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We report the cloning of a rat a1,3-fucosyltransferase gene (rFuc-T ), isolated from a rat genomic library by a PCR-cross-
hybridization based cloning approach using primers derived from the conserved region of human a1,3-Fuc-T sequences.
Comparison of the rFuc-T predicted amino acid sequence with those of previously cloned human and murine fucosyltrans-
ferases showed highest degree of homology to murine Fuc-TIV (87% identity) and human Fuc-TIV (78% identity), with lower
homology (41–49% identity) to Fuc-TIII, V, VI, and VII. COS-1 cells transfected with the rFuc-T gene expressed a fucosyltrans-
ferase activity with type 2 (Galb1P4GlcNAc)-containing oligosaccharides and the glycolipid acceptor neolactotetraosyl-
ceramide but only low activity with sialylated substrates; the SSEA-1/Lex antigen was detected in transfected cells by
immunocytochemistry. Based on these results, we surmise that rFuc-T is a member of the fucosyltransferase IV family.
Northern blot analysis with a rFuc-T specific probe indicated a major transcript of 4.2 kb most abundantly expressed in rat
spleen; minor transcripts of different sizes were detected in several tissues, including rat brain.

Keywords: a1,3-fucosyltransferase, cloning, glycolipid, transfection

Abbreviations: Fuc-T, fucosyltransferase; SSEA-1, stage specific embryonic antigen or Lewisx (Lex); ELFT, ELAM-1 ligand
fucosyltransferase; ELAM, endothelial-leukocyte adhesion molecule; nLc4Cer, neolactotetraosylceramide (Galb1P
4GlcNAcb1P3Galb1P4Glcb1P1Cer); NEM, N-ethylmaleimide
Introduction

Fucosylated glycoconjugates including glycoproteins,
glycolipids and proteoglycans expressed on the cell sur-
face, have been suggested to play a key role in cell—cell
interactions in many tissues. In the immune system the
glycosylated molecules exhibiting an SSEA-1 (Lex) or sialyl-
SSEA-1 epitope, consisting of a-(1,3)-fucosyl-neo-N-acetyl-
lactosamine, expressed on leukocytes are recognized by the
selectin adhesion molecules on endothelial cells and plate-
lets [1]. Recognition of the SSEA-1 epitope by B-cells has
been shown to lead to the production of IL-10 and PGE2
that down-regulate Th-1 cells and support expansion of
Th-2 populations, a process that may be a general phenom-
enon in schistosomiasis, other parasitic diseases, human
The nucleotide sequence reported in this paper has been submitted to
the Gen bank TM/EMBL Data Bank with accession number U58860.
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immunodeficiency virus infections and a number of meta-
static carcinomas [2]. During embryonic development
SSEA-1 expression has been implicated in the compaction
of the mouse embryo [3], and the aberrant expression of
this structure has been observed in association with malig-
nant transformation [4]. Immunohistological data [5, 6]
suggests that SSEA-1 may also be involved in the neuro-
developmental process. The observations by Chou et al. [7]
suggest that in the developing rat cerebellum, the peak of
SSEA-1 glycolipid expression correlates with granule cell
migration. Because the final step in the biosynthesis of
SSEA-1 involves the addition of fucose, fucosyltransferases
are likely to play an important regulatory role in SSEA-1
expression and function.

While the possibility of manipulating the immune re-
sponse and the metastatic process via regulation of the
fucosyltransferases triggered the cloning and isolation of
several human and a murine genes for Fuc-T, the temporal
expression of SSEA-1 glycolipids in developing brain and
the development regulation of these enzymes [8] prompted
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our efforts to clone the rat gene(s). Several approaches
have been used in isolating the human genes, including
expression cloning (Fuc-¹III, I» and »II) [9—12] and
cross hybridization (Fuc-¹», »I and »II) [13—16].
Sequence analysis of these genes revealed extensive homol-
ogy between Fuc-¹III, » and »I, all of which are localized
on chromosome 19. Human Fuc-¹I» has less sequence
homology to the other human genes, is localized on chro-
mosome 11 [40], and is considered to belong to a separate
Fuc-¹ family that includes the mouse Fuc-¹I» (mFuc-
¹I» ) gene [17, 18]. Human Fuc-¹»II shows little homol-
ogy to other human Fuc-¹ families and is the only Fuc-¹
that is mapped to chromosome 9 [16]; an alternatively
spliced mouse Fuc-¹»II has been reported recently [19].

Previous enzymatic studies [20] suggested the presence of
a Fuc-TIV-like activity in human brain. Based on these
studies we used a PCR-cross hybridization based cloning
approach with the primers derived from the catalytic region
of human a1,3-Fuc-TIV sequence [21, 22]. We report here
on the cloning and characterization of a rat a1,3-Fuc-¹ gene
that is expressed in rat brain. The rat gene shows a high
degree of amino acid identity, 87% and 78%, to the murine
and human Fuc-TIV, respectively, and type 2 acceptor
specificity, suggesting that it is a member of the Fuc-TIV
family. However, the rFuc-T enzyme exhibits different sub-
strate specificities and tissue distribution from those re-
ported for mFuc-TIV. These results suggest that rFuc-T
may play a different biological role from previously charac-
terized fucosyltransferases.

Materials and methods
Nomenclature of fucosyltransferases
The nomenclature of fucosyltransferase activities and genes
have been discussed [23] and thus Fuc-¹III, Fuc-¹I», »,
»I and »II all represent cloned human a1,3-fucosyltrans-
ferase genes. Fuc-¹I and II refer to fucosyltransferases with
a1,3 activity expressed in CHO cells. Human Fuc-¹I» has
been cloned more than once, and has also been referred to as
E¸F¹ and E¸F¹-¸ [10, 24]. Human Fuc-¹I» will sub-
sequently be used synonymously with E¸F¹-¸ in this
report. Recently, a murine gene homologous to human
Fuc-¹I» has been cloned and named mFuc-¹I» [17]. The
gene described in this paper represents the first rat a1,3-
fucosyltransferase gene that has been cloned; it will be
referred to as rat Fuc-¹ or rFuc-¹.

PCR analysis of rat genomic DNA

Using GeneBank sequence data for human Fuc-¹s, we
designed oligonucleotide primers directed towards a con-
served region of human Fuc-¹I» (accession no. M65030): a
forward primer (bp nos 632—657) 5@CTCGGACGTCTT-
TGTGCCTTATGGCT-3@ and a reverse primer (bp
nos 1256—1231) 5@CTACCGCTCGAACCAGCTGGCCA-
AGT-3@. When human genomic DNA was used as a template,
these primers amplified a single PCR product in buffer F con-
taining 5% DMSO (PCR Optimizer, InVitrogen) with an
annealing temperature of 52°. When rat genomic DNA was
used as template under similar conditions (buffer F without
DMSO), three bands were observed. However, a product of
the predicted length was most predominant, and was cloned
directly into a TA cloning vector (In Vitrogen). One such
clone (R-41) was sequenced and found to contain 624 bp that
showed 85% identity with the human Fuc-¹I» gene.

Screening of a rat genomic library

A rat genomic library in Lambda Fix II (Stratagene) was
screened by hybridization with the 624 bp rat clone R-41.
Three strongly hybridizing plaques and 15 weakly hybridiz-
ing ones were observed. Two strongly hybridizing phages
(EKS-1 and EKS-2) were plaque-purified and the insert
DNA was analysed by restriction enzyme digestion followed
by Southern blot analysis with the R41 probe. A SacI-
digested, approximately 3500 bp fragment (R-59) was iden-
tified and isolated from EKS-1, and a XhoI-digested,
approximately 4500 fragment (R-85) was isolated from
EKS-2. Both fragments were subcloned into the vector
pIBI31 (IBI) and partially sequenced.

DNA sequencing

The initial sequencing of clones R-59 and R-85 revealed an
unusually high GC content and thus an IsoTherm DNA
Sequencing Kit (Epicentre Technologies) based on isother-
mal sequencing at 65° was used according to the manufac-
turer’s instructions. Sequence analysis and alignment were
performed with the Wisconsin Sequence Analysis Package.

Northern blot hybridization

A Multiple Tissue Northern (MTN) Blot, containing 2 lg of
polyadenylated mRNA per lane, was purchased from Clon-
tech. The blot was prehybridized in 5 PrimeP3 Prime, Inc.
Northern hybridization buffer containing 50% formamide
at 42° for several hours and then hybridized overnight at 42°
in the same solution containing additional 10% Dextran
sulfate and the BamHI-HincII 32P-labelled fragment of the
rFuc-¹ gene, that had been radiolabelled with 32P by ran-
dom priming (PrimeItII, Stratagene). This sequence begins
at position !192 in the untranslated 5@ region of rFuc-¹
and ends at #197 position in the coding region. The blot
was washed in a low stringency buffer (2]SSC, 0.1% SDS)
at 25 °C for 40 min, followed by a moderate stringency wash
(2]SSC, 0.1% SDS) at 50 °C for 40 min and a high strin-
gency wash (0.1]SSC, 0.1% SDS) at 50 °C for 15 min.
Following hybridization with rFuc-T probe, the blot was
stripped and hybridized with a digoxygenin-labelled ham-
ster actin antisense RNA probe [25]. The blot was prehyb-
ridized and hybridized under the conditions described
above. Following the hybridization the blot was washed
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in a low stringency buffer at 25 °C, followed by a high
stringency wash at 68 °C. The actin signal was measured
using a chemiluminescent detection method (Boehringer
and Mannheim Biochemicals) according to the manufac-
turer’s directions.

Preparation of expression constructs

Sequencing of R-59 revealed that the rFuc-TIV coding
region was flanked by a 5@-BamHI site and a 3@-EcoRI site.
Thus, an insert of approximately 1500 bp was isolated from
a BamHI/EcoRI digestion of R-59, and subcloned into the
expression vector pcDNA3 (In Vitrogen). This construct
was named pcDNA3-rFuc-T.

Transfection of COS-1 cells

COS-1 cells were propagated in DMEM medium contain-
ing 10% fetal calf serum, and plated at about 50% conflu-
ence the day before transfection. Cells were transfected
using Lipofectamine (GIBCO-BRL), according to manufac-
turer’s instructions, and harvested 48 h later.

Immunocytochemistry of transfected cells

Cells were plated onto 10 mm coverslips coated with poly-
lysine 24 h before transfection. At 48 h following transfec-
tion, the cover slips were washed in PBS and the cells fixed
with 4% paraformaldehyde for 15 min. Cells first were reac-
ted with the anti-SSEA-1 monoclonal antibody 43B-11
[26], followed by staining with fluorescein-conjugated goat
anti-mouse, F(ab@)2 fragment IgM (Boehringer Mannheim
Biochemicals).

Fucosyltransferase assay

Transfected COS-1 cells were homogenized in 20 mM

MOPS/NaOH buffer (pH 7.4) with Triton X-100 (0.5%).
The homogenate was extracted for 1 h with the same buffer
on ice, centrifuged at 800]g, for 15 min at 2 °C, and the
supernatant aliquoted (100 ll each), and stored at !80 °C
prior to enzyme assays. The reaction mixture (50 ll) con-
tained 2.5 lmol of 3-(N-morpholino)propansulfonic acid
(MOPS)/NaOH buffer (pH 7.4) 0.25 lmol MnCl

2
, 5 lmol

of NaCl, 0.5 lmol of ATP, 40 lg N-acetyllactosamine
(LacNAc) (104 nmol), 0.5 nmol of GDP-L-[14C]-fucose
(283 mCi mmol~1) (DuPont-New England Nuclear) which
was diluted to a specific activity of &54 000 cpmnmol~1

with unlabelled GDP-fucose (Sigma), and 20 ll of cell super-
natant (&40—60 lg protein) as enzyme source. After incu-
bation at 37 °C for 1—2 h, the reaction was terminated by the
addition of 0.5 ml of cold water and the mixture was applied
to a 1 ml column of AG 1-X8 anion resin (BioRad). The
column was washed with 1 ml of water, and the combined
aqueous effluents containing the fucosylated products were
collected in scintillation vials and counted after addition of
4.5 ml of scintillation cocktail (Ready Safe, Beckman). When
sialylated oligosaccharides were used as acceptors the
column elution included 2 ml of 0.15 M NaCl; under this
condition GDP-fucose remained bound to the column [27].
Sensitivity towards the inhibitor, N-ethylmaleimide (NEM)
was determined with LacNAc by pre-incubation of the cell
homogenates containing 10 mM NEM for 1 h at 0 °C. When
nLc

4
Cer was used as acceptor (8—10 lg unless otherwise

noted), the reaction was sonicated for 1 min to allow the
formation of glycolipid/detergent micelles. The enzymatic
reaction was stopped by the addition of 0.5 ml of
TUP-0.1 M KCl mixture [28] (CHCl

3
:MeOH:H

2
O;

60 :960 : 940, 7.35 g KCl) and the mixture was applied to
a pre-packed reverse phase C

18
cartridge (Bond Elut C

18
.

Analytichem International) equilibrated with TUP-KCl
mixture. The cartridge was washed with 1 ml TUP mixture
and with H

2
O (3 ml) and eluted with 2 ml of CHCl

3
:MeOH

(2 :1) and 2 ml methanol [29]. The eluate was dried under
a stream of nitrogen and the incorporation of fucose was
determined by scintillation counting with Beckman cock-
tail. Values were corrected for fucose incorporation into
endogenous acceptors.

Protein was determined in diluted cell extracts by
a microassay (96-well microtitre plate) procedure with BCA
Protein Assay Reagent (Pierce, Rockford, II, USA); absorb-
ance at 562 nm was determined via a microtitre plate reader
(BT 2000) Microkinetics Reader Spectrophotometer,
(Fisher Biotech, Pittsburg, PA, USA). The standard curve
consisted of a series of known concentrations of bovine
serum albumin. The rate of the enzyme reaction was shown
to be linear with time and with protein concentration within
the parameters defined above.

Fucosyltransferase acceptors N-acetyllactosamine, and
lacto-N-tetraose, were obtained from Accurate Chemical
Co. Lacto-N-biose, and Lacto-N-neotetraose, were pur-
chased from V-LABS. Lactose, 2@-fucosyllactose; GDP-
fucose, N-ethylmaleimide and taurodeoxycholate (sodium
salt) were obtained from Sigma. 3@-Sialyl-N-acetyllac-
tosamine, and 6@-Sialyl-N-acetyllactosamine, were pur-
chased from Oxford GlycoSystems. Lacto-N-fucopentaose
I, was obtained from BioCarb. 6@-fucosyllactose, and
6-Fucosyllactose, were synthesized by Dr C.D. Warren
(E.K. Shriver Center). Lipid substrates were isolated from
bovine red blood cells by Dr O. Koul (E.K. Shriver Center).

Results
Cloning of the rFuc-¹ gene
Oligonucleotide primers directed towards the carboxy ter-
minal end of the human a1,3-Fuc-¹I» gene were used to
amplify and clone a crossreactive sequence from rat
genomic DNA in a TA cloning vector. This clone was then
used to probe a rat genomic lambda phage library, and
inserts from two strongly hybridizing clones were subcloned
(R-59 and R-85) and sequenced. Initially, both inserts were
sequenced in parallel, but when both were found to be identi-
cal in the first 500 bp, we proceeded only with clone R-59.
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Figure 1. DNA and predicted amino acid sequence of rFuc-T. (Panel A) The complete DNA sequence of rFuc-T is shown with the derived translation
using the single-letter code given below the nucleotide sequence. Numbers on top and bottom count nucleotide and amino acid residues, respectively.
SP1 binding sites are shown in italics and underlined. (Panel B) The amino acid sequence alignment of rFuc-T, mFuc-T and human Fuc-TIV with other
human a1,3 Fuc-Ts was generated using the PileUp program of the University of Wisconsin Genetics Computer Group. The putative transmembrane
domains of individual Fuc-Ts are underlined. The suggested NEM-binding residue (cysteine) and its substitutions to threonine or serine are shown in
bold letters, and the potential glycosylation sites are marked in italics and underlined. * — indicates amino acids identical with corresponding rFuc-T
residues; 2 — indicates amino acids that have no counterpart in aligned genes; I—NEM inhibition and putative GDP-fucose binding residue.
Nucleotide and amino acid sequence of the rFuc-¹ is
presented in Figure 1A. The coding region of rFuc-¹ is
1302 bp long and encodes a peptide 433 amino acids long.
A comparison of rFuc-¹, recently cloned mFuc-¹, and
human Fuc-¹I» indicates that the rat sequence shares the
high nucleotide homology with the murine and human Fuc-
¹I» (89% and 78% identity, respectively). Comparison to
the other human Fuc-¹ genes shows a considerably lower
homology (60—65% identity). These results suggest that the
newly isolated sequence may represent a member of the
Fuc-¹I» family, which we have termed rFuc-¹. The pre-
dicted amino acid sequence encoded by the rFuc-¹ gene
shows 87 and 78% identity with mFuc-¹I» and human
Fuc-¹I», respectively, 49% identity with human Fuc-¹»II,
and 41—43% identity with Fuc-¹III, » and »I (Figure 1B).
Like mFuc-T and human Fuc-¹I», rFuc-¹ has two in-frame
potential initiation codons, but the longer form of both rat and
murine genes contains 99 fewer amino acids in the cytoplasmic
tail as compared to the human Fuc-TIV, and threonine in
place of serine in the GDP-fucose binding domain.

The rFuc-¹ gene encodes a fucosyltransferase
activity and directs SSEA-1 expression in
transfected COS-1 cells

To determine if the open reading frame of the rFuc-¹
encodes an enzyme activity involved in the synthesis of
SSEA-1 COS-1 cells were transfected with the eukaryotic
expression vector containing rFuc-T, pcDNA3-rFuc-T.
COS-1 cells were selected for these experiments because
they do not express a1,3-Fuc-T activity or SSEA-1 antigen
but maintain both the donor GDP-fucose and various pre-
cursors [9]. As shown in Figure 2, the transfected popula-
tion expressed SSEA-1, as assayed by immunocytochemistry.
Transfection of COS-1 cells with a plasmid expressing
epitope-tagged rFuc-T revealed that the same percentage of
cells that stained for the presence of the epitope also stained
for the surface expression of SSEA-1 (data not shown).
Enzyme activity was measured in the COS-1 cells before
and after transfection with the rFuc-¹ gene. Fucosyltrans-
ferase activities with LacNAc and nLc

4
Cer as potential

acceptors are presented in Figure 3. The results obtained for
both acceptors demonstrate that transfected cells show
a dramatic increase in enzyme activity over untransfected
cells. The endogenous activities for transfected cells without
LacNAc and nLc

4
Cer were 2% and 10%, respectively.
It is, however, important to note that the fucosyltransferase
activity with the glycolipid acceptor nLc

4
Cer was revealed

only when both 0.2% Triton X-100 and 1%
taurodeoxycholate were added to the reaction mixture. The
other detergents, Triton X-100 (0.2%) or combination of
Triton X-100 (0.2%) and taurocholate (1%) were ineffective.

The acceptor specificity of COS-1 cell homogenates for
a panel of oligosaccharides is shown in Table 1. Under the
conditions used for screening, the type 1 (Galb1P
3GlcNAc) containing oligosaccharide LNT and 3@-SLN
were poor acceptor substrates for the recombinant fucosyl-
transferase. The enzyme also was unable to utilize Lac,
2@-FL, 6@-FL, 6-FL, LNB, LNFI and 6@-SLN as acceptors.
The type 2 (Galb1P4GlcNAc) containing tetrasaccharide,
LNnT was a better acceptor than the type 2 disaccharide,
LacNAc. Results shown in Table 1 are representative of
several experiments. In order to further investigate the cata-
lytic properties of the rFuc-T, reactions were carried out in
the presence of NEM. The enzyme activity was resistant to
inhibition by NEM (approximately 92% of control).

Tissue-specific expression of rFuc-¹

To test for the expression of the newly cloned rat gene, we
hybridized the rFuc-¹ probe to RNA from a panel of adult
rat tissues. Northern blot analysis (Fig. 4) indicated that
multiple transcripts are expressed in most of the rat tissues
examined. The major transcript of 4.2 kb is most abund-
antly expressed in spleen, and at least two transcripts are
expressed in brain and testes.

Discussion

Based on sequence similarity and chromosomal localiza-
tion, the cloned human a1,3-fucosyltransferase genes are
divided into three groups: group 1 includes the closely
related Fuc-¹III, », and »I, group 2 includes human Fuc-
¹I» and mFuc-¹I», and group 3 includes Fuc-¹»II. An
alternative classification is based on comparing the specifici-
ties of fucosyltransferases towards various acceptors in dif-
ferent tissue and body fluids, and groups the enzymes into at
least three types: Lewis, myeloid and plasma type. However,
as many as five groups have been suggested using this
system [20]. These two classification systems have
been reconciled in some cases and thus Fuc-¹III, I», and
»I correspond to the Lewis, myeloid and plasma type,
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Figure 2. Immunocytochemistry of COS-1 Cells Transfected with the rFuc-T gene. (Panel A) shows cells viewed under phase. (Panel B) shows cells
viewed using fluorescent light. Cells were transiently transfected with the rFuc-T gene and reacted with anti-SSEA-1 antibodies. These results indicate
that the rat gene encodes a fucosyltransferase capable of producing the epitope SSEA-1.
respectively. Enzyme activity studies show that myeloid
type activity is the exclusive type of fucosyltransferase
expressed in the embryo, and that with development,
individual tissues acquire tissue specific patterns of fucosyl-
transferases. The only adult cells or tissues that have been
demonstrated to retain the unaltered embryonic type of
enzyme are leukocytes and brain. However, embryonic
and adult human brain express enzymes that can be distin-
guished by activity with divalent ions. The enzyme from
embryonic brain utilizes manganese more efficiently than
cobalt, the adult brain is equally active with both ions
[20, 39].

We have isolated a full length rat gene, rFuc-¹, from a rat
genomic library. We sequenced 1773 bp, which corresponds
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Figure 3. Fucosyltransferase Activity in COS-1 Cells. (Panel A) LacNAc
acceptor. (Panel B) nLc

4
Cer acceptor. Incubation mixture in A contained

0.2% Triton X-100; incubation mixture in (B) contained 0.2% Triton
X-100 plus 1% taurodeoxycholate. Each reaction mixture contained
1 nmol of GDP-fucose.

to an open-reading frame of 1302 bp, flanked by 400 bp
upstream and 71 bp downstream (Figure 1A). The site(s) of
transcription initiation have not yet been mapped, and so it
is not clear whether we have sequenced the promoter region.
However, the 5@ region of this gene is extremely GC-rich,
and potential binding sites for the transcriptional activator
SP1 (CCCGCC) are found at positions !12, !16, and
!27 (numbered according to the first in-frame methionine
as #1). A cluster of SP1 binding sites is frequently found
in the 5@ region of housekeeping genes [30]. No other
a1,3-Fuc-¹ gene promoters have yet been characterized. It
should be noted that the term housekeeping generally is
used to describe enzymes that are widely distributed and
perform essential metabolic functions, but does not imply
‘unregulated’ [30].
The nucleotide sequence analysis of rFuc-¹ indicates that
the coding region of the rat gene is highly similar to both
murine mFuc-¹I» and human Fuc-¹I», and comparison
of the predicted amino acid sequence indicates 87 and
78% identity with murine and human Fuc-¹I», respective-
ly (Figure 1B). Similar comparison with other Fuc-¹s
showed only 49% identity with Fuc-¹»II and 41—43% with
Fuc-¹III, » and »I (Figure 1B). The rFuc-¹ gene encodes
a peptide of approximate molecular weight 48 779 Da. Like
murine and human Fuc-¹I», it encodes two closely spaced,
in-frame 5@-methionine residues, that could initiate 433 bp
and 399 bp polypeptides, respectively (Figure 1A). This ob-
servation is of interest, as another glycosyltransferase, b1,4
galactosyltransferase (GalTase), also has two closely spaced,
in-frame 5@-methionine residues, and it has been shown that
this gene has two major transcription initiation sites, produ-
cing a long mRNA that initiates 5@ to the first ATG, and
a short mRNA that initiates between the two ATGs [31]. The
longer form of the GalTase protein is preferentially expressed
on the cell surface. Interestingly, the presence of fucosyltran-
sferase activity on the cell surface has been reported in mouse
germ cells [32] and rat Sertoli cells [33]. It will be important
to characterize more fully the mRNA produced by rFuc-¹
gene, to determine whether the mechanism used by the Gal-
¹ase gene could also be used by certain members of the
Fuc-TIV family of glycosyltransferases. The longer forms of
both rat and murine predicted proteins differ from the human
in the length of the cytoplasmic domain by 99 amino acids
and there is a deletion of seven amino acids following the
second ATG codon in both rat and murine genes (Figure 1).

Most previously characterized glycosyltransferases share
common structural features: a cytoplasmic tail of 6—27
amino acids, a single transmembrane domain of 16—33
residues, a stem region of 35—37 residues and a long
Table 1. Acceptor specificity of the rat fucosyltransferase expressed in transfected COS-1 cells.

Chemical name Acceptors
and abbreviation

Structure Relative activity (%)

N-Acetyllactosamine (LacNAc) Galb1P4GlcNAc 100
Lacto-N-Biose (LNB) Galb1P3GlcNAc —
Lactose (Lac) Galb1P4Glc —
2@-Fucosyllactose (2@-FL) Fuca1P2Galb1P4Glc —
6@-Fucosyllactose (6@-FL) Fuca1P6Galb1P4Glc —
6-Fucosyllactose (6-FL) Galb1P4(Fuca1P6)Glc —
3@-Sialyl-N-acetyllactosamine (3@-SLN) NeuAca2P3Galb1P4GlcNAc 2.5
6@-Sialyl-N-acetyllactosamine (6@-SLN) NeuAca2P6Galb1P4GlcNAc —
Lacto-N-tetraose (LNT) Galb1P3GlcNAcb1P3Galb1P4Glc 1.8
Lacto-N-neotetraose (LNnT) Galb1P4GlcNAcb1P3Galb1P4Glc 113
Lacto-N-fucopentaose I (LNF I) Fuca1P2Galb1P3GlcNAcb1P3Galb1P4Glc —

Relative rates for each oligosaccharide acceptor are expressed as a percentage of the fucosylation of N-acetyllactosamine (LacNAc). Acceptor
concentration was 1 mM. The fucosyl residue donor GDP-Fucose was used in a concentration of 10 lM. Relative activity of 100% corresponds to
8.4 pmol min!1 mg prot!1 of fucosylated LacNAc. A dash indicates less than 1% of acceptor was fucosylated.
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Figure 4. Expression of the rFuc-T gene in adult rat tissue. (Panel A) shows a Northern blot, containing 2 lg of polyadenylated mRNA per lane,
hybridized with a rFuc-T probe. (Panel B) shows Northern blot hybridization with actin probe.
catalytic domain. The rFuc-T sequence, while conforming
to the overall structural arrangement, shows some differ-
ences. As mentioned above, use of the most 5@ ATG encodes
unusually long cytoplasmic tails for the rFuc-T, mFuc-TIV
and human Fuc-TIV, 48, 48, and 147 residues, respectively.
The putative transmembrane domain in rFuc-T, mFuc-TIV
and human Fuc-TIV is longer (33 residues) than those in
other cloned glycosyltransferases (generally about 19 resi-
dues). The significance of this longer domain is unclear, but
its amino acid sequence is highly conserved between the
rFuc-¹ and the mFuc-¹I» and human Fuc-¹I» genes,
with the exception of a different cysteine residue distribution
in this domain. There are multiple amino acid substitutions
between rat and human peptides, including 62 different
residues in the catalytic domain that are likely to contribute
to the unique acceptor specificity of the rFuc-T [34, 35].

The GDP fucose binding domain contains threonine at
position 328 (Figure 1B) of both rFuc-T and mFuc-TIV,
while the human Fuc-TIV contains serine; neither form of the
enzyme is NEM sensitive. This difference may affect the
catalytic properties of the enzymes [38]. Fuc-Ts III, V and VI
all contain a cysteine residue in the GDP-fucose binding
domain and are inhibited by NEM (Figure 1B, position 328).
The rFuc-¹ gene encodes two possible glycosylation sites.
The first glycosylation site (NIS, positions 239—241 in Figure
1B) is unique to rFuc-T, mFuc-TIV and human Fuc-TIV
whilst the second site (NWT at positions 339—341, Figure 1B)
is present in all a1,3-Fuc-¹ genes so far characterzed.

COS-1 cells, which do not express a1,3-Fuc-T activity
[9], were transfected by the rFuc-¹ gene and the acceptor
specificity of the recombinant rFuc-¹ was analysed. Our
data (Table 1) shows that rFuc-T prefers type 2
(Galb1P4GlcNAc) over type 1 (Galb1P3GlcNAc) struc-
tures. rFuc-T has a very narrow acceptor specificity pattern
with neutral type 2 chain substrates. LNnT is a slightly
better acceptor than LacNAc, suggesting that a b anomeric
configuration of GlcNAc and a longer oligosaccharide
chain with penultimate Gal- and reducing Glc-residues are
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preferred by rFuc-T. Under the conditions used for screen-
ing, sialylated LacNAc derivative 3@-SLN was a poor accep-
tor and 6@-SLN did not serve as an acceptor for rFuc-T.
These results are consistent with those obtained by deVries
et al. [34], who reported that both 3@-SLN and 6@-SLN were
very poor acceptors for the recombinant full length human
Fuc-TIV. However, a different group of investigators [17]
reported that the both human and murine Fuc-TIV recom-
binant enzymes utilized 3@-SLN, although the human
enzyme exhibited a lower affinity than did the murine en-
zyme. The reasons for this discrepancy are not yet clear. The
other previously cloned human a1,3-Fuc-Ts show very dif-
ferent characteristics: 3@-SLN is a good acceptor for recom-
binant Fuc-TVII [16] and Lac and 2@-FL are good
acceptors for recombinant Fuc-TIII and Fuc-TV. Both type
2 chain-based substrates as well as type 1 chain-based sub-
strates could serve as acceptors for Fuc-TV [34].

The rFuc-T, unlike human Fuc-TIV [34], was able to
fucosylate a glycolipid acceptor. Fucosylation of nLc

4
Cer

was observed only when the incubation mixture contained
both 0.2% Triton X-100 and 1% taurodeoxycholate. It is
important to note that in these experiments the concentra-
tion of nLc

4
Cer in the incubation mixtures was much less

than the concentration of LacNAc, and that under similar
assay conditions human Fuc-TIV was not able to fucosylate
nLc

4
Cer [34]. However, it would be important to confirm

differences in acceptor specificity with cloned rFuc-T,
mFuc-T and human Fuc-TIV within the same experiment
to validate these conclusions.

It is clear that the rFuc-¹ gene encodes a fucosyltran-
sferase activity since the SSEA-1 antigen is expressed on
transfection of COS-1 cells with this gene. However it is not
yet clear whether the rFuc-T is involved in fucose addition
to glycolipids and/or glycoproteins in vivo, because the
SSEA-1 epitope occurs on both glycoconjugates and the
antibody used in the immunocytochemical experiments
does not distinguish between these two types of antigens.
The possibility that different enzymes control the addition
of fucose to glycolipids and glycoproteins has been raised by
previous studies [36]. Studies by deVries et al. [34] on
human Fuc-TIV suggest that truncation of the transmem-
brane and stem domains confers preference towards glyco-
protein acceptors. This suggestion is consistent with the
preference for glycolipid acceptors exhibited by human Fuc-
TV, that contains an expanded stem region on comparison
with other Fuc-Ts (Figure 1B). Our in vitro studies measur-
ing fucosyltransferase activity in homogenates from trans-
fected COS-1 cells suggest that rFuc-T has higher activity
with oligosaccharide acceptors than with glycolipid accep-
tors, but makes no predictions about glycoprotein substra-
tes. It should be noted, however, as pointed out by Goelz
et al. [27], that the acceptor specificity as established by
in vitro studies of enzymes does not necessarily reflect prod-
ucts formed in intact cells. Thus, different cell lines transfec-
ted with Fuc-T may express different products perhaps as a
result of different complements of cellular glycosyltran-
sferases and thus different repertoires of substrates. Future
studies will be directed to comparing lipid and protein
substrates in vitro as well as characterizing the nature of
SSEA-1 and other fucosylated products in a variety of
transfected cells to address this question.

The pattern of tissue expression of rFuc-¹ and mFuc-
¹I» genes appears to be different. The relative expression of
rFuc-¹ is higher in spleen than in lung or kidney; a similar
comparison of relative tissue expression of mFuc-¹I»
shows high expression in lung, lesser expression in spleen
and only a trace in kidney [17]. Furthermore, rFuc-¹
probes detected several transcripts of different size in testes
and brain, whereas mFuc-¹I» probes detected only a single
transcript in mouse testes and little hybridization in mouse
brain [17]. These differences suggest either that the rat and
mouse genes are closely related but different members of the
same family, or could be interpreted as indicating different
tissue regulation of the same gene in different species. The
tissue distribution of the human Fuc-¹I» gene has not yet
been reported. The observation of multiple transcripts de-
tected by the rFuc-¹ probe suggests that, as is the case for
some other glycosyltransferase [31] and fucosyltransferase
[15, 19, 37] genes, the use of alternative transcription initia-
tion or polyadenylation sites, or alternative splicing, may be
involved in regulating the tissue specific expression of the
rFuc-¹ gene. The expression of rFuc-¹ in brain indicates
that this gene will provide an important tool in the quest for
understanding the role of SSEA-1 antigens during neur-
ological development.

In conclusion, the results demonstrating the expression of
SSEA-1 antigen by COS-1 cells transfected with the rFuc-¹
gene, and the detection of enzyme activity with type
2 oligosaccharide acceptors in these cells, indicate that the
rFuc-¹ gene encodes an a1,3-fucosyltransferase. The high
sequence homology between rFuc-¹, mFuc-¹I» and hu-
man Fuc-¹I» suggests that the rFuc-¹ gene is a member of
the Fuc-¹I» family. However, it is not yet clear whether
rFuc-¹ is a true homologue exhibiting some differences in
acceptor specificity and tissue expression from mouse and
human genes, or whether it is a new, closely related member
of this family. The issue may be resolved upon the cloning
and characterization of additional a1,3-fucosyltransferase
genes.
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