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Abstract

We report the identification and primary structure of a novel human glycosyltransferase, B3GTL (b3-glycosyltransferase-like).
The 498 residue protein consists of a short cytoplasmic N-terminal “tail” (residues 1–4), a single transmembrane domain with type II

topology (residues 5–28), a “stem” region (residues 29–260), and a catalytic domain (residues 261–498). The genomes of Anopheles

gambiae, Drosophila melanogaster, and Caenorhabditis elegans encode potential orthologs which share 31–39% sequence identity

with B3GTL, as well as the following features: a conserved catalytic domain containing a triple aspartate motif (DDD) at its core, a

conserved pattern of cysteine residues, a C-terminal KDEL-like motif, and conserved residues and motifs that affiliate this novel

group with a family of b3-glycosyltransferases (GT31 in the CAZY classification). The B3GTL gene lacks canonical TATA and

CAAT boxes and contains three functional polyadenylation sites. It is transcribed in a wide range of tissues and in TGF-b-treated
T84 epithelial cells.

� 2003 Elsevier Inc. All rights reserved.
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Many eukaryotic proteins and lipids are modified

with specific oligosaccharide side chains, called glycans,

before they acquire full biological activity. The various
glycans display enormous functional diversity, as they

are involved in numerous processes in development,

normal physiology, and disease [1–3], ranging from

cellular recognition, adhesion, and signalling [4–6] to

drug clearance [7] and quality control of protein folding

[8]. Underlying this functional diversity is a vast diver-

sity of glycan structures, which display varying degrees

of complexity and have a large capacity for information
storage [9].

The various glycans are synthesized by the sequential

addition of monosaccharide units in pathways catalyzed

by series of glycosyltransferases, enzymes that function
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primarily in the ER and the Golgi apparatus. More than

200 glycosyltransferase activities or putative enzyme

sequences have already been isolated from human cells,
but the full ensemble of the enzymes responsible for

establishing the human “glycome” remains to be iden-

tified. Only a subset of the total enzyme repertoire is

active in any particular cell, where it forms the ma-

chinery responsible for the synthesis of glycans specific

to that cell.

In epithelial cells, glycosyltransferases are involved in

such traditionally recognized functions as cellular ad-
hesion and the synthesis of mucins, specialized and

highly glycosylated proteins [10]. Recently, glyco-

syltransferases have been shown to have more diverse

roles in processes ranging from epithelial invagination

during vulval morphogenesis in Caenorhabditis elegans

[11] to signal transduction during ovarian follicle de-

velopment in Drosophila melanogaster [12] and sensory
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hair cell differentiation in the mammalian inner ear [13].
Of particular interest is the “knock-out” mouse, null for

b-1,4-galactosyltransferase I, whose phenotype included
abnormal differentiation of epithelial cells in the skin

and the small intestine [14].

We are interested in finding genes that are involved

in the differentiation of epithelial cells along the crypt-

villus axis in the small intestine. To this end, we have

been using a model system in which cultured T84 hu-
man intestinal epithelial cells are induced to differenti-

ate in response to TGF-b [15]. Analysis of gene

expression in this system by differential display-PCR led

to the discovery of a cDNA clone which encodes a novel

protein with sufficient sequence similarity to b3-glyco-
syltransferases to allow us to tentatively identify it as a

novel glycosyltransferase, B3GTL (b3-glycosyltransfer-
ase-like), pending biochemical characterization of its
activity and function.
Materials and methods

Isolation of cDNA clones. The cDNA clone that led to the discovery

of B3GTL was originally identified in cultured T84 cells as described

previously [16] and designated 5G1Ca-cl2. The sequence of 5G1Ca-cl2,

446 bp in length, matched the 30-terminal sequence of a human EST

clone (clone id ys88g12, IMAGE id 221926), which was obtained from

the IMAGE Consortium and sequenced. The insert contained an open

reading frame of 497 codons but lacked an initiator methionine codon.

In order to isolate full-length clones, we screened the human heart,

brain, and kidney Rapid Screen cDNA Library Panels LHT-1001,

LAB-1001, and LKD-1001 (OriGene Technologies, Rockville, Mary-

land, USA) according to the manufacturer’s instructions, using the

primers 50-CATGAGATTGCCCTCTACATCTGG-30 and 50-TTCCC

AAATCCACAGTAGGAATGG-30 (Genset Oligos, Paris, France),

which amplify a PCR product corresponding to positions 655–946 of

the sequence in Fig. 1. The PCR conditions consisted of an initial 2min

incubation at 94 �C followed by 40 cycles of 1min at 94 �C, 1min at

60 �C, and 1min at 72 �C (each primer at 1.4lM, each dNTP at

0.25mM final concentration). The library master plates were screened

using PfuTurbo DNA polymerase (Stratagene, La Jolla, California,

USA) but the “sub-plates” were screened using Dynazyme (Finnzymes

Oy, Espoo, Finland). Four independent clones were isolated from

the heart library, one from the brain library, and one from the kidney

library, and characterized by sequencing.

DNA sequencing. DNA sequencing reactions were performed using

BigDye terminator v2.0 mix and run on an ABI PRISM 310 Genetic

Analyzer (Applied Biosystems, Foster City, California, USA).

Sequence analysis. DNA sequences were translated using the

EditSeq program and protein sequences were aligned using ClustalW

in the MegAlign program of Lasergene Software Suite, version 5

(DNASTAR, Madison, Wisconsin, USA). The phylogenetic tree was

constructed using MegAlign. Database searches were done using

BLAST at (http://www.ncbi.nlm.nih.gov/). O-glycosylation sites were

predicted by the “NetOGlyc 2.0 Prediction Server” at (http://

www.cbs.dtu.dk/services/NetOGlyc/). Transmembrane domains were

predicted with programs at (http://www.hgmp.mrc.ac.uk/Registered/

Webapp/pix/). Secondary structure predictions were obtained using the

Jnet program at (http://www.compbio.dundee.ac.uk./~www-jpred/

submit.html) and programs available at (http://npsa-pbil.ibcp.fr/).

Potential binding sites for transcription factors were identified by the

MatInspector V2.2 program on the TRANSFAC 4.0 database at
(http://transfac.gbf.de/). Only binding sites with matrix similarity

scores >0.9 were considered, with the exception of the Sp1 sites which

were identified at a cutoff score of >0.8. Binding sites for Smads were

identified manually by scanning the sequence for AGAC motifs.

Alignment of glycosyltransferase sequences currently listed under

family GT31 at (http://afmb.cnrs-mrs.fr/~cazy/CAZY/index.html) was

performed using ClustalW.

Northern hybridization. The probe corresponds to nucleotides

2899–3283 of the sequence in Fig. 1 and therefore detects transcripts

that contain the two longest 30-UTRs (b and c). The probe fragment

was generated by PCR, purified from an agarose gel, labelled using the

Rediprime II system and Redivue [a-32P]-dCTP (Amersham–Phar-

macia Biotech Europe GmbH, Freiburg, Germany), and hybridized to

a human multiple tissue Northern blot (7780-1, Clontech, Palo Alto,

California, USA) in ExpressHyb hybridization solution (Clontech).

Analysis of B3GTL mRNA in TGF-b-treated T84 epithelial cells by

real-time quantitative PCR. T84 cells were induced to differentiate in

culture by TGF-b treatment according to [15] and total RNA was

isolated from treated and control (untreated) cells after seven days as

described previously [16]. DNase I-treated total RNA was reverse

transcribed using SuperScript II (Gibco BRL, Paisley, UK), and the

resulting cDNA was subjected to real-time PCR using the LightCycler-

FastStart DNA Master Hybridization Probes kit (Roche Molecular

Biochemicals, Mannheim, Germany) according to the manufacturer’s

instructions. To assay for B3GTL mRNA, thermocycling reactions

contained 0.5 lM of the unlabeled primers (50-GCACTGGTGGCTAC

AGCT-30 and 50- TGGAACGATATGGGAACTTGAT-30), 0.2lM of

fluorescein-labelled (50-AAGTCTCCTGACGGCTTCTCTGCTG-30)

and LC Red640-labelled (50-GACCATTCCTCCTCCTCCCGTG

AT-30) (TIB MOLBIOL, Berlin, Germany) as probes, and 4mM

MgCl2. The cycling conditions consisted of an initial incubation of

10min at 96 �C followed by 55 cycles of 10 s at 96 �C, 10 s at 57 �C, and
10 s at 72 �C, and were performed on the LightCycler System (Roche

Molecular Biochemicals, Mannheim, Germany). To assay for the

mRNA encoding the housekeeping enzyme glyceraldehyde-3-phos-

phate dehydrogenase (GAPDH), the reactions contained 1lM of each

primer (50-TGGTATCGTGGAAGGACTCATGAC-30 and 50-AT

GCCAGTGAGCTTCCCGTTCAGC-30) and 2mM MgCl2, and the

cycling conditions consisted of an initial incubation of 10min at 95 �C
followed by 45 cycles of 20 s at 95 �C, 5 s at 70 �C, and 8 s at 72 �C. The
relative amounts of B3GTL and GAPDH cDNA were calculated from

standard curves generated by serial dilution of cDNA produced from

T84 cells. The amount of B3GTL cDNA in each experimental sample

was normalized to the amount of GAPDH cDNA in the same sample.

The ratio of B3GTL cDNA in the experimental samples (TGF-b-
treated versus control) was calculated from the normalized values.
Results and discussion

The cDNA sequence identifies a novel protein with

significant similarity to b3-glycosyltransferases

Fig. 1 presents a summary of sequence data (Gen-

Bank Accession No. AY190526) from six independent

cDNA clones obtained from three different sources. All
clones contain the same open reading frame for a novel

protein (identifier: AAO37647), 498 amino acid residues

in length, which displays an overall architecture char-

acteristic of glycosyltransferases. It is a type II mem-

brane protein, consisting of a short cytoplasmic domain

(residues 1–4), a single transmembrane domain (residues

5–28), and a large C-terminal portion that is presumed

http://www.ncbi.nlm.nih.gov/
http://www.cbs.dtu.dk/services/NetOGlyc/
http://www.cbs.dtu.dk/services/NetOGlyc/
http://www.hgmp.mrc.ac.uk/Registered/Webapp/pix/
http://www.hgmp.mrc.ac.uk/Registered/Webapp/pix/
http://www.compbio.dundee.ac.uk./~www-jpred/submit.html
http://www.compbio.dundee.ac.uk./~www-jpred/submit.html
http://npsa-pbil.ibcp.fr/
http://transfac.gbf.de/
http://afmb.cnrs-mrs.fr/~cazy/CAZY/index.html
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=nucleotide&cmd=search&term=AY190526
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=nucleotide&cmd=search&term=AAO37647


Fig. 1. cDNA sequence and the derived amino acid sequence of B3GTL. Nucleotide numbering is shown on the left, the translated sequence is shown

under the nucleotide sequence, and the amino acids are numbered on the right. The transmembrane domain is underlined, potential N- and O-

glycosylation sites are boxed in white, the DDD triplet at the core of the catalytic domain is boxed in black, the putative KDEL retention signal is

boxed in grey, and the stop codon is indicated by the asterisk. The two regions that share sequence similarity (see text) are indicated by dashed

underlines. The three polyadenylation signals are underlined and the three 30-termini of mRNAs are indicated by the vertical arrows (a, b, and c). A

nucleotide polymorphism is indicated above the sequence in brackets.
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to reside in the lumen of the Golgi apparatus or the ER.

This lumenal portion can be divided into two parts of
roughly equal size, a “stem” region (residues 29–260)

and a putative catalytic domain (residues 261–498)
which was identified by its obvious sequence similarity

to the catalytic domains of certain b3-glycosyltransfe-
rases, as discussed in more detail below. Based on this

similarity, the protein was named B3GTL (b3-glycosyl-
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transferase-like). The protein sequence contains two
potential N-glycosylation sites (N-124 and N-336), two

potential O-glycosylation sites (T-235 and T-436), and a

variant (REEL) of the KDEL retention signal in its very

carboxyl terminus.

The classification of glycosyltransferases is ulti-

mately based on enzymatic activity, which includes

substrate specificity and reaction mechanism, but pu-

tative enzymes are classified on the basis of amino
acid sequence similarities before their activities are

known. Based on the amino acid sequence of its cat-

alytic domain, B3GTL is most closely affiliated with

family GT31 in a sequence-based classification that

currently includes 66 families of glycosyltransfe-

rases (http://afmb.cnrs-mrs.fr/~cazy/CAZY/index.html).

Family GT31 comprises b3-galactosyltransferases, b3-
N-acetylgalactosaminyltransferases, and b3-N-acety-
lglucosaminyltransferases that are involved in the

synthesis of various complex glycans in mammalian

glycoproteins and glycolipids, and several members of

the family participate in the synthesis of mucin-type

O-glycans. Although members of family GT31 are

enzymes with different substrate specificities, their

catalytic domains are characterized by certain con-

served features. A comprehensive analysis of sequences
currently listed under family GT31 reveals 12 amino

acid positions that are highly conserved or invariant

throughout the family. These 12 positions represent

the most highly conserved positions in larger con-

served sequence motifs and five such conserved motifs

(I–V) can be identified in members of family GT31.

The B3GTL sequence contains all 12 highly conserved

residues and the five conserved motifs, whose loca-
tions are shown in Fig. 2A. In addition to the features

conserved widely in family GT31, the catalytic domain

of B3GTL shows more extensive sequence conserva-

tion with specific family members. It shares 28% and

27% sequence identity, respectively, with radical

Fringe (a b3-N-acetylglucosaminyltransferase) and

core 1 b3-galactosyltransferase (see Fig. 2), which are

B3GTL’s closest relatives that are associated with a
known enzymatic activity.

The core of the catalytic domain in b3-glyco-
syltransferases contains a highly conserved triplet of

aspartate residues (DDD), which is a variant of the

more general DXD motif (X denotes any amino acid)

found in many families of glycosyltransferases [17–19].

This DXD motif forms a key part of the catalytic do-

main as it has been shown to be involved in binding of
the UDP-donor sugar and the divalent cation (Mn2þ)

cofactor [20–22]. In the B3GTL sequence, 349DDD351

can be identified as the DXD motif of the catalytic core,

because it corresponds to the acidic triplet in the other

b3-glycosyltransferases, whose catalytic domains can be

aligned relatively unambiguously with B3GTL (Fig. 2A).

Furthermore, 349DDD351 is part of a larger conserved
motif (motif II, Fig. 2A) that includes the four highly
conserved residues identified in motif II of b3-glyco-
syltransferases.

The amino acid composition and certain secondary

structural features in the vicinity of 349DDD351 are

consistent with the structure of the catalytic pocket in

other glycosyltransferases. 349DDD351 is flanked by
345LVIV348 and 352TL353 and thus conforms to the

hhhhDXDXh consensus sequence (h denotes hydro-
phobic residues) that is conserved in many glycosyl-

transferase families [17]. Furthermore, the fifth residue

N-terminal to 349DDD351 is W344, consistent with the

conservation of an aromatic residue at the correspond-

ing position in enzymes of family GT31. Secondary

structure prediction methods indicate that in B3GTL,

the residues immediately preceding (343–348) and those

following (353–355) the 349DDD351 motif could form
short b-strands. This is consistent with data on those

DXD-containing glycosyltransferases whose crystal

structures have been determined. In these enzymes the

DXD motif is flanked on each side by a short b-strand,
the first of which consists of apolar or hydrophobic

residues and forms a part of the mixed central b-sheet
that constitutes the hydrophobic core of the protein

[20,21,23].
The “stem” region (amino acids 29–260) of B3GTL

contains several interesting features. First, it is predicted

to have a high content of secondary structure elements

(data not shown), suggesting it may form a structurally

ordered, perhaps globular, domain in the protein. Second,

it is 232 residues in length and therefore almost exactly the

same size as the catalytic domain (236 residues), with

which it actually shares weak sequence similarity. This
intriguing internal similarity is seen in a comparison of

residues 113–153 in the stem with residues 330–370, the

region of the catalytic domain that forms a part of the

active site (these regions are indicated in Fig. 1). Residues

330–370 include four of the 12 highly conserved residues

found in familyGT31:W344,D349,D351, andL363 (Fig. 2A).

All four are conserved in region 113–153, as W127, E132,

E134, and L146, respectively, and the sequence immediately
N-terminal to the acidic triplet 132EEE134 also contains

hydrophobic residues and a potential N-glycosylation

site, as does the active site in the catalytic domain. The

presence of an active site-like sequence in the stem region

is curious, and it may reflect actual similarity in function,

such as carbohydrate recognition/binding, or in fact the

presence of a second active site. There are several exam-

ples of glycosyltranferases that have two active sites and
two catalytic activities: heparan synthase, hyaluronan

synthase, and chondroitin synthase (a member of family

GT31). However, the vast majority of glycosyltransfer-

ases contain only one active site and one catalytic activity,

and in these enzymes the stem region has been suggested

to function in subcellular localization [24], acceptor gly-

coprotein discrimination [25], and oligomerization [26].

http://afmb.cnrs-mrs.fr/~cazy/CAZY/index.html


Fig. 2. (A) Multiple sequence alignment of B3GTL and closely related proteins. The species name is shown on the left (Hs, Homo sapiens; Ce,

Caenorhabditis elegans; Ag, Anopheles gambiae; Dm, Drosophila melanogaster; and Mm, Mus musculus), followed by the name of the protein.

ZC250.2 (GenBank Accession No. AAB54234), agCP14566 (EAA05853), and CG9109-PA (AAF52326) are hypothetical proteins identified by

translation of genomic sequences; RFNG, radical Fringe (AAC53261); b3-GalT, core 1 UDP-galactose:N-acetylgalactosamine b1,3-galactosyl-
transferase (AAF81982). The numbering of amino acid residues is shown on the right, the residues that are identical with B3GTL at the corre-

sponding position are boxed in black, and gaps introduced during the alignment are indicated by hyphens. The cysteine residues conserved among

B3GTL, ZC250.2, agCP14566, and CG9109-PA are shown by vertical arrows. The 12 residues and the five motifs (I–V) conserved in b3-glyco-
syltransferases are indicated by asterisks and overlines, respectively. (B) A phylogenetic tree that relates the six protein sequences in terms of the

number of amino acid substitutions that separate them.
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Identification of potential orthologs of B3GTL

We have identified a number of homologs of B3GTL

in various cDNA entries and translated genomic se-

quences in GenBank. These homologs form a closely

related group of sequences which share with B3GTL

much more similarity than the known glycosyltransfer-

ases discussed above. This group is confined to multi-

cellular organisms only and includes entries from many
mammalian species, the sequences of which are virtually

identical to B3GTL, but none of them has had an ac-

tivity or function ascribed to it yet. It also includes the

more distant, hypothetical proteins agCP14566,

ZC250.2, and CG9109-PA, identified in the genomic

sequences of Anopheles gambiae, C. elegans, and

D. melanogaster, respectively. These sequences are sim-

ilar enough to be expected to share the same or similar
function, yet they have undergone sufficient evolution-

ary divergence to allow the identification of conserved

residues and motifs that may pinpoint functionally

important parts of the protein.

As shown in Fig. 2A, the sequences of agCP14566,

ZC250.2, and CG9109-PA can be aligned relatively

unambiguously over their entire lengths with B3GTL,

with which they share 37%, 39%, and 31% sequence
identity, respectively. The putative catalytic domains

(corresponding to B3GTL residues 261–498) are also

well conserved, with respective sequence identities of

42%, 40%, and 35%. All four members of this group

contain the 12 highly conserved residues and the five

sequence motifs that are conserved in b3-glyco-
syltransferases (as discussed in the previous section). In

addition, several invariant residues and highly conserved
sequence blocks unique to B3GTL and its homologs can

be identified in the catalytic domains as well as in the

stem regions. However, the stem regions are somewhat

more variable than the catalytic domains and account

for most of the variation, in both sequence and length,

between these four proteins. This is particularly obvious

in the case of ZC250.2 which, at 379 residues, is

considerably shorter than the other proteins (455–546
residues).

The pattern of cysteine residues is an important

primary structural feature that is conserved in B3GTL,

CG9109-PA, agCP14566, and ZC250.2. B3GTL con-

tains a total of 12 cysteine residues, two in the trans-

membrane domain, four in the “stem” region, and six

in the catalytic domain. Of the six cysteine positions in

the catalytic domain, three are conserved in all four
proteins and all six are conserved between B3GTL and

agCP14566. Of the four cysteine positions in the

“stem” region, one is conserved in all four proteins and

one is conserved between B3GTL, agCP14566, and

CG9109-PA in the alignment shown in Fig. 2A.

ZC250.2 shows the least conservation of cysteine resi-

dues, which is particularly obvious in the stem region,
perhaps owing to the fact that it is shorter than the
stems in the other proteins. Overall, the cysteine pat-

tern shows remarkable conservation between these four

proteins, suggesting that they could share a common

pattern of disulfide bridges and therefore other struc-

tural similarities. It is noteworthy that two of the

cysteine residues (corresponding to C413 and C427 in

B3GTL) are also conserved in core 1 b3-galac-
tosyltransferases [27].

The presence of a motif similar to the KDEL re-

tention signal is another feature shared by B3GTL and

its homologs. All four proteins contain a carboxyl-

terminal, four-residue, KDEL-like sequence: REEL,

STEL, HLDL, and KSEL in B3GTL, agCP14566,

CG9109-PA, and ZC250.2, respectively. Out of these,

only the REEL of B3GTL fits the (KRHQSA)-

(DENQ)-E-L consensus sequence perfectly, but the
other three sequences are similar enough to suggest an

actual shared motif. The functional significance of this

motif is not clear, however. The conventional function

of the KDEL signal is to retain soluble proteins in the

lumen of the ER, and glycoprotein glucosyltransferase

provides an example of a KDEL signal-containing,

ER-resident glycosyltransferase [28]. However, most

glycosyltransferases are type II membrane proteins
found predominantly in the Golgi apparatus. In these

glycosyltransferases, a KDEL-like sequence is very

rare, having been found in only two [29,30]. Thus the

presence of the KDEL-like motif provides another

distinguishing characteristic for B3GTL and its

homologs.

Structure of the B3GTL mRNA

The structure of the B3GTL mRNA is shown in

Fig. 1, which presents a cDNA sequence that summa-

rizes data from six independent cDNA clones. This se-

quence is likely to represent the full length mRNA
because its length matches the length of one of the

transcripts detected on a Northern blot, as discussed in

more detail below. The 50-untranslated region (50-UTR)

of the mRNA is 110 nucleotides long, although the 50-

termini of the clones show minor heterogeneity, as

discussed below (see Fig. 3).

The cDNA clones contain three types of 30-untrans-

lated region (30-UTR) which result from the use of three
different cleavage/polyadenylation sites, 1197 bp (30-

UTRa), 1853 bp (30-UTRb), and 2605 bp (30-UTRc)

following the stop codon. Each site is preceded by an

AATAAA polyadenylation signal 18–23 bp before the

beginning of the poly(A) tail (Fig. 1). This is the first

example of the use of three different 30-UTRs by a gly-

cosyltransferase gene, and such differential processing

may have implications for tissue- or cell type-specific
differences in mRNA stability and/or regulation of

translation.



Fig. 3. The proximal promoter and 50-UTR of the B3GTL gene. Nucleotide numbering, in negative numbers counting upstream from the ATG

codon, is shown on the left. Putative transcription start sites are indicated by vertical arrows and the two sequence elements discussed in the text are

boxed. Potential binding sites for selected transcription factors are underlined where the recognition sequence has sense strand polarity and overlined

where it has antisense polarity. For simplicity, only four nucleotides of the core of the recognition sequence are indicated. The abbreviations for the

names of sequence elements and transcription factors are the same as in the text.
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The B3GTL gene

The B3GTL gene, which was identified by searching

the cDNA sequence against the draft human genome se-

quence (build 29), is located on chromosome 13 at

13q12.3. The mRNA-coding region spans a distance of
Table 1

The exons and introns of the B3GTL gene
132,188 bp (from the initiator ATG to the 30-end of the

longest 30-UTR) and 14 introns divide it into 15 exons.

The lengths of the exons and introns are shown in Table 1.

The promoter region of the B3GTL gene, tentatively

identified in the genomic sequence as the area in the

immediate vicinity of the transcription initiation site(s),



Fig. 4. B3GTL mRNAs in human tissues analyzed by Northern hy-

bridization. The tissue source of mRNA is indicated at the top and the

sizes of the transcripts are indicated on the right. The probe is specific

to the two longest 30-UTRs.
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is shown in Fig. 3. This region and the 50-UTR are
unusually (G+C)-rich, with a (G+C) content of 75%.

One putative transcription initiation site was identified

at position -110 (relative to the ATG initiator codon),

based on the 50-termini of two independent cDNA

clones. The sequence at -110 (GCAGAGA) matches the

loose consensus sequence of the transcriptional initiator

element Inr, Py Py Aþ1 N (A/T) Py Py [31], at four of the

seven positions, including the three most critical nucle-
otides: A at +1, A or T at +3, and a pyrimidine (Py) at

)1. The sequence in the vicinity of this initiation site

does not contain canonical TATA or CAAT boxes, but

contains three potential binding sites for the general

transcription factor Sp1 (at positions -164, -144, and

-89). These sites are noteworthy because Sp1 is known to

be involved in the regulation of many TATA-less pro-

moters, which often contain multiple binding sites for
this factor and generally use an Inr to position the start

of transcription [31,32]. A downstream element, MED-1

(GCTCCG), found in a class of TATA-less promoters

that utilize multiple transcription initiation sites [33], is

present at -64. This is of interest because the B3GTL

gene may use multiple transcription start sites, located

between nucleotide positions -110 and -88 bp, as shown

in Fig. 3.
The proximal promoter region harbors potential

binding sites for the following transcriptional regulators

(Fig. 3): GATA binding proteins (GATA), nuclear fac-

tor of activated T-cells (NFAT), the proto-oncoprotein

Gfi-1, the cardiac transcription factor Nkx-25, c-AMP

response element binding protein (CREB), activator

protein-1 (AP-1), the transcriptional repressor dEF1
(dEF1), Ikaros factor (Ik-2), myeloid zinc finger protein-
1 (MZF-1), gut-enriched Kruppel-like factor (GKLF),

chicken ovalbumin upstream binding protein (COUP),

Ets-1, Smads, and the general transcriptional activator

AP-4. This list includes several differentiation-specific

factors known to regulate gene expression in blood cells,

cardiac cells or epithelial cells, and potentially allows the

B3GTL gene to be regulated by diverse signals. In the

context of the present study, where the amount of
B3GTL mRNA was found to increase in TGF-b-treated
T84 cells (see below), the architecture of the promoter

suggests a potential mechanism of transcriptional acti-

vation in response to TGF-b. The promoter contains

several potential binding sites for Smads, proteins that

transduce TGF-b signals and activate transcription by

interacting with Sp1 [34,35] or AP-1 [36] at the promoter

of the target gene.
The B3GTL mRNA is expressed in many human tissues

and in TGF-b-treated T84 epithelial cells

Northern hybridization analysis of adult human

mRNA revealed that the B3GTL gene is transcribed in

all the tissues that were examined (Fig. 4). A probe

specific to the two longer 30-UTRs detected two tran-

scripts, 4.2 and 3.4 kb in length. The 4.2 kb transcript
corresponds to the full length cDNA sequence, con-

taining 30-UTRc, shown in Fig. 1 (total length 4102

nucleotides, not including the poly(A) tail). The 3.4 kb

transcript carries 30-UTRb (total length 3460 nucleo-

tides). The tissues show considerable differences in

mRNA levels and the relative levels of the two tran-

scripts also differ in a tissue-specific manner (Fig. 4).

These data indicate that the B3GTL mRNAs are sub-
jected to strong tissue- or cell type-specific regulation.

We are interested in the modulation of gene expression

in T84 intestinal epithelial cells by TGF-b, which induces

these cells to differentiate in culture from secretory cells

into absorptive enterocytes [15]. Analysis of mRNA in

this system by real-time quantitative PCR indicated that

the amount of B3GTL mRNA increased 3.1-fold in

TGF-b-treated cells relative to control cells after seven
days (the ratios from three independent experiments were

2.4, 3.8, and 3.1). This increase is consistent with the ar-

chitecture of the promoter of the B3GTL gene, which

suggests a potential mechanism of signal transduction

and transcriptional activation in response to TGF-b (as

discussed above), and implies that B3GTL may play

some role in the TGF-b-induced differentiation of T84

epithelial cells in culture. An understanding of the exact
role of B3GTL in epithelial cells, and in other cells and

tissues, will have to await characterization of its activity,

substrate(s), and cellular function(s).
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