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INTRODUCTION 

Most proteins presented at the external surface of mammalian cells have carbohydrate 

moietie<> coYalently linked through N- or 0 glycosidic bond Carbohydrate cha1ns on 

proteins have much variety and heterogeneit} because the} contain rich variation of the 

component sugars, such as mannose (Man), galactose, N-acetylglucosamine (GicNAc) and 

sialic acid. Further, sugars can link to each other with several stericall) different lmkages. 

However, tn 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 ( l ). 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. I ) and are consequences of a serial procession 

of a common precursor Glc3Man9GicNAc2 (Fig. 2). The precursor glycan is assembled and 



transferred to protein in ER and processed to Man5GicNAc2 in ER and Golgi apparatus. 

Certain glycans leave the processing pathway at this step. to produce high-mannose glycans. 

The next step of the processing is catalyzed by N-acetylglucosaminyltransferase I (GnT-l; 

EC 2.4.1.1 0 I). which transfers a GlcNAc moiety to the Man5GicNAc2• Hybrid glycans 

leave the processing pathway at this step. Mannosidase II removes two mannose residues 

from the remaining glycans and this allows GnT-II and other glycosyltransferases to process 

the glycans further to produce complex glycans. 

Since the preceding transfer of a GlcNAc residue by GnT -I is absolutely required for 

the mannosidase II and thus for the following processing steps, mutant cells lacking GnT -I 

activity synthes1ze only high-mannose glycans (7. 8). This suggests that GnT -I activity 

would modulate the amount of complex and hybrid glycans relative to high-mannose 

glycans. Some sugar residue, such as sialic acid, fucose, and galactose for example, appear 
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F ig. 1 Schematic diagram of three subtypes of N-glycans. A typical structure of 
each subtype is shown. The dotted box designates the shared core structure. 
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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 -I actl\ ity would regulate the glycan function through regulating the ratio of 

complex and hybnd glycans to high-mannose glycans. Although this regulation by GnT-1 

may not be specific, 1t 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 ( I l- 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). cDNAs 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 eDNA was 

cloned from human in 1990 (35) and later from rabbit (36) and mouse (37, 38). Tissue-

specific expression of GnT-1 mRNA has been reported for mouse (37-39). Partial structure 

of the GnT-1 genomic gene reported for mouse (37) and human (40) showed that most part 
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of GnT -1 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-I mRNA had at least five forms of 5'-UTR and the 

difference in the 5' -UTR affected the translational efficienC) of GnT -I 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. I. Cloning of ra1 GnT-1 eDNA 

Chapter 1. Cloning of a eDNA encoding Gn f-1 from rat liver and analysis of 

its expression in rat tis~ucs 

Introduction 

N-glycosylation is a widely distributed prote1n modification in eucaryotcs and is 

potentially important to many biological phenomena (I). GnT -I, a key enzyme of the 

complex N-glycan synthesis, initiates the process1ng pathway from the high mannose type 

to complex and hybrid type N-glycans by catalyzing the transfer of GlcNAc from UDP­

Gicl\Ac to the oligomannosyl acceptor Man 5GicNAc2Asn (2). Since its prior action 1s 

required for the subsequent processing steps catalyzed by enzymes such as GnT-11. I ll. and 

I\ (3). mutant cells lacking GnT-I activity do not synthesize hybrid and complex N-

glycans (4, 5). 

In this study the author have cloned a GnT I eDNA 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 111 the nucleotide sequences and the deduced amino 

acid sequences. The author further estimated the mRNA expression in several rat tissues 

using this eDNA as the probe and found that the expression level of GnT-1 mRNA varies 

greatly from tissue to tissue. 

Materials and Methods 

Amplification of a partial fragment of rat GnT-1 eDNA 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 eDNA 

was synthesized from the poly(A) + RNA with an oligo(dT) primer and amplified by PCR 
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Ch. I. Cloning of r.il Gn'J.J <.D"H 

with primer Hand B. Pnmer H (AGAAAGCITGCTGTGCAGCCCGACC) corresponded 

to the rabbit GnT I eDNA (6) nucleotides 557 to 581, containing a few base-changes to 

make a Hindlll site. Pnmer B (AAGGGATCCAGTCATCCCAGAAGGC) was 

complementary to the rabbit nucleotides 930 to 91 I. also containing base-changes and 

additional nucleorides for a Bam HI 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 eDNA 

sequence. This fragment was cloned into pBI uescri pt vector (Stratagene) and sequenced 

with 373A DNA sequencer (Applied Biosystems). It was proved to be 84% homologous 

to that of the rabbit GnT-1 eDNA, suggesting that it was a part of rat GnT-1 eDNA (data 

not shown). 

Lihrary construction and screening. 

To isolate the full -length eDNA of rat GnT-1 a rat liver eDNA library was 

constructed with J..gtiO vector using eDNA SynthesiS Plus and eDNA Cloning System 

i.gt I 0 (Amersham).. N1ne positive clones were obtained by the screening of 6 x IQ5 

Independent plaques usmg 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-1 eDNA. 

Northern hyhridi~mion. 

Total RNA was Isolated from rat tissues b) the acid guanidium thiocyanate-phenol­

chloroform method (7). Th1s RNA (20 !tg) was electrophoresed in formaldehyde-agarose 

gel and transferred to GcneScreen Plus (Du Pont). Hybridization was carried out at 60°C 

without formamide. 

1 () 

Ch. I. Cloning of rat GnT-1 eDNA 

Results 

Structure of rat GnT-1 eDNA. 

The rat GnT-1 eDNA contained 157 bp of 5'-untranslated region. 1341 bp of codmg reg1on. 

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 eDNA 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 N­

terminus of this protein (Fig. I). 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-l (9), respectively (Fig. 2). This eDNA showed GnT I activity when recombinantly 

expressed in E. coli after removal of transmembrane region (I 0). 

Expression of GnT-1 mRNA in rat tissues. 

Two GnT-1 transcripts, 3.0 kb and 3.3 kb, were detected by northern hybridization 

using the entire coding region of the eDNA as a probe in most rat tissues examined (Fig. 

3). High expression of GnT-1 mRNA was observed in spleen, lung, and liver Bram 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-1 transcript in 

brain and liver was also reported in mice (8). 
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Ch. I. Cloning of rJt <InT-I eDNA 

CTCCAGGGAAGCAACAGAGAGAAGAAAAGAAAGGTACATGGCTACTTCCCACTCTCAGCCTAGAAGAATAAACCCTTAGATTGCGGGGGAACTGAGCCAG 

GCAAGCCACAGGCAGCCTTGAGCGCCCCCTTGCCTGCCCTCCCCTGCGGGGGCCAGGATGCTGAAGAAGCAGTCTGCAGGGCTTGTGCTTTGGGGTGCTA 
M L K K Q S A G L V L W G A I 

TCATCTTTGTGGGCTGGAATGCCCTGCTGCTCCTCTTCTTCTGGACACGCCCAGCACCTGGCAGGCTGCCCTCAGACAGTGCCCTTGGTGATGACCCTGC 
I F V G W N A L L L L F F W T R P A P G R L P S 0 S A L G 0 0 P A 

100 

200 

300 

CAGCCTCACCCGTGAGGTCATCCACCTGGCCGAGGACGCCGAGGCGGAGTTGGAGCGGCAGCGGGGACTACTGCAGCAGATCAAGGAGCATTATTCTCTG 400 
S L T R E V I H L A E 0 A E A E L E R Q R G L L Q Q I K E H 1 S L 

TGGAGGCAGAGGTGGAGAGTTCCCACCGTGGCCCCTCCAGCCTGGCCCCGTGTGCCTGGGACCCCCTCACCAGCTGTGATCCCCATTCTGGTCATTGCCT 500 
W R Q R W R V P T V A P P A W P R V P G T P S P A V I P I L V I A C 

GTGACCGCAGCACTGTCCGGCGCTGCCTGGATAAGTTGTTGCACTAT~~CCTCTGCTGAGCATTTCCCCATTATTGTCAGTCAAGACTGTGGGCATGA 600 
0 R S T V R R C L 0 K L L H Y R P S A E H f' P I I V S Q 0 C G H E 

AGAGACAGCACAGGTCATTGCTTCTTATGGCACCGCTGTCACACACATCCGGCAGCCAGACCTGAGTAACAT~GCCGTGCAGCCAGACCACCGTAAGTTC 700 
E T A Q V I A S Y G T A V T H I R Q P 0 L S N I A V Q P 0 H R K F 

CAGGGTTACTACAAGATTGCCAGGCACTACCGCTGGGCGCTAGGCCAGATCTTCAACAAGTTCAAGTTCCCGGCTGCTGTGGTAGTGGAGGATGATCTGG 800 
Q G Y Y K I A R H Y R W A L G Q I F N K F K F P A A V V V F 0 0 L E 

AAGTGGCGCCGGACTTCTTCGAGTAC'M·ccAGGCCACCTACCCGCTGCTGAAAGCAGACCCCTCCCTTTGGTGTGTGTCGGC:'TGGAATGATV.TGGTM 900 
V A P 0 F F E Y F Q A T Y P L L K A 0 P S L W C V S A W N 0 N G K 

GGAGCAGATGGTGGACTCCAGCAAACCTGAGCTGCTCTATCGAACAGACTTTTTTCCTGGCCTTGGATGGCTGCTGTTGGCTGATCTCTGGGCAGAACTA 100,0 
E Q M V D S S K P E L L Y R T D F F P G L G W L L L A 0 L W A E L 

GAGCCCAAGTGGCCCAAGGCCTTCTGGGACGACTGGATGCGCAGACCTGAGCAGCGGAAGGGGCGGGCTTGTATTCGTCCAGAAATTTCAAGAACTATGA 11C10 
E P K W P K A F W D 0 W M R R P E Q R K G R A C I R P E I S R T M T 

CATTTGGTCGCAAGGGTGTGAGCCATGGGCAGTTCTTTGACCAGCATCTTAAATTCATCAAGCTGAACCAGCAGTTCGTGCCCTTCACCCAGTTGGACCT 12C•O 
F G R K G V S H G Q F F 0 Q H L K F I K L N Q Q F V P F T Q L 0 L 

GTCGTACCTGCAGCGGGAGGCCTATGACCGGGACTTCC1~GCCCAGGTCTATGGTGCCCCCCAGCTGCAGGTGGAGAAAGTGAGGACCAATGATCGGAAG 1300 
S Y L Q R E A Y 0 R D F L A Q V Y G A P Q L Q V E K V R T N 0 R K 

GAACTGGGGGAGGTGCGGGTACAGTACACTAGCAGAGACAGCTTTAAGGCCTTTGCTAAGGCCCTGGGTGTCATGGACGACCTCAAGTCTGGTGTCCCCA 14(10 
E L G E V R V Q v T S R 0 S F K A F A K A L G V M 0 D L K S G V P R 

GAGCTGGCTACCGTGGCATTGTCACTTTCCAGTTCCGGGGTCGGCGTGTCCACCTGGCACCCCCAGAGACATGGAATGGCTATGATCCTAGCTGGAATTA 
A G Y R G I V T F Q F R G R R V H L A P P E T W N G Y D P S W N 

GTGGCACCTGCCTTTCCCTCCTGGGTCTCCTTGCCGTATGATGAGCCGAGGCAGCCTGCAGGCCCTGGGCTATACCATTCTGCCAGTGTTTCCTCTTGGA 

TCTATAGATCTTCCCTTTTTGTCCTGGCCTTCCCCCAAGTGGCATTCTAGTGCACAAATCATAAGATGAGGGTTATACTCCTCTTGTCAAGGGAGTACTG 

TGTGGTATGTTCGGGGCATATTGAACAAGAAACCACTGTGTGGTGTGGGGAGGGTTGGACCTGTTGGACCAGGCTTGTAGTGTCCTGAGTTCTCTCCAAG 

GGCATCTGCGGAGAGCTTGGCCACTCCAGCTCTCCTGACCAGGCCTCTCCACCCTGATCTGGCTCCTGTTAGTACATGAGCCCACTTTATGTACCTTCCC 

1500 

1600 

1700 

1800 

1900 

CACTTTCTCCACCTTCCCCAGGGTGGGGCCGGATTATGGAAGAAGGAATAGATTTGTGGCCAACTGAGACTAACCAAAGGGATTCACTGTCAGAGTTAGA 2000 

TTGCATGGCCGGGTTGCCGGGGTCACTGCCTCCTGGCTTCTCTTCCTGCCGACTTTGCCAGTGCTCTTCTTGTCCTGCAGTGGAGCAGTGTGTTGTGAGA 

TGGAAAGTAGGAGCTAAAGCAAGACCTCTCCCGTGGTGGAGCAGTTGTCAGGAACAATGACAGGCGGAAAGCCTACACTTGGGCACCCCTCTTCTTGCCC 

ATGGCCCCCCACTTCTGAAAGTTAG~CCCTTTGCATTCTTTAGGGGGATTCAGTGGCAGCCTAGTGGGGGACAGTGGGCTCCACGCCTCTTTCCCCTGG 

GGTTGGTACAGCCTCCTCCCACAGGGCTTGTTCCTGGTGGCCATCTCAGCAAAGTCACCAGCAGCTGAGACCAGGACACCTGTGGCCCTTCCTAAGCATT 

CCCACATCTTCCCAGGCCGAGGGGCAGGTGGCAGGCTAGAGAGAAAGAAATTTGTGTGTTTTGTTTGTTGCCTGATCTTAGTTTCATGGAAGAAAATGGA 

ATCTACAGAATTATTTTC~GTAAAGGCTGAATTGTCTGAAAAAAAAAAA 

Fig. 1 Nucleotide sequence of rat GnT-1 eDNA. Deduced amino acid sequence is also 
shown. The polyadenylation signal (AA T AAA) JS underlined and the putative transmembrane reg10n 
is doubly underlined. 
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rat 
mouse 
rabbit 
human 

MLKKQSAGLV LWGAIIFVGW NALLLLFFWT RPAPGRLPSD SALGDDPASL 
....• T. • . • • . . • . . . . . . . . . . • . . . . . . . . . . . . . . . . .. .... . . . 

• . • . • L •• A. .. V.S ..... N .. D ..... . 
• . • . • L •• A. •••••• P • • V ••• DG . . .. . 

rat TREVIHLAED AEAELERQRG LLQQIKEHYS LWRQRWRVPT VAPPAWPRVP 
mouse . . . . . . . . . . . . . . . . . . . . . . . . . . . .A . . . . . . . . . . . . . ... ..• . 

rabbit ··· · .R .. Q. · .V . ·· ......... R . . HA .. S ... K ... A .... Q.H .. 
human · ...• R .. Q ... V ........ . ... GD--A . SS .. G .... A .... Q . .. . 

rat GTPSPAVIPI LVIACDRSTV RRCLDKLLHY RPSAEHFPII VSQDCGHEET 
mouse v .... VQ ..............•........ . .... R ••••••• •••••.. 
rabbit V .. P .. •.... . . ....••... ... .... .... .. L . ............ . 

human V ·.A.·· ··· · · • • • · • • • · · • • · • · • · · · · • • • .L . • · · • · • · • · • · • · 

rat AQVIASYGTA VTHIRQPDLS NIAVQPDHRK FQGYYKIARH YRWALGQIFN 
mouse ......... . 
r abbit ........ s . 
human .• A . • • •• s . s ... p •..•• 

• • •• .•••• H 
•••••.• V .R 

rat KFKFPAAVVV EDDLEVAPDF FEYFQATYPL LKADPSLWCV SAWNDNGKEQ 
mouse ......... . .RT ...... . 
rabbit N.NY ..... . 

human Q.R. · · · · · · •••• R ••••• 

rat 
mouse 
rabbit 
human 

rat 
mouse 
rabbit 
human 

rat 
mouse 
rabbit 
human 

rat 
mouse 
rabbit 
human 

MVDSSKPELL YRTDFFPGLG WLLLADLWAE LEPKWPKAFW DDWMRRPEQR 

• • • A. R •••. 
••••• E •••• 
•• • • • E •• • • 

KGRACIRPEI SRTMTFGRKG VSHGQFFDQH LKFIKLNQQF VPFTQLDLSY 

.. . . . v .... 
Q ••• •• •••• .H . . •.•.•. 

LQREAYDRDF LAQVYGAPQL QVEKVRTNDR KELGEVRVQY TSRDSFKAFA 
•• Q. • • • • • • • • • • • . • • • • • •..•..•• Q • • • • • • • • • • • •• • •• • ••• 
•• Q •••• • •• •• R •••••••••• •• •••••••• •••• •••• G •••••••• 

• • R ••••••• 

KALGVMDDLK SGVPRAGYRG IVTFQFRGRR 

• • •• L ••. •. 

VHLAPPETWN 
••• • •• Q •• T 
•• ••• • Q •• D 
•••••• L •• E 

. G • • • • • ••• 

GYDPSWN 

••••• • T 

so 
50 
50 
50 

100 
100 
100 

98 

150 
1 50 
1 50 
148 

200 
200 
200 
198 

250 
250 
250 
248 

300 
300 
300 
298 

350 
350 
350 
348 

400 
400 
400 
398 

447 
447 
447 
445 

Fig. 2 Comparison of amino acid sequences of GnT -I. A dot indicates that the 
corresponding amino acid is identical to that of rat GnT -I. The two hyphens designate the 
deletion of the corresponding amino acids in human GnT-1. 
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Discussion 

In this study the author cloned a full -length GnT-1 eDNA from rat liver and 

examined the expression of GnT-1 mRNA in rat tissues. The eDNA was highly 

homologous to rabbit, mouse, and human GnT-1 eDNA, implying that rat GnT-I also has 

the type II 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-1 activity in E. coli (10). 

GnT-1 has been reported to be retained in medial Golgi by a signal (or signals) in 

the transmembrane domain (II, 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-Vai/Cys-Leu, was common. However, the significance of 

this sequence is unclear since these amino acids are unlikely to have conspicuous features 

>. ~ c:: "@ 
c:: ..... -- ~ c:: u ~ >. c:: ..... c:: 0 0{) ..... 

~ ....... 
~ c:: ffJ ~ C\j C\j > 

C\j '"0 0 ....... ;:l - c:: ..... ..... ~ :.g ~ 8 0.. ::l > '"0 ..0 
....... ...c (.) ffJ 0 C\j ......... ffJ 

28 s > 

~ 
~ 

18 s > 

~ • 

Fig. 3 Expression of GnT-1 mRNA in various rat tissues. Total RNA (20 J..tg) 
was hybridized with the coding region of the GnT-1 eDNA. The two arrowheads indicate the 
3.3 kb and 3.0 kb GnT-l 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-1 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 a2,6-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-1 function should be important for the biological integrity of brain and 

liver. 

It is intrigue that two differently sized GnT-1 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-1 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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Ch. 2. Di\crsit) in the 5'-lJTR of GnT-1 mRNA 

Chapter 2. Diversity in the 5'-untranslated region of rat GnT-1 mRNA and its 

implications for the regulation of the gene expression. 

Introduction 

Among the protein N-glycosylation enzymes, GnT -1, which transfers a GlcNAc 

moiety from UDP GlcNAc to the oligomannosyl acceptor Man c;GicNAc 2, initiates the 

conversion of high-mannose N-glycans to hybrid and complex type structures (I). This 

convers1on IS important to many biological processes since GnT-1-deficient transgenic 

mouse d1es m utero with pleiotropic defects (2-4). Furthermore, regulated expression of 

GnT I 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 tn mammalian tissues, although the roles of many animal Iectins are still elusive 

(5, 6). 

The author had cloned a GnT-1 eDNA from rat liver and found that each rat tissue 

contained vanous amount of GnT-1 mRNA (Chapter I) and found that there were two 

transcripts of GnT I different in size. In brain the larger transcript was expressed 

essentially as a sole GnT-1 mRNA, while the shorter one was almost the only GnT-1 

mRNA expressed tn li\er. This tissue-specific expression of two different transcripts has 

been also observed in mouse brain and ltver (7, 8), suggesting that these transcripts may 

play Important roles 111 the regulation of the production of GnT-1 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-1 mRNA 
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regulates the translational effictency of the transcnpts. 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 

eDNA library was constructed as described in chapter I. The author screened 3 x J06 of 

plaques with a probe covering the entire coding reg1on of rat liver GnT-1 eDNA to obtain 

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

5'-rapid amplification of eDNA ends (5'-RAC£). 

5'-distal region of GnT-I eDNA was amplified from rat brain mRNA with 5' 

AmpliFINDER RACE Kit (Ciontech) following the manufacturer's instructions. Primer 

PI (TCATCACCAAGGGCACTGTCTGAGG), which was complementary to the 

nucleotides 294 through 270 of the rat liver GnT-1 eDNA (Chapter l ), was used for the 

eDNA 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 pBiuescript 

(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 111 chapter I. 
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Reverse-transcription PCR ( RT PCR). 

cD""JA was synthesized from 2 ug of total RNA by MMLV reverse transcriptase 

(Gibco BRL) with random hexamers and I 50 of this eDNA was used for PCR. Primer 

MGF (AAGTGTACTCTCGCCATCCA) and MGR (CAGAGCTCCATAGAGCTTGA) 

were used for ~, - microglobulin mR'lA (10) as an internal control. Primer IAF 

(GTTGCGCGTIGATCTCC) and R (CAGACTGCTTCTTCAGCATCC) were for GnT I 

mRNA including exon lA, primer I BF (CATTGCTTGCTAGCAGGAAG) and R for GnT 

I mRNA including exon I B. and primer 21 (TCATCACACTGTGCACATGG) and R for 

GnT I mRNA including exon2. PCR was carried out in 10 I-Ll reaction in the presence of 5 

1tCi of la- 32Pl dAlP. After 20cycles of amplification for microglobulin and exon lA. 24 

cycles for exon I B 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 expenments. 

Transfection and luciferase assay. 

The luc1ferase expression plasmids were constructed to use a thymidine kinase 

promoter to transcribe the promoterless firefly luciferase gene. The thymidine kinase 

promoter was excised from pBLCA T2( II) by Pvu II Hin dlil digestion and subcloned mto 

the Kpnl (blunted)/ Xho I site of pBiuescript. This fragment was excised again by Hin dill 

digestion and in~erted into the Hin dill site of the promoterless luciferase vector, 

pSVOAL65' ( 12) The result1ng plasmid was termed ptkL65' and used as the positive 

control of luciferase expression. 

To make the assa) plasmids containing GnT-1 5'-UTR, the nucleotide sequence 

coding the first two amino acids of the luciferase was mutagenized from ATGGAA to 

ACTGCA, to make a Psr I site. The GnT-1 5'-UTRs were excised from the cloned 5'­

RACE products by Eco RV (on the vector) and Pst I (on the 6th and 7th codon of GnT-I) 

and introduced into the mutagenized plasmid. The resulting plasmids, termed ptk IALLuc 
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and ptkl ASLuc, express a modified luciferase \\ hich contams the f1rst seven amino ac1ds 

of GnT-l instead of the first two am1no acids of luc1ferasc. rhe resulted N terminal 

sequence 1s Ml KKQS ADAK 

COS7 cells were transfected by DEAf. dextran method mod1fied b] \I Moslih and 

Oubes( 13 ). pact- ~-gal. a ~-galactosidase exp1e-.swn plasm1d driven b) 1~-actin promote!. 

'"as co-transfected as the internal control of the transfection cffic1ency. Luc1ferase actl'vity 

\'vas assay d with P1ccaGene 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 £. coli. purified, and used to immunize n 

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

Protein prepwation and ~~estern blotting. 

Rat brain Jnd liv~r were homogenized by Teflon homogemzer in PBS containing I 

mM LDTA. 100 ug1ml (p-ammophenyl)methanesultun)l fluoride hydrochluriue, 10 ltg/rnl 

lcupeptin, <1nd 2 1-lg/ml aprotinin. The tissue debns was removed by centrifugation at 700 g 

for I 0 minutes. The membrane fract1on was collected by ultracentrifugation of this 

supernatant at I OO,OOOg for 2 hours The pellet was suspended in PBS containing I% 

Triton X-100. 0 I% SDS, and the proteinase inhibitors mentioned above. and stored at 

800C. These protein ~amples (50 !lg) were separated b} 10% SDS PAGE and transferred 

to nitrocellulose filter Immunodetection was earned out with ECL detection reagents 

(Amersham) following the manufacturer's instructions 
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Results 

Structure of rat brain GnT-1 eDNA. 

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 eDNA from rat brain, where the GnT-1 transcript of this form was 

preferentially expressed. Eighteen clones of GnT-I eDNA 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-1 eDNA 

obtained from rat liver. Judging from the length of the brain eDNA fragments and the 

alignment of their terminal sequences with the liver eDNA, it was unlikely that the coding 

region structure of the brain eDNA 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 eDNA by 0.9 kb. As some GnT-1 eDNA clones of th is 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 I B-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 eDNA. 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-1 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 I AS-3, consisted of clones which were similar to the liver eDNA. The 5'-

UTR of the longest clone in this class was 175 bp and included the whole 5'-UTR of the 

liver eDNA. The second class, class IAL-3 clones included the whole 5'-UTR of the class 

I AS 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 I AS-2-3, was similar to the class 
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lAS 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 I B-3, consisted of the 

clones which had the same sequence as class I AS and I AL between the start codon and 

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

a 

b 

Jr.!'I!!!"!""'~-...... Q. -...---- •••••• 

~ft..ff.::_:·· _,_:-:=·=-·x. __ ~------······ 
1AL-3 

,.~~------- ..... . 
I I 
.... ---------- ..... . 

IAS-3 

~--···· 

--······ 
1B-3 

~f----· · · ·· · 
1::::::: ... ~ r--.. ____ ..... . 

IAS-2-3 

~ ..... . .t= ..... . 
1 B-2-3 

Fig. 1 The 5 '-UTR structures of GnT-1 mRNA detected by 5 '-RACE. a, 
Isolated 5'-RACE clones (see text). b, A presumed genome structure of rat GnT-1 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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1Alr3 GACCCGGCCCC GGCCTGGATC TGGAGC~GG AGGG~GAGG CTCCCAGCCG GGACCGATGG GCGGGGCCCA GGTTCACACA GAAATCAGCC GCCTGGGCC 

- 66 kcal/mol 

1Alr3 GTGTCGGTGTT AAAGCCTGTT TCTTCTGATC CCCAGCAGAA CACAAGTGGA CCAGTGGATG ATTTTCTCTT GCCTCAGCAA GGGATGCCAC AGTCCCTGG 

JAL-3 AATCTGTCAAC CACTAGCCTC TGAGCTTTAA AAGCCAGCTG GATGAAGGGA TGTAACGCGC ACCTGGGAGG GACACTGAAG TCAGCCGTGG GGGGGGAGG 

1Alr3 GGCCCGGACAC ACCCCTTCCC CCCCAGACTC CTCCCCATCA CGGTCCACGC GGCCATGGAC CTTGGACTTG GATAAGTGGA GAGAAGCTGT ACTTTGGTG 
~ 

- 43 kcal/mol 

~ IAL-3 GATCTGATTCT CAGTTTTGGA AATGAAGTAT TAGCCAGGGG GGTGGGAGGG GGGGTTGCGC GTTGATCTCC AGGGAAGCAA CAGAGAGAAG AAAAGAAAG 

GG GGGGTTGCGC GTTGATCTCC AGGGAAGCAA CAGAGAGAAG AAAAGAAAG 

N 
VI 

IAS-3 

1Alr3 
lAS-3 

GTACATGGCTA CTTCCCACTC TCAGCCTAGA AGAATAAACC CTTAGATTGC GGGGGAACTG AGCCAGGCAA GCCACAGGCA GCCTTGAGCG CCCCCTTGC 

GTACATGGCTA CTTCCCACTC TCAGCCTAGA AGAATAAACC CTTAGATTGC GGGGGAACTG AGCCAGGCAA GCCACAGGCA GCCTTGAGCG CCCCCTTGC 

lAL-3 CTGCCCTCCCC TGCGGGGGCC 

lAS-3 CTGCCCTCCCC TGCGGGGGCC 

.TGCTGA AGAAGCAGTC TGCAGGGCTT · · · · · · · · · · 

ATGCTGA AGAAGCAGTC TGCAGGGCTT ---------- Coding region 

Fig. 2 Nucleotide sequences of the class lAL-3 and lAS-3 5' -RACE clones. The upper lines show uORFs. The pai red arrows indicate 
potential secondary structures with calculated stabilizing energy. 

IA-2-3 
IA-3 

IA-2-3 
IA-3 

IA-2 3 
lA 3 

I B-3 
IA-3 

IB 3 
IAJ 

inserted regiOn 
TTGATCTCCA GGGAAGCAAC AGAGAGAAGA AAAGAAAd!T AATGCTACAA ATGGTCCTTC ATGCAATCTC TCATCACACT GTGCACATGG ACCAAGCCCC 

CTCCA GGGAAGCAAC AGAGAGAAGA AAAGAAAG-- -

AGAGCAGGCG TAGAGGACAC AGAGCCGCTT TTCTTAAAGA GTGAGPTACA TGGCTACTTC CCACTCTCAG CCTAGAAGAA TAAACCCTTA GATTGCGGGG 

---- ------ ---------- ---------- ---------- -----GTACA TGGCTACTTC CCACTCTCAG CCTAGAAGAA TAAACCCTTA GATTGCGGGG 

GAACTGAGCC AGGCAAGCCA CAGGCAGCCT TGAGCGCCCC CTTGCCTGCC CTCCCCTGCG GGGGCCAG~A TGCTGAAGAA GCAGTCTGCA GGGCT· -···· 
GAACTGAGCC AGGCAAGCCA CAGGCAGCCT TGAGCGCCCC CTTGCCTGCC CTCCCCTGCG GGGGCCAG A TGCTGAAGAA GCAGTCTGCA GGGCT·· ···· 

coding region 

. . 
umque regwn 

IGCCGGTCCG GGGCTAGCCT GGATCCGGGC AGgGTACATG GCTACTTCCC ACTCTCAGCC TAGAAGAATA AACCCTTAGA TTGCGGGGGA ACTGAGCCAG 
CTCCAGGGAA GCAACAGAGA GAAGAAAAGA AAGGTACATG GCTACTTCCC ACTCTCAGCC TAGAAGAATA AACCCTTAGA TTGCGGGGGA ACTGAGCCAG 

GCAAGCCACA GGCAGCCTTG AGCGCCCCCT TGCCTGCCCT CCCCTGCGGG GGCCAG TG CTGAAGAAGC AGTCTGCAGG GCT --.--- -­

GCAAGCCACA GGCAGCCTTG AGCGCCCCCT TGCCTGCCCT CCCCTGCGGG GGCCAG TG CTGAAGAAGC AGTCTGCAGG GCT --------

COding region 

Fig. 3 Nucleotide sequence comparison of class lA-3, lA-2-3, and lB 5' -RACE clones. Boxed are the inserted region of class I A-
2-3 clones and the unique reg ion of class l B-3 clones. 
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however. were unique. The last class. class I 8 2 3. was similar to class I 8 -3 but the same 

I 07 bp sequence was mserted as class I AS 2 3 at the same position. A putattve genome 

structure of the rat GnT-1 gene was suggested by the comparison of these 5 '-UTR 

structures (Fig. I b). The actual nucleotide sequences of these 5' UTRs are shown in Fig. 2 

and 3. The author have also cloned genom1c sequences covenng the all exons shown in 

Fig. I b. Thts result conststed with the suggested genome structure, except that the exon 

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

Tissue spec iflc expre.nion 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 I A-2-3 mRNA was much 

less abundant than class I A-3. The only exception was found in testis. where the amount 

of class I A 2 3 mRNA was comparable to that of class I A 3. Class I B-2-3 was much less 

abundant than class I 8 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 I 8-3 mRNA relative to 

class I A. the analysis of the amplification kinetics (not shown) suggested that class 18 

mRNA was comparably mmor as class I A -2-3 at least in brain. These data suggested that 

the major s· L fR of GnT-1 mRNA in rat ttssues is either class I AS-3 or lAL-3. 

Clas,\ I AL-3 mRNA is the 3.3 kh transcript in brain. 

Accordtng to the difference in length between class I AS-3 and I AL-3 and 

estimated amounts of vanous 5' UTRs, the longer GnT-1 mRNA preferentially expressed 

in rat supposed to be class I AL-3, while the shorter mRNA expressed in liver was 

supposed to be class I AS J. The author performed northern hybridization analysis with a 

probe spectftc to the class I \L 5'-UTR to examine this assumption (Fig. 5). TI11S tAL­

specific probe hybridized only to the longe1 transcript. and not to the shorter one. I AL 5' -
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UTR was expressed strongly in brain, moderately in heart, ktdney. spleen. lung and ovary. 

and scarcelv in liver, colon. skin and muscle. Its expression was proportional to that of the 

entire GnT-1 rnR 1\j \ except in brain, ltver. and heart. Heart had relatively high proportion 

of lAL rnR\IA to the total GnT-1 mRNA (Fig. 5bl. 

Class I 1\L and class I 1\S mRNAs were translated with different efficiency. 

The 5' UTR of class I AL-3 mRNA have eight ORFs and t\\o regtons those can 

form vcrv '\table stem-loop structures. The .5'-UTR of the class IAS-3 mRNA have only 

one ORE As these structures are thought to interfere with the transl'ltional effictency, the 

author examined the effect of these 5'-UTRs on the translation of mRNA of a reporter 

:>-. ~ c: ~ 

c: ..... _. ~ c: -..> ':> 
::;...... c: ..... c: 0 Ol) ..... <.) ~ ~ c: JJ Q) C'C ro > "0 - ·- ::I c: ..... ..... 0 ·- 0 ..!>G ,.. 0.. ::I > "0 _D ·- ..c: ..!>G (.) VJ c: JJ 0 ~ - probe 

28S~ 

lAL-specific 

l8S~ 

28S~ 

coding region 

18S~ 

~ig. 5 Detection of the GnT-I mRNA containing the exon IAL from rat 
tJSSl_les by northern hybridization. While the conding region probe detected two mRNA 
spectes, 3.3 kb and 3.0 kb (arrowheads), the exon lAL-spccific probe hybridized only to the 
3.3 kb mRN~ .. Note that the 3.3 ~b ':lRNA was most enriched m brain and virtually 
undetectable m hver. The arrows mdtcate the positions of rRNAs. 
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gene The 5'-UTR and the fiN six codons of GnT-1 \vere fused to the 5' end of the 

modified ftrefl) luciferase gene v.-hich lacb the original fir~t t\' o codons. The~e tuston 

genec; were transient!) expressed in COS cells by the thymidine kinase promoter of herpes 

c;trnplex \ irus (Fig. 6a). Compared with tnscnion of class I AS 5'-UTR. insertion of clas<; 

IAL-3 5'-UTR reduced the luctferase expres'\ion by -....7-fold (Fig. 6b) Thts result 

suggested that GnT-I expression is regulated translationally as well as transcriptionally. 

ptk !AS ----1 tk 1--------.............. ~ lAS-3 l TR IGnT-II lucifcrase 

ptklAL ---1 tk tAL-3 UTR IGnT-II lucifcrasc 

b 

Cl) 4000 (/) 
Co;3 

"0 ·- ,-.... (/) ...... 
0 ·-...... c:: 3000 u :::1 Co;3 

ca >. 
bl} ..... 

I ro 
c:Q.. ..... 2000 ...... -Cl) _D 
(/) ..... ro Co;3 ..... ...._, 
0 1000 ~ 

'(] 
::l 

0 
ptklAS ptklAL pUC19 

Fig. 6 Effect of GnT -1 5 '-UTRs on translational effic iency of a reporter gene mRN~. 
a, Structure of the reporter vectors. The first two codons of the luciferase gene w~r~ repl~ced by the fust 
six codons of GnT-1 to fuse the GnT-1 5'-UTRs in ptklAS and ptklAL. tk; thym1dme kmase promoter. 
b, Luciferase activity. COS cells were transfected with the ~ectors s~~wn in a and transi~ntly expressed 
Juciferase activity was measured. Co-transfected ~-galactostdase actJvtty was used as an mtemal control. 
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Smce the majority of GnT-I mRNA in rat brain was class lAL while class lAS was 

dominant in rat liver. rat brain would express much less GnT I protein than liver if the 

translation of class I AL mRNA was lo\v in vivo as well as m the cultured cells. The 

immunodetectton 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-1 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. 

c '-....... 
Cl) co 

'- > 
.0 

kDa 

175-

83-

62-
• 

47.5- IIIIE 

32.5-

25-

16.5 -

Fig. 6 ~~pression of GnT-1 protein in rat brain and liver. Membrane proteins 
were prcct~ttatcd by centrifugation from rat brain and liver homogenate at 100,000 g and 50 
:~ o: ~r?t:m.was.loa~ed to each lane. Western blottin.g and immunodetcction was performed 
as ?escnbed m Matcnals ~nd Methods. The 48 k.Da stgnal (arrow) detected by anti-GnT-1 
anttserum was only seen m liver lane. 
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Discussion 

As a gate enzyme of complex N- glycan S) nthests. regulated expressiOn of GnT-1 

could change the proportion of complex and hybnd 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-1 mRNA are different in each rat 

tissue but also there are two size classes of mRNA which are differentially expressed in rat 

tissues (Chapter I). In present study the author suggested that these size difference of rat 

GnT-1 mRNAs were resulted from the vari ation of their 5'-UTR. GnT-1 protein synthesis 

was also regulated by translational efficiency of mRNA. 

Unlike in vitro translation, long 5' UTR of mRNA does not necessarily reduce tts 

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 cell s respond to physiological conditions. Multtple 

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 5' -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' -lJTR of tts mRNA (reviewed in Ref. 20). uORFs are known 

to determine the tissue-specific expression of retinoic acid receptor ~2. too (21 ). Long 5' 

UTR with multiple uORFs is often found in mRNAs of strictly regulated genes ltke 

growth-factors and considered to be important to thetr regulation ( 15, 16). In this context, 

the 5'-UTR of class I AL mRNA of GnT-1, which has eight uORFs, may participate tn the 

regulation of the GnT-1 gene in a complex manner. Although the author showed the class 

I AL 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 m other tissues. 

The author have found t\\O GnT-1 mRNA species different in length in human tissues as 

well (data not shown). wh1ch suggests the existence of conserved roles of the longer GnT-1 

mRNA 

The transcriptional regulation of the GnT-1 gene expression is interesting as well. 

It should determine the total amount of GnT-1 mRNA and the relative amounts of mRNA 

subclasses with different 5' UTRs in a tissue specific manner. Even class I B mRNA. a 

minor subclass. could determine the protein amount in tissues like brain where the 

translation of the major mRNA is IO\\ The examination of the promoter region for these 

GnT I mRNA would be informative. 

Mouse GnT I has been reported to have two size classes of mRNA similar to rat 

GnT-1 (15, 16). Yang et al have determined the 5'-UTR sequences of these mRNAs 

(Mp,ar-11 and Mp,ar Is) (22). These mouse 5'-UTRs were divided by two introns and thus 

structurally resembled to the class IA-2-3 mRNA of rat GnT-1. The region between the 

introns of the mouse 5'-UTR. however, was totally d1fferent 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-ls, which is not included to 

Mgm-11, did not exist in the rat IAS-3 mRNA. It suggests that the structure of the rat 

GnT I gene may not be identical to that of mouse. Another possibility IS that Mgat-ls was 

a spl1cing variant wh1ch has not been found, or does not exist, in rat. Analysis of the 

genom structure of the GnT-1 gene both in rat and mouse would be indispensable. 
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Chapter 3. Analysis of the genom structure of the rat GnT-1 gene 

Introduction 

As a gate enzyme of complex N-glycan S) nthesis, 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-1 gene expression. There is no reported data concerning the 

comparison of the enzymatic activity of GnT I among animal ti ssues 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 ( I , 4) GnT-1, 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-1 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-1 promoters. 

Materials and Methods 

Screening of genomic libraries. 

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

Stratagene. t..gntg22 and 1..7 was isolated by hybridization with the coding region of GnT-1 
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eDNA and a part of the exon 2 exctsed from a 5'-RACE clone (Chapter 2). A. I A was by 

hybndizatton with a part of ex on I A. 

S I mapping. 

The probe for class I Al rnRNA was made by connecting a pan of a 5'-RACE clone and a 

genomtc fragment at a positton within the exon lA-I to bypass the intron between the exon 

I A I and I A-2. It began from the nucleotide 464 base upstream to the initiation codon and 

was 281 nucleotides long. The 3 ·-term mal sequence of 37 nudcotides was an unrelevant to 

GnT -1, whtch allows to dtstinguish the fully protected fragment from undtgested probe. 

Single-strand DNA probes were uniformly labeled as described by Sanbrook et al. (5). 

Poly(Af RNA (5 ~lg) was heated at 85°(' for I 0 minutes with probe ( 1-5 x 104 cpm) in 30 ,d 

of buffer (80% formamide, 0.4 M NaCI, 40 mM PI PES (pH 6.4), 1 mM EDlA), hybridized 

overnight at 30°C' and quickly cooled on ice Ice cold S I nuclease buffer (300 ~tl) 

containing 2000 untts of S I nuclease (Gibco BRL) was added and tncubated at 37°C for t 

hour. The reaction was stopped by EDTA and the dige!>ted samples were phenol-chloroform 

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

Results 

Genomic structure of the rat GnT· f gene. 

The author screened rat genomtc library with probes specific to each of the four 

putative exons (see Chapter 2) of the GnT-1 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-I, I A-2 

and I B. The presumed genomic structure of rat GnT I was confirmed to be accurate with 

the only exception that the putatiYc exon I A was found to be divided mto two exons. exon 

IA-1 and IA-2. Exon lA 2 was 429bp long and included all of the 5' -UTR of the class 
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1 AS 5' -RACE clones described in Chapter 2, ~uggestmg thts exon contains transcriptional 

start site(s) for the class lAS mRNA (destgnated by an arrow labeled ·s· tn Fig. 1). The 

author tned to determine the ttanscriptional start site for the class I \Land I AS mRI\. \ b) 

S 1 mapptng. Four major start sites were detectl.'d for the transcription of class IAL mRN \ 

The author's extenstve effort to determine the transcriptional start sites fot the class I AS 

mRNA was hampered by high background nmse and non-spectfic c;tgnals (data not ~hO\\ll). 

perhaps due to the locally biased base composition of the 5" -L'TR of rat GnT -l mRNA. The 

author did not tty to determine the transcriptional start sites for class I B mRNA since Its 

expression had been found to be low (see Chapter 2). Therefore. the author assumed the 5' 

ends o f the 5' -R \CE clone of class I AS and I B as the tmnscriptional start sites for furthct 

analysts. 

exon 1 A 1 " xon 1 A-'? exon 1 B exon2 exon3 

A.gntg22 

- ------------- 1.7 
1.1A-------------

L s 

Fig. t Genom structure of rat GnT-1 gene. The upper p~rt of the figure shows the 
organization of the exonc; on rat genome and lambda clones covenng these exons: T.he lower 
part is a schematic diagram of the splictng structure of GnT -I gene. T~e arrows tndtcate the 
transcriptional start sites (see text) The hatched box stands for the codmg regton of GnT-1, 
and the two polyadenyhtton sites are also tndtcated 
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Sequence analvsis of the upstream regions. 

Fig. 3 shows the nucleotide sequence upstream to the transcriptional start sites for the 

class I AL mRNA. and Fig. 4 shows the sequece upstream to the 5' ends of the 5' -RACE 

ro 
T C G A ..D 

~ z 
cz:: ...... 

~full-length 
probe 

G 
c 
G 
G 
G* 
C* 
G 
G 
c 
T 
G* 
G* 
G 
A 
c 
c 
c 
G 
G 
c 
C* 
C* 
C* 
G 
G 
c 
c 
T * 
G* 
G 
A 
T 
c 
T 

Fig. 2 S 1 mapping of the 5' -end of rat brain GnT -I mRNA. S J mapping was 
performed as described in Materials and Methods. Four major start sites were detected for the 
transcription of class 1AL mRNA from 5 llg of brain poly(At RNA (asterisks). 
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clones those belong to class lAS and I B. Potential regulator) motifs within those regions 

are also indicated. There was no t) pica! TATAA sequence. but multiple I ATA-Ii!..e 

sequences existed upstream to the 5' -end of class I AS mRNA. There were potential binding 

motifs of various transcription factors including an ubiquitous factor SPI. inducible factors 

like Rei family, MZFI, and CRE-BP, proto-oncogene products like c-myb <IIH.I Ets family, 

and tissue-specific factors of GATA and lkaros families. 

GAGCTCAGCACAGTTCATGCTCTGTAAACAGTAACCGGGCGCTCTCCTTC 

CTTTTAGAGATGTCCTACCTCATCCAGTGAGACAGTGGGCAATTGTGATG 

ATTAAAACTTTTTCTGGCACTGTTACTCAGGAAGCTCAGCTCAGTAACTG 
Ets c-myb 

GTTTGTCATAACAGGCTGTCGATTACTGGCTGTTAGCATAAAGAGTGCCT 
TATA-like 

AGAAGGCCTAAAAAGGGTCCGTGACCTCAGAAGCTACTTCAACTAGACAG 
CRE c-myb 

TTGCTAGGCGACCTTCCTGCATTGAGGTAAGAGGCAGGGCAGCCCGCACA 

GGTTCCGCCTCCACTTCCAGCCCTAGTTCCTGCCGCCTCCGGCCGCAGGA 

GCATCAAAGTGAGCGACTGGTCGGAGAACCGGCGGCGCAAGCGCGCTACT 

TCCCGCGCCGCACTGAGTGACGCACACTCCCCCTCTAGGCCTCAGCCTC~ 

GCCCCGCCCCCCGGAGTACCGCTCCGGCCCTGAGCCTCCGCTACATATTC 
SPl 

ACCGGGCCCTTCAGCCACGCCGGCCCTTCACCTTGAGAACCCTGTAGAAC 

TGGTGCTGCCCTGGCGGCGTTGGTGATGGGCGGGCAAGAACCTGGCGAAT 
GATA 

GGGGCGGGGAAGTGGGGAACCAGCGGTTACCCAGGACCTACTTCCGGAGG 
SPl MZFl MZFl Ets 
ACAGGCGGAAGTGGCTGCGGTGCCTGGTGG~GGAGCGA~ 

MZFl ** MZFl 
GGGGAGGGCCGGGCCGCAGGGGGTCGAGGGGGTGGGGCTTGCGGGCGGCT 

** *** ** GGGACCCGGCCCCGGCCTGGATCTGGAGCCGGGAGGGCCGAGGCTCCCAG 

Fig. 3 Nucleotide sequence upstream to GnT -I ex on lA-1. Asterisks 
indicate transcriptional start sites determined by S I mapping. Potential binding sequences 
for transcription factors are underlined. TAT A-like: sequence resembling TATAA box. 
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a 

b 

ACACACATGCTCGAAATGCTGGGGATACAGTATATACTCTAXATACAAAT 
MZFl GATA TATA-like TATA-l.tke 

TGTGTGGAGTAGTTAGAGTTTGTTGACTGAACATGGTAAAGGAGTGTAGT 

AAATATGGAAGTCTTAGAAGTCCATTTGTGCATGTATTAGATTAGAGTGT 
TATA-like 

CATACTGTTTbAATGTTCCGCAGGTTCACACAGAAATCAGCCGCCTGGGC 
TATA-hke 

CGTGTCGGTGTTAAAGCCTGTTTCTTCTGATCCCCAGCAGAACACAAGTG 
MZEl 

GACCAGTGGATGATTTTCTCTTGCCTCAGCAAGGGATGCCACAGTCCCTG 

GAATCTGTCAACCACTAGCCTCTGAGCTTTAAAAGCCAGCTGGATGAAGG 
TATA-like 

GATGTAACGCGCACCTGGGAGGGACACTGAAGTCAGCCGTGGGGGGGGAG 
MZFl 

GGGCCCGGACACACCCCTTCCCCCCCAGACTCCTCCCCATCACGGTCCAC 
CACCC-box GATA 

GCGGCCATGGACCTTGGACTTGGATAAGTGGAGAGAAGCTGTACTTTGGT 
GATA 

GGATCTGATTCTCAGTTTTGGAAATGAAGTATTAGGCAGGGGGGTGGGAG 
C/EBP~ TATA-l1ke 

rrG#GCtCGTTGATtTCCAGGGAAGCAACAGAfGAAGAAAAGAAA 

TCTAGATTCACTGGGCTGTACAAGGGACACTTGGGAAbAATCTGAACAGG 
Ikaros 

ACAAGCCTGAGGGTGTGAGTGGGGTTGGCTCATCTACACAGGAGCTGCGA 

CTGAGAGGGAAAGGGCCCCCAAACATCTTTGCTACCACTGCCTTCTTAAG 

TTTGGGGACTTGGGAAATCCCGTTGTTTAGATCTTGACCGGTGATCAGGA 
Ikaros Rel Ets 

~AGCAGTAGAGGAAGGCCCCGGAAGGAGGGGCCAGCGCGGACTCGCC t Rel Ets 

CGCGGCAGGGCGGGGACCAACAGAGGGG~CTCGGGGCTAGGGGAGCGC~ 
MZFl 11' 

CCCCGCCCTCCCGGGGAAGGACCACATTf CTTGCTAGCAGGAAGGCCAGC 
SPl T 

CtGACCGGAGGAGGCCGCTCCAGCGTTGGGTGTTtCCGGTCCG~CTAG 

Fig. 4 Genomic seequences upstream to the 5' -end of class lAS and lB 
mR N A. Potenti~l binding sequences for transcriptional factors are under! i ned. TAT A -I ike; 
sequence resembling toT AT A A-box. The arrows indtcate the 5'-ends of the 5'-RACE clones 
those belong to class l AS in a, and class lB in b. 
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Discussion 

In this study the author isolated the GnT -I gene trom 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 alternativcl) spliced one. The regions upstream lt' the 

transcn pttunl start s1tes con tamed no t) p1cal I A 1 AA and CC AA r sequences but had many 

potential binding sites for various transcription factors. 

Promoter structures have been reported for a few glycosyltransferases such as mouse 

~ I ,4-galactosyltransferase (6), rat u2,6-sialyltransferase (7). and human N acetyl 

glucosaminyltransferase III (8). It 1s worth to o;ay 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 ~ 1.4-

galactos}ltransferase gene (6). This gene produces an ubiquitously expressed 4.1 kb 

mRNA, and 3.9 kb mRNA which IS specificall} 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 Ill 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 SP I . SP )-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-1 assuming the promoter for the class IAL mRNA as house-keeping 

one and that for the class I AS mRNA as t1ssue· specific and or inductive one. It is also 

analogous between ~I ,4-galactosyltransferase and GnT -I that the longer mRNA (class I AL) 

was translated only inefficiently (Chapter 2) and its putative promoter had multiple SP I 

binding sites. 

The appl ication of this model to GnT I , however, may be contradictory to the 

observation that the expression of the class I AL 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. I kb mRNA of ~I ,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 I 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. It is interesting that the upstream region of exon I B has a binding sequence for Rei 

family factors including NF-KB (lO). This family is essential to immune response and 

inflammation ( II ), 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 IB 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 -1 in brain, especially in astrocytes, 

since the major GnT-1 mRNA in rat brain was translated only inefficiently and most non­

neuronal cells in mouse brain were reported to express GnT-I mRNA only weakly (2). It is 

also intrigue that a subset of neurons has been reported to constitutively express NF-KB 

(14). 

C/EB P~ is a liver-enriched activating factor and known to be induced in inflammation 

( 15). and essential to biological defense (l6). Its binding sequence was found also in the 

liver-specific promoter of o.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 

lAS mRNA ofGnT-1 in rat liver. Potential CREs (17) exist in the upstream regions of N­

acetylglucosaminyltransferase 111 ( 18) and ~ 1,4-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-1 promoter since Ets-2 and 

c-myb are known to cooperate in activation of mim-I 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 ~­

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-1 promoter for class lAS 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 lkaros family are known to control the differentiation of 

lymphocytes (37). 

Taking together, GnT-1 promoters have potential binding motifs of various 

transcription factors known to work in hematopoietic cells. Since the hematopoietic cells 

isolated from GnT-1-deficient transgenic mice were shown to differentiate normally (38), 

GnT-I 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-KB 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 I (GnT-1: EC 2.4.1.101) initiates the c;ynthests 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 I, the author cloned a GnT-1 eDNA from 

rat liver. ·r h1s eDNA had a pnmary structure highly homologous to that of mouse, rabbit, 

and human GnT-1 eDNA and expressed GnT-1 activity in £. coli. Expression of GnT-1 

mRNA in rat tissues was h1gh 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, 10 spite that other t1ssues expressed the both mRNA. These results suggest the 

transcription of rat GnT I 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-1 activity. eDNA cloning and 5'-RACE 

in brain showed the two GnT-1 transcripts were different only in their 5'-UTRs, and that 

there were at least five classes of 5'-UTRs, named as class IAL-3, IAS-3, I B-3. IAS-2-3. 

I 8-2-3. Northern hybridization and RT -PCR showed class I AL-3 and I AS-3 were the 3.3 

kb and 3.0 kb mRNA descnbed in Chapter I , respectively, and that these two classes were 

the major GnT-1 5'-UTRs m most tissues. The author found that class IAL-3 5'-UTR 

reduced the translational effic1ency of a reporter gene mRNA by -7 -fold in comparison with 

class I AS-3. Rat brain, in which majority of the GnT-1 mRNA is class lAL-3, expressed 

much less GnT-1 protein than lt\er in spite that moderately h1gh expression of GnT-1 mRNA 

was detected in brain. These results suggest GnT -1 expressiOn IS regulated translationall) as 

well as transcriptionally. 
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To investigate how the expression of the multiple classes of GnT-1 mRNA is 

regulated, the author cloned the GnT-1 gene from rat genome and exam1ned Its exon-intron 

structure and promoter sequences in Chapter 3. The rat GnT· I gene was cons1st of five 

exons, and the combination of three transcriptional start sites and one alternati\CI) spliced 

exon produced the five classes of 5"-UTR. The e\act transcriptional start sites were 

determined for the class I A L mRNA by S I mapping. The nucleotide sequences were 

determined in the putative promoter regions for class I AL. I AS. and I B. There were many 

potential motifs for the binding of various transcription factors, including an ubiquitous 

factor SPI, inducible factors like Rei family, MZFl, and ('RE-binding prote1n, proto 

oncogene products like c-myb and Ets family, and tissue specific factors of GATA and 

Ikaros families. Some combinations of the putative regulatory motifs in GnT I 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 -I promoters. The transcriptional control of the GnT -I gene would dynamically regulate 

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