B10 805 800 78.16
C4 810 813 78.52
C9 917 913 80.95

'Ordered after elution times.
2Refers to elution times of Figure 4.

in the sequence corresponding to complete or partial losses of
the catalytic part of the enzyme. The biological roles of these
isotranscripts, if any, are completely unclear and remain to be
shown.

When looking at the amino acid level there were, however,
subgroups of polypeptides that exhibited identical new amino
acid sequences in the C termini of the proteins (Figure 3). Thus,
isoforms C4 and C11 included an intact exon 14 coding for the
VS-motif of sialyltransferases. The C5, C12 and D5 isotran-
scripts all coded for a common stretch of 16 amino acids at the
very end of the corresponding proteins.

The question is why foetal and adult brain and spinal cord
display a more complex pattern of isotranscripts than other tis-
sues. Gangliosides are especially enriched in nervous tissue and
characterization of human foetal brain gangliosides has shown
that, in addition to the dominating ganglioseries of glycosphin-
golipids, the IV3NeuAcnLcOse,Cer, IV3NeuAcLcOse,Cer and
IV3NeuAcGgOseyCer species are developmentally regulated
and typically expressed between gestational week 10 and 15,
and thereafter decreases to virtually zero [11]. The total RNA-
samples used in the present study were obtained from whole
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Figure 3. Schematic illustration of all potential proteins obtained from cloned ST3Gal lll transcripts after ORF analysis. Isoproteins
identified in foetal brain are marked by bold type and asterix indicates the isoforms presented in this paper. The N-terminal is marked
NH,-, the transmembrane region (TM region) is marked as a striped grey field, the L-, S- and VS-sialyl motifs are marked as grey
fields and the C-terminal as —COOH. Black bars, squared or striped white or grey bars indicate altered amino acid sequences.

brains pooled from 21 spontaneously aborted foetuses, aged
26-40 weeks, and it would be interesting to analyse transcripts
of brain tissues from earlier stages since these isoenzymes may
play a role in the biosynthesis of lactoseries gangliosides. The
isotranscript pattern seen in the total RNA sample from adult
brain, which was purified from a normal whole brain of one
single 28-year old male showed a similar pattern of complex

expression. This indicates that the pattern is specific for brain
tissue and not a reflection of individual variations. Analyses of
mRNA corresponding to human «2,3-sialyltransferases have
shown that all six enzymes are more or less expressed in adult
brain and that all but ST3Gal VI are expressed in skeletal muscle
[9,12-17]. One characteristic of nervous and muscle tissues
is the presence of the neural cell adhesion molecule, NCAM,
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Figure 4. Electrophoretogram from LIF-CE analysis of a mixture of fluorescent-labelled fragments obtained from the seven ST3Gal
/Il transcript clones (top) and amplified ST3Gal /Il transcripts obtained from foetal brain (bottom). Novel identities of amplified
fragments are given on top of each peak and size markers are given as bp lengths below each peak. Sizes and elution times of
labelled fragments are given in Table 1 and electrophoretic conditions are described in the methods section.

Table 2. The relative expression of the ST3Gal /Il isotran-
scripts (% of GAPDH) identified in foetal brain, adult brain and

which predominantly contains polysialic acids. The addition of
poly-a2,8-linked sialic acid to NCAM plays a crucial role in

spinal cord neural development [18]. An addition of an «2,3-linked sialic
. . ] acid, which could be catalysed by the action of either ST3Gal I,
Foetal brain - Brain  Spinalcord  qr3G,1 11 or ST3Gal V [12,14,16,17,19] primes the polysialy-
lation steps. However, ST3Gal III-B1 may also be responsible
Al <1 <1 . . . .. . .
A7 1 for this polysialylation priming since it has been shown that
B1 20 29 12 overexpression of ST3Gal III in neuroblastoma cells increased
Bi 432 3 2 5 the polysialylation of NCAM [20].
B4 4 8 The splicing pattern of ST3Gal 111 differs remarkably from
B5 +26/D5 + 26 6 3 that of other sialyltransferase genes. For example, The ST3Gal
B7 33 17 9 IV has been shown to produce at least six isoforms with al-
B10 ternatively spliced 5'-UTR and alternative promoters but show
C1 12 3 2 only minor structural variations within the coding region of the
C4 1 1 gene [8,13,21]. Two 5'-UTR alternatively spliced forms have
C5 4 1 been reported for ST3Gal VI, Type 1 and Type 2, which show
Cc7 38 10 4 . . . . .
c9 a tissue specn‘ig expression. The transcriptional regqlatlon de-
c11 3 y pends on two different promoters P1 and P2 respectively [22].
Ci2 5 In our laboratory, we have cloned and sequenced seven different
D5 2 isotranscripts of ST3Gal VI with variation within the coding re-

gion, but only one of these would probably exhibit any catalytic
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activity (unpublished). Recently, Taniguchi ef al. published the
promoter site for the ST3Gal 111 gene and concluded that there
were no alternative promoters and as a consequence there would
be no alternative splicing in the 5-UTR or 3’-UTR [10]. The
exceptional complexity of splicing within the coding region of
ST3Gal I11, as we have seen it, might thus be a compensatory
mechanism to alternative splicing in the 5-UTR or 3’-UTR.

In RNA processing, as well as in all biological processes,
errors are made and quality controls are needed. It sometimes
happens that the splicing machinery makes mistakes that re-
sult in shifts in the open-reading frame. To avoid production
of possibly truncated polypeptides two cellular quality control
pathways ensure that only correctly processed mRNAs escape
to the cytoplasm for subsequent translation. These processes
are mRNA export and nonsense-mediated decay (NMD). Dur-
ing and after nuclear export, the mRNA is also subjected to a
process called mRNA surveillance. If the open-reading frame
has shifted to include a premature stop codon, the mRNA will
trigger the NMD. A termination codon is recognized as pre-
mature if is located too far upstream from the original stop
codon and positioned >50-55 nt upstream from an exon-exon
junction [23-25]. Trigging of NMD results in increased degra-
dation of the transcript and limits the expression of truncated
polypeptides [23-25]. This suggests that the ST3Gal III B10
and C9 may not be translated to polypeptides since the splic-
ing introduce new upstream stop codons and thereby probably
trigger the NMD to target the mRNAs for rapid decay. How-
ever, the other ST3Gal III isotranscripts found in foetal brain
and adult brain, which code for truncated proteins, C5, C12
and D5, also exhibit premature stop codons but these are lo-
cated less than 50 nt upstream from the original stop codon and
exon-exon border, and might thus escape the NMD. Taken to-
gether, the splicing pattern observed for ST3Gal I1I implies that
the regulation of protein expression is controlled by alternative
splicing rather than at the level of transcription or translation.
Whether the ST3Gal III transcripts, lacking one or both sialyl-
motifs, and typically found in foetal brain really are translated
to protein and thereby have biological functions remains to be
proven.
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