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Abstract We found that there are at least five subclasses of
N-acetylglucosaminyltransferase I (GnT-I; EC 2.4.1.101)
mRNA with different 5'-untranslated regions in rat brain. These
five subclasses were also expressed in many tissues with distinct
tissue-specific patterns. Moreover, they were regulated differ-
ently in response to acute-phase inflammation. The expression of
the most abundant subclass of GnT-I mRNA in rat liver
decreased 2.5-fold in response to inflammation, concomitantly
with a significant decrease in the total amount of GnT-I mRNA.
In contrast, one of the minor subclasses of GnT- mRNA was
induced 10-fold by inflammation.
© 1998 Federation of European Biochemical Societies.
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1. Introduction

Among the protein N-glycosylation enzymes, N-acetylglu-
cosaminyltransferase I (GnT-I; EC 2.4.1.101), which transfers
a GlcNAc moiety from UDP-GIcNAc to the oligomannosyl
acceptor Man;GIlcNAcy-Asn, initiates the conversion of high-
mannose N-glycans to hybrid and complex type structures [1].
Since the transfer of GIcNAc by GnT-I is required for the
subsequent processing, GnT-I is one of the key enzymes to
produce the hybrid and complex N-glycans. Although loss of
GnT-I activity in cultured cells did not show any apparent
effects on the cell growth, GnT-I-deficient transgenic mice
die during embryonic development with pleiotropic defects
[2-4], suggesting the importance of GnT-I and hybrid and
complex N-glycans in morphogenesis and development. The
regulated expression of GnT-I may control the ratio of com-
plex and hybrid N-glycans to high-mannose ones, and thus
regulate many biological interactions.

GnT-I cDNAs and/or genomic genes have been isolated
from various species, such as rats [5], rabbits [6], mice [7],
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The nucleotide sequence data reported in this paper have been
submitted to the DDBJ/EMBL/GenBank nucleotide sequence data-
bases with the accession numbers AB012874 (1AL-3), AB012875 (1AS-
3), AB012876 (1B-3), AB012877 (1AS-2-3) and AB012878 (1B-2-3).

and humans [8-10] by our and other groups. GnT-I mRNA
is regulated in a tissue specific manner in these species. We
found that there were two transcripts of GnT-I different in
length in rats [5]. The major transcript of GnT-I mRNA was
3.0 kb in most tissues, while the longer 3.3-kb transcript was
dominant in the brain. Transcripts different in length have
also been observed in mice [7] and humans [10] although their
functional significance is unknown.

There are many reports that suggest the involvement of
lectin-carbohydrate interactions in immune responses and in-
flammation. It is especially interesting that IL-1, IL-2 and
TNF have lectin activity and bind to high-mannose N-glycans
[11-13]. The GnT-I substrate, Man;GlcNAc,-Asn, has been
reported to be a good ligand for the lectin activity of IL-2
[13]. Treatment of human monocytes with deoxymannojirimy-
cin, that inhibits Golgi o-mannosidase I and thus increases
high-mannose N-glycan content, enhances the cytokine activ-
ity of IL-1 on these cells [11]. Mannose oligomers which bind
to IL-1 and -2 have been reported to have immunosupressive
effects in vitro [14]. These findings suggest that the regulation
of the high mannose N-glycan expression is involved in im-
mune responses and inflammation, although the details are
unclear.

We now report that the size difference of rat GnT-I tran-
scripts resulted from the variation of the length of the
5’-untranslated region (UTR), probably due to the alternative
usage of transcriptional start sites. We also found at least five
classes of GnT-I mRNA expressed with different 5’-UTRs
and regulated differently in tissues and in response to inflam-
mation.

2. Materials and methods

2.1. Library construction and screening

Rat brain RNA was isolated by the acid guanidium thiocyanate-
phenol-chloroform method [15] and poly(A)* RNA was purified with
the mRNA Purification Kit (Pharmacia). A cDNA library was con-
structed as previously described [5]. We screened 3X10° of plaques
with a probe covering the entire coding region of rat liver GnT-I
cDNA to obtain 21 positive clones. Nucleotide sequences were deter-
mined for 18 of them.

2.2. 5'-RACE

The 5'-distal region of GnT-I cDNA was amplified from rat brain
mRNA with a 5'-AmpliFINDER RACE Kit (Clontech) following the
manufacturer’s instructions. Primer P1 (TCATCACCAAGGG-
CACTGTCTGAGG), which was complementary to the nucleotides
294-270 of the rat liver GnT-I cDNA [5], was used for cDNA syn-
thesis. The primer P2 (GTCGAATTCCAGCCCACAAAGATGA-
TAGC), complementary to the nucleotides 220-197 with additional
bases on its 5'-end for an EcoRI site was used for PCR. The products
were cloned into the EcoRI site of pBluescript (Stratagene).
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2.3. Northern hybridization

Total RNA (20 pg) was electrophoresed in formaldehyde-agarose
gel and transferred to Hybond N (Amersham). Hybridization was
carried out at 42°C with 50% formamide or 60°C without formamide.
The entire coding region of the rat GnT-I cDNA was amplified by
PCR and used as a probe to detect the total mRNA of GnT-1. The
class 1AL-specific probe, which covered the bases in the 5'-UTR
between 555 bp and 371 bp upstream from the translational start
site, respectively, was amplified by PCR from a cloned 5'-RACE
product (see above).

2.4. RT-PCR

cDNA was synthesized from 2 ug of total RNA by MMLYV reverse
transcriptase with random hexamers and 1/50 of this cDNA was used
for PCR. Primers MGF (AAGTGTACTCTCGCCATCCA) and
MGR (CAGAGCTCCATAGAGCTTGA) were used for Bo-micro-
globulin mRNA as an internal control [16,17]. Primers 1AF
(GTTGCGCGTTGATCTCC) and R (CAGACTGCTTCTTCAG-
CATCC) were for GnT-I mRNA including exon 1A, primers 1BF
(CATTGCTTGCTAGCAGGAAG) and R for GnT-I mRNA includ-
ing exon 1B, and primers 2F (TCATCACACTGTGCACATGG) and
R for GnT-I mRNA including exon 2. PCR was carried out in 10 pl
reaction in the presence of 5 uCi of [0-*’P]JdATP. Twenty cycles of
amplification were made for microglobulin and the exon 1A, 24 cycles
for the exon 1B and 2 in Fig. 3. In Fig. 4, 18 cycles of amplification
were made for the exon 1A, 21 cycles for the exon 1B, 17 cycles for
microglobulin and 14 cycles for angiotensinogen. The products were
electrophoresed and analyzed by BAS 2000 image analyzer (Fuji Pho-
to Film). The validity of the PCR quantitation was confirmed by
separate experiments shown in Fig. 1.

2.5. Induction of acute-phase response by lipopolysaccharide

Adult female Wistar rats were injected intraperitoneally with 0.6 mg
of lipopolysaccharide from E. coli O128:B8 (Sigma) dissolved in 6 ml
of 0.8% NaCl. Control rats were injected with 6 ml of 0.8% NaCl.
Total liver RNA was isolated as described above.

3. Results

3.1. Structures of the alternative forms of rat GnT-I1 mRNA
To determine the function of the two transcripts different in

length, we cloned GnT-I ¢cDNA from rat brain, where the

longer transcript of GnT-I is preferentially expressed. Eight-
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Fig. 1. Confirmation of the validity of RT-PCR quantitation. The
class 1A GnT-I (see Fig. 2) and Pe-microglobulin cDNA were am-
plified from varying amounts of rat liver cDNA on the same condi-
tions as in Fig. 3. Since amplification of the other classes of GnT-I
cDNA produced similar results, only the results for these two
cDNAs are shown. The signal intensity produced from 1 pl of
cDNA was taken as 1. Solid line: By-microglobulin; dotted line:
class 1A GnT-I.
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Fig. 2. The 5-UTR structures of GnT-I mRNA detected by
5'-RACE. a: Schematic structures of the isolated 5’-RACE clones.
b: A presumed genome structure of rat GnT-I gene based on the
comparison of the five mRNA classes shown in a. It includes three
hypothetical transcriptional start sites and an alternatively spliced
exon. Arrows indicate the primer arrangements used in RT-PCR
shown in Fig. 3. The position of the 1AL-specific probe used in
Fig. 4 is also shown.

een clones of GnT-I cDNA were partially sequenced from
both ends (data not shown). This preliminary analysis showed
that one of the brain clones, later found to belong to the class
1B-3 (see below), had a unique sequence of 31 bases in its 5’'-
UTR, which was totally different from the corresponding re-
gion of the reported liver GnT-I cDNA [5]. Based on these
results we hypothesized that the variation of 5'-UTR produ-
ces the two transcripts differing in length.

To test this hypothesis, the 5’-UTRs of GnT-I mRNA were
isolated from rat brain by 5'-rapid amplification of cDNA
ends (5'-RACE), since the 5’-UTR structure of mouse GnT-
I mRNA has also been determined by a similar anchored-
PCR strategy [18]. The cloned RACE products from rat brain
were categorized into five classes (Fig. 2a). Class 1AS-3 con-
sisted of clones which were similar to the liver cDNA. The 5’-
UTR of the longest clone in this class was 175 bp and in-
cluded the whole 5'-UTR of the reported liver cDNA. The
class 1AL-3 clones included the whole 5'-UTR of the class
1AS clones and had an additional sequence upstream it. The
5’-UTR of the longest clone of this class was 623 bp. Class
1AS-2-3 was similar to class 1AS-3 but had an additional
sequence of 107 bp inserted between the bases —123 and
—124 from the start codon of GnT-I. The class 1B-3 clones
contained a different sequence from class 1AS-3, 1AL-3 and
1AS-2-3 in the region upstream the base —124, although the
sequence downstream the base —123 was the same as class
1AS-3. Class 1B-2-3 was similar to class 1B-3 but the same
107-bp sequence was inserted at the same position as in class
1AS-2-3. A putative genome structure of the rat GnT-I gene
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Fig. 3. Expression of GnT-I mRNA subtypes in various tissues.
GnT-I mRNA subtypes were amplified from various rat tissues by
RT-PCR with the specific primer pairs shown in Fig. 2b; primers A
and R for exon 1A, primers B and R for exon 1B, primers 2 and R
for exon 2. cDNA synthesis and amplification were performed as
described in Section 2. By-Microglobulin (2-MG) mRNA was used
as a control.

was suggested by the comparison of these 5'-UTR structures
(Fig. 2b).

3.2. Tissue-specific expression of GnT-I mRNA with the
various 5'-UTRs

We determined the expression of the various 5’-UTRs of
GnT-I mRNA in rat tissues by RT-PCR. Fig. 3 showed that
class 1A-2-3 mRNA was much less abundant than class 1A-3
(i.e. class 1AS-3 plus 1AL-3) in tissues examined. The only
exception was found in testis, where the amount of class 1A-2-
3 mRNA was comparable to that of class 1A-3. Class 1B-2-3
was much less abundant than class 1B-3 either, even in testis.
These data suggested that the transcripts containing exon 2
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Fig. 4. Detection of the class AL GnT-I mRNA from rat tissues
by Northern blot hybridization. While the coding region probe de-
tected two mRNA species, 3.3 kb and 3.0 kb (lower panel), the
class 1AL-specific probe hybridized only to the 3.3-kb mRNA
(upper panel). Note that the 3.3-kb mRNA was most enriched in
brain and virtually undetectable in liver. Arrowheads show the posi-
tions of 3.3-kb and 3.0-kb GnT-I mRNA on each panel. The ar-
rows indicate the positions of 28 S and 18 S rRNAs.
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are much less abundant than those without exon 2 in most
tissues, whatever the first exon used. Although we could not
determine the exact amount of class 1B-3 mRNA relative to
class 1A-3, the analysis of the amplification kinetics (data not
shown) suggested that class 1B mRNA was minor compared
to class 1A-2-3 at least in the brain. These data suggested that
the major 5-UTR of GnT-I mRNA in rat tissues is either
class 1AS-3 or 1AL-3.

3.3. Class 1AL-3 mRNA is the 3.3-kb transcript in brain
The difference in length between class 1AS-3 and 1AL-3
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Fig. 5. Acute-phase responses of GnT-I mRNA subclasses in rat liv-
er. Adult female rats were injected intraperitoneally with lipopoly-
saccharide to induce an acute-phase response. Relative amounts of
the class 1A-3 (a), 1B-3 (b), angiotensinogen (c) and Ps-microglobu-
lin (internal control) mRNA in liver were measured by RT-PCR
after indicated time. Average of the data from two untreated rats
(indicated at 0 h) was taken as 1 on the ordinate. The representative
of two independent experiments is shown. Each experiment was
done in duplicate and the error bars indicate the standard devia-
tions. Open bars: Control rats; shaded bars: lipopolysaccharide in-
jected rats.
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Fig. 6. Transient reduction of the total amount of GnT-I mRNA in
liver in response to lipopolysaccharide injection. Twenty micrograms
of total liver RNA were analyzed on a Northern blot hybridization,
probed with GnT-I coding region (a) or glyceraldehyde-3-phosphate
dehydrogenase gene (b) as a control. The representative of two inde-
pendent experiments is shown.

and estimated amounts of the various 5’-UTRs suggested that
the 3.3-kb GnT-I mRNA preferentially expressed in rat brain
is class 1AL-3, while the 3.0-kb mRNA expressed in liver is
class 1AS-3. We performed Northern blot hybridization
analysis with a probe specific to the class 1AL 5’-UTR to
examine this assumption (Fig. 4). The 1AL-specific probe hy-
bridized only to the 3.3-kb transcript, and not to the 3.0-kb
transcript. 1AL 5-UTR was expressed strongly in the brain,
moderately in the heart, kidneys, spleen, lungs and ovaries,
and scarcely in the liver, colon, skin and muscle. This indi-
cated that the expression of class 1AL was roughly propor-
tional to that of the entire GnT-I mRNA (Fig. 4b) except in
the brain, liver, and heart. Class 1AL is a major product in
the brain and it is scarcely expressed in the liver. The heart
showed a moderately high proportion of 1AL mRNA. These
results are consistent with the assumption that the 3.3-kb and
3.0-kb mRNA are class 1AL and 1AS, respectively.

3.4. Response of GnT-I mRNAs to inflammation

N-linked glycans have been suggested to play some role in
the interaction between lymphocytes [19]. In addition, IL-1
reportedly binds high-mannose type oligosaccharides to gen-
erate surface membrane-bound forms [12]. These findings sug-
gest that N-glycan structures and GnT-I expression are regu-
lated by some immunological events, such as inflammation.
To examine this possibility, we examined the expression of
GnT-I mRNAs in rats with acute inflammation induced by
the injection of lipopolysaccharide. RT-PCR analysis demon-
strated that the acute inflammation caused a 2.5-fold decrease
of class 1A mRNA within 4 h and it persisted until 12 h after
the injection (Fig. 5). On the other hand, class 1B mRNA
increased up to 10-fold after 12 h. Angiotensinogen mRNA,
which is known to be induced in liver in acute-phase response
by an NF-xB-like factor [20], showed up to 15-fold induction
4 h after the injection and remained at 10~ 12-fold induced
level until at least 12 h. Northern blot hybridization revealed

231

that the total amount of GnT-I mRNA in liver decreased in
response to inflammation (Fig. 6), in agreement with our find-
ing that the majority of GnT-I mRNA in rat liver is class
1AS-3. Hybridization with a class 1A-specific probe confirmed
the decrease of this class of GnT-I mRNA (data not shown).
We could not detect the class 1B GnT-I mRNA by Northern
blot hybridization on the condition we used (data not shown).

4. Discussion

In the present study we showed that the size difference of
the previously reported isoforms of rat GnT-I mRNA resulted
from the variation of 5'-UTR and there were at least five
subclasses of GnT-I mRNA with different 5’-UTRs. These
subclasses of GnT-I mRNA were found to be regulated differ-
ently in response to inflammation caused by lipopolysacchar-
ide. The total amount of GnT-I mRNA in liver was decreased
by the inflammation as a sum of these responses. These ob-
servations are the first evidence that suggests the involvement
of the GnT-I gene regulation in immune responses and inflam-
mation. Some cytokines, such as IL-1, IL-2 and TNF, were
shown to have lectin activity and bind to high-mannose
N-glycans, including the GnT-I substrate, Man;GIcNAc,
[11-13]. The lectin activity of IL-2 has been suggested to
work in associating the IL-2 receptor  with T-cell receptor
(TCR) complex, inducing the IL-2 signal transduction [21].
Furthermore, treatment of human monocytes with deoxyman-
nojirimycin, that increases the high-mannose N-glycan con-
tent, enhances the cytokine activity of IL-1 on these cells
[11]. Altogether, these observations suggest that the regulation
of GnT-I expression plays an important role in the inflamma-
tory response, i.e. the decreased expression of the GnT-I
would increase the amount of high-mannose N-glycan on
hepatocytes, enhancing the cytokine activity in acute phase
inflammation.

It is also interesting that class 1B mRNA of GnT-1 was
induced by lipopolysaccharide injection while class 1A-3
mRNA was repressed. Although the induction of class 1B-3
mRNA would not be significant in liver where the majority of
GnT-I mRNA was class 1AS-3, this differential regulation
suggests that GnT-I expression would rather increase in re-
sponse to inflammation in some tissues or cells where the
transcription of class 1A mRNA is less active. It would allow
a variety of tissue-specific responses of GnT-I expression to
inflammation.

We found that the difference between the 3.3-kb and 3.0-kb
GnT-I mRNAs was in the length of their 5'-UTRs. The 3.3-
kb mRNA had an unusually long 5’-UTR (600-630 bp) and
contained eight upstream ORFs (uORFs) in the 5'-UTR. This
feature suggested the involvement of the translational regula-
tion in the control of GnT-I expression. It is well established
that uORFs reduce the translational efficiency of the mRNA
in vitro. Furthermore, uORFs in 5’-UTR determined the tis-
sue-specific expression in some cases [22]. Two GnT-I tran-
scripts different in length were also observed in mice [7] and
humans ([10], and our unpublished data), suggesting the sig-
nificance of the 5’-UTR and uORFs in regulating this gene.

Mouse GnT-I has been reported to have two size classes of
mRNA similar to rat GnT-I as described above. Yang et al.
have determined the 5'-UTR sequences of these mRNAs
(Mgat-11 and Mgat-1s) [18]. These mouse 5'-UTRs were div-
ided by two introns and thus structurally resembled the class
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1A-2-3 mRNA of rat GnT-I. The putative second exon of the
mouse GnT-I, however, was completely different from the
putative exon 2 in the rat, although the other regions were
90% homologous. Moreover, the 22 bases on the 5'-terminal
of Mgat-1s were not included in Mgat-1] and did not have any
corresponding sequence in the rat 1AS-3 mRNA. This sug-
gests that the structure of the GnT-I gene in rats may not be
identical to that in mice. Another possibility is that Mgat-1s
was a splicing variant which has not been found, or does not
exist, in rats. Analysis of the genomic gene of GnT-I both in
rats and mice would be indispensable.

We found at least five subclasses of rat GnT-I mRNA and
they responded to inflammation differently. It is interesting to
presume that the response of GnT-I expression to inflamma-
tion has an important role in immune responses through the
cytokine network, by regulating the binding ability of certain
cytokines to cell surface N-glycans. We need to determine
what molecule(s) mediate(s) the regulation of the GnT-I ex-
pression and what occurs on the N-glycan structures and cy-
tokine networks in response to inflammation.
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