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We have isolated a murine cDNA coding for a #1,3-N-acetylglucosaminyltransferase enzyme (#f3GnT). This enzyme is
similar in sequence to Drosophila melanogaster Brainiac and to the murine and human f1,3-galactosyltransferase family
of proteins. The mouse #3GnT protein is 397 amino acids in length and contains 7 cysteine residues that are conserved in
the human orthologue. #3GnT is a type Il membrane protein localized to the Golgi apparatus. Enzyme assays with
recombinant mouse #3GnT reveal that it has a preference for acceptors with Gal($1-4)Glc(NAc) at the non-reducing
termini. Proton NMR analysis of product showed incorporation of GIcNAc in 1,3 linkage to the terminal Gal of Gal(f1-
4)Glc(p1-O-benzyl). Northern blot analysis revealed the presence of a single 3.0kb transcript in all adult mouse and
human organs tested, with highest levels in the kidney, liver, heart and placenta. The #3GnT gene is also expressed in a
number of tumor cell lines. The human orthologue of #3GnT is located on chromosome 2pl5.
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onto O-linked fucose substrates [2,3]. In contrast, it is not yet
clear whether Brainiac is a glycosyltransferase. In the past few
years, several groups have defined a large family of mammalian
p1,3-galactosyltransferase ( f3GalT) enzymes [4—12]. Interest-
ingly, members of this family have striking sequence similarity
to Drosophila melanogaster Brainiac.

We previously identified the mammalian Fringe gene family
through searches in the public expressed sequence tag (EST)
database followed by PCR cloning [13]. We therefore used the

Introduction

Genetic analysis in Drosophila has led to the identification
of two developmental regulators, Fringe and Brainiac, with
homology to bacterial glycosyltransferase enzymes [1]. Re-
cently, Fringe and its mammalian relatives, Lunatic Fringe and
Manic Fringe, have been shown to encode a f1,3-N-acetylglu-
cosaminyltransferase that adds N-acetylglucosamine (GIcNAc)
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same approach to identify mammalian Brainiac homologues.
Two mouse EST sequences were used to clone a novel mouse
c¢DNA encoding a 397 amino acid protein with high homology
to Brainiac and to the mammalian $3GalT enzyme family.
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The protein was found to be a f1,3-N-acetylglucosaminyl-
transferase enzyme ($3GnT) acting on acceptors with Gal(f1-
4)Glc(NAc) at the non-reducing termini. The B3GnT is
localized to the Golgi apparatus and is expressed as a single
transcript in all adult mouse and human organs tested and in a
number of tumor cell lines.

Materials and methods
Materials and molecular biology procedures

The following materials were purchased from the indicated
sources: Sep-Pak C18 reverse phase cartridges (Waters); Triton
X-100, goat anti-mouse IgG (whole molecule) coupled to
alkaline phosphatase, Gal(ff1-4)Glc(1-OBn) (Bn = benzyl),
lacto-N-neotetraose, [Gal(f1-4)GIcNAc (f1-3)Gal(f1-4)Glc],
lacto-N-tetraose [Gal(f1-3)GIcNAc(f1-3)Gal(f1-4)Glc], Gal
(p1-3)GalNAc(x1-OBn), Gal(a1-OpNP) (pNP = para-nitro-
phenyl), Gal(f1-OpNP), GalNAc(x1-OBn), GalNAc(S1-Op-
NP), GlcNAc(«1-OBn), GlcNAc(f1-OBn), Fuc(x1-OpNP),
Fuc(fi1-OpNP) (Sigma); Gal(f1-4)GlcNAc(x1-OpNP), Glc-
NAc(p1-3)- GalNAc(a1-OpNP), Gal(f1-4)GIcNAc (Toronto
Research Chemicals); Gal(f1-4)Glc (BDH Chemicals). The
baculovirus transfer vector pVT-Bac-His and methodology for
PCR and for expression in the Sf9/baculovirus system have
been described previously [14,15]. UDP-GIcNAc-6-[*H] (New
England Nuclear, 41.60 Ci/mmol) and UDP-Gal-6-[*H]
(American Radiolabeled Chemicals, 60 Ci/mmol) were diluted
with non-radioactive UDP-GIcNAc and UDP-Gal (Sigma) to
specific activities of 2500 and 10,000 dpm/nmole respectively.
Molecular biology procedures were carried out by standard
methods [16,17] or as described [13—15]. Northern blot
hybridization on Clonetech Northern blots and dot blots was
performed as per manufacturer’s instructions using a 1.7 kb
EcoR1 5 fragment of the mouse f3GnT cDNA as probe.

Cloning of mouse f3GnT cDNA

Translation products of the public expressed sequence tag
(EST) database were screened with Drosophila Brainiac
(accession number U41449) as query, using the TBLASTN
algorithm. Two mouse EST clones were identified (AA119132
and AA204363) which could be translated to generate a
peptide sequence with high homology to Brainiac. The EST
sequences were used to design PCR primers to clone an
895 bp product from a number of mouse tissues (5'-primer
was AGGTATGAGAGATGAGTGTGG and 3'-primer was
CTCACTGGGATGTAGTACTTC). The 895 bp clone was
sequenced to confirm its identity with the EST clones. This
fragment was used to screen a mixed tissue cDNA library [18]
from which we isolated a 2676 bp near full length cDNA clone
for f3GnT.
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Subcellular localization of f3GnT in COS cells

Mouse f3GnT was tagged with the c-myc epitope at its
C-terminus by using PCR with 5'-primer GGTGACGTGATC-
CACAATGCT and 3'-primer CGGCTCGAGTCAAAGGTC-
CTCTTCGGAGATTAATTTTTGTTCTCCGCATTTTAAAT-

TAGGACTTTGC. The 416 nucleotide PCR product
containing the myc tag was cloned, sequenced and subcloned
together with the 5’-end of the f3GnT gene into EcoR1/Xhol
digested pcDNA3 expression vector to generate plasmid
pcDNA3-$3GnT-myc. Mouse Manic Fringe was tagged with
a Flag epitope at its C-terminus using PCR with the 5’-primer
TCAGCTACGGTGTCTTTGAG and 3'-primer ATTTTGG-
GCCCTCATTTGTCATCATCATCCTTGTAATCGGGCGCT-
GCCAGCAGCGGACA. The Flag tagged PCR product was
connected to the N-terminus of Manic Fringe in pcDNA3 to
generate plasmid pcDNA3-Manic Fringe-Flag. Both expres-
sion vectors were transfected into COS-7 cells, either alone or
in combination (Effectene, Qiagen). After 48 h, the cells were
fixed, stained and photographed as described elsewhere [18].
The myc tag was stained with mouse anti-myc antibody
(SantaCruz Biotechnology) followed by Texas-Red labeled
donkey-anti mouse antibody (Jackson ImmunoResearch
Laboratories). The Flag epitope was stained with mouse
anti-Flag antibody directly coupled to FITC (Sigma).

Western blot analysis of epitope-tagged proteins

Manic Fringe was tagged with the c-myc epitope at its
C-terminus by using PCR with the same 5’'-primer as shown in
the previous section and 3’-primer (with a myc tag)
ATTTTGGGCCCTCAAAGGTCCTCTTCGGAGATTAATT-
TTTGTTCTCCGGGCGCTGCCAGCAGCGGACA to gener-
ate plasmid pcDNA3-Manic Fringe-myc. COS cells were
transfected with pcDNA3 and pcDNA3-Manic Fringe-myc or
pcDNA3-$3GnT-myc (see above). Culture supernatants and
cell lysates were harvested and immunoprecipitated with
mouse anti-myc antibody (SantaCruz Biotechnology). Cell
were lysed in S0 mM HEPES buffer pH 7.4, 150 mM NaCl,
10% glycerol, 1% Triton x-100, 1 mM EGTA, 1.5 mM MgCl,,
and protease inhibitors. Immunoprecipitates were analyzed on
Western blots using rabbit anti-myc antibody (SantaCruz
Biotechnology), HRP-labeled donkey anti-rabbit IgG antibody
and the ECL detection system essentially as previously
described [18].

Expression of f3GnT in the Sf9/baculovirus system

Recombinant 3GnT truncated to remove the cytoplasmic
N-terminal domain, trans-membrane hydrophobic domain and
some of the stem region was expressed in the baculovirus/Sf9
insect cell system [14,15]. f3GnT cDNA was used as a
template for PCR amplification with gene-specific primers.
The 5'-primer (CACAAGCGGCCGCCCAAGACAAAAAT-
GGAAAG) contained a Notl restriction site (underlined) at
the 5’-end followed by a nucleotide encoding a portion of the
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B3GnT amino acid sequence commencing at GIn33. The 3'-
primer (TATATGGTACCGCTCATGTCTATTTCAGCA) con-
tained a Kpnl restriction site (underlined) at the 5’-end
followed by a nucleotide containing the STOP codon. Methods
for subcloning of the PCR product into pVT-Bac-His and
homologous recombination of the resulting plasmid pVT-Bac-
His-GnT with BaculoGold baculovirus linearized DNA
(PharMingen) in Sf9 cells have been described [14,15].
Recombinant baculovirus released into the culture medium
was amplified twice and used to infect Sf9 cells at a
multiplicity of infection of 2 plaque forming units/cell. At 5
days post infection, cells were sedimented, aliquots of the
supernatant were concentrated 5-fold and 0.020 ml samples
were subjected to Western blot analysis using 12.5% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) [19]. After transfer by electrophoresis to an Immobi-
lonPVDF membrane (0.45 microns, Millipore) in the presence
of 0.1% SDS, the membranes were probed with 1:5000 diluted
mouse monoclonal Anti-Xpress antibody (Invitrogen) fol-
lowed by treatment with 1:2500 diluted alkaline phosphatase-
conjugated goat antimouse IgG and staining with bromo-
chloroindolyl phosphate (BCIP) and nitro blue tetrazolium
(NBT) (Promega) [14,15].
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Analysis of recombinant $3GnT enzyme activity

Sf9 supernatants were assayed for N-acetylglucosaminyltrans-
ferase activity in a total volume of 0.055 ml containing various
acceptor substrates at concentrations between 0.45—4.5 mM
(Table 1), 0.9mM UDP-[*H]GIcNAc (2500 dpm/nmol),
2.3mM AMP, 45mM GIcNAc, 11 mM MnCl,, 45 mM Mes
buffer pH 6.5, bovine serum albumin (0.45mg/ml) and
0.020ml enzyme. Galactosyltransferase assays were carried
out in an incubation mixture (0.050 ml) containing various
acceptor substrates (Table 1), 0.32mM UDP-[’H]Gal
(10,000 dpm/nmol), 8 mM MnCl,, 40mM Mes buffer pH
6.5, bovine serum albumin (0.4 mg/ml) and 0.020 ml enzyme.
Time of incubation was 60min at 37°C. SepPak CI18
cartridges were used to obtain radioactive product with
substrates containing a para-nitrophenyl or benzyl group
[20]. Substrates lacking a hydrophobic aglycone were assayed
by passage through AG1-X8 [21]. Endogenous control assays
were carried out in the absence of acceptor. Mock control
assays were done with supernatants from Sf9 cells infected
with a baculovirus construct encoding human UDP-GIcNAc:
o-3-D-mannoside f1,2-N-acetylglucosaminyltransferase I [14,22].
The $3GnT enzyme was stable at 4°C for at least 2 weeks.

Table 1. Substrate specificity of recombinant mouse f3GnT*. Enzyme activities are expressed as nmoles/0.020 ml concentrated

Sf9 supernatant/hour

Donor Acceptor mM endogenous GnT | p3GnT

UDP-GIcNAc Gal(1-4)GIcNAc(a1-OpNP) 45 0.02 0.08 6.0
Gal(p1-4)Glc(p1-OBn) 45 0.02 0.06 2.9
Gal(p1-4)GIcNAc 4.5 0.39 0.07 5.9
Gal(p1-4)Glc 45 0.39 0.01 2.9
Gal(p1-4)GIcNAc($1-3)Gal(1-4)Glc 0.9 0.39 <0.01 1.4
Gal(p1-3)GlcNAc(f1-3)Gal(f1-4)Glc 0.9 0.39 <0.01 0.16
Gal(p1-3)GalNAc(x1-OBn) 0.45 0.02 ND <0.01
Gal(«1-OpNP) 45 0.02 <0.01 0.01
Gal(1-OpNP) 45 0.02 <0.01 0.03
GalNAc(x1-OBn) 0.9 0.02 <0.01 <0.01
GalNAc(p1-OpNP) 0.45 0.02 <0.01 0.01
GIcNAc(x1-OBn) 1.8 0.02 0.02 <0.01
GlcNAc(1-OBn) 0.9 0.02 <0.01 <0.01
GlcNAc(f1-3)GalNAc(«1-OpNP) 1.1 0.02 <0.01 0.03
Fuc(o1-OpNP) 1.1 0.03 <0.01 <0.01
Fuc(p1-OpNP) 45 0.03 <0.01 <0.01

UDP-Gal Gal(1-4)Glc(p1-OBn) 5.0 0.01 0.01 <0.01
GalNAc(x1-OBn) 1.0 0.01 <0.01 <0.01
GalNAc($1-OpNP) 0.5 0.01 <0.01 <0.01
GIcNAc(x1-OBn) 2.0 0.01 0.02 0.01
GIcNAc(1-OBn) 1.0 0.01 0.05 0.02

*All assays are averages of duplicate assays and were corrected for endogenous assays carried out in the absence of acceptor. GnT | assays were
carried out with Sf9 supernatant infected with recombinant baculovirus encoding human UDP-GIcNAc:«-3-D-mannoside f1,2-N-acetylglucosaminyl-

transferase |.

Acceptors without hydrophobic groups were assayed with the AG1-X8 column method and gave high endogenous values. pNP = para-nitrophenyl;

Bn =benzyl; ND =not determined.
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Identification of the product of f3GnT action additions of 0.020 ml recombinant $3GnT (Sf9 supernatant) at

0, 24 and 48 h. Product was purified on SepPak C18 cartridges
Twenty incubations were carried out as described above for [20]. Thin layer chromatography [15] showed almost complete
assay of N-acetylglucosaminyltransferase activity, containing conversion of substrate to product. The product was repeatedly
4.5 mM Gal(f1-4)Glc(f1-OBn) as acceptor and 13.6 mM non- exchanged in D,0 (99.9 atom % D) and finally dissolved in
radioactive UDP-GIcNAc as donor, at 37°C for 72h with 0.8 ml D,O (99.96 atom % D). Proton NMR spectra were
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AARTAGACATGAGCTGCATTTCACAGAAAGGCCTAGCCTGACTAGTTCCCATGGTGTGCTCTCACAATAGGTGAGTTCTGTGTGAGGCTATTAGCCTTCAT
GAGCAGGTAGCCCCTGGGCTCCCAAGCCCTCAGTCCTTCCCTTGCCTTGTGAAGAGGGAAGGCTGAAGACAGCTCAGCATGGCAGGGTGAGTGGTTATGA
CCCTTCCTCTGGCTGCCGGTCCTCAGTTTCTAATTTGTTTTCTTTCTCCTCCACAAT TATGTATGTATGTGTGTATATATGTGTGTGTGTACATACATAC
ATATATATATATGTAGGACACAACCTGGTGGCTTTGTGAAATGGAATTCCTATGTATTTTCATAAGATTTTGAAAGT TGTCTAGAAAGTAGACTGATGTC
AATCTCCCGTCACCCAGCAGTATTGTCCTTGTTACTAGAAACCGTTACTTCCTTTATGCAAGGAAAGCCACGCAGGCGTGTAGTTCATCTTGTCAGGGCT
TATGGCCATGAGGACAGAGGGGATTTTCTTTTTACTTGTGTTTGGTTTCCTGGGTGGCATCATGGTAGTTAACCTATTTTTAGTATTTGAAGATCATGTG
ATTCCCTAATGGCCAACTGGAGACTGAGTAGCCCGACAGCCATGGGTCTGTGAGTGTTCAGAGACTGGGAAGCATTCGCCACTTCTGAGCTTTGGACGTG
ATTAGTCAGTTAAAACCCCAAGATTCTATTCTTGCCATATTATCACGTATTCCTTAGATAAAATTCTGGGTAGTGACACTTCCCTGTCTCAGTGTAGAAG
TGCCTGTGCTTTTATTTATTGTTCAGATCAAACACCAAAACATTTTCTTARARAATATTTTGTGTAATATTTTATTTGTATACAGTGTTTGTGARATATT
TARCTAGAGCATGATATTTTATTTTTTCTCATTTTTAATTCTTTGAGAATTTCATACAATGTGTTTTGATTGTATTCACCTCCCCATCTCCTCCCAGATC
CAGCATGATGTTTTAAATGTTAAGCTGTAACATGTTAGATAAAGTTAACTCTTATTTTTGAATTTTAAAATTTGGATGGGGEGETATGAACTGCTAGAGA
AAATAAAGTTCTGCCAAAATATTGCATATACTAGTATCTTGTAACATGCTTTCTTGAARTATTTTTGTGCTTTAGAGGGGTCTCACCTGTGCTACAGGGG
ACTGGGAAAAGTGGAATAAAGTGATTGTATTTTTTAATCAAAAARAARAAARAAAAAARRARARARRRA

Figure 1. Sequence of mouse 3GnT. The 2676 bp mouse 3GnT cDNA and translation product are shown. Amino acid residues are
numbered. The hydrophobic transmembrane domain is between amino acid residues Leu10 and Ser28 (underlined). Cysteine residues are
shaded and underlined. The sequence has been deposited to GenBank as accession number AY043479.
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recorded at 500 MHz at 25°C using a Varian Unity Plus 500
spectrometer (University of Toronto NMR Centre) [23]. One-
dimensional and two-dimensional total correlation spectro-
scopy ("H-'H TOCSY) spectra were recorded. Chemical shifts
(6) were expressed in parts per million relative to an internal
acetone standard (6 2.225).

Chromosomal localization of the human S3GnT orthologue

The human cDNA sequence (not shown) orthologous to
mouse S3GnT was obtained by sequencing EST clones
identified on the basis of extremely high homology to the
2676 bp mouse S3GnT cDNA sequence. Mouse S3GnT
cDNA was radioactively labeled by random priming and used
for screening of the human RPCI-11 BAC (Bacterial Artifical
Chromosome) library. From the initial screening two positive
BACs were identified (H_NH0093M19, H_NH0172003)
which were confirmed positive by blot hybridzation analysis

A) Manic Fringe-Flag

C) Overlap
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and PCR using primers designed from the 3’-UTR (3'-
untranslated region) of the human cDNA sequence. BAC
clone H_NHO0093M19 was then used as a probe for
fluorescence in situ hybridization (FISH) mapping experi-
ments on metaphase chromosomes prepared from human
lymphocytes. The human f3GnT cDNA sequence was also
used to search the human sequence databases. An STS
(sequence tagged site, WI-17834, accession number G23485)
was identified having 98% identity to the cDNA sequence over
342 bp (1445-17806).

Results
Mouse 3GnT is localized to the Golgi apparatus

Searches of public EST DNA databases with the Drosophila
Brainiac protein sequence as query allowed us to identify and
clone a novel murine cDNA with high homology to both
Brainiac (30% identities over 281 amino acid residues) and the

B) B3GnT-myc
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Figure 2. Localization of epitope tagged 3GnT in the Golgi apparatus. (A,B,C) A representative COS-7 cell transfected with both pcDNA3-
p3GnT-myc and pcDNA3-Manic Fringe-Flag was stained for tagged Manic Fringe and 3GnT as described in the Methods. (A) Manic
Fringe-Flag stained with FITC-labeled anti-Flag. (B) f3GnT-myc stained with anti-myc antibodies and detected with Texas Red. (C)
Overlap of images shown in panels A and B reveals co-localization of f3GnT and Manic Fringe in the Golgi compartment. Cells transfected
and stained for either Manic Fringe-Flag or f3GnT-myc alone showed similar localization as doubly transfected cells (not shown). (D) COS
cells were transfected with pcDNA3, pcDNA3-Manic Fringe-myc or pcDNA3-$3GnT-myc. Culture supernatents and cell lysates were
harvested and immunoprecipitated with mouse anti-myc antibody. Precipitates were analyzed on Western blots using rabbit anti-myc

antibody (see Methods).
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mammalian f1,3-galactosyltransferase (f3GalT) family (30—
37% identities over 66—272 residues) [4—12]. This gene
encodes a f1,3-N-acetylglucosaminyltransferase (3GnT) (see
below). The full length f3GnT cDNA encodes a 397 amino
acid protein with an N-terminal hydrophobic transmembrane
domain (residues 10-28, Figure 1). N-terminal hydrophobic
sequences can function as leader sequences for secreted
proteins or as transmembrane domains of type II transmem-
brane proteins. To distinguish between these two possibilities
we added a c-myc epitope tag at the C-terminus of f3GnT and
tested for subcellular localization of the tagged f3GnT-myc
protein. Tagged 3GnT co-localizes with an epitope tagged
version of Manic Fringe (Figure 2A-2C), a Golgi localized
B3GnT that can extend O-linked fucose residues on Notch
receptor proteins [2,3]. In addition, whereas Manic Fringe can
be secreted from COS cells, overexpressed f3GnT-myc protein
(55kDa) was found exclusively in cell lysates (Figure 2D).
B3GnT is therefore a Golgi localized type II transmembrane
protein.

Properties of recombinant $3GnT expressed in the
Sf9/baculovirus system

In order to study the enzymatic properties of this protein we
generated a secreted form of the enzyme by expression in the
Sf9/baculovirus system. Western blot analysis of the super-
natant obtained 5 days after infection of Sf9 cells with
recombinant baculovirus showed a single strong protein band
at 47.5 kDa (not shown); the predicted molecular weight of the
recombinant protein after cleavage by signal peptidase is
46.96 kDa. The enzyme can transfer GIcNAc to acceptors with
Gal(1-4)Glc(NAc) at the non-reducing termini but is inactive
with Gal(f1-3)GlcNAc(f1-3)Gal(f1-4)Glc, Gal(f1-3)GalNA-
c(a1-OBn), Gal(al-OpNP), Gal(f1-OpNP) and various accep-
tors with GalNAc or GIcNAc at the non-reducing termini
(Table 1). The data rule out several known GnT enzymes
acting on O-glycans [24]. The enzyme cannot transfer GIcNAc
to Fuc(al-OpNP) or Fuc(ff1-OpNP) and is therefore different
from the $3GnT activity recently attributed to Fringe proteins
[2,3]. The enzyme cannot transfer Gal from UDP-Gal to
Gal(f1-4)Glc(f1-OBn),  GalNAc(«1-OBn),  GalNAc(f1-
OpNP), GIcNAc(21-OBn) and GlcNAc(f1-OBn); the data
rule out several known galactosyltransferases [5]. The enzyme
was inactive in the absence of Mn®* and showed a broad
Mn?* concentration requirement between 5 and 20 mM (data
not shown).

Proton NMR spectroscopy of the purified f3GnT product
using Gal(f1-4)Glc(f1-OBn) as substrate (Table 2) gave data
very similar to that reported previously for GIcNAc(f1-3)
Gal(f1-4)Gle(f1-OBn) [25]. Comparison of the spectra for
substrate and product (Table 2) shows significant shifts for H-1
(0.014 ppm upfield) and H-4 (0.224 ppm downfield) of the
galactose residue of the product; similar shifts were found on
incorporation of GlcNAc in 1,3 linkage to the terminal Gal
residues of Gal(f1-4)Glc(f1-OpNP) [26], lactose [27],
Gal(f1-3)GalNAc [28] and Gal(zl-OpNP) [26].
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Table 2. Proton NMR data at 25°C for S3GnT substrate
Gal(p1-4)Glc(f1-OBn) and product GlcNAc(p1-3)Gal(f1-
4)Glc(p1-OBn)*

GIcNAc($1-3)-

Proton Gal(p1-4)Glc(1-OBn)  Gal($1-4)Glc(1-OBn)
Benzyl

CsHs 7.460 7.459

CH, 4.936 (11.6) 4.934 (11.6)
Glucose

H-1 4.552 (8.1) 4.551 (8.1)
H-2 3.341 3.341

H-3 nd 3.61

H-4 nd 3.65

H-5 nd 3.57

H-6* 3.982 3.980
Galactose

H-1 4.441 (7.8) 4.427 (7.8)
H-2 nd 3.57

H-3 nd 3.69

H-4 3.916 (3.6) 4.140 (3.2)
H-5 nd 3.72
GlcNAc

H-1 4.677 (8.7)
H-2 3.74

H-3 3.55

H-4 3.463

H-5 3.447
H-6* 3.890
N-acetyl 2.031

#Chemical shifts (3) in parts per million with coupling constants (J, Hz)
in parenthesis; nd, not determined.
*Signals could be due either to H-6a or H-6b.

It is concluded that the mouse homologue to Drosophila
Brainiac is a f1,3-N-acetylglucosaminyltransferase specific for
acceptors with Gal(f1-4)Glc(NAc) at the non-reducing termini.

Northern blot analysis of f3GnT

A multi-tissue RNA dot blot (Clontech) was probed with the
B3GnT cDNA to obtain a general expression profile for this gene
(not shown). Multiple-tissue Northern blots (Clontech) contain-
ing poly(A) © mRNA from adult mouse tissues (Figure 3A),
adult human tissues (Figure 3B), and human tumor cell lines
(Figure 3C) were probed with mouse 3GnT cDNA. The data
reveal a 3.0kb transcript that is widely expressed with
particularly high levels noted in kidney, liver, placenta, caudal
nucleus, putamen, pituitary gland, salivary glands, hematopoie-
tic system, fetal organs and many human cancer cell lines
(Figure 3 and data not shown).

Localization of human $3GnT to chromosome 2pl5

The STS WI-17834 (see Methods) was localized to chromo-
some 2 in the reference interval D2S337-D2S147 by mapping
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Figure 3. Expression Analysis — Northern blots. Multi-tissue Northern Blots probed with the f3GnT cDNA reveal the presence of an
approximately 3.0 kb transcript in all tissues and cell lines analyzed. (A) Mouse adult tissues, (B) Human adult tissues, (C) Tumor cell lines.

with a panel of radiation hybrid cell lines. D2S337 is known to
reside in YAC (Yeast Artifical Chromosome) clones localized
to chromosome 2p15 by FISH. To confirm the location of this
gene, FISH was performed using BAC clone H_NH0093M19
which did indeed map to chromosome 2p15.

Discussion

We have identified a novel widely expressed mouse cDNA that
codes for a Golgi localized f3GnT enzyme with striking
similarity to Drosophila Brainiac and the mammalian 3GalT
enzyme family. f3GnT is capable of initiating and elongating
poly-N-acetyllactosamine chains, i.e., it can transfer GlcNAc
in f1,3-linkage to the terminal Gal of both Gal(1-4)GIcNAc

and Gal(f1-4)GIcNAc(f1-3)Gal(f1-4)Glc (Table 1). The
enzyme is similar in substrate specificity to f3GnT enzymes
previously described in human urine, human and calf serum,
rat testis and other tissues [29-35]. A human poly-N-
acetyllactosamine synthase, a f3GnT, cloned by Sasaki et al.
in 1997 [36] shows no significant homology to our f3GnT nor
to other members of the f3GalT enzyme family. The substrate
specificity of our mouse B3GnT is similar to that of a
previously cloned human and mouse B3GnT [25], which
showed only 26% identity to our enzyme over 245 amino acid
residues. A recent correction by the authors of this paper
(Proc.Nat.Acad.Sci. 97, 11673-11675, 2000) showed that
their enzyme is identical to our gene product. A recently
published paper by Shiraishi et al. [37] reported the isolation
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of three human $3GnT enzymes designated f3GnT 2, 3 and
4 which all shared a motif conserved among the f1,3-
galactosyltransferase and ff1,3-N-acetylglucosaminyltransfer-
ase families. Their human f3GnT 2 is the orthologue of our
mouse $3GnT. We have shown in this paper that the human
orthologue of our gene is on chromosome 2pl5. The
physiological roles played by the various 3GnT enzymes in
poly-N-acetyllactosamine synthesis remain to be determined.
It has been shown that poly-N-acetyllactosamine chains on the
surfaces of tumour cells are related to metastatic potential [38].
It is therefore of great interest that our S3GnT is strongly
expressed in several tumour lines (Figure 3C). It is clearly
important to identify and study the in vivo targets of the
mammalian $3GnTs and to determine whether the Drosophila
Brainiac protein is also a glycosyltransferase.
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