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Abstract

The I antigen and its precursor, the i antigen, are carbohydrate structures and are found on the surface of most mammalian cells.
Conversion of the i to the I structure requires I -1,6-N-acetylglucosaminyltransferase activity. The present investigation demon-
strates a novel transcript form expressed from the mouse 7 locus and elucidates the molecular genetics and the genomic organization
of the mouse 7 locus. The mouse I locus was demonstrated to express three transcript forms, one newly identified and two previously
reported, which have a different exon 1 but identical exons 2 and 3. The three transcripts were shown to express differentially in
various mouse tissues, and all their protein products demonstrated GlcNAc-transferring activity in enzyme function assay. The
molecular genetics proposed for the mouse 7 locus shows that it is homologous to the human 7 locus. It has been established recently
that a defect in the human 7 locus may lead to the development of congenital cataracts. It was demonstrated that the mouse and the
human 7 transcripts expressed in the epithelium cells of the mouse and human lens, respectively, are homologous forms.

© 2003 Published by Elsevier Science (USA).
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The i and I antigens are carbohydrate structures
characterized as linear and branched repeats of N-acet-
yllactosamine, GalB1-4GIcNAcB1-3Gapl1-4GlcNAc-R
and GalB1-4GIcNAcB1-3(Galp1-4GIcNAcB1-6)Galpl-
4GIcNAc-R, respectively, carried on glycolipids and
glycoproteins [1-5]. The N-acetyllactosamine repeats
are synthesized by the sequential action of B-1,
3-N-acetylglucosaminyltransferase and B-1,4-galacto-
syltransferase. Conversion of the i antigen into the
[-active structure requires the action of a third enzyme,
the I-branching p-1,6-N-acetylglucosaminyltransferase
(I B6GIcNACT) [2,6,7]. The 1 and I antigens were first
identified on human red blood cells (RBCs) [8-12], but
are known to be present on the surface of most human
cells and also those of many other mammals [13]. They
were also found to be present on soluble glycoproteins
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in various body fluids, including milk [14], saliva [15],
plasma [15], amniotic fluid, urine, and ovarian cyst fluid
[5,16]. The expression of the I antigen was found to be
developmentally regulated in human RBCs [12,17], and
changes in the expression patterns of the I and i1 antigens
during the development of mouse embryos have also
been observed [18]. Furthermore, altered expression
patterns of I and i antigens have often been noted during
the oncogenic processes [19], and thus, I and i are con-
sidered to be onco-developmental antigens [20].

In 1993, Bierhuizen et al. [21] successfully cloned the
cDNA encoding the human I-branching B6GIcNACT
using an expression cloning technique. The gene, desig-
nated IGnT, is located at chromosome 6p24 [22,23].
Recently further investigations have provided evidences
proving that the IGnT is the gene locus responsible for
I-antigen expression on human RBCs [24,25], and have
demonstrated the unusual molecular genetics of the hu-
man [ locus: three different transcript forms, designated
1GnTA, IGnTB, and IGnTC, each possessing a different
exon 1 but identical exon 2 and 3 coding regions, are
expressed from the human 7 locus. Furthermore it has
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been established that a defect in the human 7 locus may
directly lead to the development of congenital cataracts
[25].

After the expression cloning of the human /GnT gene,
identification of the /GnT homologue in mouse followed
[26]. In 2000, Chen et al. [27] further reported a variant
form of the IGnT transcript expressed from the mouse
IGnT locus. The original and the variant forms of the
mouse /GnT transcripts were designated as /GnT 4 and
IGnT B, respectively, and were shown to have a different
exon 1 but identical exon 2 and 3 coding regions.

The present report demonstrates a third form of the
IGnT transcript expressed from the mouse / locus and
shows the homologous molecular genetics and genomic
organization of the mouse and human 7 loci. To dis-
tinguish the IGnT genes of the two species, the IGnT
transcripts from the mouse and human 7 loci are des-
ignated as mIGnT and hIGnT, respectively. The newly
identified mouse I/GnT transcript, designated mIGnTC,
has a different exon 1 but identical exons 2 and 3 to the
previously reported mouse transcripts /GnT A and IGnT
B, designated mIGnTA and mIGnTB in this paper, re-
spectively. The homology between the mouse and the
human I-gene loci and the possible physiological sig-
nificance of the I-gene product in the lens of the eye are
discussed.

Materials and methods

S'- and 3'-rapid amplification of cDNA end to establish the mIGnT
transcript structures. The 5'- and 3'-rapid amplification of cDNA end
(RACE) were performed on Marathon-Ready cDNA derived from
mouse heart (BALB/c, males, aged 9-11 weeks, Clontech Laboratories,
Palo Alto, CA) to establish the cDNA structures of the mIGnTA,
mlIGnTB, and mIGnTC transcripts. The primers used were: mIR32 (5'-
GCCATGGACGTAGTGACCATGGCAGCCTCC-3, complemen-
tary to nucleotides 1003-1032, spanning the exon 2-3 junction of the
three mIGnT cDNAs, codon for initiation methionine as nucleotides
1-3), mIAR22 (5Y-GTGATGGATGACCATGACATACGCCAAAG
G-3', for mIGnTA, complementary to nucleotides 280-309), mIBR24
(5-GGATAGTAAGTGTGAAAGCCAGAGGGAAGC-3, for ml-
GnTB, complementary to nucleotides 275-304), and mICR26 (5'-CA
CCATGATGTAAGCCAGGGGAAAGGCAGC-3, for mIGnTC,
complementary to nucleotides 271-300) for 5-RACE, and mIF23
(5-TGGAGGCTGCCATGGTCACTACGTCCATGG-3, nucleotides
1002-1031, spanning the exon 2-3 junction) and mIF27 (5-ACACA
TACCCTCTTACCGTGGAATGCCTGG-3', nucleotides 1109-1138)
for 3’-RACE. The polymerase chain reaction (PCR) was performed
following the manufacturer’s protocol. Amplified DNA fragments
from RACE were cloned into the pCRII-TOPO vectors by a TOPO
TA Cloning Kit (Invitrogen, Groningen, The Netherlands). Their
DNA sequences were determined using a BigDye Terminator Cycle
Sequencing Kit (Applied Biosystems, Foster City, CA) and an Applied
Biosystems sequencer. The full cDNA structures of the three mIGnT
forms were assembled from the sequences of the longest 5'- and
3'-RACE products.

Reverse transcription-PCR analysis of the mIGnT transcript ex-
pression. cDNAs prepared from poly(A)" RNAs purified from mouse
heart, brain, spleen, lung, liver, skeletal muscle, kidney, and testis
(Clontech) were used. PCR amplification was performed using the

forward primers: mlAFa (5-CAAGCTTGACGGACTCTGACAT
CGGAGACC-3, for mIGnTA, nucleotides —41 through —12, codon
for initiation methionine as nucleotides 1-3), mIBFb (5-AACGA
GCCAAGGAGCTTTGCTCATCAGAGC-3, for mIGnTB, nucleo-
tides —155 through —126), and mICFc (5-CGCCTCCTAGGAGATT
CAAGCTTCAGATGC-3, for mIGnTC, nucleotides —257 through
—228). The reverse primer, mIRc (5-GTCTTCAATTTCCATTTA
GGCCGGAGCTGC-3, antisense sequence, seven nucleotides down-
stream from the stop codon in exon 3), was common for the three
transcripts. The PCR program included 5 min at 94°C followed by 40
cycles of 30s at 94°C, 30s at 68°C (for mIGnTA and mIGnTC) or
64°C (for mIGnTB), and 1.5min at 72°C. The PCR products were
analyzed by 1.5% agarose gel electrophoresis.

Twenty-eight lenses were obtained from adult mice (ICR, female).
Total RNA from the lens-epithelium cells was purified using the
RNeasy Mini Kit (Qiagen GmbH, Hilden, Germany). The first-strand
cDNA was primed by oligo(dT) priming and synthesized by Sensiscript
reverse transcriptase (Qiagen). PCR amplification, as described above,
was then performed.

Functional analyses of the enzymes encoded by the mIGnT ¢cDNAs.
The cDNA fragment encompassing the region of nucleotides 88-1203,
which encodes amino acid residues 30-401, of the mIGnTA gene was
prepared by reverse transcription (RT)-PCR using the primers mIA-
Fsfi (5'-aattggcccagecggccGATCAAAGCTACCAGAAGCTGAACA
TCTCAG-3') and mIRapa (5'-ttaagggcccGAAATACCAGCTCGGC
TGTATGGCGATCTC-3', antisense sequence). Primer of mIBFsfi
(5'-aattggeecagecggccAGAAAATTATGGAAGAACTATCATTTCC
CGAGGG-3') and primer mIRapa were used to prepare the mIGnTB
cDNA fragment encompassing nucleotides 73-1203, which encodes
amino acid residues 25-401. The mIGnTC cDNA fragment encom-
passing nucleotides 97-1203, which encodes amino acid residues 33—
401, was amplified by the primer mICFsfi (5'-aattggcccagecggecCAG
CAGCTCAACAGCTCCAGCGAAAGG-3) and primer mlRapa.
The primers contained Sfil and Apal recognition sequences (under-
lined) at the 5 ends, respectively. The template used was cDNA
prepared from poly(A)” RNA purified from mouse heart (Clontech).
The amplified cDNA fragments were cloned into Sfil and Apal sites of
the mammalian expression vector pSecTaq2A (Invitrogen), which is
designed for secretion of expressed protein using the N-terminal se-
cretion signal from the V-J2-C region of the mouse Igk chain. Vectors
containing mIGnTA, mIGnTB, and mIGnTC cDNA inserts were se-
lected and their sequences were confirmed. Control pSecTaq2A and
the three constructed plasmids were prepared using the EndoFree
Plasmid Kit (Qiagen) for transfection.

The control and the constructed plasmids were transfected into
COS-7 cells, and after expression, the culture medium was harvested,
concentrated using a Centriplus YM-10 (Millipore Intertech, Bedford,
MA), and then directly used for GlcNAc-transferase assays. The
GlcNAc-transferase assay was performed using *H-labelled UDP-
GIcNACc as the donor substrate and LS-tetrasaccharide ¢ (NeuNAcf2-
6Galp1-4GlcNAcB1-3Galf 1-4Gle, Oxford GlycoSystems, Abingdon,
UK) as the acceptor substrate. After incubation, the free and bound
[PH]GIcNAc was separated by being passed through a mixed bed of
AG1-X8 (AcO™) and AG50W-X8 (H") resins (Bio-Rad Laboratories,
Hercules, CA) as described in detail in an earlier publication [24].

Results

The mouse I locus expresses three mIGnT transcripts,
each with a different exon 1, but with identical exon 2 and
exon 3 regions

It has been previously reported that mouse ex-
presses the mIGnTA and mIGnTB transcripts, which
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have different exon 1 regions, designated exon 1A and
exon 1B, respectively, but have identical exon 2 and 3
coding regions [27]. Both of the two transcripts are made
up of 1206 coding nucleotides, which are divided into
three exons with respective coding nucleotides of 919,
96, and 191 bp. The mouse /GnT gene has been found to
be located on chromosome 13. BLAST analysis of the
gene databases at the National Center for Biotechnol-
ogy Information (National Institute of Health, Beth-
esda, MD) with the exon 1A sequence revealed, in
addition to the exon 1B region, another novel open
reading frame with significant homology within the
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Fig. 1. (A) Schematic representation of the organization of the mouse 7 locus and the structures of the expressed mIGnT gene. Three mIGnT
transcripts, mIGnTA, mIGnTB, and mIGnTC, which have a different exon 1, but identical exon 2 and exon 3, are expressed from the mouse / locus.
The coding nucleotides of exons 1A, 1B, and 1C are 919 bp, and the common exons 2 and 3 have coding nucleotides of 96 and 191 bp, respectively.
All the three transcripts predict protein products of 401 amino acid residues. The mIGnTA and mIGnTB transcripts have been reported previously
and were formerly designated as IGnT [26] or IGnTA, and IGnTB [27], respectively. The previously designated exon 1B region is found to be located
5" to the exon 1A region. (B) The organization of the human 7 locus and the structures of the expressed #/GnT gene. The coding nucleotides of the
exons 1A, 1B, and 1C are 925, 919, and 925 bp, respectively, and the common exons 2 and 3 have coding nucleotides of 93 and 191 bp, respectively.
Thus the h/IGnTA, hIGnTB, and hIGnTC transcripts encode protein products with 402, 400, and 402 amino acid residues, respectively (adapted from

Yu et al. [25]).
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TGGGGAGAGT AGGTAACACA GCAGRAGAGA GAGGCAGTGG AGGAAGGCAG GARACCCTIC ACACGCCTAG CCCGGCTCAT CCCATCCACT TTGGGGITIG

CCGTGCCGAT TG-TAACAAG AGGAAAGAGC -TAG-CAGAA A--CCCCCG- AAGGARAGG- AACGARAGGG GAGGTGAGAA ACTCAAT-TG AAAAAG-AGG
AGTTCCAGAG CGATGCCTGG CCGAAAGGTC ACTGATAGAG ATTTTCCCGC GAGGACAGGT AGGGTCATTG GCCTCTGGAA CCTCCCTGGG GIGGGGCATT

TAGCAG-GGA GAGT-ARAAG TCAGCAGATG CAA-ACIGGG -AGGCCAGAG GAGGAGGAAA AGGCTGGGCT TCGGCAACCT GCTGCTAGGA TTTAGACAAR
TTTGCGTCGT AATT-GGTTA TAAGTTACIT GGAGGCIGGG CRAATGGATCT GC-TTCG-GA AGTCIGTCAA TGAAARAAAG GAAGC-AGRAA ACAAGCT-AA
TGGCCGCAGG GATTCGCCTC CTAGGAGATT CAAGCTTCAG -ATGCGRAGT GCGGTGG-GA AAGCTGCTAA ACTCCAGCCA GTCCC-GGAG GATGGGC-CA

GGAGGTTTGA GAGAGGCGGG ATC-AGATTC TAATATCTIGC TCCAGGAGAG AGCTCGCTGC TGGGCTCCGG GAGACAAAAC AGCCGCAATT CACACTGACT
GARAAGGGAA GGGAGAGAAG AARCGAGCCAA GGAGCTTTGC T-CA-TC-AG AGCCT-CATC CGTGCGGGAT GGTACATCCG TGCGGGATGA TACTGGGACC
G--ACTCCCA CGCACTGGAG ACCCACGCCT TGAGAGCTGG G-GA-GCGIG AGCCCGCATC TGTGCGGGAG AAGCCGGCGA ATCTGGAGGA GCCAGATCCA

GGAGCATGTA CCACAGC-GA GAG-CTCCCA GGAAAAAGTA AGTCCGAGAA GGAATTGGCC AAGCTTGACG GACTCTGACA CCC TCTTIGAGGC
TGGGGA-AAA CGTAAGTTAA AGGAAGCTTT GCTCCAATIC TGTCTCTGAA AACACTTGGC TCATTTCCTG CTTTGGGA-A G- TCTTGGAAGT
CCTCTA-GCG CCTGGGCTTT CAGAACTGTG GTCACTTCIC AGTCTCCAGT GATAATT-CT TCCCGCCTGG AACCCTAA-A TA. G CCTACGCGGG

Egigaznﬁnsr COGTGCGTTA CTTCTTCATA GTGTCTGTGA CTACTGTCAT CGTTTTTATT GIGCTCTACG TGTTAAGTTT TGGAGGAGAT CAAAGCTACC
ACAGTCTTTT CAGC-CTAT- C-TC-TCAT- -TG-CTGCC- TIGATGC--T TATGITT-AT GTACGATA-- -G-ARAATTA TGGAAGA-AC TATCATTICC
AAAGTTTTCG CTGT-CICIG C-GC-TCA-- --G-C-GTG- GTAATTT—T TGIGGIT-TT TTATCACA-- -G-CCAGCTA AGCCIGC-CC AACCTCTACC

AGRAGCTGAA CATCTCAGAC TCGGTGATG- CTG-GCTCAA GIGIGCTCAT CTTTCATCGA CGGGAAAARGC CGGTTC—CT GTGGAGA-AA CAAACTA-AT
CG-AGGGCGG T—TTCCAAT -ATTTCA-GT CTTAGCGGAA GTCTGCTTGC AGATGTTCAG TGGGGAGAGT TTTTAT-ACA GCGGACAGCG CACGGAAAAC
AGCAGCTCAA CAGCTCCAGC GAAAGGACGT CIGTCACCAT CIGIGATTAC GGCTTGCAAA ATCATACGIT CTTCACGACG GGEGACACAT CAC—CACAT

AAGGAGATAG TTCAGTACCT GAAAGGGCTT AAGGGGAAGA ACCTCACTCC CGGGETGCTE CCTCCAGCCC ACGCCATTGG AAGGACCAGG TACGTCCACC
AANGARATAG TTCAGTACCT GAAACGGTTT ATTGGGAAGA ACCTCACCCC AGGGETGCIG CCTCCTGCAC ATGCAGTTGG AAGAACCAAG TACGTCCACC
AAGGAAATAA TTAACCATCT GAAAAGATTT AAGGGGAAAA ACATCACTCC GGGAGTGCTG CCCCCTGCGT ACATAGTIGT ACGGACTAAA TATGTACACC
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Fig. 2. (A) Nucleotide sequences of the mIGnTA, mIGnTB, and mIGnTC cDNAs. The full-length cDNA structures of the three mIGnT forms were
established using 5'- and 3’-RACE performed on cDNA derived from mouse heart. The translation start codons are numbered 1-3. The translation
start and stop codons are boxed. The exon 1-exon 2 and exon 2-exon 3 junctions are indicated by arrows. The sequences for mIGnTA, mIGnTB, and
mIGnTC cDNAs have been deposited in the GenBank/EBI Data Bank with Accession Nos. AY236873, AY236874, and AY236875, respectively. (B)
Amino acid sequences are deduced from the mIGnTA, mIGnTB, and mIGnTC cDNAs. The nine conserved cysteine residues are indicated by asterisk.
Solid lines underline the hydrophobic segments at the N-terminals.
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B *
mIGnTA MPPSVRYFFI VSVTTVIVFI VLYVLSFGGD QS----YQKL NISDSVMLAQ VCSSFIDGKS 56
mIGnTB MGSWKYSLFS LS----LIAA LMLMFMYDRK LWKNYHFPR- AVSNISVLAE VCLQOMFSGES 55
mIGnTC M-SLRGKVFA VS----ALSV VIFVVFYHSQ LSLPNLYQQL NSSSERTSVT ICDYGLQNHT 55
*
mIGnTA RFLW-RNKLM IHEKPSCTEY VTOSHYITAP LSQEEVDFPL AYVMVIHHNF DTFARLFRATI 115
mIGnTB FYTADSARKT TLENFTCPEY KIONHYITET LSEEEARFPL AFTLTIHKDY DTFERLFRAT 115
mIGnTC FFTTGDTSPH PLERLSCPQY RIQSHYITSP LSEEEAAFPL AYIMVIHKDF DTFERLFRAI 115
* % 1 *
mIGnTA FMPONIYCVH VDEKATAEFK GAVEOLVSCF PNAFLASKME PVVYGGISRL OADLNCIKDL 175
mIGnTB YMPONVYCVH VDSKATDTFK EAVROLLSCF PNAFLASRME PVVYGGFSRL OADLNCMKDL 175
mIGnTC YMPONVYCVH VDSKATDTFK EAVRQLLSCF PNAFLASKVE QVVYGGFSRL QADLNCMKDL 175
*
mIGnTA STSEVPWKYA INTCGODFPL KTNEKEIVQYL KGLKGKNLTP GVLPPAHAIG RTRYVHREHL 235
mIGnTB VASKIPWKYV LNTCGODFPL KTNKEIVQYL KRFIGKNLTP GVLPPAHAVG RTKYVHQELL 235
mIGnTC VASKVPWKYV LNTCGQDFPL KTNKEIINHL KRFKGKNITP GVLPPAYIVV RTKYVHQERK 235
mIGnTA SKELSYVIRT TALKPPPPHN LTIYFGSAYV ALSREFANFV LRDPRAVDLL HWSKDTFSPD 295
mIGnTB DHENPYVHNT ARLEKAPPPHN LTIYFGTAYV ALTREFANFV LKDQRSVDLI SWSKDTYSPD 295
mIGnTC GKDGYFMHKT NILKTPPPHQ LIIYFGTAYV ALTRDFVNFI LNDERAIALL EWSKDTYSPD 295
e #
mIGnTA EHFWVTLNRI PGVPGSMPPN ASWTGNLRAV KWMDMEAKHG GCHGHYVHGI CIYGNGDLOW 355
mIGnTB EHFWVTLNRI PGVPGSMPPN ASWTGNLRAV KWMDMEAKHG GCHGHYVHGI CIYGNGDLOW 355
mIGnTC EHFWVTLNRI PGVPGSMPPN ASWTGNLRAV KWMDMEAKHG GCHGHYVHGI CIYGNGDLQW 355
*
mIGnTA LINSOSLFAN KFELNTYPLT VECLELRLRE RTLNOSEIAI OPSWYF 401
mIGnTB LINSOSLFAN KFELNTYPLT VECLELRLRE RTLNOSEIAT OPSWYF 401
mIGnTC LINSQSLFAN KFELNTYPLT VECLELRLRE RTLNQSEIAI QPSWYF 401

Fig. 2. (continued)

Thus, three mIGnT transcripts with different exon 1,
but identical exon 2 and 3 regions, are expressed from
the mouse 7 locus. The previously designated exon 1B
region was found to be located 5 to the exon 1A;
however, we retain using the nomenclature. A very
similar molecular genetic organization, as illustrated in
Fig. 1B, has recently been demonstrated for the human 7
locus.

To establish the structures of the three mIGnT
cDNAs, 5- and 3-RACE were performed on cDNA
derived from mouse heart. The full cDNAs (Fig. 2A)
were assembled from the sequences of the longest 5'-
and 3'-RACE products. From 5-RACE, the longest 5
untranslated regions identified were 484, 387, and
282bp for the mIGnTA, mIGnTB, and mIGnTC
cDNAs, respectively, and the longest 3’ untranslated
region obtained was 340 bp. The full cDNA structures
assembled were further demonstrated by RT-PCR us-
ing the synthetic primers which anneal to the extreme
5 and 3’ ends of the cDNA sequences (data not
shown).

Exon 1C also consists of 919 coding nucleotides like
exons 1A and 1B, and thus all three transcripts have
open reading frames of 1206 nucleotides, predicting
protein products of 401 amino acid residues (Fig. 2B).
The protein product encoded by the novel mIGnTC
cDNA has potential hydrophobic transmembrane seg-
ments at N-terminals, as do the mIGnT A- and mIGnTB-
encoded P6GIcNAcTs, and shares 70% and 73%
sequence identity with the mIGnTA and mIGnTB
B6GIcNACTS, respectively. Sixty-three percentage over-

all sequence identity is demonstrated for the three ml-
GnT proteins. Nine cysteine residues are conserved
across all three of them.

Expression profiles of the mIGnT transcripts in various
mouse tissues

Using RT-PCR analysis, differential expression pro-
files for the three mIGnT transcripts in the mouse tissues
were revealed (Fig. 3A). For instance, a relatively strong
expression of the mIGnTA transcript, with weak ex-
pression of the mIGnTC transcript and only trace
amounts of the mIGnTB transcript, was demonstrated in
heart. In lung tissue, significant expression of all the
three transcripts was observed, whereas only the ml-
GnTB transcript, but not the other two, was detected in
liver.

The expression of the three mIGnT transcripts in
epithelium cells of the mouse lens was examined. As
shown in Fig. 3B, only the mIGnTA transcript, but not
the other two forms, was detected in the RNA sample
purified from epithelium cells of the mouse lens.

Activity of the enzymes encoded from the mIGnT ¢cDNAs

The protein product encoded from the novel mIGnTC
cDNA was expressed in mammalian cells (COS-7), and
its potential GIcNACT activity was examined and com-
pared with those of the I B6GIcNACcTSs encoded from the
mIGnTA and mIGnTB cDNAs. As shown in Table 1,
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Fig. 3. The expression profiles for the mIGnT transcripts in various mouse tissues (A) and the epithelium cells of the mouse lens (B). cDNAs prepared
from poly(A)™ RNAs purified from mouse heart, brain, spleen, lung, liver, skeletal muscle, kidney, and testis were used for the former. PCR using
gene-specific forward primer and common reverse primer was performed, as described in Materials and methods. The RT-PCR products were
analyzed using 1.5% agarose gel electrophoresis. The expected sizes of the products from the mIGnTA, mIGnTB, and mIGnTC transcripts were 1283,
1397, and 1499 bp, respectively. In the RT-PCR for the IGnTA, together with the 1283-bp products (indicated by an arrow), additional products of
approximately 1.1 kb in size were observed. This smaller product, believed to result from alternative splicing, has been demonstrated by sequencing to
consist of a shorter exon 1A region conjoining with exon 2-3 regions, and does not have a correct reading frame relative to the exon 2-3 coding
sequence. The bands (indicated by an asterisk), approximately 1.5kb in size, were the hybrid complex of the IGnTA 1283-bp and the alternatively
spliced 1.1kb products. An alternatively spliced /GnTB transcript, approximately 400 bp in size, consisting of a very short exon 1B region, was
observed in the lung tissue. The expression of the three mIGnT transcripts in the epithelium cells of the mouse lens was examined. The first-strand
cDNA, primed by oligo(dT) primer, was synthesized by Sensiscript reverse transcriptase using total RNA purified from the epithelium cells of a
number of mouse lenses as the target for PCR amplification.

Table 1
The GIcNACT activity of the enzymes encoded from the mIGnTA, mIGnTB, and mIGnTC cDNAs
Vector mIGnTA mIGnTB mIGnTC
GIcNACc transferred (pmol) 76.0 + 6.1 2488.3 £ 1154 4225.9 £+ 399.0 4158.2 £ 186.1

The results of the average and standard deviation of four tests are shown. Endogenous transfer of GIcNAc in the absence of acceptor substrate
was corrected for each test. The amounts of transferred GlcNAc in the vector control, pSecTaq2A, indicate the background levels of the assay and
are believed to result from the addition of the acceptor substrate.

GIcNACT activity was detected for the expressed ml-
GnTC protein product as well as for the mIGnTA- and
mlIGnTB-encoded products. It has been clearly demon-
strated that the enzymes encoded by the mIGnTA and
mIGnTB transcripts show I B6GIcNACT activity [26,27].
Compared with the mIGnTA and mIGnTB B6GIcN-
AcTs, comparable or even higher GIcNACcT activity was
demonstrated for the mIGnTC enzyme with the same
acceptor substrate, LS-tetrasaccharide ¢, which mimics

the 1 structure, the precursor of I epitope, and has been
shown to be a good acceptor substrate for B6GIcNAcT
activity assay [27].

Discussion

The present study has demonstrated that, in addition
to the previously reported mIGnTA and miIGnTB
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Table 2
The homology for the amino acid sequences of the mouse and human IGnTs
mIGnTB mIGnTA mIGnTC hIGnTA hIGnTB hIGnTC
mIGnTB 100
mIGnTA 69 100
mIGnTC 73 70
hIGnTA 68 100
hIGnTB 69 73 100
hIGnTC 68 69 71 73 100

The identity percentages for the amino acid sequences are represented. The amino acid sequences were aligned, using GeneWorks software, and
different alignment parameters were applied to obtain the highest identity percentage. The highest three of the identity percentages among the
comparisons of the different IGnTs are boxed. Note that the mIGnTB is ordered in front of the mIGnTA, according to their relative positions in the

genomic structure.

transcripts, a third mIGnTC transcript is expressed
from the mouse I locus. The three mIGnT transcript
forms have different exon 1 but identical exons 2 and 3.
The enzymes encoded from the mIGnTA and mIGnTB
cDNAs have been shown to exhibit I B6GIcNACT ac-
tivity. The results shown in enzyme function assay
suggest that the mIGnTC-encoded enzyme also has I
B6GIcNACT activity. Nevertheless, further carbohy-
drate structure analysis of the products generated from
mIGnTC enzyme activity is required to further char-
acterize the GIcNACcT activity and to demonstrate the
specific nature of the I PO6GICNACT activity of the
newly identified mIGnTC enzyme. More detailed
comparison of the enzyme kinetics of the three mIGnT
enzymes and whether this newly identified enzyme
possesses any other glycosyltransferase specificity other
than the I PB6GIcNACT activity are also worthy of
further investigation.

The three mIGnT transcripts were shown to exhibit
differential expression across various mouse tissues. The
5'-RACE analyses showed that the three m/GnT cDNAs
did not have a common 5 region, indicating that tran-
scription of the mIGnT forms may be determined by
different DNA regulatory regions or by different regula-
tory mechanisms. It will be of interest to elucidate the
regulatory mechanisms for each of the three mIGnT
forms and to thus gain an understanding of how the dif-
ferential regulation of the mI/GnTs may be manipulated.

It should be noted that the molecular genetics pro-
posed for the mouse 7 locus is homologous with that for
the human 7 locus, which has been recently revealed to
express three transcripts, hIGnTA, hIGnTB, and hl-
GnTC, each also with different exon 1 but identical exon
2 and 3 coding regions [25]. Furthermore, the genomic
organizations of the exon regions for the mouse and
human 7 loci show a high degree of homology (Figs. 1A
and B). The existence of such an unusual molecular
genetic mechanism for 7 locus, which expresses three
different transcripts through utilizing different promoter
regions, both in human and mouse, and the highly ho-
mologous [I-locus genomic organization in the two
species suggest conservation of the I-gene locus during

evolution. Indeed, the similarities between the homolo-
gous IGnTs for the two species are higher than the
similarities between the IGnT forms in the same
species. The similarities between the six IGnT proteins
were compared by sequence alignment analysis (Gene-
Works version 2.3, IntelliGenetics, Campbell, CA) and
are presented in Table 2. The mIGnTB protein with
hIGnTA, mIGnTA with hIGnTB, and mIGnTC with
hIGnTC have identities in amino acid sequence of 78%,
86%, and 75%, respectively, which are the highest three
among all comparisons of the six IGnTs. The sequence
identities among the three mouse IGnTs range between
69% and 73%, while those among the human IGnTs
range between 71% and 73%. The UPGMA (unweighted
pair-group method using arithmetic means) distance tree
[28], based on these amino acid sequence identity com-
parisons, showed clustering of mIGnTB with hIGnTA,
mIGnTA with hIGnTB, and mIGnTC with hIGnTC
(data not shown), suggesting a homologous origin for
each pair. The UPGMA trees established using the nu-
cleotide sequences, full length or only the exon 1 coding
region, also gave similar clustering patterns.

Although the I antigen has been referred to as onco-
developmental antigen due to its altered expression at
different cell stages during development and in onco-
genesis, the I carbohydrate structure or the I B6GIcNAcCT
enzyme has never been clearly given any physiological
significance. However, the human 7 locus has been cor-
related with the development of congenital cataracts, as
the partial association of congenital cataracts with the
adult i phenotype, a rare blood type where RBCs do
not express common I epitope due to a defect in the I
B6GIcNACT activity, has been observed [29-34]. Re-
cently, through molecular genetic studies and pedigree
analyses of the individuals with the adult i phenotype, the
molecular genetic background explaining the partial
association of the adult i phenotype with congenital
cataracts has been elucidated [24,25], and this has indi-
cated that a defect in the human 7 locus may lead directly
to the development of congenital cataracts. The hIGnTB
was found to be the only one of the three #/GnT tran-
scripts expressed in the epithelium cells of the human lens
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[25], suggesting that the hIGnTB form of the enzyme may
play a functional role in lens transparency. Interestingly
the mIGnTA transcript was the only one of the three
mlIGnT forms detected in RNA purified from the epi-
thelium cells of the mouse lens (Fig. 3B). The mouse
IGnTA form is the homologue of the human /GnTB
form, judging from their similar genomic organization
position and the high sequence identity (86%) of the gene
products.

The molecular genetics proposed for the I locus, in
mouse and in human, offers a new perspective on the
formation and expression of the I antigen in different
tissues and cells. In attempting to understand the ex-
pression profiles of the I antigen in different tissues and
cells and the mechanisms controlling the appearance
and disappearance of the I antigen, the functional roles
of the three individual /GnT forms should be considered.
The homology of the molecular genetics of the 7 locus in
mouse and human suggests that mouse might be an
appropriate animal model for the study of the biological
significance of the I carbohydrate structure and the I
B6GIcNACT activity. It will be especially interesting to
understand the mechanism underlying the /-gene defect
associated with the formation of cataracts and the
functional role that the I-gene product may play in
maintaining lens transparency.
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