CHARACTERISATION OF THE MOUSE GLYCOSYL
PHOSPHATIDYLINOSITOL-PHOSPHOLIPASE D
(GPI-PLD) GENE.

FABIAN FLORES-BORJA

Department of Inmunology and Molecular Pathology
The Windeyer Institute of Medical Sciences
UNIVERSITY COLLEGE LONDON

This thesis is submitted for the degree of
Doctor of Philosophy

at University College London

March 2003



ProQuest Number: U643438

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

Pro(Quest.
/ \

ProQuest U643438
Published by ProQuest LLC(2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.
Microform Edition © ProQuest LLC.

ProQuest LLC
789 East Eisenhower Parkway
P.O. Box 1346
Ann Arbor, Ml 48106-1346



ABSTRACT

Glycosylphosphatidylinositol-specific phospholipase D (GPI-PLD) is a serum protein
presumed to cleave GPl-anchored proteins on the cell surface. As the initial
characterisation of GPI-PLD suggested that more than one gene coded for this
enzyme, the work described in this thesis characterised the mouse GPI-PLD gene. A
full-length clone isolated from a mouse liver cDNA library was sequenced. Although it
showed high homology with the recently reported sequence from an islet cell-derived
GPI-PLD gene, a combination of Southem blot and RNAse protection assays
demonstrated that only one GPI-PLD gene, with a sequence identical to the liver
cDNA, is present in the mouse genome. The main sources of GPI-PLD are liver and
brain, although RT-PCR showed expression in macrophage and pancreatic cell lines,
suggesting that most cells express GPI-PLD. High GPI-PLD expression levels in liver
were detected in CBA/Ca and diabetic-NOD mice, whilst obese (ob/ob) and insulin-
resistant (db/db) mice showed relatively lower levels of expression. These results

suggest a possible role for insulin in the regulation of GPI-PLD expression.

Co-transfection of GPI-PLD and placental alkaline phosphatase (PLAP) resulted in
cleavage of PLAP from the cell surface. Co-expression of anti-sense GPI-PLD
demonstrated that PLAP cleavage was catalysed by transfected GPI-PLD. However,
no evidence of endogenous GPI-PLD activity on endogenous GPl-anchored proteins

was obtained.

To study the cell-specific localisation of GPI-PLD expression plasmids encoding GPI-
PLD fused to different tags (GFP, Flag and Myc) were constructed. A significant
amount of GPI-PLD produced following transfection of these plasmids into mammalian
cell lines remains cell associated. A combination of sucrose gradients subcellular
fractionation and microscopy analysis suggest that GPI-PLD is associated with a
Golgi-related compartment. No association with caveolae was observed even following
co-expression with wild type or mutant forms of caveolin-3. These results support the

hypothesis of an intracellular site of action for GPI-PLD.
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CHAPTER 1

GENERAL INTRODUCTION

The work presented in this thesis relates to the characterisation of an enzyme,
glycosylphosphatidylinositol-phospholipase D (GPI-PLD) that is presumed to regulate
the presence of a special class of membrane proteins, the GPl-anchored proteins on
the cell surface. The main topics which are relevant are outlined in this introduction.
These are a) biology of GPl-anchored proteins, b) phospholipases, with special
emphasis on GPI-PLD as potential regulator of GPl-anchored protein release, and ¢)
specialised membrane domains known as caveolae and their major component,

caveolin. Within the context of this information, the aims of this thesis will be described.

1.1 MEMBRANE PROTEINS

1.1.1 Association of proteins with plasma membrane

Membranes are composed of lipids and associated proteins. Lipids are amphipathic
molecules in that they contain a polar head group and hydrophobic tails. When placed
in an aqueous environment, lipids spontaneously associate to form sealed bilayers with
the hydrophilic head groups of lipids exposed to water. Lipids provide the basic
structure of biological membranes and the specific functions are carried out by
proteins. The amount and types of proteins in cell membranes are highly variable,
however the usual plasma membrane contains about 50% of its mass as protein

(Alberts et al., 1994).

Proteins interact with the lipid bilayer in several different ways (See Figure 1.1). To
associate with membranes some proteins have hydrophobic domain(s), generally

containing a-helices. These structures which can form all  their

14
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CHAPTER 1. GENERAL INTRODUCTION.

Some proteins do not extend into the hydrophobic interior of the membranes at all and
are attached to the internal (example 4, Figure 1.1) or external face (example 5, Figure
1.1) of the membrane by non-covalent interactions with other transmembrane proteins.
Based in these different forms of interaction, membrane proteins can be viewed as
either integral or peripheral. Integral membrane proteins include the transmembrane
proteins and lipid anchored proteins. Peripheral membrane proteins are non-covalently

associated with other membrane proteins (Stevens and Arkin, 1999).

One special group of integral membrane proteins is that of proteins anchored to the
lipid bilayer by a relatively small lipid molecule, the glycosylphosphatidylinositol (GPI).
The GPI anchor is linked to the protein by replacement of the transmembrane segment
soon after its translation in the endoplasmic reticulum (example 6, Figure 1.1). The
structure and function of GPl-anchored proteins will be discussed in more detail in the

next section.

1.1.2 GPl-anchored proteins in mammals

In recent years, many different proteins of eukaryotic cells anchored to membranes by
covalent linkage to GPI have been described. These proteins lack a transmembrane
domain, have no cytoplasmic tail and are located on the extracellular side of the
plasma membrane (Cross, 1990). The GP1 anchors are widely distributed in eukaryotes
and so far, over 200 GPl-anchored proteins have been described (Ferguson and
Williams, 1988b; Kasahara and Sanai, 2000). Animal groups where GPl-anchored
proteins have been described include chickens (Henke et al., 1996), fish rays (Bucht
and Hialmarsson, 1996), sea urchin (Ohta et al, 2000), fruit flies (Incardona and
Rosenberry, 1996), grasshopper (Chang et al., 1992), fungi (Bruneau et al., 2001),
and protozoa (trypanosomes, ieishmanii, paramecium and plasmodium) (Ferguson and
Williams, 1988a; McConville and Ferguson, 1993; Schofield et al., 1994; Tachado et

al., 1997).
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The basic structure of GPIl anchors has been determined and despite the diversity of
eukaryotic organisms in which they are found, GPIl anchors share a common core
structure. In mammalian cells the conserved common structure is constituted of a
lipidic portion that can be an alkyl-acyl glycerol, diacylglycerol (DAG) or ceramide. All
GPIs also contain a phosphorylated ‘6-sided’ myo-inositol glycosidically linked to
nonacetylated glucosamine (GIcN), which in turn is coupled to one oligosaccharide.
The presence of nonacetylated GIcN is characteristic of GPl anchors (Homans et al.,
1988). The oligosaccharide portion of the molecule often contains three mannose
residues (Figure 1.2) and the diversity of GPI molecules is reflected in the nature of the
different branching groups of the glycan (Stevens, 1995). Other variations in the GPI-
structures are found in the linkages used for the attachment of the hydrocarbon chains
(ester vs. ether), the number, length and the degree of saturation of the hydrocarbons
chains. In addition, the myo-inositol ring may be modified by an acyl chain. Some of
these differences appear to be species-specific (Ferguson, 1999; McConville and

Fergusson, 1993).

GPl-anchored proteins form a highly diverse family of molecules that includes
membrane-associated enzymes, growth factor receptors, adhesion molecules,
activation antigens, differentiation markers, complement molecules and protozoan coat
components (Ferguson and Williams, 1988b). See Table 1.1. Although GPI anchors
can be considered primarily as an altermative to hydrophobic transmembrane
polypeptide anchors, their presence confers functional characteristics such as low tum
over rates, increased lateral mobility and, sorting to the apical surface of polarised cells
(Horejsi et al., 1999). A GPI anchor may also allow a protein to associate in cholesterol
and glycosphingolipid-rich lipid rafts, to be selectively released from the cell-surface by
the action of phospholipases and simultaneously to act as substrates for the generation
of inositol phosphoglycans (IPG) second messengers (Hanada et al., 1995;

Sargiacomo et al., 1993).
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GPl-anchored protein Function

CD14 (LPS receptor) Receptor for bacterial LPS
CD16b (Fc(RIIN) IgG receptor

CD30 (Thy-1) Probably adhesion molecule
CD58 (LFA-3) Adhesion molecule

CD48 Adhesion molecule

CD55 (DAF) Complement-protecting protein
CD59 Complement-protecting protein
CD73 (5 nucleotidase) Ectoenzyme

CD157 (ADP-ribosyl cyclase) Ectoenzyme

CD87 (uPA-R) Protease receptor

CD24 (HSA) Proteoglycan

CD52 Proteoglycan

Alkaline phosphatase Ectoenzyme

Table 1.1. Functional activity of GPl-anchored proteins. Some of the GPl-anchored proteins
reported in mammalian tissues and their functions.

1.1.3 Biosynthesis of GPl anchors

The synthesis of GPl anchors has been extensively studied in cell-free systems of
Trypanosome brucei and since the core structure of all GPl anchors is highly
conserved, it is believed that the synthetic pathway is also highly conserved among

different organisms (Doering et al., 1989; Masterson et al., 1989; Menon et al., 1990).

Despite some differences with respect to specific modifications after the core structure
assembly (Gerold ef al., 1996), studies in different organisms, from protozoans to
higher eukaryotes, have demonstrated a high similarity in the biosynthetic pathways of
GPI anchors (Ferguson, 1999; McConville and Ferguson, 1993; Tomavo et al., 1992).

The GPI anchors are preassembled by sequential addition of glycan components to
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phosphatidylinositol (PI) before being transferred to a nascent polypeptide. The initial
step in the biosynthesis of GP| anchors consists in the transfer of N-acetyl-glucosamine
from UDP-N-acetyl-glucosamine to phosphatidylinositol (see Figure 1.3). The product
of this reaction, N-acetyl-glucosamine-phosphatidylinositol, is then deacetylated to form
glucosamine-phosphatidylinositol (Doering et al., 1989; Gerold et al., 1999). Studies on
mutant cells of GPI-biosynthesis indicate that the first step of the pathway requires a
complex of four associated proteins which are the products of PIG-A, PIG-C, PIG-H
and GPI/1 genes (Hirose et al, 1991; Stevens and Raetz, 1991; Watanabe et al.,
1988). Once glucosamine-phosphatidylinositol is synthesised, three mannose residues
are subsequently added through a sequence of reactions involving the transfer of
activated mannose from the hydrophobic donor, dolichol-phosphate mannose
(DeGasperi et al.,, 1990). The product of the PIG-B gene has been identified as
responsible of the addition of at least the third mannose (Takahashi et al., 1996). The
subsequent addition of ethanolamine-phosphate to the third mannose by the
hydrophobic donor phosphatidylethanolamine completes the biosynthesis of GPI

anchors (Menon et al., 1993).

All the GPI biosynthetic intermediates have been located on the external face of
microsomal vesicles, suggesting that the principal steps of GPI anchors synthesis
occur in the cytoplasmic leaflet of the endoplasmic reticulum (ER) (Vidugiriene and
Menon, 1994). It has been suggested, however, that a biosynthetic intermediate,
possibly the phosphoethanolamine-containing anchor precursor, is translocated across
the ER to the luminal leaflet where the assembly is completed. The protein(s) involved
in this translocation process has not been identified so far (McConville and Menon,

2000).

The transfer of the GPI anchor to a nascent polypeptide chain occurs in the luminal
side of the ER by a transamidase-type process and soon after completion of
polypeptide synthesis. During this process the carboxy terminus of a polypeptide is
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