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ABSTRACT 

UDP-G1cNAc:a-6-D-mannoside B- 1,2-N-acetylglucosaminyl- 
transferase II (GnT II) is essential for the nomal assembly of complex 

Asn-linked glycans. lhree GnT II transcripts, with 2.0 kb being the major 

signal, have been identified in five different human ceii lines by Northem 

analysis and 3' RACE. 5' RACE results indicated multiple putative 

transcription initiation sites, separated over 50 bp. No untranslated 

upstream exon was found. It is highly likely that the utilization of distinct 

cleavage/polyadenylation sites leads to the production of the multiple 

messages. Transient transfec tion experiments revealed that the main 

promoter activity of GnT II gene was localized within the 83 bp region 

between -636 and -553 upstream of the ATG translation start codon. This 

GC-rich region contains consensus sequences suggestive of multiple binding 

sites for Spl and other transcription factors. 
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I .1 Gly coproteins und glycosy Itr~~nsjierases 

Glycosylaansferases are enzymes involved in the biosynthesis of 

oligosaccharides. In general, they catalyze the reaction: 

The acceptor cm be a free saccharide, a saccharide linked to an aglycone 

(e.g. a protein or lipid) or a protein or lipid. AU donor monosaccharides 

are utilized in an activated fonn, either as a nucleotide sugar, e.g. GDP- 

mannose, or as a lipid-linked donor such as dolicol-P-glucose @ol-P-Glc) 

[Schachter, 19941. 

The "central dogma of glycobiology: one glycosidic linkage - one 

glycosyltransferase" has resulted from extensive research on the 

biosynthesis of the sugar-sugar linkages. This dogrna is valid in most cases. 

A specific gene encodes a specific glycosyltransferase which in hm, 

synthesizes a specific sugar-sugar linkage. However, exceptions to this rule 

have also been reported over the past years. For exarnple, the Lewis blood 

group-dependent fucosyltransferase cataiyzes the synthesis of both a 1-3 

and a 1-4 linkages. On the other hand, at least five distinct human a 1-3 

fucosyltransferases synthesize, at least in vitro, the Ga1 P 1-4 (Fuc a 1-3) 

GlcNAc moiety [Schachter, 19941. 

Proteins modified by glycosylation are present ubiquitously in all 

kinds of living forms including microorganisms, plants, anirnals and 

humans. Glycoproteins are composed of one or more carbohydrate c h a h  

attached to protein by way of either an N-glycosyl linlcage (N-glycans, e.g. 

N-acetylglucosaminyl-asparagine) or O-glycosy 1 linkage (O-glycans, e.g. 

GaMAc-Serinemeonine) [Schachter, 1992aI. Various other linltages 



between amino acid and sugar have k e n  reported in these two categories. 

An example is a glucose/GalNAc-asparagine linkage that exists in bacterial 

glycoproteins [Vliegenthart. 19951. The third family of protein-sugar 

linkage is the glycophosphatidylinositol (GPI) anchor which has been 

identified in many cell surface proteins [Englund, 19931. 

The complex nature of oligosaccharide structures and the 

complicated protein glycosylation processes explain the fact that many 

glycoproteins exist as a set of glycoforms. Different patterns of 

glycosylation can occur at either the same or different positions dong the 

polypeptide chain, so that the carbohydrates at a particular position can 

differ in structure. This phenomenon is generally termed micro- 

heterogeneity. Factors controliing protein glycosylation include (i) the 

primary peptide structure which determines the number and location of 

potential glycosylation sites, (ii) the three dimensional structure of the 

protein which affects the availability of the glycosylation position, (iii) cell 

types which influence species and tissue specific glycosylation, and (iv) the 

relative activities of different glycosylasuisferases and the interaction of the 

glycosyltransferases with the local protein structures [Dwek, l99SaI. 

1 .I .1 N-glycans: Sttuctwe and Biosynîhesis 

Unlike the nucleic acid and protein rnacromolecules which are made 

via the pre-existing template molecules, the carbohydrates are highly 

bmched and synthesized through an "assembly line" as will be discussed 

below. High mannose-, hybnd-, and complex-glycans constitute the family 

of N-acetylglucosaminyl-asparagine (GlcNAc- Asn) type N-glycans (fig 1.1) 

[Komfeld & Komfeld, 19851. The common feature of these glycms lies in 
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Figure 1.1 Structures of the major types of GlcNAc-Asn N- 
gl y cans 

Typical primary structures of (a) high mannose, (b) hybrid and (c) 
complex asparagine-linked glycans. The oligosaccharides with bold face 
type indicate the pentasaccharide core that is common to all GlcNAc-Asn 
N-linked glycans. Only the Asn residue of the polypeptide is show (far 
right). [Adapted h m  Komfeld and Kodeld, 19851 



that they dl share a conservecl core structure known as Man3GlcNAc2. 

Processing of N-glycans starts in the lumen of the rough 

endoplasmic reticulum (ER) with a CO-translational 'en bloc' transfer of 

Glc3MangGlcNAc2 from the pn-assembled lipid-linked Glc3MangGkNAc~ 

to an acceptor asparagine residue in an Asn-X-Setmir glycosylation 

sequon of the nascent polypeptide chah (X can be any amino acid but 

proline) [Kodeld & Kornfeld, 19851. Once m s f e m d  onto the protein, 

the oligosaccharides are trimmed in a stepwise manner. Removai of 3 outer 

glucose residues results in the high mannose isoform (figl.1). The high 

mannose glycan is fûrther uimmed by ER and Golgi glycosidases to the 

MangGlcNAc2 structure, which is the physiological subsmte for GlcNAc- 

transferase 1 (GnT-1). In the media1 Golgi, GnT-1 catalyzes the addition of 

a GlcNAc residue from a UDP-GlcNAc donor to the Man a 1-3 am of the 
MangGlcNAc2 acceptor in a B 1-2 glycosidic linkage, initiating the 

synthesis of hybrid and cornplex N-glycans. Removal of 2 mannose 

residues from the Man a 1-6 am of the above product by a-mannosidase 

II foilowed by an addition of a GlcNAc residue foms the complex N- 

glycan isoform. This latter step is catalyzed by GlcNAc-transferase II 

(GnT-II). Further modifications of the "antennae" result in a diversity of 

branched carbohydrate structures. The above processing pathway is 

summarized in figure 1.2 [Voet, 19901. The major characteristics of this 

assembly line are that a series of membrane-bound glycosidases and 

glycosyltransferases act sequentially on the growing oligosaccharide as it 

moves along the lumen of the endomembrane system, and a variety of 

"substrate level" factors (Le. enzyme substrate specificity, relative enzyme 

activities) direct the metabolic pathway at bmch points. For exarnple, 



Figure 1.2 The 
Biosynthesis of N-linked 
gl ycans 
The processing of 
oligosaccharide on newly 
synthesized glycoprotein takes 
place through rough 
endoplasmic reticulum (ER) to 
pans Golgi apparatus. The 
reactions are sequentially 
catalyzed by 
(1) oligosaccharyl~sferase, 
(2) a-glucosidase 1, 
(3) a-glucosidase II, 
(4) ER a- 1,2-mannosidase, 
(5) Golgi a-mannosidase, 

N-acetylglucosarniny1- 
tmsferase 1 (GnT I), 

Golgi a-mannosidase II, 
GnT II and GnT V, 
fucosylaansferase, 

(10) galactosyltransferase, and 
(1 1) sialyltransferase. 
(I, II) enzymes involved in the 

synthesis of mannose-6- 
phosphate lysosome 
targeting signal. 
[Adapted from Voet & 

Voet, 19901 



prior GnT-1 action is essential for GnT-II, III and IV action and other 

processing enzymes; in tum, pnor action of GnT-II is required, at least in 

vitro, for the succeeding actions of GnT-V and W. On the other band, if 

GnT-III acts on the product of the GnT I reaction befon a-mannosidase II, 

the pathway is committed to hybrid stmctures because a-mannosidase II 

can not act on the bisected oligosaccharides, while the reverse order of 

action leads to the complex N-glycans [Schachter, 1995aI. 

1.1.2 N-glycans: Functions 

In general, there is no single unifying function for protein-bound 

~Iigosacchandes. They play many different roles in biological processes 

[for reviews see Dwek, 1995a; Dwek, 1995bI. For example, they can 

modify the intruisic properties of proteins by altering the stability, protease 

resistance or quatemary structure. Furthemore, the large size of 

oligosaccharides confers on them the ability to cover functionally 

important domains of proteins. The N-glycans in the adhesion domains of 

human CD2 on T lymphocytes and nahiral killer ceiis were shown to 

stabilize the interaction of CD2 with its counter receptor CD58 by 

counterbalancing an unfavorable clustering of positive charges centered 

between the CD2-CD58 interface [Wyss et al, 19951. N-glycans play a 

critical role in the proper folding of the nascent polypeptide [Tifft et al, 

19921 , in the sorting of pmtein fmm ER to Golgi apparatus and h m  the 

Golgi to the cell surface [Fiedler & Sirnom, 19951, and in the maintenance 

of the proper conformation of the overall mature glycoproteins w g e  et al, 

19931. Recently, complex N-glycans have been reported to be involved in 

post-implantation development of the mouse embryo [Metzler et al, 19941. 

Knockout mouse embryos lacking a functional GnT-1 gene, which catalyzes 



the first committed step leading to the synthesis of hybnd and complex N- 

glycans, died at day 10 after fertilization with various disturbances of 

morphogenesis, particularly of the nervous system. Although N-glycans 

have diverse functions, their primary function is probably to serve as 

recognition markers, that is, celIs "tak" with their environrnents by a 

"language" inherent with sugars. For example, circulating leukocyte 

-cking into lymphatic tissues or inflammatory sites has k e n  show to 

be mediated by selectin-ce11 surface carbohydrate interactions [McEvet et 

al, 1995; Norman et al, 1995; Finger et al, 19961. 

Abnormal glycosylation is characterkti~ of numerous diseases, 

including rheumatoid arthritis, cancer and vanous hereditary diseases. The 

association of 1-6 branches of N-linked oligosaccharides, initiated by 

GnT V, with metastatic potential has been demonstrated by the over- 

expression of GnT KU. GnT III channels the biosynthetic path to the 

formation of a bisecting stnicture by competing for substrate with GnT V, 

and as a consequence, the metastases of tumor celis could be suppressed 

[Yoshimura et al, 19951. The absence of, or reduction in, a-mannosidase II 

or GnT-II activities in a human autosomal recessive genetic disease narned 

hereditary erythroblastic multinucleatity associated wiîh a positive acidified 

senun lysis test (HEMPAS) is associated with the accumulation of N-linked 

hybrid oligosaccharides [Fdcuda et ai, 1987; Fukuda et al, 1990a; Fu)ruda, 

1990bI. Of great interest, patients with Carbohydrate-Deficient 

Glycoprotein Syndrome (CDGS) type II, another related autosomal 

recessive disease, were shown to have no detectable GnT-II activity [Jaeken 

et al, 1994; Charuk et al, 19951. Two childnn diagnosed with this disease 

displayed a seven disturbance of the nervous system [Jaeken et al, 19941. 

DNA analysis demonstrated that the inactivation of GnT-II enzyme in these 



patients was caused by a point mutation man et al, 19961. The complex N- 

glycans therefore appear to play important roles in the development and 

differentiation of the nervous system, although they were shown to be non- 

essential for the survival or proliferation of mamrnalian ceils cultured in, 

vim [Stanley et al, 19751. 

1.1.3 O-Glycans and GPI anchor 

The major Serm-GaiNAc type O-glycan-containing glycoproteins 

are the mucins, which contain 50-8096 carbohydrate by weight. Mucins are 

found in mucous secretions that cary many of the blood group antigens, 

intercellular and molecular recognition signals, and cancer-associated and 

differentiation antigens [Brockhausen, 19951. 

Eight O-glycan core structures, core 1 to core 8, have k e n  

discovered thus far (fig 1.3) [Schachter & Brockhausen, 19921. The 

processing of O-glycans is poorly understood partly because fewer 

glycosyltransferases involved in the pathway have been cloned. In contrast 

to the N-glycosylation pathway, O-glycan formation does not require an 

oligosaccharide-lipid sugar donor or glycosidases. Instead, individual 

monosaccharides an added sequentially. 

The GPI anchor is an alternative M a g e  between a protein and a 

sugar. Unlike N- and O-glycans, GPI links carbohydrates at its non- 

nducing end via ethanolamine to the C-terminus of a polypeptide backbone 

[Englund, 19931. GPI anchored proteins have k e n  shown to participate in 

transmembrane signal transduction pathways [Doering, 19931. 



Core 1: 

Core 2: 

COR 3: 

Core 4: 

Core 5: 

Core 6: 

Core 7: 

Core 8: 

Ga1 1-3 GaiNAc al -O-Serm 

GlcNAc pl-6 (Gd pl-3) GalNAc al -OSermir  

GlcNAc p 1-3 GaiNAc al-O-Ser/Thr 

GlcNAc pl-6 (GlcNAc $1-3) GaWAc al -O-Ser/Tk 

GalNAc a l - 3  GaîNAc al-O-Ser/Thr 

GlcNAc B 1-6 GaiNAc al - O - S e r m  

GaNAc al4 GaîNAc a l - O - S e r m  

Ga1 al -3 GalNAc a l - O - S e r m  

Figure 1.3 Major core structures found on O-glycans 
Core t and core 2 are most predominant in mucins. Con 3 and core 4 have 
only been described on mucins. Core 5 has k e n  discovered in several 
tissues and species, including human meconiurn and in adenocarcinorna; 
Core 6 bas been found on some human glycoptotehs; Core 7 occurs as the 
disaccharide on bovine submaxillary mucin; and Con 8 is present on 
mucins fiom several species, including human respiratory mucins. AU core 
structures but core 7 may be further modified. Only the Ser or Thr 
residues are shown. 



Advances in the elucidation of complex oligosaccharide structures 

indicate the existence of well over LOO dflerent glycosyltransferases (for 

reviews see Kleene & Berger, 1993; Narimatsu, 1994; Schachter, 1994; 

Field BrWainwright, 1995). The family of GlcNAc-transferases consists of 

GnT-1 to VI as well as C2GnT and IGnT. The C2GnT and IGnT form the 

core 2 O-glycan branch and the blood group I antigen, respectively. GnT 1 

- VI are responsible for the biosynthesis of highly branched (multi- 

antemary) complex N-glycans. Each enzyme catalyzes the transfer in a 

specific glycosidic linkage of a GlcNAc residue from the donor substrate 

UDP-GlcNAc to a mannose residue of the trimannosyl core 

pentasaccharide (fig 1.4) [Kornfeld & Komfeld, 19851. GnT-II, a medial 

Golgi enzyme, catalyzes the reaction shown in figure 1.5, initiating the 

formation of a bi-antennary structure which is an essential step in the 

biosynthetic pathway leading from hybrid to complex N-linked glycans 

[Schachter, 19941. 

SDS-PAGE analysis of GnT-II enzyme purified from rat liver 

revealed a polypeptide having a molecular weight of 42 kDa. Screening of 

rat liver cDNA libraries yielded a cDNA clone encoding a 442 amino acid 

protein with the type II trammembrane protein domain stnicture typical of 

glycosyl~sferases (fig 1.6) [D'Agostaro et d, 19951. A construct of a 

cDNA segment coding for the C-terminal 389 amino acids of rat GnT-II 

was expressed with high activity under the control of the Rous sarcoma 

virus promoter in COS-7 cells, demonstrating that the C-terminal region of 

the protein includes the entire catalytic domain. 



GnT-V GlcNAc pl-6 \ 
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' \ < 
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Figure 1.4 The monosaccharide attachment to the core 
structure catalyzed by GnT 1 through GnT VI 

The consewed pentasaccharide core structure of N-glycans is indicated in 
bold. The amino acid attached to oligosaccharide is indicated in italics. GnT 
1, II, IV, V and VI caralyze the initiation of the antennae on the core. GnT 
III forms a bisecting structure which teminates furthet modification by 
GnT II, IV or V. 
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Figure 1.5 The conversion of hybrid N-glycans to complex N- 
glycans by the reactions of a-mannosidase II and GnT II 

Two outside mannoside residues on the al-6 am of the hybrid N-glycan 
formed by GnT 1 are removed by the action of a-mannosidase II. The 
addition of a GlcNAc residue to the truncated Man a 1,6 am by GnT II 
results in a complex N-glycan structure. Shown in bold is the core 
stnicture of N-glycans. 
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Figure 1.6 Schematic domain structure of rnammalian 
gly cosyltransferases 

This illustration represents the typical domain stmcture of all mammalian 
glycosyltransferases cloned to date, showing the orientation of the catalytic, 
stem, transmembrane, and N-terminal domains. Cleavage at the stem 
region gives rise to a C-terminal soluble fragment with glycosyltransfenise 
activities, indicating that the C-terminus functions as the catalytic domain 
and the N-terminus, transmembrane and stem domains serve as a tether and 
are not required for enzymatic activity. Since it is generally thought that 
glycosyltransferases themselves are glycoproteins, the presence of an N- 
glycaa (Y) is also indicated. 



A 1.2 kb probe fiom a rat liver cDNA encoding GnT-II D'Agostaro 

et al, 19951 was used to screen a human genornic DNA library in XEMBL 

3. Overlapping clones encoding full length human GnT-II were obtained. 

The deduced human GnT II protein sequence showed the domain structure 

typical of a l l  previously cloned glycosyltransferases, Le. a short 9-residue 

putative cytoplasmic N-teminal domain, a 20-residue hydrophobic non- 

cleavable putative signal-anchor domain and a 418-residue C-terminal 

catalytic domain (fig 1.6) [Tan et ul, 19951. 

Southem blot analysis of human genomic DNA showed distinctive 

single bands after digestion with EcoR 1, Hind III, B a d  1, Pst I and Bgl II 

respectively, suggesting that there exists only a single copy of the GnT II 

gene in the human genome. Fluorescence in situ hybndization mapped the 

gene to chromosome 14q21, unlinked to other GlcNAc-transferases cloned 

to date: GnT-1 gene at Chromosome 5q35 [Kumar et al, 19921, GnT-III at 

chromosome 22q13.1 [niani et al, 19931, GnT-V at 2q21 [Saito et al, 19941, 

and IGnT and C2GnT at 9q21 [Bierhuizen et al, 19931. The genomic 

organization of mammalian glycosyltmnsferases can be of two types: (i) 

singleexonic and (ii) multipleexonic. Human p-1,6-GlcNAc-msferase V 

[Saito et al, 19951, buman and rat a-2,6-sialyltransferase, human and 

murine B- 1,4-Gal-transferase and murine a-1,3-Gd-transferase contain 

coding regions with 5 or more exons [Schachter, 1995bI. Human IGnT has 

3 exons for the coding region [Bierhuizen et al, 19951. In contrast, the 

coding regions of human C2GnT [Bierhuizen et al, 19951, human a-1,3- 

Fuc-transferases III to VI, human and mouse B-1,2-GlcNAc-auisferases 1, 

and human and rat B-1,2-GlcNAc-transfenises II inclu& a single exon with 

no interruptions [Schachter, 199%]. The 1344 bp open reading frame of 

the human GnT-II gene is flanked by a GC-rich 5'-untranslated region and 



a lengthy AT-rich 3'- untranslated region containing three canonical 

polyadenylation signals (AATAAA). The same array of multiple poly(A) 

sites was also found in the rat GnT-II gene. Although GnT-II shares no 

sequence similarity with other glycosyltninsferases cloned to date, it is 

highly conserved among different species (human, rat, mouse, and ftog). 

The identity between human and rat GnT-II cDNA sequence is 89% in the 

coding region and 86% in the 3' untranslated region (fig 1.7). There is 

92% identity between the amino acid sequences of the catalytic domains 

[D'Agostaro et al, 1995: Tan et al, 19951. 

Northem analysis of rat GnT-II from different tissues revealed the 

existence of multiple transcripts. A major signal at 2.8 kb was detected in 

liver, brain, thymus and spleen. It was detected with probes prepared from 

5' untranslated, open reading frame and 3' untranslated regions. In 

addition, two minor transcripts of 1.7 and 2.1 kb hybridized only to 

probes fkom the 5' untranslated and coding regions of GnT-II cDNA. The 

inability of two shon transcnpts to hybridize with 3'-untranslated reg ion 

probe indicated that they might result from different 3' end processing. 

Although the overail levels of GnT-II messages Vary in different rat 

tissues, the relative abundance of the major to minor messages remained 

unchanged [D'Agostaro et al, 19951. Similarly, when probing with the 

coding region probe of GnT-II, multiple transcripts wen also found in 

human heart, brain, placenta, lung, liver, skeletal muscle, kidney and 

pancreas [Tan et al, 19951. Furthemore, the transcript pattern showed no 

variation in relative abundance among the tissues examined. However, in 

contmst to rat, the major signal in humau tissues was 3 kb in length with a 

minor mRNA at 2.0 kb. The reason for these differences are not known as 
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Figure 1.7 Nucleoüde sequence cornparison of the human and rat GnT II 
genes. 

Human (top) and rat (bottom) GnT II nucleotide sepuences an obtained fkom and 
numberad according to Genbank under accession numbers MU15 128 and RNU21662, 
respectively. The consenecl translational initiation and temination codons axe unàerlined 
The cIeavagc/po~yadenylation signais AATAAA  TC double underlined For the sakc of 
simplicity, the identicai bases are omincd. and oniy diffmnt ones arc shown in the nu GnT 
II sequenœ (bottom). The "*" inûicaees the first and last nucleotides of rat GnT II DNA 
sequcnct. The gap, indi- with (.), wae inOOduCtd in ader to optimize rnatching. 



the transcription initiation site(s) and the transcription termination site(s) 

of the rat and human GnT-II genes have not been identified. Little is 

known about the transcriptional regulation. GnT-II is probably a 
housekeeping gene, but it also remains to be determined whether it has 

additional specialized tissue-specific functions. Further the exact role(s) for 

GnT-II in development and differentiation are also not known. 



1.2 Transcriptioncl1 and post-mnsriptional regdation of 

eukaryotic gene qression 

Cells respond to environmental stimulation by modulating the extent 

of actively transcribing genes and by tuming specüic genes on or off. The 

initiation of mRNA transcription, which is performed by RNA polymerase 

II (RNAP II) and its complexes in eukaryotes, plays important roles in the 

regulation of gene expression. Many proteins may be involved in this 

process, most providing a regulatory aspect to gene transcription. 

Pioneering articles have contributed to the understanding of the 

mechanisrns by which genes are transcribed and regulated. They have ken  

summarized in several excellent reviews which will be quoted extensively 

throughout the following sections. 

1.2.1 Assernbly of transcription initiath complex 

Eukaryotic chromosomal DNAs, the physiological transcription 

templates, are packaged into highly ordered nucleosomal structures which 

affect the transcription activity by blocking the access of the transcription 

apparatus to promoters. Therefore, nucleosome remodeling is required 

pnor to transcription. One mechanism to destabilize chmatin structure is 

charge neutralization via acetylating core histones. Nuclear histone acetyl- 

transferase activities have been found in components associated with 

RNAP II holoenzyme [Wilson et al, 1996; WoHe & Pruss, 1996; Struhi, 

19961. 

The minimal set of protein factors necessary for accurate 

transcription in vitro include TFIIB, TFIID, TFIIE, TFIIF, TFIIH, RNAP 

II, and to a lesser extent, TFIIA. These pmteins or complexes can assemble 
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Figure 1.8 Schematic mode1 of transcription initiation complex 
assembly 

General transcription factors (GTFs) are represented by their letter 
designations (A, B, E, F, and H). TFIID consists of TBP and TAFs (see 
text for detail). 



in a stepwise mannet on a promoter (fig 1.8) [for reviews see Buratowski, 

1994; Zawel & Reinberg, 1995; Stnihl, 19961. The TFIID complex 

contains TATA-binding protein (TBP) and the TBP-associated factors 

(TAFs). TBP binds specificaliy to the TATA sequence, rendering the 

TFIID complex the only general transcriptional factor (GTF) which has 

sequence specific recognition activity. The binding of the TBP as a 

molecular saddle to the promoter deforms the DNA by introducing a sharp 

bend and a dramatic widening of the minor groove [Werner et al, 19961. 

The severely bent DNA accommodates the concave undersurface of the 

TBP saddle, leaving the entire upper surface of TBP exposed and available 

for protein-protein interactions. TFIIA, a coactivator mediating activated 

transcription, is not required for in vitro transcription, but has been 

proved to stabilize the TBPPNA complex by contacting specifically to the 

limited regions (the amino-teminal stimp) of TBP and non-specifically to 

the phosphate backbone of the DNA upstream of the TATA box [Geiger et 

al, 1996; Jacobson & Tjian, 19961. This disposition of TFlIA renders itself 

to be recognized by other activation regulatory proteins. TFllB binds to 

the carboxyl-terminal stimp of the TBP molecular saddle, and interacts 

with DNA downstream of the TATA element, where it acts as a precise 

spacer or bridge between TBP and the RNAP II position at the 

transcription initiation site [Burley, 1996; Leuther et d, 19961. TFID3 also 

interacts with TFIIF which collectively recruit RNAP II to the initiation 

complex [Zawel & Reinberg, 19951. 

The combined activities of TrmD (TBP as weli as TAFs), TFIIB and 

TFIIF position RNAP II stably and accmtely on the promoter [Ruppert & 

Tjian, 19951. However, in or&r to access the bases of the template süand, 

RNAP 11 requires DNA strand separation prior to initiation of 



transcription. This is achieved by the actions of TFlZE and TFIIH [Zawelk 

Reinberg, 19951. Incorporation of TFIIE and TFIM leads to the complete 

initiation complex. TFIIE serves to sequester TFLM to the pn-initiation 

complex, and further regulates TFlIH activities. TFIM is the only basal 

transcription factor known to possess ATPdependent enzymatic activities: 

a C-terminal domain (CTD) kinase and two DNA helicases (ERCC-2 and 

ERCC-3) [Guzder et al, 1994a, Guzder et al, 1994b; Zawel & Reinberg, 

19951. The DNA helicase activities of TFIIH initially open the DNA 

duplex in an ATP-dependent manner upstnam of the transcription start 

site. The continuing promoter opening expands either by the action of 

TFIIH or by RNAP II itself [Holstege et al, 19961. The CTD kinase of 

TFW specifically phosphorylates the carboxyl-terminal domain of the 

largest subunit of RNAP II leading to the dissociation of RNAP IX fkom 

TBP subunit of TFIID [Drapkin & Reinberg, 1994a; Buratowski, 1994; 

Drapkin et al, 1994bJ. This converts the initiation complex into an active 

elongation form capable of initiating transcription, an event known as 

promoter clearance. The phosphorylated RNAP II form catalyzes RNA 

chain elongation. Recently, the discovery of RNAP II holoenzyme 

containing alî components required for promoter-specific transcription 

initiation raised an alternative way to initiate transcnption, that is, via 

recruitment of an integral holoenzyme to the promoter [Koleske & Young, 

1995; Ossipow et al, 19951. 

A series of experiments have found that not al i  genes transcribed by 

RNAP 11 contain a TATA element in their promoter regions, and 

therefore, can not form a transcription initiation complex as discussed 

above. In these cases, an initiator sequeme (Inr) instead of the TATA box 

positions RNAP II m the promotet site [for review see Weis & Reinberg, 



19921. The Inr element was fust identified in the TATA-less terminal 

deoxynucleotidyl transferase gene promoter [Smale & Baltimore, 19891, 

and has since then been found in many promoters, especially housekeeping 

gene promoters [Weis & Reinberg, 1992; Pang et al, 1996; Shiffnan et al, 

1996; Vihinen et al, 19961. Initiators and Inr-like elements are not weli 

conserved although some of them show some sequence homology. The 

initiator is a short pyrimidine-rich element (YYANYYY) that encompasses 

the transcription start sites. However, the positions of Inr-like elements an 

not necessarily fixed and may be found distal to the initiation sites 

[Nakatani et al, 1990, Lo & Lau, 19961. The TATA-rnediated and Inr- 

mediated initiation complex assembly pathways are not necessarily 

exclusive, as it has been shown that Inr can direct complex formation even 

in the presence of the TATA motif, and that the Inr and the TATA motifs 

function synergistically [Carcamo et al, 1991; Roeder, 199 1 ; Weis & 

Reinberg, 19921. Several models have been proposed to explain the 

formation of an initiation complex mediated by the Inr. First, RNAP II 

alone has a low intrinsic affmiîy for Inr. Through the interactions with 

GTFs (e.g. TBP, TFIIB and TFIiF), RNAP II can recognize and fonn a 

stable complex capable of transcription initiation on the Inr, as shown for 

the promoters of the adenovims ML and IVa2 genes Weis & Reinberg, 

19921. A second model cornes from the finding that TAFnlSO could 

recognize and bind to sequences overlapping the initiator of the Ad2 major 

late promoter [Vemjzer et al, 1994; Vemjzer et d, 19951. The interaction 

of TAFnlSO with Inr recruiîs other GTFs and RNAP II to the promoter 

region. The identification of a number of transcription factors capable of 

recognizing the Inr element gives nse to a third model. The Inr binding 

protein (IBP, Tm-1, USF, YY1, HIP1, NP-1 and NP-D) binds specifically 



to Inr elements, creating the binding sites for GTFs and RNAP II [Roy et 

al, 1991; Weis & Reinberg, 1992; Zenzie-Gregory et al, 1993; Pang et 4.1, 

1996; Goodnch et al, 19961. None of these three models an mutually 

exclusive, and in al i  cases TRID is requkd and TBP is anchored to the 

initiation complex through protein-protein interactions. Thus, TFIID 

contains at least two DNA-binding proteins, TBP for the TATA box and 

TAFnlSO for initiator. 

Many TATA-less promoters initiate transcription at multiple start 

sites. The selection of many start sites could be a random or default 

process due to the lack of the TATA-box, or each start site may be 

independently regulated by an individual initiator-lüre motif. The latter 

possibility was mled out based on the investigation of the thymidylate 

synthase promoter which initiated at multiple sites but lacked multiple 

initiator sequences [Geng, 19931. A survey of several promoters with 

multiple start sites implicated the existence of a downstream protein- 

binding sequence, Multiple start site Element Downstream (MED-1) within 

a maximal distance of -100 bp downstream of the S'end but within 20-45 

bp downstream of the transcription initiation window [Ince & Scotto, 

19951. The conserved sequence is GCTCC(C1G). The activity of the MED- 

1 in the P-glycoprotein 1 (pgpl) promoter was further confirmed by 

mutations which dramatically reduced pgpl expression m c e  & Scotto, 

19951. It has k e n  concluded that this conserved downstream element 

represents a novel family of RNAP II promoters. However, how this motif 

recruits GTFs and RNAP II to the promoter ngion remains unclear. 



The assembly of a functional initiation complex at the promoter 

region is the first step in transcription of active genes. Moreover, 

transcription fkom natural RNAP II promoters is tightly controlled by the 

combined actions of positive and negative regulatory factors which have 

the ability to recognize specific sequences located upsaarn or downstrearn 

of the core promoter region [for reviews see Tjian & Maniatis, 1994; 

Buratowski, 19951. These site-specific DNA binding proteins (specific 

transcription factors) can regulate the levels of gene expression and direct 

tissue- and/or developmental-stage-specific transcnp tion [Orkin, 1 9951. 

Transcriptional activators are modular in character, typically containing a 

functiody separable DNA targeting domain that recognizes specific 

sequences within its binding motif and an activation domain that is required 

for transcription stimulation [Tjian & Maniatis, 19941. Transcription 

activation can occur at different levels. Several lines of evidence indicate 

that activation of some enhancer elements appears to require the assembly 

of a highly specific three-dimensional nucleoprotein complex among 

transcription activators -- a stereospecific complex [Tjian & Maniatis, 

19941. However, it is highly likely that a direct contact between an 

activator and GTFs represents an early step in the process of 

transcriptional activation. In this case, activator can function by recruiting 

a GTF to the promoter directly, by altering the conformation of the 

preformed pre-initiation complex which in tum facilitates the binding of 

other GTFs, or by stimulating covalent modification of the GTFs which 

subsequently affects the extent of vanscription at the target promoters 

[Zawel & Reinberg, 1995; Goodnch et al, 19961. Transcription activation 

can also occur through the protein-protein interaction between activators 

and TAFs. For example, the glutamine-nch domain of TAFntlO has b a n  



shown to bind selectively to the glutamine-rich activation domain of Spl, 

and TAh40 is able to interact with the C-terminal domain of VP16 [Tjian 

& Maniatis, 19941. Furthemore, multiple TAFs have been shown to be 

required for the synergistic activation of transcription by transcription 

activators [Buratowski, 1995; Sauer et al, 1995a; Sauer et al. 1995bI. 

Findiy, an activator bound to its cognate site can direct RNAP II 

holoenzyme to the promoter region [ S m ,  19%]. 

Although activators act primmily at the transcription initiation level 

as described above, it has been demonstrated that activators can also 

enhance transcriptional elongation or processivity [Blair et al, 19961. 

EEciency of transcription processivity increases proportionalîy to the 

quantity rather than the quality of activators targeted to the promoter. On 

the other hand, transcription initiation is detectable even with low levels of 

activators. 

1.2.3 Processing of pre-mRNA 3 ' end 

The primary transcripts (pre-rnRNAs) must be processed prior to 

translation. Distinguishing features of eukaryotic gene transcription are 

modification of pre-mRNA by 3'-end processing and other modifications 

such as S'çapping, intemal methylation, splicing and transport from the 

nucleus to the cytoplasm. For example, pre-mRNA introns are spiiced out 

and exons are ligated by the spliceosome, a large complex composed of 

numerous srnail nuclear ribonucleoprotein (snRNP) particles and other 

factors [Ast & Weiner, 1996; Mount, 19961. The addition of poly(A) tails 

to the upstream RNA fragment by template-independent poly(A) 

polymerase (PM) foiiowing the endonucleolytic cleavage of the pre- 

mRNA has important d e s  in mRNA transport fiom nucleus to cytoplasm 



and in mRNA stability and translation [Jackson & Standart, 1990; Eckner et 

al, 1991; Sachs, 1993a; Sachs & Wahles, 1993b; Beelman & Parker, 1995; 

Dehlin et al, 19961. It has been shown that splicing and polyadenylation 

may be functionally coupled [Gunderson et al, 1994; Lutz et al, 19961. 

Moreover, the temination of transcription by RNAP II is tightly coupled 

to the assembly of a functional3'-processing complex on the nascent RNA, 

thus preventing premature termination and ensuring the synthesis of full- 

size pn-niRNAs [Keller, 19951. Surprisingly, adenylation has been recently 

reported in prokaryotic RNA and affects üanscript stability [Cohen, 19951. 

The cleavage and polyadenylation of eukaryotic pre-rnRNA require 

an invariantly conserved hexamer signal AAUAAA, located 10-30 

nucleotides upstream of the cleavage and subsequent site for A addition 

followed by a U- or GU- rich flanking region [McLauchlan et al, 1985; 

Guo & Sherman, 1995; for reviews see Wahle & Keller, 1992; Keller, 

1995; Wahie, 1995a (the following description is mainly based on these 

reviews)] . Biochemical reconstitution studies have identified six separable 

factors that are required for efficient polyadenylation in vitro. These 

factors form the basal polyadenylation machinery in mammalian cells. The 

cleavage and polyadenylation specificity factor (CPSF) and cleavage 

stimulation factor (CstF) function synergisticaiiy to bind the pre-mRNA as 

the fmt step in specifjhg the poly(A) site (fig 1.8). CPSF is a mdtisubunit 

protein that plays a centrai mle. It binds specifically to the AAUAAA 

signal through its 160 kDa subunit (and perhaps also via its 30 kDa 

subunit), a process critical to the formation of polyadenylation complex 

[Murthy & Manley, 19951. PAP, by itself, has a low affinity for RNA and 

is incapable of recognizing a pre-mRNA specificaîiy. Binding of CPSF to 

substrate RNA activates the poly(A) polymerase by holding it onto the 



Poly (A) siîe 

(Cornplex assembly ) 
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(Cleavage and Oligoadeny1ation) A ; 
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(PAB binding) 
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Figure 1.9 Mode1 of the 3'-processing complex assembly 

Major reaction steps and factors involved in the mamrnaiian pre-mRNA 3' 

end processing are shown in this mode1 (see text for details) [Aâapted h m  

Keiier, 19951. 



mRNA via a protein-protein interaction. The binding of the heterotrimeric 

CstF to the G/U-rich downstream sequences is mediated by its 64 kDa 

subunit through an RNP-type RNA-binding domain [Murthy & Manley, 

19951. Although CPSF and CstF interact separately with RNA very weakiy, 

a strong cooperative effect has been obsewed through the interaction of the 

160 kDa subunit of CPSF with the CstF 77 kDa subunit. As a result, CPSF 

and CstF, together with substrate pre-mRNA, form a stable complex 

conferring specificity to the 3' end proassing reaction. Recruitment of two 

cleavage factors (Cm and CFII) to the complex leads to the cleavage of the 

RNA in an ATP-dependent fashion at the poly(A) site. However, the 

endonuclease activity has not been identified. CFI has also k e n  shown to 

stabilize the binding of CPSF to pre-mRNA [Rliegsegger et al, 19961. The 
7 

cleavage by endonuclease results in an upsmarn fragment terminating in a 

3'-OH and a downstream fragment starting with a S'-phosphate. The latter 

is rapidly degraded and CstF and CFs leave the 3'-processing complex. 

Poly(A) polymerase bound to the upstream RNA then synthesizes a shon 
tract of poly(A) of about ten adenosine residues. 

While the addition of these -10 nucleotides is thought to occur with 

low processivity due to the low affinity of PAP for RNA even with CPSF, 

a more efficient elongation of poly(A) tails is then stimulated by the 

incorporation of poly(A) polymerase binding protein II (PABII) [wahle, 

1995a; Keller, 19951. Binding of PABII to the oligo(A) tail causes a rapid 

burst (typically 300-fold increase) of processive synthesis of a poly(A) tail 

of appmxirnately 250 nucleotides. Consistent with the rapid processivity, 

the quaternary complex of pn-mRNA, CPSF, PAP, and PABII is more 

stable than the temary complex fonned in the absence of PABII. However, 

fuithet elongation of poly(A) tails beyond 250 nucleotides also becomes 



sluggish. It has ken  suggested that the length of the poly (A) tail is 

controiled by the number of PABII molecules in the polyadenylation 

complex (approximately one PABII per 30 nucleotides) and by the 

sirnuluuieous stimulation of PAP by CPSF and PABII [ Wahle, 1995bl. 

Once -250 A residues have been polymerized, it was proposed bat  the 

polyadenylation complex was disrupted and processive polyadenylation was 

texminated. The naaire of this event, however. is unclear. 



1.3 Objectives of the present sncdy 

GnT II initiates the biosynthesis of a bi-antemary carbohydrate 

structure, an essential step in converthg high mannose and hybrid N- 

glycans to complex N-glycans. Since complex N-glycans are distributed 

extensively in eukaryotes, GnT II is probably a housekeeping gene. 

Multiple transcripts of GnT II have been detected in rat and human 

tissues. Since the open reading frame of GnT II gene is organized in a 

single exon without interruption by introns, both in the rat and human 

gemmes, the differences between the multiple tmnscnpts must lie in either 

the 5' UTR or 3' UTR, or both. The existence of multiple canonical 

polyadenylation sites in the 3' UTR makes it possible that transcription 

terminates at more than one distinct site. In contrast to the major long rat 

transcript (2.7 kb), the two minor short üanscripts (1.7 kb and 2.1 kb) do 

not hybndize with a genomic probe containhg oniy the second and third 

polyadenylation signals (AAUAAA), suggesting some difference in their 3' 

UTRs [D'Agostaro et al, 19951. By the length distinction, this fmding also 

implies that these shorter transcripts both terminate at the first 

polyadenylation signal, and therefore, may differ in their 5' UTRs. 

However, this hypothesis is curtently not supported by the finding that only 

two transcription initiation sites at -450 and 435 bases upstream of the 

translation initiation codon (AUG) have k e n  detected by RNase protection 

experirnents [D'Agostaro et al, 19951. The reported 3' end of the major 

long rat transcript is also cmntly unnliable because of the absence of a 

teminal poly(A) tract in the cDNA clones analyzed [D'Agosuiro et al, 

19951. Furthemore, even less is known about the human GnT Iï 

transcnpts. Due to the difficulties involved m obtaining fnsh human 

tissues, RNAs fmm cuitured human cell lines wen used in this pmject to 



examine the mechanism(s) by which human GnT II transcription is 

regulated. The following objectives wen undertaken: 

(1) To survey the expression of GnT-ïi in different human ceii lines 

by Northem blot analysis. 

(2) To determine the transcription temination site(s) of human 

GnT-II by 3' Rapid Amplification of cDNA Ends (3' RACE). 

(3) To search for the transcription initiation site@ of human GnT-II 

by 5' RACE. 

(4) To determine the promoter activities of a series of 5' genomic 

fragments by reporter gene (CAT) analysis. 



Chapter Two 

Materials and methods 



2.1 Northern analysis of GnT II in human ceIl fines 

All GnT II gene specific primen used in this thesis are numbered 

relative to the position of the first nucleotide of the translation initiation 

codon ATG, defmed as +l. "F denotes forward primer and "r" denotes 

reverse primer. Al1 primers were synthesized on a Pharmacia DNA 

synthesizer and purified by a reversed phase chromatography camidge 

method (Hospital for Sick Children-Phmacia Biotechnology Center). 

2.1.1 Prepararion of DNA hybridizutiion probe 

A DNA fragment that could be used as a probe from the S'-end of 

the GnT II open reading frame (ORF) was prepared by PCR as follows; 

3.08 ng of plasmid pHG36 (provided by Jenny Tan in our lab, fig 2.1) was 

amplified in a total volume of 50 pl using primers P l  19f (5' CGT TGC 

TGG ACG CCG AAC CCG 3') and P625r (5' CCA A'IT TCA AAG CGG 

CAT T 3') in the presence of l x  PCR buffer (Perkin-Elmer), 10% DMSO 

(Fisher Biotech), 1.5mM MgCIZ, 50pM dNTP (Perkin-Elmer), and 1.5 U 

Taq polymerase (Perkin-Elmer). Hot start PCR (including incubation of 

the reaction mixture at 800C for Smin pnor to adding Taq enzyme) was 

performed with 1 cycle of 940C for Smin, 550C for lmin, 72W for lmin, 

followed by 34 cycles of 940C for lmin, S5oC for lrnin, 720C for lmin, 

and a F i  extension at 720C for 15rnin. The resulting 507 bp product was 

purified from a 1.4% agarose gel (Mandel) using the GeneClean II kit (Bio 

101 Inc), according to the recornrnended protocol. 

The purified DNA fragment, -50 ng, was labded at 370C for 2Omin 

in the presence of lx  Reagent mu, 1U TI DNA polymerase of the T7 

Quick Primer Kit (Phannacia), and SOpCi [a-32P]dC'P (Amersharn). The 
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Figure 2.1 Maps of plasmids pHG30 and pHG36 
pHG30 is a plasmid that contains a 3.0 kb fragment of hurnan genomic 
DNA subcloned into the Xho 1 site of pB1ueScript II KS (+) vector. 
Subcloning of a hurnan genomic 3.5 kb Sac UEcoR 1 DNA fragment into 
pBlueScnpt II KS (+) vectot yielded pHG36. pHG30 and pH036 overlap. 
The plasmid segments are not shown. pHG30 contains the entire GnT II 
ORF (1341 bp), 250 bp of 5' untranslated region (UTR) and 1.4 kb of 3' 
UTR. pHG36 includes 2.75 kb of 5' UTR and 750 bp 5' of ORF. The maps 
are drawn to scale, as indicated. [Adapted from Tan et al, 19951 



32P-labeled DNA was purifïed by passing the =action mixture through a 

NickTM column (Phamacia), and finally eluted in 400~1 of TE (pH 8.0) 

buffer. 

2.1.2 Sepmation of RNAs by electrophoresis 

Total RNAs from human ce11 lines LS-180 (colonic 

adenocarcinorna), HepG2 (hepatocellular carcinoma), HeLa (cervical 

epitheloid carcinoma), HL-60 (promyelocytic leukemia) and A43 1 

(epidermoid carcinoma) wen provided by Betty Yip in our lab. 20 pg of 

each RNA sample, together with RNA standards (Gibco BRL), was 

separated by electrophoresis in a formaldehyde agarose gel (1% agarose, 

10% formaldehyde) running in l x  MOPS buffer at 30v/cm, 40C for 24 

hours. RNA was transferred by capillary action to Hybond-N membrane 

(Amersharn) according to the manufacturer's specification. The RNAs 

were W-cross-linked by illurninating the membrane on a transilluminator 

(long wave) for Smin. 

The quality of RNA was c o n f i e d  by staining the filter with 0.02% 

methylene blue (Fisher). 

2.1 3 Hybridization 

The membrane was probed with 1.5 x 106 cpm/ml of the above 3 2 ~ -  

randomly-prirned probe. Hybridization was perfonned in 5x SSPE, 5x 

Denhardt's solution, 0.5% SDS, 50% fornamide at 420C ovemight. The 

membrane was then washed once for 3 W  duration with 2x SSC, 0.1% 

SDS at room temperature and three times for 2Omin durations with 0 . 2 ~  

SSC, 0.1% SDS at 500C. After the final washing, the membrane was sealed 



in a plastic bag and exposed to X-ray film for 5 days at -700C, in the 

presence of intensifying screens. 

2.2. 5' and 3' RACE 

Maratboa cDNA amplification kit was purchased from Clontech 

Laboratones Inc., and ail procedures wen perfomied as recommended. 

Briefly, lpg of total RNA from the LS 180 cell line was reverse 

mscribed at 420C for 1 hour with 200U MMLV reverse auiscriptase 

(RNAse H-) and the oligo(dT) cDNA synthesis primer (Table 1) in the 

presence of Ix First-strand buffer, 1mM dNTPs, and 1 pCi [ a j 2 P ] d C ~ ~  

(total volume: 10~1). The second-strand cDNA was synthesized at 160C 

for 2 hours by the Second-strand enzyme cocktail (containing RNase H, E. 

coli DNA polyrnerase 1, and E. coli DNA ligase) in the presence of lx 

Second-strand buffer and 200pM dNTP (final volume: 80pi). The resulting 

double stranded cDNA was blunted by addition of lpl of 5U/pl T4 DNA 

polymerase with incubation at 160C for 3hin .  The reaction was 

terminated by adding 4p1 of 0.2M EDTA. ds-cDNAs were extracted by 

phenol-chloroform-isoamyl alcohol (2S:N: 1, Gibco BRL) three times at 

room temperature, and precipitated with addition of 112 volume of 4M 

ammonium acetate and 2.5 volumes of 95% ethanol. AAer centrifugation at 

-14,000 rpm at room temperature for 3hh, the DNA peliet was washed 

once with 400pl8096 ethanol. The incorporated radioactivity was assessed 

to c o n f i  successful cDNA synthesis. The air dried pellet was resuspended 

in 1Opi of H20. Finaliy, the ligation of the cDNA adapter (Table 1) to both 

ends of ds-cDNAs was catalyzed at 160C overnight wiîh 1U T4 DNA ligase 

with lx DNA ligation buffer in the presence of 2pM Marathon cDNA 

adapter. 



2.2.1 Sourhern blot analysis 

ds cDNA of GnT II gene was ampMed by a gene specific primer 

P900f and the cDNA synthesis primer (table 1). The PCR product was 

subjected to electmphoresis in a 1.2% agarose/ethidium bromiâe (EtBr) gel 

in lx TAE buffer. Southem blot transfer was conducted according to the 

protocol specified for Hybond N+ nylon membrane (Amersham). 

Hybridization and washing were performed according to the standard 

protocols [Current Protocols in Molecular Biology, Wiley Interscience & 

Sons Inc]. Briefly, the membrane was pre-hybridized for >4 houn at 

650C in the APH solution (6x SSC, 5x Denhardt's, 1% SDS, and 1 mg 

denatured salmon sperm DNA), and hybridized at 650C ovemight with a 

GnT-II probe covering 420 bp of the 3' portion of the open reading frarne 

and 271 bp of 3' UTR. The filter was sequentially washed twice with 2x 

SSC (0.1% SDS) at room tempeniaire for 15min durations, then once with 

lx  SSC (0.1% SDS) at 550C for 30min duration, then once with 0.1~ SSC 

(0.1% SDS) at room temperature for 3ûmin duration, then once with 0 . 1 ~  

SSC (0.1% SDS) at 42% for 3 h i n  duration, and fmally twice with 0.1 x 

SSC (0.1% SDS) at 650C for 30mi.n durations. The filter was exposed to 

X-ray F i  ovemight at room temperatm. 

The probe was prepared by PCR amplification in the presence of 

50pM of each dATP, dGTP and dïTP, lOpM of cold dCTP and 30pCi of 

[a-32PIdCTP using template plasmid pHG30 (fig 2.1) and the primer sets 

P922f and P1612r (5' AAA ATT TCC CCT CTT CTC TC 3'). 

Amplication reactions were canied out as indicated in section 2.1.1. 

RACE 



In 3' RACE, GnT-II cDNA was amplified by PCR with a forward 

gene specific primer, P900f (Table 1) and a reverse adapter primer AP1. 

This prirnary 3' RACE product was re-amplified using nested adapter 

primer (AP2) and P922f under the conditions: 1 cycle of 940C for Smin, 

500C for lmin, 720C for 2mi.n; foiiowed by 34 cycles of 940C for lmin, 

500C for Imin, 720C for 2rni.11, and a final extension at 720C for 15min. 

The primary 3' RACE PCR products were also subjected to further 

amplification by P1888f-AP2 and P2109f-AP2, respectively (Table 1). 

2.2.3 5' RACE 

In S'RACE, adapter primers and reverse GnT-II specific primers 

were used to amplify the GnT-II 5' end. The first round of PCR was 

perfomed using AP1 and P21r, as indicated in section 2.2.2. This primary 

5' RACE PCR product was subsequently amplified twice with primers 

EcoR 1-AP2 (AP2 with an EcoR 1 site at the S'end) and P-47r (Table 1). 

2.3 Subcloning of RACE PCR ptoducts 

Al1 PCR products were purified from agarose gel using the 

GeneClean II kit (Bio 101 Inc). The purified products and plasmids 

[pGEMSZf(+) or pGEM7Zf(+)] (Promega, fig 2.2) were digested with the 

sarne combination of restriction enzymes. In the case of subcloning the 

P922f-AP2 3' RACE DNA fragment (the Pst 1 site at 1336 was used), the 

purified PCR product and plasmid pGEMSZf@) were sequentiaily digested 

with Pst I and Not 1 (Phamacia). For subcloning other PCR DNAs, both 

the PCR products and pGEM7Zf(+) were digested with EcoR 1 only 

(Phmacia). The cohesive ends of the PCR product and plasmid were 

ligated at 160C ovemight by T4 DNA ligase (Gibco BRL). niis ligated 



Non-specific primers used in mRNA reverse transcription and 
cDNA adapter Iigation 

Marathon cDNA synthesis primer (52-mer): 
5' TTC T a  mT TCA GCG GCC GC (T)~oN-~N 3' 

Marathon cDNA adaptor: 
5'  CTAATACGACTCACTATAGGGCTCGAGCGGCCGCCCGGGCAGGT 3' 

3' H2N-CCCGTCCA-PO4 5'  

Non-specific primers used in both 3' and S9 RACE 
AP1 5'  CCA TCC TAA TAC GAC TCA CTA TAG GGC 3' 

AP2 5'  ACT CAC TAT AGG GCT CGA GCG GC 3 ' 
ECOR 1-AP2 5 ' CGC G-T C-AP2 

Gene-specific primers used in 3' RACE 
P900f 5 '  CTA TGG CAT GGC TGA CAA GGT AGA 3 '  

P 9 2 2 f  5 '  GAT GTG AAA ACT TGG AAA TC 3' 
P 1 8 8 8 f  5'  CGC GGA ATT CGT GTT TTG AGT GTG TTT TGG 3 '  

P 2 1 0 9 f  5 '  CGC G w  ATT GAG TGA AGG CAT TCT ACA AG 3 '  

Gene-specific primers used in 5' RACE 
P21r 5 '  TTT GTA GAT GCG GAA CCT CA 3 '  

P-47r 5' CGC G M  ATT CGC TGC TTC TGC ACG GAA 3 '  

Table 1 A summary of primers used in RACE 
The EcoR 1 sites in gene specinc or non-specific primers are indicated by 
underlining, Not 1 sites are indicated in italics. In Marathon cDNA 
synthesis primer, N-1 denotes a G, A, or C, while N denotes any of the 
four ClN'rPs* 
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Figure 2.2 The circle maps of pGEM-SZf(+) and pGEM-7Zf(+) 

vectors (Promega) 



DNA was then introduced into DHSa E. coli competent cells as 

recommended (Gibco, BRL). Bacterial colonies resistant to ampicillin were 

further screened by bluetwhite selection. Finally, plasmid DNA carrying 

inserts was extracted and purified using the QIAprep Spin Plasmid Kit 

(Qiagen) following the manufacturer's protocol. 

2.4 Double stranded DNA sequencing 

Double stranded DNAs from ail PCR product subclones were 

sequenced using the dideoxy sequencing method of Sanger using the T7 

DNA sequencing kit (Pharmacia) following the manufacturer's protocol. 

1.5-2pg of plasmid DNA was denamd by 0.2M NaOH for lOmin at room 

temperature followed by the addition of a final concentration of 1.5M 

NaOAc (pH 4.8) to neutralize the naction. After DNA was pncipitated in 

ethanol and air dried, it was resuspended in lOpl of water, and annealed to 

the desired sequencing primer (3.75pM per reaction). Labeling reaction 

was conducted using [a-35S]dATP (10mCi/ml, Amersham), and temiinated 

by ddNTPs. The final reaction mixture was separated on a denaturing (8M 

urea) 6% SDS-acrylamide sequencing gel (DiaMed) in l x  TBE (1OOmM 

Tris-HC1, pH8.0, 83mM boric acid, 1mM EDTA). Following 

electrophoresis at 55 watts, the gel was blotted to 3MM chromatography 

paper (Whatman) and dried under vacuum on a gel dryer (BioRad). The 

gel was then exposed to X-ray film ovemight at room temperature. 

2 S. Resttiction map of plusm'd pHG 36 

1.54pg aliquots of plasmid pHG 36 (fig 2.1) were digested with 

different combinations of EcoR 1, Pst 1, Sac 1, Sph 1, and Xba 1 restriction 



enzymes (Phannacia). The digested DNA fragments wen analyzed by 

electrophoresis with 0.8% agarose gels and visualized following EtBr 

intercalation by W radiation. 

2.6 Assays for determination of promoter acrivity 

2.6.1 Plasmid consnuctions 

Al1 PCRs were perfonned in a total volume of 50~1 in the pnsence 

of lx PCR buffer, 10% DMSO, 2.5mM Mg@, 400pM dNTP, 6ng pHG 36 

DNA template, lpM each primer, and 2U Vent DNA polymerase (New 

England Biolabs). The -2.5 kb GnT II 5' untranslated region in pHG 36 

was PCR-amplified using primer CAT/FL (Table 2), complementary to the 

plasmid pBIuescript II(+) (Stratagene). and primer P-276% with an Xba 1 

site linker (Table 2): 1 cycle of 940C for Smin, 600C for lmin, 720C for 

3min; followed by 34 cycles of 940C for lmin, 600C for lmin, 720C for 

3min. and a final extension at 720C for 15min. The PCR product was 

digested with 15U of Xba 1 (Pharmacia), and the -900 bp DNA fragment 

was subcloned into pCAT-Basic vector (fig 2.3, Pmmega), yielding the 

parent p-12ûûCAT chimeric constnict. The chimeras p-680CAT, p- 

636CAT, p-553CAT, pœ472CAT, and p-390CAT contain PCR-amplified 

fragments from -680 to -276, -636 to -276, -553 to -276, -472 to -276, and 

-390 to -276 cloned into the Sa1 1 site of the pCAT-Basic vectot, 

respectively. The corresponding forward primers used in the PCR 

reactions to generate these fragments were P-68M, P-636f, P-553f. P-472f, 

and P-390f, respectively, together with the reverse primer P-276Sr (Table 

2). The above constructs were transformed into comptent E. coli DHSa 

cells by standard procedures. The ampicillin-tesistant colonies were 

screened by PCR with a pCAT-Basic primer (pUC/M13 =verse primer, 



5'  GGC CGC ATG CCG ATA AGC TTG ATA TCG AAT 3 '  

5' GCA TGT CGA CCT TCG CAC GTC TCG CCT TTC 3' 

5 '  ATA TGT CGA CGA AGA AAG AGG CGG AAG TGG 3 '  

5' GCT AGT CGA CTC GGT CGC TGC TGG AAA GCA 3' 

5' GCT AGT C a  CGG GCA GTT GCG GGT TGT CAT 3 '  

5 '  GCA GGT CGA CTA AGG ATG AGA GCG CAG AGG 3 '  

5'  ATA TGT CGA CTC CTC TCC ATT CAG CAC CAC 3' 

5 ' GCG CTC -TC CTC TCC ATT CAG CAC CAC 3 ' 

reverse primer 5' C A G G A A A C A G C T A T G A C 3 '  

Table 2 Primers used in constructing pCAT chimeric constructs 
In order to construct pCAT plasmids, the gene specific primers were 
attached to restriction enzyme site sequences. The Sa1 I site (indicated as S) 
is shown in bold, while Xba 1 (indicated as X) is in bold and underlined. 
GnT II promoter region specific primers are narned correspondhg to their 
5' end positions. "f' denotes forward primer and "r" denotes reverse 
primer. Primer C A T m  is complementary to the plasmid pBluescript II 
(+) sequence. PUCM13 reverse primer was used to screen the plasmids for 
the presence of the cornct inserts by PCR (see text). 



Promoter 

Figure 2.3 The plasmid maps of pCAT-Basic and pCAT- 

Promoter vectors (Promega) 



Table 2) and a GnT II promoter region specific antisense primer using 

whole bacteria as templates. Plasmid DNAs h m  cultures yielding expected 

PCR products were extracted using QIAprep Plasmid Kit (Qiagen), and 

fmally, the DNA sequences were verified by the double-stranded DNA 

sequencing method. 

2.6.2 Cell culture and transient ttansfection 

HeLa, a hurnan cervical epitheloid carcinoma cell line, was provided 

by Betty Yip (Hospital for Sick Children, Toronto). n i e  cells were grown 

in aMEM supplemented with 10% FBS (Gibco BRL) in a humidified 

incubator at 370C with 5% CO2. 

6.8 x 105 HeLa cells were seeded per 60mm tissue culture dish in 

3.5ml aMEM with 10% FBS. Adherent cells were transfected at 70-8096 

confluence (-21 hours after seeding). pCAT chimeric plasmids (2pg) and 

2pg of plasmid pSV-p-galactosidase (fig 2.4, Promega) were CO-diluted 

with 0.18ml Opti-MEM 1 Reduced S e m  Medium (Gibco BRL). For each 

transfection, 8pl of Lipofectamine reagent (Gibco BRL) was diluted in a 

separate tube into 0.18ml Opti-MEM 1 Reduced Senun Medium (Gibco 

BRL). The two solutions were combined, mUed gently, and incubated at 

room temperature for 45min. The lipid-DNA complexes were further 

diluted with 1.4rnl antibiotic-fne aMEM without senun, and layered over 

the cells which had k e n  washed with 3.5ml of the same medium. Conml 

transfections were carried out either without DNA, or with pCAT-Basic, 

or with pCAT-Promoter vectors (fig 2.3, Promega). The cells were 

incubated for 5 h at 370C in a CO2 incubator and then 1.7d aMEM-20% 

FBS were added. Medium was replaced at 21h after transfection, and, after 

a m e r  51h of incubatioa, cells were harvested and extracted ushg the 



Figure 2.4 The circle map of pSV-P-galactosidase vector 

The arrow indicates the direction of transcription of the lac Z gene 

(Promega). 



Tris-HCI buffer freezelthaw protocol, as described in the Promega 

technical bulletin (Promega). Briefly, cells were washed 3 times with Smi 

of Mg?+ and Gaz+-free PBS buffer (Sigma), then lm1 of TEN buffer 

(40mM Tris-HCI, pH 7.5,lmM EDTA, pH 8.0.150rnM NaCl) was added. 

Ce& were incubated for Smin at room tempe-, scraped, centrifuged, 

resuspended in O. lm1 0.25M Tris-HCl, pH 8.0, and subjected to three 

cycles of rapid freezing-thawing. Extracts to be used for CAT assays were 

heated at 600C for lûmin prior to assay. 

2.6.3 CAT and ~Galactosidase Assays 

CAT activity assays were camed out on transfected HeLa cell 

extracts using [~4C]chloramphenicol (58.4 mCi/mrnol, DuPont NEN) and 

n-butyryl coenzyme A (Sigma), a 3 h i n  incubation t h e ,  aad the mixed 

xylenes (Aldrich) phase separation assay (Liquid Scintillation Counting 

assay), according to the Promega protocol. At least three independent 

transfections were camed out for each experirnent. CAT activity was 

determined from a standard curve using CAT enzyme supplied by Promega 

(1 unit enzyme activity corresponds to lnmole of acetate transferred to 

chloramphenicol per minute at 370C). p-galactosidase activity was 

quantitated according to the protocol provided by Invitrogen. Briefly, a 

mixture of HeLa cell extract and lm1 of Z Buffer (pH 7.0, 60mM 

Na2HP04, 40mM NaH2P04, lOmM KCl, 1mM MgS04, 50mM p- 
mercaptoethanol) were incubated at 280C. Temperature pn-equilibrated 

orthonitrophenyl $-galactoside (0.2 ml, 4mglml ONPG, pH 7.0) was then 

added to initiate the reaction. When a faint yellow color developed (within 

2 hr), 05ml of 1M sodium carbonate was added to stop the reaction and 

the optical density (OD) at 4 2 0 ~ 1  was detemined (1 unit is defmed as the 



amount of enzyme that wiil hydrolyze lnmole of ONPG per minute at 

28OC). 



Chapter Three 

Results 



3.1 Expression of hwnan GnT II in human ce11 lines 

Northem analysis of RNAs fiom difTerent human cell lines revealed 

a major transcript at -2.0 kb and one minor band at -2.9 kb (fig 3.1). 

Aithough the amount of mRNA in the HL60 ceil line seems to some degree 

higher than those in the other ce11 lines examined, the pattern of the 

multiple transcripts in each cell line remains the sarne. This is consistent 

with findings in rat and human tissues, as well as in EBV-transfomed 

hurnan lymphoblasts [Tan et al, 1995, D9Agostaro et al, 19951. There are 

no variations in expression patterns between tissues of GnT-II, probably 

because it is a housekeeping gene and is therefore anticipated to be present 

in al l  tissues. However, the major tmscript was 2.0 kb in human ce1 lines, 

2.6 kb in EBV-transfomed human lymphoblasts, 2.8 kb in inrat tissues, and 

3.0 kb in human tissues. The mechanism of these differences remains 

unclear. Since the open reading frame of GnT II is encoded in a single 

exon, the multiple transcripts might result fiom multiple transcription 

initiation sites or multiple transcription termination signals, or both. 

3.2 Definition of the transcription initiation and termination sites of 

hwnon GnT II by 5' and 3' RACE 

To address the above question, several methods could be employed. 

However, the rapid amplification of cDNA ends (RACE) method has an 

advantage over the primer extension and RNase protection methoâs in that 

RACE provides for obtaining DNA sequence information while the latter 

two methods only provide the lengths of the tested RNA. In RACE, mRNA 

is fmt reverse aanscribed by priming with an oligo (dT) primer under the 

activity of reverse transcriptase. resulting in a cDNA-mRNA hybrid. The 



Figure 3.1 Northern blot analysis of human ce11 lines 
20 pg aliquots of total RNA from (1) LS180, (2) HepG2, (3) HeLa, (4) HL 
60, and (5) A431 ce11 lines were fractionated by electrophoresis in a 
denaturing 1.0% agarose gel (10% fonnaldehyde). The filter was 
hybridiwd with a probe covering 507 bp of GnT II ORF (nucleotide 
position: fmm +Il9 to 625). One major signal at -2.0 kb and one minor 
band a -2.9 kb wen observed in al l  ce11 h e s  tested. The pattern indicated 
that there was no tissue-specific expression of human GnT II. 



second strand cDNA is synthesized by replacing the mRNA with a DNA 

strand (fig 3.2) [Sambrook et al, 19891. Shown in figure 3.3 is the 

generated cDNA template and primers used in the Marathon RACE PCR 

reactions. Three advantages are present in this method. First, the first- 

stranded cDNA synthesis uses a modified lock-docking oligo (dT) primer, 

which contains two degenerate nucleotides at the 3' end. These nucleotides 

position the primer at the start of the poly(A) tail and thus eliminate the 3' 

heterogeneity inherent with only oligo (dm priming. Second, blunt-end 

ligation of the adapter to both ends of ds-cDNA by T4 DNA ligase is much 

more efficient than homopolymeric tailing or ligation of adapter to ss- 

cDNA. Lastly, both 5' and 3' RACE PCRs are primed with a gene-specific 

interna1 primer and the adapter primer, API or AP2. The AP1 and AP2 

primers, as shown in fig. 3.3, are colinear with the single-stranded portion 

of the adapter, and thus the adapter-ligated cDNA does not contain binding 

sites for AP1 and AP2 primers in the first PCR synthesis cycle. 

Furthemore, the 3' end of the shortet adapter strand is blocked with an 

amine group ('x' as indicated in the scheme), and therefore can not be 

extended to create AP1 and AP2 binding sites in the starting cDNA 

population. D ~ n n g  the first round of amplification, the gene-specific 

primer is elongated, creating AP binding sites at the 5' (5' RACE) or 3' (3' 

RACE) ends of cDNA. In subsequent cycles, both APs and the gene- 

specific primer can bind allowing exponential amplification of the cDNA 

of interest. As a result, non-specific products are greatly reduced. This 

meîhod works efficiently to create a library of adapter-ligated ds-cDNAs. 

3,2.1 Qualificutwon of the Marathon RACE synthesized dr-cUNAs 



First strand cDNA 

mRNA 

First strand cDNA 

Reverse transcriptase 

(T)30 
\--In 

RNase H 
DNA polymerase 
(remnants of mRNA sewe 
as primers for the 
synthesis of the second 

r strand of cDNA) 

First strand cDNA (T)30 

4 DNA Iigwc 

First strand cDNA (T)30 

Second strand cDNA (A130 

Figure 3.2 Replacement synthesis of double-stranded cDNA 
The first straud cDNA was synthesized by reverse wuiscriptast primcd with an oligo (ar) 
primer. nie nsulting cDNA-mRNA hybrid was then used as a template fa a nick- 
translation miction. RNase H produced nicks a d  gaps in the mRNA strarid cnating a 
series of RNA prîmtts that w a e  uscd by E.coli DNA polymaase 1 fot the synthesis of the 
s e c d  strand of cDNA. F i y ,  fragments of second strand cDNA w a c  ligatcd by E. coli 
DNA iigase. [Adaptai fiorn SambrooL et al, 19891 



Region to be amplified by 
5 ' RACE 

Region to be amplified by 
3 ' RACE 

AP2, GSP + 

Legenda 

cDNA synthesis primer * (plus complenientary strand) 

cDNA adapter + ( l iga ted  t o  either end of cDNA) 

x: NHS blocking group 
N: degenerate nucleotide 

GSP: GnT-II gene apecific primer 
*: supplied 

Figure 3 3  Scheme of the temphte and primers used in the 
Marathon RACE reactions 

cDNA synthesis and adaptor ligation mates o population of cDNAs with the smcntre 

depictcâ above. PCRs using sets of gent-spccific primers indicated in bold arrows, in 
combination wirh adapter primcrs (thin arrows), can then be employed to amplify pne 
hgmmu of intcrcst (sec text for dttaiis). 



Pnor to proceeding to the PCR reactions of 5' and 3' RACE, the 

quality of the cDNA preparation was tested by Southem blot analysis. GnT 

II cDNA arnplified by the gene specific primer (P900f) and the cDNA 

synthesis primer was analyzed in an agarose gel. Although a notably 

prominent band was seen at -1.3 kb, several DNA bands between -500 bp 

and -1.3 kb could be detected by EtBr staining (fig 3.4B, lane 1). 

Hybridization of the southern blot of these products revealed multiple 

signals at -600 bp, -700 bp, -1.2 kb and -1.3 kb (fig 3.4C, lane 1). No 

positive signals were detectable with the PCR reaction products when using 

only the cDNA synthesis primer (fig 3.4C, lane 2). These data demonstrate 

that the cDNA constnicted by this method is suitable for further 

experiments. The data here also suggest that the use of multiple 

vanscription stop sites may be producing the multiple signals detected by 

Northem blot. 

3.2.2 Transcription termi~tion of human GnTII gene 

The adapter-ligated GnT-II dscDNA was arnplified by the gene- 

specific primer P900f with AP1. The resulting primary PCR product was 

then re-amplified using nested primers: P922F and AP2. Agarose gel 

analysis indicated a strong sharp band at -600 bp and a smear at about 1.0 

kb, while controls with only one of the primers or both primers in the 

absence of template were negative (fig 3.5B, lanes 1-4, respectively). The 

600 bp DNA was subcloned into pGEMSZf(+) plasmid at the Not 1 and Pst 

1 sites. Sequencing anaiysis of the insert showed that priming of the cDNA 

occurs at the poly(A) site located 20 bp downstream from the first 

AATAAA sequence of the GnT II 3' UTR (fig 3.6 and fig 1.7). This is at 



Adapter 

cDNA synthesis primer 
Probe used in Southem blot (plus complementary 

strand) 

M: 1 kbDNAladder 
1 : P900f & cDNA synthesis 

primer 
2: cDNA synthesis primer 

O ~ Y  

Figure 3.4 Analyses of mplified GnT [I cDNA by 
EtBr-staining and Southern blot 

(A) Template and primers used in PCR amplificatiai of GnT II 3' UTR are 
indicated in this picture. Probe used in Southem hybridization is dso shown 
beneath the template. (B) The P900f'cDNA synthesis primer PCR praluct was 
f'ractiaiated on a 1.2% agame gel containing l w m l  EtBr. The gel was 
visualized under UV light. There were several DNA bands between 0.5 kb and 
-1.3 kb (lane 1). (C) Southern Mot of the same gel. The membrane was 
hybridized with a 691 bp probe covering 420 bp of GnT II ORF (nucleotide 
positian: 922 to 1341) and 271 bp of 3' UTR (nucleotide position: 1342 to 
1612). Four signals at 600 bp, -700 bp, - 1.2 kb and - 1.3 kb were detectable 
(lane 1). No signals were shown by hybridization in the negative control PCR 
reaction when using cDNA synthesis primer only (lane 2). 



cDNA synthesis 
primer (Pius 

P922f cornplementary + strand) Adapter 

GnT II ORF 

M: L kb DNA ladder 
1 : P922f & AP2 
2: AP2 only 
3: P922 only 
4: P922f & AP2 without 

template 

Figure 3.5 Anaiysis of human GnT II cDNA containing 
the fint poly(A) site 

(A) Template and primers used in PCR amplification of GnT II 3' UTR are 
indicated in this picture. (B) Pnmary 3' RACE PCR product was amplifieci by 
PCR with adapter primer 2 (AP2) and GnT-II gene specific primer P922f. 
This product was analyzed on a 1.2% agarose gel stained with EtBr. There 
was a sharp band at -600 bp and a smear at about lkb (lane 1). 



3' ACATï ATGCr GAGTG ATATC =Ci' TAACC CûGûC TGCAG CGTAC 
5' TA-CI TATA T--> 

n S~QUCW 

GAGGG CCûûC GGTAC CGGCG CCCïA TAGT'G ATCACOC(XiOC(;AAA 
Not 1 

AAAAA AAAAA AAAAA AAAAA AAAA AATG TCMG GATTT GAGAA 

A m  GTTAA CATAC AGGAC AAACC TGTTT ATAGT TTTTA TCTTC 

TGACAGCGAAAACATTGACACTAAAAGTG ACGTCCAGCïGGTAT 
Pst 1 

ACCCT CTCGG AGGGT TGCGC AACCT ACGTA TCGAA CTCAT AAGAT ATCA 5' 

Figure 3.6 Sequence of GnT II cDNA containing the first 
poly(A) site 

Primary 3' RACE PCR product was ampiified by PCR with adapter primer 
2 (AP2) and GnT-II gene specific primer P922f. The DNA was subcloned 
into pGEMSZf(+) at the Pst 1 and Not 1 sites (underlined). Sequences 5' of 
the Pst 1 and 3' of the Not 1 sites correspond to pGEMSZf(+) plasmid 
sequences. The insert is shown in bold and italics. The poly(A) tract, 
together with the two nucleotides originaiiy fiom the cDNA synthesis 
primer (italics), starts at 20bp downstream fiom the AATAAA element 
(bold and underlined). 



the appropnate spacing to indicate the first poly(A) site in the GnT-II 

genome is used in transcription. 

To determine whether the second poly(A) site is functional, two 

gene-specific primen between the first and second poly(A) sites, either 

P1585f or P1888f, together with AP2, were used to re-amplify the 

prllnary 3' RACE PCR product. A very weak product at -550 bp could be 

seen in the P1585-AP2 =action, and a -250 bp product was obsewed in the 

P1888f-AP2 reaction. These bands were extracted from the agame gels 

and subjected to a third round of PCR amplification under the same 

conditions. This tirne, strongly staining pmducts appeared at the expected 

sizes, supporting that they were specific, and not by-products (fig 3.7B). 

Subcloning and sequencing indicated that the synthesized cDNA did indeed 

end 20 bp downstrearn from the second AATAAA element (figs 3.8 and 

1.7). This data demonstrates that the second poly(A) site of the GnT-II 

gene is also active in transcription. 

Similar experiments were canied out to establish a role for the third 

poly(A) site by using a gene-specific primer between the second and third 

poly(A) sites (P2109f) and AP2. The cDNA was found to terminate with a 

poly(A) taii initiating at 23 bp downsveam from the AATAAA moiety of 

the third putative polyadenylation site (figs 3.9 and 1.7). 

niese experiments verQ that al l  three poly(A) sites found in the 

GnT-II genome are functional in gene transcription, at least in the human 

cell line tested. Two minor transcripts in rat tissues could not hybridize 

with the probe prepared from the 3' unüanslated ngion, supporting the 

idea that multiple transcripts may nsult h m  the differential utilization of 

distinct poly(A) sites during the maturation of the primary transcript. 3' 

end heterogeneiîy, due to the use of Merient poly(A) sites, was also 



(4 
cDNA synthesis 
primer (plus 

PlS8Sf complemen tary + P1888f strand) Adapter 

GnT 11 ORF 
4- 

M: 1 kb DNA Iadder 
1: PlS85f & AP2 
2: Pl888f & AP2 

Figure 3.7 Human GnT II cDNA contoining 
the second poly(A) site 

(A) Template and primers used in PCR amplificatim of GnT II 3' UTR 
are indicated in this picture. (B) Rirnary 3' RACE PCR product was re- 
amplified using adapter primer 2 (AP2), either with GnT II gene specific 
primer P1585f (lane 1), or with P1888f (lane 2). These products were 
analyzed on a 1.8% agarose gel stained with EtBr. There were sharp 
bands at -550 bp (lane 1) and -250 bp (lane 2), respectively. 



5 ' T G W  TACGA -C, TATAG GGCOA A T M 3  GCCOO ACGTC 
rrprimcr 

GCATû CKCï CïAGA CTCGA GSAAT Tc GTGTT lTGAG TGTGT TITGG 
EcoR I 

AACCT TCATA GAACA CACiT' TCTTT TGGAA TGTAT TTGAT TGATA 

TTTTG TTI"IT TTI"IT TCTIT TAGTG CTGAC AAMT A M T  ACTCA 

TTTTT GC CT AAAAA AAAAA AAAAA AAAAA AAAAA AAAA GCGGC CGCi'G 

MTI'C GGTAC CCCGG GTïCG AAATC 3' 
EcoR I 

Figure 3.8 Sequence of CnT II cDNA containing the second 
poly(A) site 

Prirnary 3' RACE PCR product was amplified twice by PCR with adapter 
primer 2 (AP2) and GnT-II gene specific primer P1888f. The DNA was 
subcloned into pGEM7Zf(+) at the EcoR 1 site (underlined). nie insert is 
shown in bold and italics. The poly(A) tract, together with the two 
nucleotides originally from the cDNA synthesis primer (italics), occurs 
20bp downsaam fkom the AATAAA element (bold and underlined). The 
sepuences 5' and 3' of the EcoR 1 sites correspond to pGEM7Zf(+) plasmid 
sequences. 



5 ' TGTAA- CïQlC TATAG GGCGA ATKiO GC(XXi ACGTC 
nplima 

GCATG CTCCT CTAGA CTCûA -7' T U G T G  MGGC A I T C T  ACAAG 
EcoR 1 

Tl"ITG GGTTA GCATT ACAT'I' TTAAT ATTI'A CTATT GCTAC ATTGT 

ATAATTGAGTTTGAAATMACCCAGCTTATGACAATGTAAA 

AAAAA AAAAA AAAAA AAAAA AAAAA AAGCO GCCGC TCIAAïT C GGTAC 
EcoR 1 

CCCGG GT TCG AAATC GATAA GCITG GATCC GGAGA GCTCC CAACG 

CûTIG GATGC ATAGC TIGAG TATIC TATAG TGTCA CCïAA ATAGC TTG 3' 

Figure 3.9 Sequence of CnT II cDNA containing the third 
poly(A) site 

Primary 3' RACE PCR product was arnplified by PCR with adapter primer 
2 (AP2) and GnT-II gene specific primer P2109f. nie DNA was subcloned 
into pGEM7Zf(+) at the EcoR 1 site (underlined) The insert is shown in 
bold and italics. The poly(A) tract, together with the two nucleotides 
originally from the cDNA synthesis primer (italics), occurs 23bp 
downstream from the AATAAA element (bold and underlined). The 
sequences 5' and 3' of the EcoR 1 sites correspond to pGEM7Zf(+) plasmid 
sequences. 



identified in murine a-mannosidase II transcripts; the enzyme which 

provides the substrate for GnT-II [Monzman & Robbins, 1991; La1 et al, 

19941. Although this type of extended 3' untranslated region is cornmon 

among the genes of glycosylation processing enzymes, the functional 

significance(s) remains to be detennined. It is believed that 3' UTR plays a 

variety of roles in the regdation of gene expression, and indkctly, in the 

control of cell growth, differentiation and development of at least some 

genes. This topic will be discussed in the following section. 

3.2.3 Transcription initiation of human GnT II gene 

Although we have established that multiple GnT II transcripts are 

produced as a result of variation of length of the 3' UTR, the role of the 5' 

end was stil I  unclear. The adapter-ligated GnT-II ds-cDNA template was 

amplified by PCR with APl as the forward primer and P21r. which 

overlapped the ATG start codon, as the reverse primer. 5pl of this PCR 

product was reampiified with nested primen, i.e. AP2 and P47r under the 

sarne conditions. The sarne procedure was conducted for a third round of 

amplification. There were no visible DNA fragments after the 1st and 2nd 

round PCR reactions in an EtBr-stained agarose gel, while two bands at 

-500 bp and -700 bp could be seen in the 3rd round of KR. When the 

annealing temperanin was raised h m  550C to 65oC, the -700 bp DNA 

band was replaced with an -900 bp band, whereas the -500 bp DNA 

remained unchanged (fig 3.10). Both the -500 bp and -900 bp DNA bands 

were subcloned and sequenced. The -900 bp DNA, not surpîisingly, 

appeared to be due to another gene with high homology. It might nsult 

from non-specific or homologous priming during PCR. Eight subclones 

carrying the -500 bp DNA insert wen selected and sequenad. The 5' end 



Adapter 

M: 1 kb DNA ladder 
1 : PCR solutions 

Figure 3.10 EtBr-staining of 5' RACE PCR products 

(A) Template and primers used in PCR amplificatiai of GnT II 5' UTR 
are indicated in this picture. 5' RACE PCR products were shjected to a 
1.0% agarose electraphoresis in Lx TAE buffer, and the gel with EtBr 
was visualized under UV Light. The PCR annealing temperature was 
raised fmn 55OC (B) to 65OC (C), otherwise other PCR conditions 
remaimd unchanged. Two bands could be detected in each gel. The 
longer DNA fragment was a non-specific PCR product based on 
sequencing. Sequencing of the -500 bp DNA confmed that it was the 
5'-Banking region of GnT 11 gene. 



of subclone 21 corresponded to nucleotide -489 relative to the first 

nucleotide (+1) of the ATG translation start codon, subclone 6 to -486, 

subclone 15 and 16 to -477, subclone 5 to -450, subclone 10 to -443, 

subclone 7 to -442, and subclone 20 to -440 (fig 3.1 1 and fig 3.12). The 

putative transcription initiation sites were separated over 50 bp. Multiple 

initiation sites are common among housekeeping genes lacking a TATA 

box. This data also suggested that there were no untranslated exon(s) 

upstream of ATG start codon as sequence could be aligned directly with 

genomic sequence. Two putative transcription initiation sites at -450 and 

435 bp upstream of the translation start codon in rat GnT II gene were 

identified by RNase protection experiments [D' Agostaro et al, 19951, 

supporting our 5' RACE results. 

Results of 3' and 5' RACE are sumrnarized in figure 3.13. Assuming 

200 bp of poly(A) tail, the shortest transcnpt employing the first poly(A) 

site should be about 2.0 kb (460 bp of average 5' unîranslated region + 
1341bp of open reading frame + 68bp of 3' untranslated region + 2Wbp of 

poly(A) tail). This correlates with our Northem analysis. The other two 

transcripts terminating at the 2nd and 3rd poly(A) sites should be about 2.7 

and 2.9 kb, respectively. However, only a very weak signal at 2.9 kb was 

detected in our Northem blots. This might be due to the relatively low 

amounts of these aan~cripts. 

3.3 Structural analysis of human GnT II gene 5' UTR 

Genomic DNA structural analysis revealed that the (G+C) content in 

the 682 bp region sequenced to date, upstream of the translation start 

codon A m ,  is 69% (>50%). The observed over expected (O/') fkquency 

of the putative CpG doublet (scanneci mandy)  is O.% (M.6). It could be 
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I I 

AGAGGACGCAGGGCCGCTG 
...******o. o****.œ* 

Figure 3.11 Cornpariaon of the 5' end sequenees of 5' RACE subclones 
with that of human genomic GnT II 5' UTR 

nie iowcr squences correspond to the human GnT II g e d c  DNA. The upper sequences 
are: (A) suklone 21; (B) subclone 6; (C) subclones 15 and 16; @) subclone 5; (E) 
subclone 10; (F) subclone 7; and (O) subclone 20. Gap, indicated as (0). were inaoduced 
in ader u, opth* matching. 



CCCTTCGCAC 

CAACCAACGG 

GGCGAGGCCG 

AGAGCGCAGA 

TGCGGTTGGG 

GAGAGGACGG 

CTCGAGCTGT 

GTAAATGAGA 

GCCGCCGCCC 

CCCGCCCGCC 

GTCTCGCCTT 

MGTGGGAAC 

CCACGGCGGT 

TCTAAGGGGC 

GGGCAGTTGC 

CGTCGCTCAG 

GGACGCAGGG 

ACCGCGGCTG 

AGACGAAGCC 

AGCTGCCAGG 

GGTCTCGGGC 

GCCCGCCCCT 

TGCGCTCCCG 

TCGCACGTCT 

TGCACCTGAG 

CAGGCGCCTT 

GGGCCGGAGG 

GGGTTGTCAT 

TTCTGGCCGT 

CCGCTGGAGG 

AGCTTTTTCC 

GAGCCGCGGC 

CGAGGATGTG 

CCCAGGACCC 

CAGTTCCGAC 

TCCGTGCAGA 

GCCCTGGAGA 

CGCCTAACAG GAAAGGGAAG 

CGACAGTACT GCAAACCAAT 

CGGTCGCGTC TGGAAAGCAC 

GGTGTGGGCC GGA &G * 4 
M'CGGTCCC~ 

CTAGGGCCCC 

CGCAGGTMC 

GGGACCCGTG 

TCCTAGCGGC 

TGGAGCGCAG 

CCGGGGCCCG 

CGTGACAGGC 

AGCAGCTGCT 

CC-GGTT 

'&CGGAGTGA 

TGTMGGATG 

GAAGCTAGGG 

GTGCTGAATG 

GCGGCGCGGG 

GGATGAGTTA 

CAAGGCGACG 

CCTTTCCGCG 

CCGCATCTAC 

Figure 3.12 Summary of 5' RACE 
This figure summarizes the multiple putative transcription initiation sites 
(shown with arrows) of the human GnT II gene as determined by 5' 
RACE. These putative initiation sites are sptead over 50 bp within the 5' 
UTR. This feature is very cornmon in housekeeping genes that lack a 
TATA-box. The translation start codon is underlined. 
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Figure 3.13 Summary of S9 and 3' RACE 
Based on the 5' RACE results, the human GnT 11 gene is transcribed at 
multiple initiation sites covering -50 bp. Transcription terminates at three 
distinct polyadenylation signal5 as detennined by the 3' RACE experiments. 
Therefore, three tninscripts are generated with the shortest one texminaihg 
at the fint polyadenylation site, and the medium and longest aanscripts 
tennhating at the second and third polyadenylation elements. These results 
are consistent with the Northern blot analysis, in which multiple transcripts 
are detectable. The sizes of tmnscripts determined by 5' and 3' RACE are 
about 2.0 kb, 2.7 kb, and 2.9 kb in length. 



reasoned that the promoter region might reside within this putative CpG 

island [Bohrn, 19951. 

A number of potential cis-elements for transcription factor binding 

within the GnT LI gene 5'-flanking region have been identified (fig 3.14). 

An initiator (1nr)-like element (YYCANTYYY, see "Introduction") was 

identified at -417. It does not overlap with any of the detemined putative 

transcription initiation sites. Ahhough such overlap often occurs, this is not 

functionally necessary. An imperfect conserved Multiple start site Element 

Downsaeam (MED- 1, GCTCCCJG, see "Introduction") is detected at -41 8 

as GCTCAG. A conserved CCAAT box is found at -587. Memben of the 

CCAATJenhancer binding protein family (CIEBP) have been shown to 

participate in basal and activated transcription ngulation. There is a Ying- 

Yang 1 or W1 elernent [core consewed sequence 5' CAT 3', Lopez- 

Bayghen et al, 19961 at -458. YY1, a zinc f iger  protein related to the 

Knippel family of transcriptional regdators of Drosophila melanoguster, is 

able to activate or repress transcription initiation depending on the 

promoter and the intracellular environment. Nurnerous Spl bincüng sites 

[(G/T)(G/A)GGC(Gm(G/A)(G/A)(G/r), Faisst & Meyer, 1992) are found 

at -671, -655, -629, -570, -562, -517, -506, -498, -490, -446, -434, -356, 

and -3 19. Both YY 1 and Spl are known to guide transcription initiation in 

some TATA-less promoters [Shiffman et d, 19961, and furthennon, the 

direct protein-protein interaction between Spl and TFIID complex has 

been shown to be essential for the assembly of the preinitiation complex 

[Pugh & Tjian, 19911. Consistent with this are the YY1 and multiple Spl 

recognition sequences located upstream of the putative transcription 

initiation sites in the GnT X i  gene. Multiple binding sites for the Ets f@y 

of transcription factors [(C/A)GGA(A/T), Wasylyk et al, 19931 an 



C-MF S p l  I M ~ C  Spl C-Myb EU EU 
CCCTTCGCAC GTCTCGCCTT TCGCACGTCT CGCCTMCAG GAAAGGGAAG - - 
AAAGAooCGG MGTGGGMC TGCACCTWLO CGACAGTACT m a T  

SPI SPI Ets 
AGGCAGCCGG CCACGGCGGT CAGGCGCCTT CGGTCGCGTC TGGAAAGCAC 

c-Myb C-Myb SPI GCF 
CMCCMCGG TCTM-CGGAGG GGTGT - - 

482 ~ T G T G ~ C G C G  GGGCAGTTGC GGGTTGTCAT &&T - 
MED-1 Inr Ers 

-432 GGCGAGGCCG CGTCGCTCAG TTCTGGCCGT CTAGGGCCCC TGTAAGGATG 

GCF SPI c-Myb 
-382 AGAGCGCAûA GGACGCAGGG CCGCTGGAGG CGCAGGTAAC GAAGCTAGGG 

C-Myb GCF SPI EU 
-332 TGCGGTTGGG ACCGCGGCTG AGCTTTTTCC GGGACCCGTG GTGCTGMTG 

Figure 3.14 Nudeotide sequence of the S'-end region of the buman GnT II 
gene 

Part of the DNA sequena upsneam of the trans1ation initiation c h  AT0 is shown in dns 
figun. The putative transcription initiation sites detcnnjned by 5' RACE are indicami by 
arrows. Putative transcription factor binding sites are undttlincd and named above the 
scqucnce. 



detected at -644, -638, -625, -618, -542, -388, and -306. Two c-Myc 

binding sites [Eilers et al, 19911 at -675 and -659, and several c-Myb 

bindhg sites [(T/C)AAC(T/C)(G/A), Nakagoshi et al, 19901 at -648, -616, 

-590, -532, -528, -469, -453, -346, and -330 are also identified. These 

latter nuclear oncoproteins have been implicated in regulation of gene 

expression during a variety of biological processes including gmwth 

control, differentiation and transformation, etc. There are several GCF 

recognition sites [(G/C)CG(G/C)(GIC)(G/C)C, Kageyama & Pastan, 1989; 

Angotti et al, 19941 at -514, -497, -488, -478, -475, -365, and -321. GCF 

recognizes a sequence similar to Spl, but it acts as a repressor to 

downregulate gene expression. Other putative transcription factor binding 

sites include those for NF-1, leader binding protein 1 (LBP-1), E2F, NF- 

IL6, LF-Al and TCF-1, etc. In addition to its well established function in 

celi cycle regulation, E2F may interact with the GC-rich promoter, by 

recruiting Spl to the GC-rich elements or vice verso [Shin et al, 19961. 

3.4 Restriction mcrp of human GnT 11 5' jiartking region 

As the lirnited sequence information available for hurnan GnT II 5' 

flanking region could have impeded our construction of plasmids for 

promoter activity assays, it was therefore necessary to obtain a restriction 

map of this region. The choices of restriction endonucleases used in this 

experiment were based on the map of the pCAT-Basic vector multiple 

cloning site so that appropriate enzymes that could produce cohesive ends 

for ligation could be tested. Digestion of pHG36 plasmid (fig 2.1) with 

either Sph 1 or Sa1 1 gave a disperse EtBr staining picture indicative of 

supercoiled DNA structure, suggesting that therie were no sites for Sph 1 or 

Sa1 1 (fig. 3.15). Linearization of pHG 36 was obtained with either EcoR 1, 



Sac I or Xba 1 enzymes. Digestion with Xba 1 and either Sac 1 or EcoR 1 

produced two corresponding sets of bands at -1.8 kb / -4.2 kb and -1.4 kb 

/ -4.6 kb, iespectively. Therefore, the cutting site of Xba 1 was mapped to 

-1.2 kb upstream of the ATG codon. Digestion of pHG 36 wiui Pst 1 

introduced two fragments at -3.3 kb and -2.7 kb. Since there is a Pst 1 

digestion site at position +521 in the GnT II open reading frame, the 

second Pst 1 cutting site must be located at -2.2 kb upstream of the ATG 

codon. The restriction map of pHG 36 plasmid is summarized in fig 3.15. 

3.5 Functional analysis of the presumptive hiunan GnT II  prornoter 

In order to characterize the regions regulating the transcription 

activity of the GnT II gene, a series of chimeric constructs were made 

containhg different lengths of the 5'-flanking region fused to the CAT 

reporter gene. and tested in transient transfection experiments as specifîed 

in "Materials and Methods". The 3' ends of aü inserts in these consûucts 

were identical and extended to -276bp upstrearn of the ATG codon. The 

human HeLa cell line was used as a recipient for the plasmids in these 

studies. The CAT activities of ce11 extracts were determined from a 

standard curve using different amounts of CAT enzyme standard (fig 

3.16), and further nomalized for transfection efficiency based on the b- 
galactosidase assays. The foilowing CAT activity is therefore expressed as 

units CAT per unit ~galactosidase. Negative controls were perforrned by 

using cells without DNA transfection and cells transfected with pCAT- 

Basic plasmid. The CAT activities were 0.03f0.003 (n=4) and 0.04M.006 

(n=S), respectively. T-test between these two groups revealed no significant 

difference @=O.OSO, ~0.05). The positive control (pCAT-Promotet) had a 



lEcoR 1 pHG36 Sac 11 

Figure 3.15 Restriction map of pEIG36 

(A) 1 S4pg of plasrnid pHG36 were digested with differert combinations of 
EcoR 1, Pst I, Sac 1, Sph 1 and Xba 1. The choice of these restrictim 
enzymes was based on the multiple cloning site of pCAT-Basic vector so 
that the enzymes would produce cohesive ends in both the test insert and 
expressim vector. The DNA fragments, digested to completion, were 
analyzed in 0.8% agarose gel stained by EtBr. (B) The simple map 
represents the restrictim sites within plasmid pHG36 5' end. The diagram 
is drawn to scale. 
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Figure 3.16 Standard curve of CAT assay 
Various amounts of CAT enzyme (expressed as enzyme unit) were used in 
this experiment and the corresponding dpm were detemined by the liquid 
scintillation counting assay. The correlation of CAT activities and dpm was 
plotted on logarithmic scales. 



CAT activity 9.3-times higher than that of the pCAT-Basic control. The 

CAT activity of the constmct containing the longest insert (p-1,200CAT) 

was l.38M.18 (n=3), a -38-fold inmase as compared to that of the pCAT- 

Basic conîrol. The deletion of the 5'-flanking region h m  --1,20 to -680 

(pd80CAT) msulted in a slight reduction in CAT activity (1.03f0.08, 

n-4). When the -680 to -276 DNA fragment was manipulated into the 

antisense direction in the pCAT-Basic vector, an unexpectedly high CAT 

activity was detected (data not shown). suggesting that some, if not aiî, cis 

-elements can function regardless of their directions. There were no 

dflerences in CAT activities between p-680CAT and p-636CAT plasmids. 

A further deletion of 83bp from p-636CAT plasmid gave rise to p- 

553CAT. which possessed an activity of 0.15f0.02 (n=4), a seven-fold 

reduction. Further deletions showed activities similar to p-553CAT plasmid 

(fig 3.17). It is thus concluded that the cis-acting regulatory elements 

located between -636 and -553 relative to the translation start site play 

cenaal roles in regulating the expression of the human GnT II gene. 
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Figure 3.17 Promoter activities of the human GnT II 5' 
untranslated region 

Deletion constructs of the GnT II 5'-flanking region linked to the 
chloramphenicol acetyltransferase (CAT) reporter gene were prepared as 
described in "Materials and Methods". Shown at the left are the constructs 
(not drawn to scale). The arrows indicate the putative transcription 
initiation sites determined by 5' RACE. AU chimeras end at -276bp relative 
to the translational start site. The 5' end of each construct is indicated m its 
name. At the right are the CAT activities normaüzed to p-galactosidase 
(units CATIiuiit p-galactosidase). At least three independent transfection 
experiments were performed with each construct. Values are expnssed as 
means ISD. 



Chapter Four 

Discussion 



In this study, the putative transcription initiation and termination of 

the human GnT II gene were examined by the RACE method. The 

promoter region was also identified by examining the expression of a 

reporter gene. It is concluded that human GnT II initiates its transcription 

at multiple sites covering -50 bp, and its mature mRNAs terminate at three 

distinct polyadenylation AAUAAA signals, leading to the production of 

multiple transcripts. 

4.1 Selection of polyadenylation site 

Studies have shown that the expression of the mouse Ig y -H c h a h  

during B-ceil development is controlled by distinct poly(A) site selection 

[Flaspohler & Milcarek, 19901. In the early or memory B-cells, 

immunoglobin (Ig) heavy chah proteins exist as membrane-bound antigen 

receptors on the cell surface, while the secreted foms are produced by 

plasma cells. Transcription termination of the mouse Ig y2a and 2b genes 

occurs downstream of the membrane-specific (mb) poly(A) site in both 

early and late-stage B cells, resulting in primary transcription units which 

contain different poly(A) sites [Flaspohler & Milcarek, 19901. It is now 

believed that the balance of splicing of the last constant-region exon to exon 

M l  (mb mRNA) and polyadenylation at the 5' secretion-specific poly(A) 

site (sec mRNA) specifies the final sec-to-mb mRNA ratio, which is 

indicative of a B cell's developmental stage [Edwalds-Gilbert & Milcarek, 

19951. Since splicing has k e n  shown to be constitutive and non-ngulated 

[Peterson et al, 19911, the ratio of sec-to-mb mRNA is therefore controlled 

by polyadenylation. This result is fiuther supported by the fmdings that the 

expression of mouse Ig y2b gene is influenced by poly(A) site order and 

strength [Lassman & Milcarek, 19921, and that spacing between sec and mb 



poly(A) sites, rather than splicing, govems the regulated production of the 

IgM heavy-chain transcription unit [Galli et al, 19881. However, that 

differential transcriptional temination serves as another possible 

mechaaism for the switch in poly(A) site usage during B-ceil development 

can not be mled out, as suggested by the expression of Ig p transcription 

unit [Galli et al, 1987; Guise et al, 19881. 

Another well-characterized example of the role of polyadenylation in 

the complex transcription unit in dictating the nature of mRNA output is 

the adenovinis major late transcription unit, which contains five poly(A) 

sites ('1 through L5) [Perscott & Falck-Pedersen, 19921. In the early stage 

of infection, the 5' proximal L1 site is used almost exclusively, while in 

late stage all five sites are functional with L3 king slightly favored over 

the others. Using in vitro processing reactions, the L3 site has been 

demonstrated to be 5 to 10-fold more efficient than L1 as a substrate for 

RNA cleavage, 2-fold faster than L1 in the rate of cleavage, and 20-fold 

more effective than L1 in competing for processing factors [Perscott & 

Falck-Pedersen, 19921. Similar to the fmdings that the sec poly(A) site is 

utilized only when located upstrearn of the mb poly(A) site [Peterson & 

Peny, 19891, the L1 site is used very inefficiently both in early and late 

infection when it is placed downstream of L3 [Proudfoot, 19911. These 

results indicate that the position and strength of poly(A) site is important in 

determining mRNA biosynthesis. When L1 and L3 were placed in tandem 

in a minigene consmct, the early-to-late poly(A) switch could be 

reproduced, indicating that the poly(A) sites themselves contain aU of the 

cis-acting elements tequired for this shift [Falck-Pedersen & Logan, 19891. 

These cis-acting elements may be (i) the variable downstream motifs that 

determine the stability of the processing complex, and thus the sangth of 



poly(A) site Weiss et al, 19911, (ii) the upstream element as ideatified in 

the L3 site prescott & Fdck-Pedersen, 19941, the SV40 late [Carswell & 

Alwme, 19891 and HIV poly(A) sites [Valsamakis et al, 19911, or (iii) the 

sequences immediately sumwmding the AAUAAA hexanucleotide [Prescott 

& Falck-Pedersen, 1994; Ashe et al, 1995; Gilmartin et al, 19951. It is 

surprishg that the upsûearn enhancing elements are al l  U-rich, suggesting 

that they may be fûnctionally similar to the downstream GU/U-rich 

elements. In the case of human GnT II, several UU-, GU-, and AU- nch 

clusters a n  identif'ied surroundhg the polyadenylation sites (fig 4.1). In 

addition to these cis-acting elements, several pans-acting facton have also 

k e n  described, such as the 64-kDa subunit of CstF in LlL3 poly(A) site 

selection [Mann et al, 19931 and in regulation of B-ceIl developmental Ig 

heavy chah expression [Edwalds-Gilbert & Milcarek, 19951, the 160-kDa 

subunit of CPSF in HIV-1 rnRNA poly(A) site definition, and probably the 

heterogeneous nuclear ribonucleoprotein C proteins (RNP C) [Wilusz & 

Shenk, 19901. However, the role of RNP C has yet to be eluciâated. 

Two models have been proposed to explain the role of multiple 

poly (A) sites in complex transcription units. Polyadenylation rnay be 

coupled to transcription involving a transcription-coupled scanning 

mechanism [Niwa et al, 1992; Wilson-Gunn et al, 19921. In this model, the 

pmmoter-proximal poly(A) site has a processing advantage over more 

distal sites, simply because of the 5' to 3' directionality of the transcription 

complex. This property could also be explained by the inherent 5' to 3' 

directionality of the poly(A) site recognition machinery. The above model 

requires that the 5' poly(A) site must be less efficient than the 3' ones, 

otherwise the latter sites would not be utilized. In fact, this is compatible 



GTAAAAGTTA TAGAAGACTG C A G T W T  CACAGTTACA 

T-TG TCCAAACAGG ACATACAATT 

-TA- -cAAAATc 

TGTCCAAATA CATAGTAATC TTTTCCAGTT ATGTCTGATT 

A C T C T W  

GCTAAAATTG 

ATTûCATTTA 

CAAAACCTAT 

AAAAAGTATT 

TCACTCTCTT 

ATTTAAAAGT - 
ATTAGATTCC 

AACACACTTT 

GTTTTCACCT 

AGTGCTGACA 

TTTTGCAGAA 

ATTCTACAAG 

ATTATTGTTG 

TTMTCTTTT 

TTTAAGTACA 

ACGATGAAAT 

GACACACTTA 

TATGTTTGTT 

TGTACTATTG 

CTTTTGGMT 

CAATGTAGAA 

ABBTBBBATA 

ATATGAGAGA AGAGGGGAAA 

TATCTGAAAC TTTGTACACT 

GCAAAATTTA TTTAAAACTG 

TGTTAGGGTA TTMTGGAAC 

TTAGGAAGGG ATTGCTTCAC 

AAACACCCTG TCAGAACAGT 

TGTTTTGAGT GTGTTTTGGA 

GTATTTGATT GATAAGAAAG 

AAGATTTAAIL 

TCTGTTATCT 

TTT- 

TTTCCACTTT 

TGATAGCAGT 

AAACCCAGTT 

TGGTTTAATA 

CATTTTCAGT 

ACCTTCATAG 

TTTAAACATT 

ATA-T T T W T T  TT- 

TTCCTAATCC 

TACCAAAATT 

TTTTGAGTTA GCATTACATT TTAAT- CTATTGCTAC 
4 l  

ATAAAACCCA GCTTATGACA A~CATTCCC 
C T G l l G T T T G M  

TGTGCAAGAA ACXGZZZWCaTCAAATTA CCCAGGCATT GAAAATGAAT 

G A T T T A C A  GCCTAAATGT T T T W G C C  

AGAAATGATA CMAGTTCAG TCATGCCAAA GTGAAATACT TTCTAGTGCC 

Figure 4.1 Genomic sequence of the human GnT Iï 3' UTR 
MotXs shown in this p i c m  are the G/r- or T-rich clustcrs (undtrIined). The translation 
stop codon and three consmed polyadenylation signals (AATAAA) are shown in hatch 
UndCTlined. The tlaee cleavagJpolyldenyiati~tl sites &tuminai by 3' MCE arc indicaded 
by amiws.  'Ihe putative mRNA instability A'ïTïA matifs axe shown in bold undcrlincd. 



with the strengths of the L l L 3  and sec/mb poly(A) sites. A second 

proposed mode1 does not invoke 5' to 3' dinctionality. It depends on the 

amount of substrate pre-mRNA, the amount and activity of cleavagel 

polyadenylation factors (e.g. CPSF and CstF), site-specific factors that 

selectively enhance or depress the use of particular poly(A) sites, and the 

specific sequences swrounding AAUAAA [Mann et al, 1993; Edwalds- 

Gilbert & Milcarek, 19951. Changes in any of these factors, such as during 

B-cell developrnent or viral infection, could therefore influence utilization 

of certain poly(A) sites. In other words, poly(A) site utilization, as 

suggested during adenovirus infection and IgM production, may be dictated 

by the stage of development and differentiation. Correlated with the role of 

complex N-glycans during development as demonstrated by CDGS II and 

other examples, GnT II expression may be regulated to some extent via the 

differential utilization of poly(A) sites. However, there is no direct 

evidence and this hypothesis needs to be M e r  examined. 

4.2 Functions of the 3' untranslated region 

It has long been thought that the 3' untranslated region (UTR) of 

mRNA did not have any functional significance. However, an increasing 

body of evidence has ixnplicated the 3' UTR in controîling polyadenylation, 

regulating mRNA stability [for review see Jackson, 19931, determinhg 

mRNA localization [Gavis & Lehmann, 1992; Mowry & Melton, 1992; 

Gavis & Lehmann, 19941, modulating mRNA translation [Ostareck- 

Lederer et al, 1994; Tanguay & Gallie, 19961, controiiing oocyte 

matunition and early embryogenesis [Sheets et al, 1995; Waker et al, 

19961, regulating growth and differentiation of myoblasts [Rastinejad & 

Blau, 1993a1, and suppressing tumorogenesis [Rastinejad et ol, 1993bl. 



Mutations in 3' UTR have shown to be nsponsible for some diseases such 

as myotonic dystrophy [Brook et al, 1992; Mahadevan et al, 19921. 

4.2.1 3'UTR in regulation of nrRNA stability 

mRNA tumover plays an important role in determiDing the levels of 

gene expression. In view of the inability to detect mRNA stabilizen other 

than secondary structure, the 5' cap and the poly(A) tail. it has b e n  

proposed that mRNA is Uiherently stable in celis, and that the degradation 

rate of mRNA is controlled by the strength of its destabilizing sequences 

[for review see Sachs, 19931. Receiving the greatest attention are the 

sequences within the 3' UTR. 3' UTR stimulates the poly(A) shortenhg 

rate by switching the PABdependent poly(A) nuclease from a distributive 

to a more processive enzyme [Loweii et d, 19921. Shortenhg of poly(A) 

can in  ni stimulate mRNA degradation via the polyadenylation-dependent 

decay pathway meelman & Parker, 19951. On the ouier hand, a sequence- 

specific binding protein has been reported to interact with its 3' UTR target 

to stabilize the mRNA by controlling the lengui of the poly(A) tail [Geneste 

et al, 19961. Interestingly, an mRNA instability deteminant has been 

localized to the 3' UTR of a plant gene [Gil & Green, 19961. 

Extensive searches have identified in the 3' UTR two elements that 

are involved in the determination of mRNA degradation. One of them is 

the iron-responsive element (IRE) found on the transferrin receptor 

mRNA [Klausner et al, 1993; Brinder et al, 19941. The binding of IRE- 

binding protein (IRE-BP) to the stem-loop IRE structures, in response to 

1ow intraceliular iron concentrations, prevents a sequence-specific 

endonuclease h m  targeting an unchamcterized destabihing sequence in 

the vicinity of the IRE. 



The second 3' UTR destabilizing sequence is the AU-rich element 

(ARE), originally identified in granulocyte-macrophage colony-stimulating 

factor (GM-CSF) mRNA [Shaw & Kamen, 19861. AREs were subsequently 

found on other short-lived mRNAs, such as c-fos and c-Myc proto- 

oncogenes, human E-selectin gene and human insulin receptor gene, etc 

[Sachs, 1993; Chu et al, 1994; Levy et al, 19951. The conserved sequence 

for the AREs is typically defmed as one or multiple AUUUA repeats 

within a U-nch region of mRNA [Shaw & Kamen, 19861. Although AREs 

have been demonstrated to be important for mRNA instability for almost a 

decade, little is understood about the mechanism(s) by which they 

selectively mediate mRNA turnover. Several AU-rich sequence-binding 

proteins (AUBPs), originally identified by in vim UV-cross-linking, are 

thought to be involved in the regdation of mRNA degradation [Bohjanen et 

al, 1991; Bohjanen et al, 1992; Gillis & Malter, 1991; Zhang et al, 19931. 

However, their function is still obscure. The binding affiities of ARE- 

binding proteins for AREs correlate with the potency of AREs to direct the 

degradation of mRNAs [DeMaria & Brewer, 19961. Evidence that rapid 

mRNA turnover mediated by GM-CSF or c-fos AREs takes place 

predominantly in the cytoplasm and can be blocked by protein synthesis 

inhibitors implies that labile mRNA degradation and protein synthesis 

might be coupled [Shaw, G. & Karnen, R., 1986; Shyu et al, 19891. This 

hypothesis is further supported by the fmdings that ribosome binding and 

ongoing or complete translation of the mRNA coding region are essential 

for activation of ARE-controlled mRNA tumover [Aharon & Schneider, 

1993; Curatola et ai, 1995; Winstall et uf, 19951. However, the detailed 

linkage between translation and ARE activation nquires further 

investigation. In contrast, evidence has been obtained that some specific 



proteins upon binding to ARES stabilize the m'RNA [Rajagopalan & Malter, 

19941. This is not common. 

In striking contrast to the sequence of the GC-rich promotet, the 

GnT II 3' UTR is relatively AU-rich. Then are 7 conserved AUWA 

repeats in the 3' UTR. Six of them reside between the fist  and second 

polyadenylation sites, and one lies between the second and third 

polyadenylation sites (fig 4.1). As predicted by the current consensus of the 

properties of these sequences, the shortest GnT II transcript should be most 

stable. This is consistent with our result that 2.0 kb ((the shortest message) 

was the major transcript in human cell lines. 

4.2.2 3' UTR in developmental regdation 

The regulation of gene expression during development by 3' UTR 

can be realized through the control of polyadenylation of mRNA [Jackson, 

1993; Sheets et d, 1995; Stebbins-Boaz et al, 19961. This is particularly 

evident in Xenopus laevis, when then is no detectable transcription from 

the time of oocyte maturation to the 4,000 ceii mid-blastula stage [Stebbins- 

Boaz et al, 1996, and references therein]. Following export from nucleus to 

cytoplasm, those rnRNAs destined to be stored in a ûanslationally dormant 

state undergo specfic poly(A) shortening, usually from -250 nucleotides to 

less than 20 bases. At specific stages such as maturation or following 

fertilization, these mRNAs are translationally activated through an event 

known as cytoplasmic polyadenylation which requires two cis elements in 

the 3' UTR of the responding mRNAs, the polyadenylation signal 

AAUAAA and the U-rich cytoplasmic polyadenylation element (CPE) 

residing within 50 bases upstrearn of the signal [Jackson, 1993; Stebbins- 

Boaz et al, 19961. CPE bindhg protein (CPEB) has recently been show to 



bind several mRNAs essential for oocyte meiosis and maturation [Stebbins- 

Boaz et al, 19961. The binding of CPEB to CPEs temporally drives the 

elongation of mRNA poly(A) tails which, through an uncharactexized 

mechanism(s), stimulate the initiation of translation of the messages. 

The function of 3' UTR in the regulation of oocyte maturation or 

fertilization c m  also be mediated by modification of specific 3' UTR 

masking element binding proteins [Jackson, 19931. It has ken demonstrated 

that phosphorylation of an oocyte 82 kDa protein (p82) by the c& Ztype 

kinase at fertilization blocks its binding for the cognate 3' UT'S  of some 

translationally regulated matemal rnRN As, and thereb y activates the 

translation of these genes. This event, together with others, virtually leads 

to a release from ceIl cycle arrest and maturation of the clam oocyte 

[Walker et al, 19961. 

Another alternative mechanism by which 3' UTR functions in 

development is through an RNA intermediate that is antisense to the 

targeting RNA. This was demonstrated by the base pairing of Iin-4 RNA 

with the lin-14 mRNA 3' UTR. The RNA-RNA interaction down-regulates 

lin-14 translation, and controls temporal pattern formation in Cm elegrrns 

[Lee et al, 1993; Wightman et al, 19931. 

4.3 Promoter region of the human GnT II gene 

5' deletion analyses of the human GnT II gene specified that a major 

promoter element was within the 83 bp region from -636 to -553 relative 

to ATG as +1 (figs 3.14 and 3.17). A madted &op in CAT activity was 

observed between plasmids p-636CAT and p-553CAT. Several important 

transcription factor consensus elements are noted to be present within this 

83bp region. The clustering of four Spi binding sites suggests that multiple 



binding sites may be involved for synergistic activation of the promoter 

[Rajput et al, 19961. A typical Sp 1-like nuclear factor (Spl, Sp2, Sp3, or 

Sp4) has been shown to contain a highly conserved zinc fmger domain for 

DNA binding and a glutamine-nch domain for transactivation [Berg, 

19921. The transactivation domain allows these factors to intenict with a 

class of CO-activators and other transcription factors [Pugh & Tjian, 1990; 

Shin et al, 19961. n i e  controi of human GnT II , probably a housekeeping 

gene, by Spl is consistent with the concept that Spl is not involved in 

tissue-specific transcription [Rajput et al, 19961. Surprisingly, Spl has 

recently been shown to play an essential role in cell-type-specific gene 

regulation or in hormone/growth factor-mediated transcription regulation, 

and its expression level varies several fold in different cells and tissues, 

especially during development [Vihinen et al, 19961. Furthemore, Sp 1 

appears to be involved in regulation of gene expression in the nervous 

system [Cibelli et al, 19961. The differential regulation of human GnT II by 

Spl during development can therefore aot be ruled out, since seved lines 

of evidence have suggested the involvement of GnT II in nervous system 

development [Jaeken et al, 1994; Metder et al, 19941. 

A CCAAT element, which is targeted by the CJEBP-related farnily 

of nuclear transcription factors, is present immediately upstream of the Spl 

binding sites. Previous experiments have implicated the activities of the 

CCAAT element and inverted CCAAT box in the regulation of both basal 

and activated gene expression [Mcknight & Tjian, 1986; Dom et al, 1987; 

Boularand et al, 1995; Pittmm et al, 19951. For exarnple, the conservation 

of inverted CCAAT sequence in the cystic fibrosis transmembrane 

conductance ngulatot ( C m )  promoter was show to k required for 

basal transcription by associating with the transcription initiation site 

9 2  



selection pittrnan et al, 19951. Studies of heterotrimenc G-protein ai-2 

subunit gene transcription and human fibronectin gene promoter reveal 

that the CCAAT box is involved in CAMP induced gene expression Mun, 
et al, 1992; Kinane et al, 19931. In addition, the CCAAT box has recently 

k e n  shown to control, at least in part, y-globin gene silencing during 

nomal development or the hereditary persistence of fetal haemoglobin 

(HPFH), a genetically inherited condition in which the fetal yglobin genes 

are continuaiiy expressed in adult Me [Ronchi et al, 19961. 

An unusual feature of this important GnT II promotet region is the 

presence of proto-oncogene transcription factor targeting sites, two for c- 

Myb and another two for Ets proteins. The Ets family consists of about 30 

related proteins characterized thus far, al i  of which contain a DNA-binding 

'ets domain' wasylyk et al, 19931. Evidence shows that the activity of Ets 

protein requires cooperation with other transcription factors, such as AP- 1, 

c-Myb, Fos, and Jun, etc [Wasylyk et al, 1993; Sieweke et al, 19961. Like 

many other oncoproteins. Ets family members have been implicated with 

specific development and differentiation and viral infectious processes 

[Wasylyk et d, 19931. c-Myb protein is localized in the nucleus, and binds 

to DNA directly. Using CO-transfection experiments, c-Myb has been 

demonstrated to activate simian virus (SV) 40 transcription in a c-Myb- 

dependent manner in which c-Myb binds sequence-specifically to a SV 40 

enhancer [Nakagoshi et al, 19901. A recent experirnent shows that the c- 

Myb-specfic transactivation is mediated in cooperation with the activiîy of 

the C/EBP family member, and is M e r  CO-activated by the CREB 

(CAMP response element binding protein) binding protein (CBP) 

[Oelgeschliiger et al, 19961. The partial overlapping of c-Myb and C/EBP 

binding sites in the GnT II promoter suggests that these two factors could 



interact directly or through a third protein (e.g. CBP). Consistent with the 

close nlationship between Ets and c-Myb pmteins, the fusion of which has 

a dramatic effect on cell transformation, the partial overlap of their 

binding sites is highly suggestive. It is of interest to note that the binding 

sites for c-Myb and Ets family have also been reported in the pmmoter 

region of GnT V, whose product is related to malignant transformation 

[Saito et al, 19951. Since the action of GnT II is required for GnT V action, 

it is possible that the proto-oncogene proteins regdate both GnT II and V 

during transformation. 

Taken together, the properties of transcription factors identified 

w i t b  this short GnT II promoter region suggest that regdation of GnT II 

gene expression may be involved in a number of aspects of normal 

development and differentiation. However, there is as yet no direct 

evidence. 



Chapter Five 

Summary and future directions 



Based on the data presented in this thesis, it can be concluded that 

human GnT II is encoded by a single exon with multiple putative 

transcription initiation sites and three distinct polyadenylation sites. The 

multiple transcripts detected in human tissues and ceIl lines likely d8er  

only in their 3' untranslated region. 

Future work could be directed toward die understanding of the d e s  

of 3' UTR in the GnT II gene. Different GnT II 3' UTRs cm be subcloned 

immediately downstream of the open reading f m e  of a reporter gene 

(e.g. CAT), giving rise to hybnd consaicts which differ only in theu 3' 

UTRs. These constructs can then be expressed either in vivo or in vitro. 

The relative steady-state reporter gene specific mRNA level would indicate 

the effect of the GnT II 3' UTR on the mRNA stability. S1 nuclease 

protection assays can be carried out to detemine quantitatively the relative 

strengths of distinct pol yadenyhtion sites. Alternatively , monitoring of the 

reporter enzymatic activities could be used to reflect the changes of 

translation efficiency [Prescott & Falck-Pedersen, 19941. Further 

experiments may also include the identification of specific proteins that 

bind to this region by W c r o s s - W g .  The localization of the binding site 

may subsequently be determined by deletion or site-directed mutagenesis. 

Since a poly(A) site is dissected into an AATAAA hexanucleotide 

and its surroundkg upstream and downstream sequences, the elements 

responsible for the different 3'-processing efficiencies between these three 

GnT II poly(A) sites can be identified by way of constructing series of 

chimeric poly(A) sites with one or two substitutions derived from other 

poly(A) sites. For instance, considering UnAnDn as indicating the 

compositions of the upsmam sequence, AATAAA and downsmam 

sequence of the n th Poly(A) site in the GnT II gene (n=l, 2 or 3), several 



chimeric poly(A) sites such as UiAiD2, UlA2D1, U2A ID 1, etc., can be 

constructed. When these chimeras are placed at the 3'-end of the open 

reading fiame of a reporter gene, the activities of the reporter gene 

determined following transient transfection could be used to indicate the 

influence of an individual motif on the 3' pmcessing efficiency. Therefore, 

cis-acting elements that regdate the selection of polyadenylation site can be 

detennined. 

To snidy the promoter region further, other deletion series starting 

from -636, and additional site-directed mutagenesis experiments are 

essential for the final discrimination of cis-acting elernents which ngulate 

GnT II expression. DNase 1 footprinting , UV-cross-linking and gel 

mobility shift analyses are also required to defue the tram-acting factors 

involved in GnT II regdation. 

Finally, since GnT II seems to be regulated during development and 

differentiation, investigations of its expression in different developmental 

models might be fascinating. 
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