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ABBREVIATIONS

cDNA complementary DNA

CRE cyclic adenosine 3',5’-monophosphate responsive element
dATP deoxyadenosine 5’-triphosphate
DNA deoxyribonucleic acid

EDTA ethylenediaminetetraacetic acid

ER endoplasmic reticulum

Gle glucose

GlcNAc N-acetylglucosamine

GnT N-acetylglucosaminyltransferase
kb kilobase

kDa kilodalton

Man mannose

MMLV Moloney murine leukemia virus
mRNA messenger RNA

ORF open reading frame

PAGE polyacrylamide gel electrophoresis
PBS phosphate-buffered saline

PCR polymerase chain reaction

PIPES piperazine-N,N’-bis(2-ethanesulfonic acid)
RACE rapid amplification of cDNA ends
RNA ribonucleic acid

rRNA ribosomal RNA

RT-PCR reverse transcription PCR

SDS sodium dodecyl sulfate

UDP uridine 5°-diphosphate

uORF upstream ORF

UTR untranslated region
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INTRODUCTION

Most proteins presented at the external surface of mammalian cells have carbohydrate
moieties covalently linked through N- or O-glycosidic bond. Carbohydrate chains on
proteins have much variety and heterogeneity because they contain rich variation of the
component sugars, such as mannose (Man), galactose, N-acetylglucosamine (GlcNAc) and
sialic acid. Further, sugars can link to each other with several sterically different linkages.
However, in spite of this variety and heterogeneity, carbohydrate chains are not the mixture
of random structures but are constrained within a complex but limited structural framework.

Recent studies showed that certain proteins often acquire specific carbohydrate
structures, those serve as recognition markers or modulate the function of the proteins in
many biological steps (1). For example, certain proteins on myeloid or endothelial cells have
sialylated, fucosylated, and sometimes sulfated glycans those serve as recognition motifs for
selectin family of cell adhesion molecules in case of inflammation and leukocyte homing (2).
A portion of neural cell adhesion molecule (N-CAM) has polysialic acid and this unique
carbohydrate  structure modulates the homotypic adhesion of N-CAM (3).
Monoglucosylated N-glycans can serve as a marker of misfolded proteins in endoplasmic
reticulum (ER) and are reported to concern the retention of those proteins in ER (4). N-
glycans are also reported to have some role in the polarized protein transprort in epithelial
cells (5).

The biosynthesis of protein glycans is performed by a series of highly specific
glycosyltransferases and glycosidases without templates, unlike protein and DNA. The
synthesis of the conserved core structure of N-linked glycans is a well-characterized example
(6). The all three subtypes of protein N-glycans, high-mannose, hybrid, and complex
glycans, share the same core structures (Fig. 1) and are consequences of a serial procession

of a common precursor Glc;Man,GlcNAc, (Fig. 2). The precursor glycan is assembled and



transferred to protein in ER and processed to Man,GlcNAc, in ER and Golgi apparatus.
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only on complex and hybrid glycans and are included in biologically important carbohydrate
structures like sialyl Lewis X and polysialic acid. On the contrary, terminally exposed
oligomannose structures appear only on high-mannose and hybrid glycans. These facts
suggest that GnT-1 activity would regulate the glycan function through regulating the ratio of
complex and hybrid glycans to high-mannose glycans. Although this regulation by GnT-I
may not be specific, it would be a general mechanism which biases the effects of other
specific modifications of N-glycans. Further, the fact that there are multiple lectins those are
specific to mannose or galactose-containing structures in mammalian tissues may suggests
the biological importance of the overall availability of these sugar moieties on the surface of
cells and on biological molecules. Galactose-specific and mannose-specific lectins on liver
cells, for example, are thought to concern the clearance of glycoprotein hormones from
circulating blood (9). There is also a large family of widespread animal lectins called
galectins, but their biological roles are still elusive (10). Another interesting example is the
case of interleukin-1 and -2. They have lectin activity besides their cytokine activities and
bind to high-mannose glycans on other molecules (11-15).

It is very important to determine the gene structure and the regulation mechanism of
the glycosyltransferases because the activities of glycosyltransferases determine the glycan
structure. Many glycosyltransferase were reported to express in a tissue-specific manner
and/or to be regulated by physiological conditions (16-20). ¢DNAs of some
glycosyltransferases have been cloned and regulated expression of their mRNA has been
documented (21-27). Promoter structures of a few glycosyltransferase genes have been
examined, too. (For example, see Ref. 28-32. More examples were reviewed in Ref. 33.
Many other glycosyltransferase genes have been cloned, but most reports do not describe
their expression. Those reports were also reviewed in Ref. 33 and 34.) GnT-1 cDNA was
cloned from human in 1990 (35) and later from rabbit (36) and mouse (37, 38). Tissue-
specific expression of GnT-I mRNA has been reported for mouse (37-39). Partial structure

of the GnT-I genomic gene reported for mouse (37) and human (40) showed that most part

of GnT-I mRNA including the entire coding region and 3'-untranslated region (UTR) was
coded in the same single exon but the remaining 5°-distal region was not. Details of its gene
regulation and the gene structure of the 5'-distal region of 5°-UTR are still unclear.

The author found that rat GnT-1 mRNA had at least five forms of 5’-UTR and the
difference in the 5°-UTR affected the translational efficiency of GnT-1 mRNA. Tissue-
specific usage of each 5’-UTR was found to significantly affect the GnT-I protein amount in
rat liver and brain. The genomic structure of the rat GnT-I gene and its promoter structure are

also discussed in this study.
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Ch. 1. Cloning of rat GnT-1 cDNA

Chapter 1. Cloning of a cDNA encoding GnT-I from rat liver and analysis of

its expression in rat tissues

Introduction

N-glycosylation is a widely distributed protein modification in eucaryotes and is
potentially important to many biological phenomena (1). GnT-1, a key enzyme of the
complex N-glycan synthesis, initiates the processing pathway from the high mannose type
to complex and hybrid type N-glycans by catalyzing the transfer of GleNAc from UDP-
GlcNAc to the oligomannosyl acceptor Man sGlcNAc,Asn (2).  Since its prior action is
required for the subsequent processing steps catalyzed by enzymes such as GnT-II, 111, and
IV (3), mutant cells lacking GnT-1 activity do not synthesize hybrid and complex N-
glycans (4, 5).

In this study the author have cloned a GnT-1 ¢DNA that contains the entire coding
sequence from rat liver. The author found that rat GnT-1 was highly homologous to the
mouse, rabbit, and human enzymes in the nucleotide sequences and the deduced amino
acid sequences. The author further estimated the mRNA expression in several rat tissues
using this cDNA as the probe and found that the expression level of GnT-I mRNA varies

greatly from tissue to tissue.

Materials and Methods

Amplification of a partial fragment of rat GnT-1 cDNA by PCR.

Total RNA was isolated from rat liver by guanidium isothiocyanate method and
poly(A)* RNA was purified by oligo(dT)-cellulose chromatography. First strand cDNA

was synthesized from the poly(A)* RNA with an oligo(dT) primer and amplified by PCR

9



Ch. 1. Cloning of rat GnT-1 ¢cDNA

with primer H and B. Primer H (AGAAAGCTTGCTGTGCAGCCCGACC) corresponded
to the rabbit GnT-I ¢cDNA (6) nucleotides 557 to 581, containing a few base-changes to
make a Hindlll site. Primer B (AAGGGATCCAGTCATCCCAGAAGGC) was
complementary to the rabbit nucleotides 930 to 911, also containing base-changes and
additional nucleotides for a BamHI site in its 5'-terminal region. The major product of this
amplification was about 370 bp long, the size that was expected from the rabbit cDNA
sequence. This fragment was cloned into pBluescript vector (Stratagene) and sequenced
with 373A DNA sequencer (Applied Biosystems). It was proved to be 84% homologous
to that of the rabbit GnT-1 cDNA, suggesting that it was a part of rat GnT-1 cDNA (data

not shown).

Library construction and screening.

To isolate the full-length ¢cDNA of rat GnT-lI a rat liver ¢cDNA library was
constructed with Agtl0 vector using ¢cDNA Synthesis Plus and ¢cDNA Cloning System
Agtl0 (Amersham).. Nine positive clones were obtained by the screening of 6 x 10°
independent plaques using the cloned PCR fragment as a probe. The largest insert was 2.6

kb long and was considered to contain the entire coding region of GnT-I cDNA.

Northern hybridization.

Total RNA was isolated from rat tissues by the acid guanidium thiocyanate-phenol-
chloroform method (7). This RNA (20 ng) was electrophoresed in formaldehyde-agarose
gel and transferred to GeneScreen Plus (Du Pont). Hybridization was carried out at 60°C

without formamide.
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Results

Structure of rat GnT-1 cDNA.
The rat GnT-I1 cDNA contained 157 bp of 5'-untranslated region, 1341 bp of coding region,
and 1048 bp of 3'-untranslated region except for the poly(A) tail (Fig. 1). There was a
typical polyadenylation signal (AATAAA) 20 bp upstream from the beginning of the tail.
The entire nucleotide sequence was 92%, 75%, and 77% homologous to those of mouse
(8), rabbit (6), and human (9), respectively.

The rat GnT-1 cDNA encoded a protein of molecular weight 51.6 kDa containing
447 amino acids. The protein had no potential N-glycosylation site. A hydropathy plot
analysis (not shown) suggested that there was a single transmembrane region near the V-
terminus of this protein (Fig. 1). The deduced amino acid sequence of rat GnT-I was
found to be 97%, 92%, and 91% homologous to those of mouse (8), rabbit (6), and human
GnT-I (9), respectively (Fig. 2). This cDNA showed GnT-I activity when recombinantly

expressed in E. coli after removal of transmembrane region (10).

Expression of GnT-1 mRNA in rat tissues.

Two GnT-I transcripts, 3.0 kb and 3.3 kb, were detected by northern hybridization
using the entire coding region of the cDNA as a probe in most rat tissues examined (Fig.
3). High expression of GnT-1 mRNA was observed in spleen, lung, and liver. Brain also
had moderately high expression, but colon, skin, and muscle were only weakly positive.
Brain essentially expressed only the 3.3 kb transcript, while live almost exclusively
expressed the 3.0 kb one. This mutually exclusive expression of two GnT-I transcript in

brain and liver was also reported in mice (8).
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CTCCAGGGAAGCAACAGAGAGAAGAAAAGARAGGTACATGGCTACTTCCCACTCTCAGCCTAGAAGAATAARCCCTTAGATTGCGGGGGAACTGAGCCAG

GCAAGCCACAGGCAGCCTTGAGCGCCCCCTTGCCTGCCCTCCCCTGCGGGGGCCAGGATGCTGAAGAAGCAGTCTGCAGGGCTTGTGCTTTGGGGTGCTA

¥ Lk X K- 80 '8 A-g L. VY L W .G A 1

TCATCTTTGTGGGCTGGAATGCCCTGCTGCTCCTCTTCTTCTGGACACGCCCAGCACCTGGCAGGCTGCCCTCAGACAGTGCCCTTGGTGATGACCCTGC
I P V.G W N & L L L L P F WTPRP AP GRLZTDPSDS2A LG D DL P2 A

CAGCCTCACCCGTGAGGTCATCCACCTGGCCGAGGACGCCGAGGCEGGAGTTGGAGCGGCAGCGGGGACTACTGCAGCAGATCAAGGAGCATTATTCTCTG
§ L TR B VI BLAEDAEMNMEDLEROSOGRAEGL L QI KB B X &L

TGGAGGCAGAGGTGGAGAGTTCCCACCGTGGCCCOTCCAGCCTGGLCCCGTGTGCCTGGGACCCCCTCACCAGCTGTGATCCCCATTCTGGTCATTGCCT
¥R QRN REFREDT VAR PR W ERYEGSEE 8 BAN P L L YT K C

GTGACCGCAGCACTGTCCGGCGCTGCCTGGATAAGTTGTTGCACTATCGGCCCTCTGCTGAGCATTTCCCCATTATTGTCAGTCAAGACTGTGGGCATGA
DR &7 ¥V R R CED K LT L BY RS AOAERE PE LY S QDG g H B

AGAGACAGCACAGGTCATTGCTTCTTATGGCACCGUTGTCACACACATCCGGCAGCCAGACCTGAGTAACATTGCCGTGCAGCCAGACCACCGTAAGTTC
BT RIG0LaE K e Y e e V2R R R D SR ROE TP D R &

CAGGGTTACTACAAGATTGCCAGGCACTACCGCTGGGCGCTAGGCCAGATCTTCAACAAGTTCAAGT TCCCGGCTGCTGTGGTAGTGGAGGATGATCTGS
R e X X K T AR B Y KEWA L G QE PN X F KN FA AV ¥V ¥V R P DL K

AAGTGGCGCCGGACTTCTTCGAGTACTTCCAGGCCACCTACCCGCTGCTGARAGCAGACCCCTCCCTTTGGTGTGTGTCGGCTTGGAATGATAATGGTAA
¥ BB ? P E YR QATY RGO NRKNEDDRBE LNGCWES AW N B RGR

GGAGCAGATGGTGGACTCCAGCAAACCTGAGCTGCTCTATCGAACAGACTTTTTTCCTGGCCTTGGATGEGCTGCTGTTGGCTGATCTCTGGGCAGAACTA
B QMY s BIKPCE L LY R®TDPEP PEGLEUECE LY bADR L W R OEL

GAGCCCAAGTGGCCCARGGCCTTCTGGGACGACTGGATGCGCAGACCTGAGCAGCGGARGGGGCGGGCTTGTATTCGTCCAGAAATTTCAAGAACTATGA
E P X W-BE EAF ¥ DIDNWNMERDPEOQR X GRAILCTIT RPDEI S RTNT

CATTTGGTCGCAAGGGTGTGAGCCATGGGCAGTTCTTTGACCAGCATCTTAAATTCATCAAGCTGAACCAGCAGTTCGTGCCCTTCACCCAGTTGGACCT
e RN G ¥V 8B G QF F D OQHEKXFLE &N OOEPEY P F T QLD L

GTCGTACCTGCAGCGGGAGGCCTATGACCGGGACTTCCTTGCCCAGGTCTATGGTGCCCCUCAGCTGCAGGTGGAGAAAGTGAGGACCAATGATCGGAAG
5 ¥ LR E X YTDRDEPEL AMOOGY ¥ XN PQIL QN EBEEYRTTDN DR R

GAACTGGGGGAGGTGCGGGTACAGTACACTAGCAGAGACAGCTTTAAGGCCTTTGCTAAGGCCCTGGGTGTCATGGACGACCTCAAGTCTGGTGTCCCCA
B L @ B ¥V RY O X T &R B S FKAXPAX KL GV ND DL K& W VR ER

GAGCTGGCTACCGTGGCATTGTCACTTTCCAGTTCCGGGGTCGEGCGTGTCCACCTGGCACCCCCAGAGACATGGAATGGCTATGATCCTAGCTGGAATTA
R YRR R BT R G R RO TR P POEST W N e DR sl

GTGGCACCTGCCTTTPCCCTCCTGGGTCTCCTTGCCGTATGATGAGCCGAGGCAGCCTGCAGGCCCTGGGCTATACCATTCTGCCAGTGTTTCCTCTTGGA
TCTATAGATCTTCCCTTTTTGTCCTGGCCTTCCCCCAAGTGGCATTCTAGTGCACAAATCATAAGATGAGGGTTATACTCCTCTTGTCAAGGGAGTACTG
TGTGGTATGTTCGGGGCATATTGARCAAGAAACCACTGTGTGGTGTGGGGAGGGTTGGACCTGTTGGACCAGGCTTGTAGTGTCCTGAGTTCTCTCCAAG
GGCATCTGCGGAGAGCTTGGCCACTCCAGCTCTCCTGACCAGGCCTCTCCACCCTGATCTGGCTCCTGTTAGTACATGAGCCCACTTTATGTACCTTCCC
CACTTTCTCCACCTTCCCCAGGGTGGGGCCGEGATTATGGAAGAAGGAATAGATTTGTGGCCAACTGAGACTAACCARAGGGATTCACTGTCAGAGTTAGA
TTGCATGGCCGGETTGCCEGGGTCACTGCCTCCTGGCTTCTCTTCCTGCCGACTTTGCCAGTGCTCTTCTTGTCCTGCAGTGGAGCAGTGTGTTGTGAGA
TGGAAAGTAGGAGCTAAAGCAAGACCTCTCCCGTGGTGGAGCAGTTGTCAGGAACAATGACAGGCGGAAAGCCTACACTTGGGCACCCCTCTTCTTGCCC
ATGGCCCCCCACTTCTGAAAGTTAGTTCCCTTTGCATTCTTTAGGGGGATTCAGTGGCAGCCTAGTGGGGGACAGTGGGCTCCACGCCTCTTTCCCCTGG
GGTTGGTACAGCCTCCTCCCACAGGGCTTGTTCCTGGTGGCCATCTCAGCAAAGTCACCAGCAGCTGAGACCAGGACACCTGTGGCCCTTCCTAAGCATT

CCCACATCTTCCCAGGCCGAGGGGCAGGTGGCAGGC TAGAGAGAAAGAAATTTGTGTGTTTTGT TTGTTGCCTGATCTTAGTTTCATGGARGAAAATGGA

ATCTACAGAATTATTTTCAAAAATAAAGTAAAGGCTGAATTGTCTGAAAARAAAARR

Fig. 1 Nucleotide sequence of rat GnT-I ¢DNA. Deduced amino acid sequence is also
shown. The polyadenylation signal (AATAAA) is underlined and the putative transmembrane region
is doubly underlined.
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Discussion

In this study the author cloned a full-length GnT-I ¢cDNA from rat liver and
examined the expression of GnT-I mRNA in rat tissues. The ¢DNA was highly
homologous to rabbit, mouse, and human GnT-I ¢cDNA, implying that rat GnT-I also has
the type Il membrane protein topology, namely a short cytoplasmic tail, a membrane
anchor domain, and a large lumenal domain which contains the catalytic domain. This
idea was also supported by a result that the putative lumenal domain of rat GnT-1 was
enough to express the GnT-I activity in E. coli (10).

GnT-I has been reported to be retained in medial Golgi by a signal (or signals) in
the transmembrane domain (11, 12). Comparison of amino acids in this domain between
rat GnT-1 and GnT-III (13), which is also retained in medial Golgi, showed that a short
peptide sequence, Ala-Gly-Leu-Val/Cys-Leu, was common. However, the significance of

this sequence is unclear since these amino acids are unlikely to have conspicuous features
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o) - (5} =] o = =
= 5 H B © g @ 8 oo 5 O
B = o B 9 & = g® 5 5 g
o N S (- B = B S T
.
28 S——>
- .
= el
18 S—— _

-

Fig. 3 Expression of GnT-I mRNA in various rat tissues. Total RNA (20 ug)
was hybridized with the coding region of the GnT-1 cDNA. The two arrowheads indicate the
3.3 kb and 3.0 kb GnT-I mRNA. The arrows show the positions of rRNAs.
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and it is not known whether the retention in Golgi is mediated by receptor(s) for specific
peptide sequence(s) or by other mechanisms, such as self-aggregation of the proteins.

High expression of GnT-I mRNA was observed in spleen and lung in rat. This
expression pattern was roughly consistent with a reported result for mice (14). However,
there is another report describing different expression pattern in mice (8), in which a high
expression was observed in kidney and the expression in spleen was very low. This
contrast may suggest the expression levels of some glycosyltransferases are dynamically
changing even in normal tissues in vivo. Another observation which may support this idea
is that the developmental change of rat intestinal fucosyltransferase activity during
weaning can be affected by hormones (15) and dietary conditions (16). The transcription
of the o2,6-sialyltransferase gene is also reported to be modulated by glucocorticoids in
hepatoma cells and primary hepatocyte cultures (17). However, the biological significance
of these phenomena remains to be elucidated.

To the contrast, moderately high expression of GnT-I mRNA in brain and liver was
consistent among the author’s result for rat and the two reports for mice (8, 14). It may
suggest that GnT-I function should be important for the biological integrity of brain and
liver.

It is intrigue that two differently sized GnT-I mRNA observed in rat tissues and
that brain and liver had an unique pattern of expression of these transcripts. It is also the
case for mouse (8, 14). It suggests the expression of GnT-I may have important
consequences in these tissues and may be specifically regulated. These two transcripts
may be produced by alternative usage of transcriptional start or stop sites, or by alternative
splicing. Although obvious exon-intron structure has not been observed at least in the
coding region in the mouse (8), splicing may occur in other regions. Analysis of the

genomic structure of untranslated regions would be necessary.
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Chapter 2. Diversity in the 5" -untranslated region of rat GnT-I mRNA and its

implications for the regulation of the gene expression.

Introduction

Among the protein N-glycosylation enzymes, GnT-I, which transfers a GlcNAc
moiety from UDP-GlcNAc to the oligomannosyl acceptor Man sGlcNAc,, initiates the
conversion of high-mannose N-glycans to hybrid and complex type structures (1). This
conversion is important to many biological processes since GnT-I-deficient transgenic
mouse dies in utero with pleiotropic defects (2-4). Furthermore, regulated expression of
GnT-1 can control the ratio of complex and hybrid N-glycans to high-mannose ones, and
thus can regulate many biological interactions. This idea would be supported by the fact
that there are many kinds of lectins those are specific to mannose- or galatose-containing
glycans in mammalian tissues, although the roles of many animal lectins are still elusive
(5. 6).

The author had cloned a GnT-I ¢cDNA from rat liver and found that each rat tissue
contained various amount of GnT-I mRNA (Chapter 1) and found that there were two
transcripts of GnT-l different in size. In brain the larger transcript was expressed
essentially as a sole GnT-I mRNA, while the shorter one was almost the only GnT-1
mRNA expressed in liver. This tissue-specific expression of two different transcripts has
been also observed in mouse brain and liver (7, 8), suggesting that these transcripts may
play important roles in the regulation of the production of GnT-l enzyme. The mechanism
of this regulation, however, has not been understood.

The author now report that the size difference of those transcripts resulted from the
variation of the length of the 5'-untranslated region (UTR), probably due to alternative

usage of transcriptional start sites. The author also found that 5’-UTR of GnT-I mRNA
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regulates the translational efficiency of the transcripts, suggesting the GnT-1 protein

expression is regulated at multiple steps.

Materials and Methods

Library construction and screening.

Rat brain RNA was isolated by the acid guanidium thiocyanate-phenol-chroloform
method (9) and poly(A)* RNA was purified with mRNA Purification Kit (Pharmacia). A

cDNA library was constructed as described in chapter 1. The author screened 3 x 10 of
plaques with a probe covering the entire coding region of rat liver GnT-1 cDNA to obtain

21 positive clones. Nucleotide sequences were determined for 18 of them.

S'-rapid amplification of cDNA ends (5'-RACE).

5'-distal region of GnT-1 ¢cDNA was amplified from rat brain mRNA with 5'-
AmpliFINDER RACE Kit (Clontech) following the manufacturer’s instructions. Primer
Pl (TCATCACCAAGGGCACTGTCTGAGG), which was complementary to the
nucleotides 294 through 270 of the rat liver GnT-1 ¢cDNA (Chapter 1), was used for the
cDNA synthesis. The primer for PCR, P2 (GTCGAATTCCAGCCCACAAAGATGA-
TAGC), was complementary to the nucleotides 220 through 197 with additional bases on
its 5-end for an Eco RI site. The products were cloned into the Eco RI site of pBluescript
(Stratagene). The nucleotide sequences were determined by a majority among multiple

clones of the same class (see results) to correct mismatches caused by PCR mutation.

Northern hybridization.

Northern blotting and hybridization were performed as described in chapter 1.
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Reverse-transcription PCR (RT-PCR).

cDNA was synthesized from 2 ug of total RNA by MMLYV reverse transcriptase
(Gibco BRL) with random hexamers and 1/50 of this cDNA was used for PCR. Primer
MGF (AAGTGTACTCTCGCCATCCA) and MGR (CAGAGCTCCATAGAGCTTGA)
were used for p,-microglobulin mRNA (10) as an internal control. Primer |AF
(GTTGCGCGTTGATCTCC) and R (CAGACTGCTTCTTCAGCATCC) were for GnT-I
mRNA including exonlA, primer IBF (CATTGCTTGCTAGCAGGAAG) and R for GnT-
I mRNA including exonlB, and primer 2F (TCATCACACTGTGCACATGG) and R for
GnT-1 mRNA including exon2. PCR was carried out in 10 ul reaction in the presence of 5
uCi of |«-"P] dATP. After 20 cycles of amplification for microglobulin and exon 1A, 24
cycles for exon 1B and 2, the products were electrophoresed and analyzed by BAS 2000
image analyzer (FUJI PHOTO FILM co., Ltd.). The linearity of the amplification was

confirmed by separate experiments.

Transfection and luciferase assay.

The luciferase expression plasmids were constructed to use a thymidine kinase
promoter to transcribe the promoterless firefly luciferase gene. The thymidine kinase
promoter was excised from pBLCAT2(11) by Pvu [I/Hin dlll digestion and subcloned into
the Kpn | (blunted)/Xho 1 site of pBluescript. This fragment was excised again by Hin dlll
digestion and inserted into the Hin dlll site of the promoterless luciferase vector,
pSVOALAS™ (12). The resulting plasmid was termed ptkLAS" and used as the positive
control of luciferase expression.

To make the assay plasmids containing GnT-I 5°-UTR, the nucleotide sequence
coding the first two amino acids of the luciferase was mutagenized from ATGGAA to
ACTGCA, to make a Pst | site. The GnT-1 5'-UTRs were excised from the cloned 5'-
RACE products by Eco RV (on the vector) and Pst | (on the 6th and 7th codon of GnT-I)

and introduced into the mutagenized plasmid. The resulting plasmids, termed ptk1ALLuc
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and ptkl1ASLuc, express a modified luciferase which contains the first seven amino acids
of GnT-1 instead of the first two amino acids of luciferase. The resulted N-terminal
sequence is MLKKQSADAK.

COS7 cells were transfected by DEAE-dextran method modified by Al-Moslih and
Dubes(13). pact-p-gal, a p-galactosidase expression plasmid driven by f-actin promoter,
was co-transfected as the internal control of the transfection efficiency. Luciferase activity

was assayed with PiccaGene Luminescence Kit (Toyo Ink Co.).

Antibody production.
Recombinant rat GnT-1 protein which lacks the transmembrane region and tagged
with histidine hexamer (14) was produced in E. coli, purified, and used to immunize a

rabbit. The crude serum was affinity-purified with the same recombinant GnT-1.

Protein preparation and western blotting.

Rat brain and liver were homogenized by Teflon homogenizer in PBS containing |
mM EDTA, 100 pg/ml ( p-aminophenyl)methanesulfonyl fluoride hydrochloride, 10 wg/ml
leupeptin, and 2 ug/ml aprotinin. The tissue debris was removed by centrifugation at 700 g
for 10 minutes. The membrane fraction was collected by ultracentrifugation of this
supernatant at 100,000g for 2 hours. The pellet was suspended in PBS containing 1%

Triton X-100, 0.1% SDS, and the proteinase inhibitors mentioned above, and stored at -

80°C. These protein samples (50 ug) were separated by 10% SDS-PAGE and transferred

to nitrocellulose filter. Immunodetection was carried out with ECL detection reagents

(Amersham) following the manufacturer’s instructions.
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Results

Structure of rat brain GnT-1 cDNA.

To know the functi on of the two differently sized transcripts, it is necessary to
determine those structures. The author first tried to characterize the 3.3 kb transcript of
GnT-1 by cloning its cDNA from rat brain, where the GnT-I transcript of this form was
preferentially expressed. Eighteen clones of GnT-I cDNA were partially sequenced from
the both ends (data not shown). This preliminary analysis showed no sequence variety in
the coding region among the brain ¢cDNAs and the previously reported GnT-I ¢cDNA
obtained from rat liver. Judging from the length of the brain cDNA fragments and the
alignment of their terminal sequences with the liver cDNA, it was unlikely that the coding
region structure of the brain cDNA clones had any major variation, caused by alternative
splicing, for example. Some clones had truncated 3° UTRs, which were shorter than that
of the liver cDNA by 0.9 kb. As some GnT-I cDNA clones of this type were obtained also
from rat liver and adrenal (data not shown), it is unlikely that this truncation of the 3 UTR
is a brain-specific phenomenon. However, one of the brain clones, later found to belong to
the class 1B-3 (see below), had an unique sequence of 31 bases in its 5’-UTR, which was
totally different from the corresponding region of the liver GnT-1 ¢cDNA. Based on these
results the author hypothesized that the variation of 5’-UTR caused the two differently
sized transcripts.

To test this hypothesis, the 5°-UTRs of GnT-I mRNA were isolated from rat brain
by 5°-RACE. The cloned RACE products could be divided into five classes (Fig. 1 a). The
first class, class 1AS-3, consisted of clones which were similar to the liver cDNA. The 5'-
UTR of the longest clone in this class was 175 bp and included the whole 5’-UTR of the
liver cDNA. The second class, class 1AL-3 clones included the whole 5°-UTR of the class
LAS clones and had an additional sequence upstream to it. The 5-UTR of the longest

clone of this class was 623 bp. The third class, class 1AS-2-3, was similar to the class
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IAS but had an additional sequence of 107 bp inserted between the bases 123 bp and 124
bp upstream to the start codon of GnT-1. The forth class, class 1B-3, consisted of the
clones which had the same sequence as class 1AS and 1AL between the start codon and

the base 123 bp upstream to it. The remaining 5’-distal sequences of these clones,

1B-3 1B-2-3

exon 1A

exon 3

exon 1B

Fig. 1 The 5'-UTR structures of GnT-I mRNA detected by 5'-RACE. a,
Isolated 5'-RACE clones (see text). 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 transcriptional start
sites and an alternatively spliced exon.
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however, were unique. The last class, class 1B-2-3, was similar to class 1B-3 but the same
107 bp sequence was inserted as class 1AS-2-3 at the same position. A putative genome
structure of the rat GnT-1 gene was suggested by the comparison of these 5’-UTR
structures (Fig. 1b). The actual nucleotide sequences of these 5’-UTRs are shown in Fig. 2
and 3. The author have also cloned genomic sequences covering the all exons shown in
Fig. 1b. This result consisted with the suggested genome structure, except that the exon

I A was actually divided into two exons (Chapter 3).

Tissue-specific expression of the various 5'-UTRs of GnT-1 mRNA.

The author also confirmed the expression of various 5’ -UTRs of GnT-1 mRNA in
rat tissues by RT-PCR (Fig. 4). The results showed that class 1A-2-3 mRNA was much
less abundant than class 1A-3. 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 are much less than those without exon 2, whatever first exon is used.
Although the author could not determine the exact amount of class 1B-3 mRNA relative to
class 1A, the analysis of the amplification kinetics (not shown) suggested that class 1B
mRNA was comparably minor as class 1A-2-3 at least in brain. These data suggested that

the major 5-UTR of GnT-I mRNA in rat tissues is either class |AS-3 or 1AL-3.

Class 1AL-3 mRNA is the 3.3 kb transcript in brain.

According to the difference in length between class 1AS-3 and 1AL-3 and
estimated amounts of various 5’-UTRs, the longer GnT-1 mRNA preferentially expressed
in rat supposed to be class |AL-3, while the shorter mRNA expressed in liver was
supposed to be class 1AS-3. The author performed northern hybridization analysis with a
probe specific to the class 1AL 5°-UTR to examine this assumption (Fig. 5). This 1AL-

specific probe hybridized only to the longer transcript, and not to the shorter one. 1AL 5°-
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Fig. 4 Expression of GnT-1 mRNA subtypes in various tissues. cDNA synthesis and amplification was performed as discribed in
Materials and Methods. Note that either of the RNA with or without the exon 2 was detected by the primer sets used for the amplification of the

exon 1A and 1B.



Ch. 2. Diversity in the 5°-UTR of GnT-I mRNA

UTR was expressed strongly in brain, moderately in heart, kidney, spleen, lung and ovary.
and scarcely in liver, colon, skin and muscle. Its expression was proportional to that of the
entire GnT-1 mRNA except in brain, liver, and heart. Heart had relatively high proportion

of IAL mRNA to the total GnT-1 mRNA (Fig. 5b).

Ch, 2. Diversity in the 5"-UTR of GnT-1 mRNA

gene. The 5'-UTR and the first six codons of GnT-1 were fused to the 5° end of the
modified firefly luciferase gene which lacks the original first two codons. These fusion
genes were transiently expressed in COS cells by the thymidine kinase promoter of herpes

simplex virus (Fig. 6a). Compared with insertion of class IAS 5'-UTR, insertion of class

IAL-3 5-UTR reduced the luciferase expression by ~7-fold (Fig. 6b). This result
Class 1AL and class 1AS mRNAs were translated with different efficiency. suggested that GnT-1 expression is regulated translationally as well as transcriptionally.

The 5-UTR of class 1AL-3 mRNA have eight ORFs and two regions those can

a
form very stable stem-loop structures. The 5'-UTR of the class 1AS-3 mRNA have only
one ORF. As these structures are thought to interfere with the translational efficiency, the ptk1AS _E ---------------- { 1AS-3 UTR lGnT-lJ luciferase
author examined the effect of these 5°-UTRs on the translation of mRNA of a reporter
ptk1AL ——E { 1AL-3 UTR [GnT-1| luciferase
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Fig. 5§ Detection of the GnT-I mRNA containing the exon 1AL from rat
tissues by northern hybridization. While the conding region probe detected two mRNA
species, 3.3 kb and 3.0 kb (arrowheads), the exon 1AL-specific probe hybridized only to the
3.3 kb mRNA. Note that the 3.3 kb mRNA was most enriched in brain and virtually
undetectable in liver. The arrows indicate the positions of rRNAs.

Fig. 6 Effect of GnT-I 5'-UTRs on translational efficiency of a reporter gene mRNA.

a, Structure of the reporter vectors. The first two codons of the luciferase gene were replaced by the first
six codons of GnT-I to fuse the GnT-1 5'-UTRs in ptk1AS and ptk1AL. tk; thymidine kinase promoter.
b, Luciferase activity. COS cells were transfected with the vectors shown in @ and transiently expressed
luciferase activity was measured. Co-transfected p-galactosidase activity was used as an internal control.
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Since the majority of GnT-I mRNA in rat brain was class 1AL while class 1AS was
dominant in rat liver, rat brain would express much less GnT-l protein than liver if the
translation of class IAL mRNA was low in vivo as well as in the cultured cells. The
immunodetection of GnT-1 protein on a western blot confirmed this prediction. As shown
in Fig. 7, the 48 kDa signal was detected only from liver on the author’s conditions. This
difference of the amount of GnT-I protein between brain and liver was much greater than
the difference of GnT-I mRNA amount shown in Fig. 5. This result supported the idea

that GnT-I expression was translationally regulated in rat brain.
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Fig. 6 Expression of GnT-I protein in rat brain and liver. Membrane proteins
were precipitated by centrifugation from rat brain and liver homogenate at 100,000 g and 50
ug of protein was loaded to each lane. Western blotting and immunodetection was performed
as described in Materials and Methods. The 48 kDa signal (arrow) detected by anti-GnT-I
antiserum was only seen in liver lane.
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Discussion

As a gate enzyme of complex N-glycan synthesis, regulated expression of GnT-I
could change the proportion of complex and hybrid glycans to high-mannose glycans, thus
could shift the whole repertoire of N-glycans which a cell can synthesis. The author’s
previous results showed that not only the amount of GnT-I mRNA are different in each rat
tissue but also there are two size classes of mRNA which are differentially expressed in rat
tissues (Chapter 1). In present study the author suggested that these size difference of rat
GnT-1 mRNAs were resulted from the variation of their 5’-UTR. GnT-I protein synthesis
was also regulated by translational efficiency of mRNA.

Unlike in vitro translation, long 5’-UTR of mRNA does not necessarily reduce its
translational efficiency in vivo. The effect of 5'-UTR of mRNA can vary in different
tissues, so that can participate in tissue-specific regulation of gene expression. It can also
be a part of the machinery with which cells respond to physiological conditions. Multiple
mechanisms have been known for these translational regulation by 5-UTR (15, 16). 5'-
UTR can interfere with mRNA stability (17) and there are some trans-acting factors which
were reported to bind certain sequences in S’-UTR and control the translation of mRNA
(18, 19). Upstream open reading frames (uORFs) in 5’-UTR are also shown to be
important to translational regulation. The response of the GCN4 gene expression to amino
acid starvation, a well-known example of this kind of gene regulation in yeast, is governed
by the uORFs exist in the 5’-UTR of its mRNA (reviewed in Ref. 20). uORFs are known
to determine the tissue-specific expression of retinoic acid receptor g2, too (21). Long 5'-
UTR with multiple uORFs is often found in mRNAs of strictly regulated genes like
growth-factors and considered to be important to their regulation (15, 16). In this context,
the 5°-UTR of class IAL mRNA of GnT-I, which has eight uORFs, may participate in the
regulation of the GnT-I gene in a complex manner. Although the author showed the class

IAL mRNA was not efficiently translated in rat brain as well as in cultured cells, its
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translation may be up-regulated on certain physiological conditions or in other tissues.
The author have found two GnT-I mRNA species different in length in human tissues as
well (data not shown), which suggests the existence of conserved roles of the longer GnT-I
mRNA.

The transcriptional regulation of the GnT-1 gene expression is interesting as well.
It should determine the total amount of GnT-I mRNA and the relative amounts of mRNA
subclasses with different 5’-UTRs in a tissue-specific manner. Even class IB mRNA, a
minor subclass, could determine the protein amount in tissues like brain where the
translation of the major mRNA is low. The examination of the promoter region for these
GnT-1 mRNA would be informative.

Mouse GnT-I has been reported to have two size classes of mRNA similar to rat
GnT-I (15, 16). Yang et al have determined the 5’-UTR sequences of these mRNAs
(Mgat-11 and Mgar-15s) (22). These mouse 5’-UTRs were divided by two introns and thus
structurally resembled to the class 1A-2-3 mRNA of rat GnT-I1. The region between the
introns of the mouse 5’-UTR, however, was totally different from the putative exon2 in
rat, despite that the other regions were ~90% homologous to the corresponding rat
sequences. Moreover, the 22 bases on the 5’-terminal of Mgat-Is, which is not included to
Mgat-11, did not exist in the rat 1AS-3 mRNA. It suggests that the structure of the rat
GnT-1 gene may not be identical to that of mouse. Another possibility is that Mgat-1s was
a splicing variant which has not been found, or does not exist, in rat. Analysis of the

genom structure of the GnT-I gene both in rat and mouse would be indispensable.
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Chapter 3. Analysis of the genom structure of the rat GnT-I gene

Introduction

As a gate enzyme of complex N-glycan synthesis, regulated expression of GnT-I
could change the ratio of complex and hybrid glycans to high-mannose glycans, thus could
shift the whole repertoire of N-glycans which a cell can synthesis. Little is known, however,
about the regulation of the GnT-I gene expression. There is no reported data concerning the
comparison of the enzymatic activity of GnT-I among animal tissues as long as the author
know. Tissue -specific expression of GnT-I mRNA has been documented for mouse (1. 2)
and rat (Chapter 1 and 2). A part of genomic sequence have been reported for human (3)
and mouse (1, 4) GnT-I, but neither of them describes the promoter region. In Chapter 2 the
author found that there are at least five distinct 5’-UTR structures in rat GnT-I mRNA and
they affect the translational efficiency of the mRNA. It suggested that alternative promoter
usage may control GnT-I expression in a way coupled with translational regulation

In this study the author cloned the GnT-I gene from rat genome and examined the
sequences upstream to the gene. This analysis revealed some sequences resembling
transcriptional regulation motifs, suggesting tissue-specific and inductive nature of certain

parts of GnT-I promoters.

Materials and Methods

Screening of genomic libraries.
Rat genomic libraries (Sprague-Dawley strain) were purchased from Clontech and

Stratagene. Agntg22 and A7 was isolated by hybridization with the coding region of GnT-]
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cDNA and a part of the exon 2 excised from a 5’-RACE clone (Chapter 2). AlA was by

hybridization with a part of exon 1A.

S1 mapping.

The probe for class AL mRNA was made by connecting a part of a 5'-RACE clone and a
genomic fragment at a position within the exon 1A-1 to bypass the intron between the exon
IA-1 and 1A-2. It began from the nucleotide 464 base upstream to the initiation codon and
was 281 nucleotides long. The 3'-terminal sequence of 37 nucleotides was an unrelevant to
GnT-I, which allows to distinguish the fully protected fragment from undigested probe.
Single-strand DNA probes were uniformly labeled as described by Sanbrook et. al. (5).
Poly(A)" RNA (5 ug) was heated at 85°C for 10 minutes with probe (1-5 x 10* ¢cpm) in 30 ul
of buffer (80% formamide, 0.4 M NaCl, 40 mM PIPES (pH 6.4), ImM EDTA), hybridized
overnight at 30°C, and quickly cooled on ice. Ice cold S| nuclease buffer (300 ul)
containing 2000 units of S1 nuclease (Gibco BRL) was added and incubated at 37°C for |
hour. The reaction was stopped by EDTA and the digested samples were phenol-chloroform

extracted, ethanol precipitated, and resolved on 4-5% sequencing gel.

Results

Genomic structure of the rat GnT-I gene.

The author screened rat genomic library with probes specific to each of the four
putative exons (see Chapter 2) of the GnT-I gene, those had been presumed by 5'-RACE
analysis. Three overlapping clones covering all of these exons were obtained (Fig. 1). Base
sequences were determined in all exons and in the regions upstream to the exon 1A-1, 1A-2,
and 1B. The presumed genomic structure of rat GnT-I was confirmed to be accurate with
the only exception that the putative exon 1A was found to be divided into two exons, exon

IA-1 and 1A-2. Exon 1A-2 was 429bp long and included all of the 5’-UTR of the class
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IAS 5’-RACE clones described in Chapter 2, suggesting this exon contains transcriptional
start site(s) for the class 1AS mRNA (designated by an arrow labeled *S" in Fig. 1). The
author tried to determine the transcriptional start site for the class 1AL and 1AS mRNA by
S| mapping. Four major start sites were detected for the transcription of class 1AL mRNA.
The author’s extensive effort to determine the transcriptional start sites for the class 1AS
mRNA was hampered by high background noise and non-specific signals (data not shown),
perhaps due to the locally biased base composition of the 5°-UTR of rat GnT-1 mRNA. The
author did not try to determine the transcriptional start sites for class 1B mRNA since its
expression had been found to be low (see Chapter 2). Therefore, the author assumed the 5°

ends of the 5°-RACE clone of class 1AS and 1B as the transcriptional start sites for further

analysis.

exon 1A-1 exon 1A-2 exon 1B exon2 exon3

L p L1 plpl pL ...
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ATG TAG
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Fig. 1 Genom structure of rat GnT-I gene. The upper part of the figure shows the
organization of the exons on rat genome and lambda clones covering these exons. The lower
part is a schematic diagram of the splicing structure of GnT-I gene. The arrows indicate the
transcriptional start sites (see text). The hatched box stands for the coding region of GnT-I,

and the two polyadenylation sites are also indicated.

37



Ch. 3. Genome structure of the rat GnT-1 gene Ch. 3. Genome structure of the rat GnT-1 gene

Sequence analysis of the upstream regions. clones those belong to class 1AS and 1B. Potential regulatory motifs within those regions
Fig. 3 shows the nucleotide sequence upstream to the transcriptional start sites for the are also indicated. There was no typical TATAA sequence, but multiple TATA-like
class IAL mRNA, and Fig. 4 shows the sequece upstream to the 5* ends of the 5’-RACE sequences existed upstream to the 5’-end of class IAS mRNA. There were potential binding

motifs of various transcription factors including an ubiquitous factor SP1. inducible factors
like Rel family, MZF1, and CRE-BP, proto-oncogene products like c-myb and Ets family,

and tissue-specific factors of GATA and Ikaros families.

“brain RNA

T €C G A

full-length
probe

GAGCTCAGCACAGTTCATGCTCTGTAAACAGTAACCGGGCGCTCTCCTTC
CTTTTAGAGATGTCCTACCTCATCCAGTGAGACAGTGGGCAATTGTGATG

ATTAAAACTTTTTCTGGCACTGTTACTCAGGAAGCTCAGCTCAGTAACTG
Ets c-myb
GTTTGTCATAACAGGCTGTCGATTACTGGCTGTTAGCATAAAGAGTGCCT
TATA-like
AGAAGGCCTAAAAAGGGTCCGIGACCTCAGAAGCTACTTCAACTAGACAG
CRE c-myb
TTGCTAGGCGACCTTCCTGCATTGAGGTAAGAGGCAGGGCAGCCCGCACA

*+ *

* *

GGTTCCGCCTCCACTTCCAGCCCTAGTTCCTGCCGCCTCCGGCCGCAGGA
GCATCARAGTGAGCGACTGGTCGGAGAACCGGCGGCGCAAGCGCGCTACT
TCCCGCGCCGCACTGAGTGACGCACACTCCCCCTCTAGGCCTCAGCCTCC
GCCCCGCCCCCCGGAGTACCGCTCCGGCCCTGAGCCTCCGCTACATATTC

SP1
ACCGGGCCCTTCAGCCACGCCGGCCCTTCACCTTGAGAACCCTGTAGAAC

slrisislolok dninlalololalnlolalalalels)

TGGTGCTGCCCTGGCGGCGTTGGTGATGGGCGGGCAAGAACCTGGCGAAT
GATA
GGGGCGGGGAAGTGGGGAACCAGCGGTTACCCAGGACCTACTTCCGGAGG
SP1 MZF1 MZF1 Ets

ACAGGCGGAAGTGGCTGCGGTGCCTGGTGGGAGGGGAARAGGAGCGAGAG
i MZF1 +. MIZF1

G+ GGGGAGGGCCGGGCCGCAGGGGGTCGAGGGGGTGGGGCTTGCGGGCGGLT

G
* % % * *

L
GGGACCCGGCCCCGGCCTGGATCTGGAGCCGGGAGGGCCGAGGCTCCCAG

pleisiniplele!
¥ W W&

Fig. 3 Nucleotide sequence upstream to GnT-I exon 1A-1. Asterisks

: . : | ‘ . ; indicate transcriptional start sites determined by S1 mapping. Potential binding sequences
Fig. 2 S1 mapping of the 5'-end of rat brain GnT-1 mRNA. S1 mapping was % S : P YA : 3
performed as described in Materials and Methods. Four major start sites were detected for the for transcription factors are underlined. TATA-like; sequenice resembling TATAA-box.
transcription of class 1AL mRNA from 5 ug of brain poly(A)* RNA (asterisks).
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ACACACATGCTCGAAATGCTGGGGATACAGTATATACTCTATATACAAAT
MZF1 GATA TATA-like TATA-like

TGTGTGGAGTAGTTAGAGTTTGTTGACTGAACATGGTAAAGGAGTGTAGT

AAATATGGAAGTCTTAGAAGTCCATTTGTGCATGIamzAGATTAGAGTGT
CATACTGII;?%;TGTTCCGCAGGTTCACACAgg;g;g;gCCGCCTGGGC
CGTGngggagfﬁAAGCCTGTTTCTTCTGATQQCQAQQAGAACACAAGTG
GACCAGTGGATGATTTTCTCTTGCCTCAGCAAégE;TGCCACAGTCCCTG

GAATCTGTCAACCACTAGCCTCTGAGCTTTAAAAGCCAGCTGGATGAAGG
TATA-like
GATGTAACGCGCACCTGGGAGGGACACTGAAGTCAGCCGTGGGGGGGGAG
MZF1

GGGCCCGGACACACCCCTTCCCCCCCAGACTCCTCCCCATCACGGTCCAC
CACCC-box GATA

GCGGCCATGGACCTTGGACTTGGATAAGTGGAGAGAAGCTGTACTTTGGT
GATA

GGATCTGATTCTCAGTITTTGGAAATGAAGTATTAGGCAGGGGGCTGGGAG
C/EBPp TATA-like

???GG?%%G2?CGTTGAT?TCCAGGGAAGCAACAG%?AGAAGAAAAGAAA

TCTAGATTCACTGGGCTGTACAAGGGACACTTGGGAAAAATCTGAACAGG
Ikaros

ACAAGCCTGAGGGTGTGAGTGGGCTTGGCTCATCTACACAGGAGCTGCGA

CTGAGAGGGAAAGGGCCCCCAAACATCTTTGCTACCACTGCCTTCTTAAG

TTTGGGGACTTGGGAAATCCCGTTGTTTAGATCTTGACCGGTGATCAGGA

Ikaros Rel Ets
AGTCAGCAGTAGAGGAAGGCCCCGGAAGGAGGGGCCAGCGCGGACTCGCC
Rel Ets
CGCGGCAGGGCGGGGACCAACAGA! CTCGGGGCTAGGGGAGCGCLCG
MZF1

LCCCCCCCTCCCGGGGAAGGACCACATTGCTTGCTAGCAGGAAGGCCAGC
SP1

%?GACCGGAGGAGGCCGCTCCAGCGTTGGGTGT?$CCGGTCCGGGGCTAG

Fig. 4 Genomic seequences upstream to the 5'-end of class 1AS and 1B
mRNA. Potential binding sequences for transcriptional factors are underlined. TATA-like;
sequence resembling to TATAA-box. The arrows indicate the 5'-ends of the 5'-RACE clones
those belong to class 1AS in g, and class 1B in b.
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Discussion

In this study the author isolated the GnT-l gene from rat genome and determined its
promoter and exon-intron structures. The rat GnT-1 gene was transcribed from at least three
regions and had five exons including alternatively spliced one. The regions upstream 10 the
transcriptionl start sites contained no typical TATAA and CCAAT sequences but had many
potential binding sites for various transcription factors.

Promoter structures have been reported for a few glycosyltransferases such as mouse
pl.4-galactosyltransferase (6), rat «2.6-sialyltransferase (7), and human N-acetyl-
glucosaminyltransferase 111 (8). It is worth to say that a model which includes tissue-
specific usage of alternative promoter coupled with translational control by the 5°-UTR of
mRNA was suggested for the mammary gland-specific induction of the gl.4-
galactosyltransferase gene (6). This gene produces an ubiquitously expressed 4.1 kb
mRNA, and 3.9 kb mRNA which is specifically up-regulated in lactating mammary glands.
The translational efficiency of the 4.1 kb mRNA are thought to be low because its 5’-end can
form a very stable secondary structure, so that induction of 3.9 kb mRNA in mammary
glands would efficiently up-regulate the enzymatic activity. The promoter for 4.1 kb mRNA
was reported to be controlled, at least to some extent, by SP1. SPI-dependent transcription
is described for many other house-keeping promoters. The induction of the 3.9 kb mRNA
was reported to be achieved by mammary gland-specific factors. An analogous model could
be applicable to GnT-I assuming the promoter for the class IAL mRNA as house-keeping
one and that for the class 1AS mRNA as tissue-specific and/or inductive one. It is also
analogous between p1,4-galactosyltransferase and GnT-I that the longer mRNA (class 1AL)
was translated only inefficiently (Chapter 2) and its putative promoter had multiple SPI
binding sites.

The application of this model to GnT-I, however, may be contradictory to the

observation that the expression of the class 1AL mRNA was strikingly tissue-specific in rat
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brain and liver. It was strongly expressed in brain but only weakly in liver. This contrasts
to the expression of the 4.1 kb mRNA of pl.4-galactosyltransferase which was reported to
be very low in brain. Since SPI level was reported to be low in mouse brain (9),
transcription of the 3.3 kb GnT-I mRNA may be activated in brain by other factors. The
existence of some potential sequence for tissue-specific and/or inductive regulation in the
promoter for the class |AL mRNA may also support the idea that this promoter is not solely
house-keeping. It would be rather objectively expressed in some tissues including brain,
although it could be house-keeping in other tissues.

The function of the potential regulation motifs in the GnT-I promoters is currently
unclear. Itis interesting that the upstream region of exon IB has a binding sequence for Rel
family factors including NF-xB (10). This family is essential to immune response and
inflammation (11), and reported to participate in acute-phase response in liver (12) and
astrocyte activation by cytokines in brain (13). Although GnT-I mRNA with exon 1B was
minor in most rat tissues, it may be induced in these processes. This induction could be
important to determining the enzymatic activity of GnT-I in brain, especially in astrocytes,
since the major GnT-I mRNA in rat brain was translated only inefficiently and most non-
neuronal cells in mouse brain were reported to express GnT-1 mRNA only weakly (2). It is
also intrigue that a subset of neurons has been reported to constitutively express NF-xB
(14).

C/EBP§ is a liver-enriched activating factor and known to be induced in inflammation
(15), and essential to biological defense (16). Its binding sequence was found also in the
liver-specific promoter of «2,6-sialyltransferase and thought to support the high expression
of this enzyme in liver(7). It may be the case for the relatively high expression of the class
IAS mRNA of GnT-I'in rat liver. Potential CREs (17) exist in the upstream regions of V-
acetylglucosaminyltransferase [1I (18) and pl.4-galactosyltransferase (19), but their
significance has not been investigated. Ets family consists with transcription factors those

bind purine-rich sequences (20) and concern cell proliferation, differentiation (especially in
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lymphocytes), development, and carcinogenesis (21). Ets-1 has been reported to regulate
the expression of the human N-acetylglucosaminyltransferase V gene (22). It is intrigue that
potential binding sites for Ets family and c-myb co-exist in GnT-I promoter since Ets-2 and
c-myb are known to cooperate in activation of mim-1 promoter (23). GATA family is a
group of cell-specific and/or tissue-specific transcription factors found, for example, in
certain blood cells, endothelial cells, neurons, kidney, placenta, and heart (24-26). Each
member of the family has distinct expression pattern and are reported to have slightly
different sequence preference in their binding (27, 28). CACCC-box is the binding
sequence for Kruppel-like factor (KLF) family (29) and essential to the expression of the f-
globin gene. This motif also exists in many other genes including the platelet-derived
growth factor B chain (30) and P-selectin (31). It is interesting that the CACCC-box in the
GnT-I promoter for class IAS mRNA was adjacent to a potential GATA binding site since
erythrocyte KLF and GATA-1 are reported to act synergistically (32). KLF family members
are expressed in various tissues other than erythrocytes with distinct tissue-specificities (33,
34). MZFI is a transcriptional activator cloned from human leukocyte and inducible by
retinoic acid (35, 36). Homologous mRNA could be detected by northern hybridization in a
murine myeloid cell line. Factors of Ikaros family are known to control the differentiation of
lymphocytes (37).

Taking together, GnT-I promoters have potential binding motifs of various
transcription factors known to work in hematopoietic cells. Since the hematopoietic cells
isolated from GnT-I-deficient transgenic mice were shown to differentiate normally (38),
GnT-1 should concern the functions of differentiated hematopoietic cells rather than
hematopoiesis itself. In this context it is intrigue that interleukin-1 and 2 are reported to have
lectin activity and specifically bind to high mannose type N-glycans (39-43). Since
interleukins can induce NF-xB and other inflammation-relevant transcription factors, it

would be possible that GnT-1 is a component of a feed-back system of cytokine functions.
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CONCLUSIONS

As a gate enzyme in the biosynthetic pathway of N-linked glycans, N-
acetylglucosaminyltransferase | (GnT-1; EC 2.4.1.101) initiates the synthesis of hybrid and
complex N-glycans and thus potentially can determine the ratio of hybrid and complex N-
glycans to high-mannose N-glycans. In Chapter 1, the author cloned a GnT-1 ¢cDNA from
rat liver. This cDNA had a primary structure highly homologous to that of mouse, rabbit,
and human GnT-I ¢cDNA and expressed GnT-I activity in E. coli. Expression of GnT-I
mRNA in rat tissues was high in lung, spleen, and liver, moderately high in brain, and low
in skin and muscle. There were two differently sized transcripts, 3.3 kb and 3.0 kb, in rat
tissues. Brain preferentially expressed the 3.3 kb mRNA and liver essentially had only 3.0
kb mRNA, in spite that other tissues expressed the both mRNA. These results suggest the

transcription of rat GnT-1 is regulated in a tissue-specific manner.

In Chapter 2, the author investigated the implications of the existence of two
different GnT-I transcripts for the regulation of GnT-I activity. ¢cDNA cloning and 5’-RACE
in brain showed the two GnT-I transcripts were different only in their 5’-UTRs, and that
there were at least five classes of 5°-UTRs, named as class 1AL-3, 1AS-3, 1B-3, 1AS-2-3,
1B-2-3. Northern hybridization and RT-PCR showed class 1AL-3 and 1AS-3 were the 3.3
kb and 3.0 kb mRNA described in Chapter 1, respectively, and that these two classes were
the major GnT-1 5-UTRs in most tissues. The author found that class 1AL-3 5-UTR
reduced the translational efficiency of a reporter gene mRNA by ~7-fold in comparison with
class 1 AS-3. Rat brain, in which majority of the GnT-I mRNA is class |AL-3, expressed
much less GnT-I protein than liver in spite that moderately high expression of GnT-I mRNA
was detected in brain. These results suggest GnT-I expression is regulated translationally as

well as transcriptionally.

To investigate how the expression of the multiple classes of GnT-l mRNA is
regulated, the author cloned the GnT-I gene from rat genome and examined its exon-intron
structure and promoter sequences in Chapter 3. The rat GnT-1 gene was consist of five
exons. and the combination of three transcriptional start sites and one alternatively spliced
exon produced the five classes of 5'-UTR. The exact transcriptional start sites were
determined for the class 1AL mRNA by S1 mapping. The nucleotide sequences were
determined in the putative promoter regions for class 1AL, 1AS, and 1B. There were many
potential motifs for the binding of various transcription factors, including an ubiquitous
factor SP1. inducible factors like Rel family, MZF1, and CRE-binding protein, proto-
oncogene products like ¢-myb and Ets family, and tissue-specific factors of GATA and
Ikaros families. Some combinations of the putative regulatory motifs in GnT-1 promoters,
GATA sequence and CACCC-box for example, is often observed in other eukaryotic
promoters. These results suggest tissue-specific and/or inducive nature of some parts of
GnT-1 promoters. The transcriptional control of the GnT-1 gene would dynamically regulate

the GnT-1 activity in a manner coupled with translational controls.
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