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Abstract

In human plasma, there are two lipid transfer proteins that play major roles in
lipoprotein metabolism and reverse cholesterol transport. Cholesterol ester transfer
protein (CETP) transfers neutral lipids, and is responsible for all of the plasma cholesteryl
ester (CE) and triglyceride (TG) transfer activity. Both CETP and phosopholipid transfer
protein (PLTP) can facilitate the exchange of phospholipid (PL) among lipoproteins, but
only PLTP mediates net mass PL transfer. Residues at the carboxy termini of CETP and
PLTP have been shown to be essential for protein function. In order to examine the roles
of the C-termini of CETP and PLTP in determining lipid specificity, we have expressed
and characterized chimeric proteins in which the C-termini of PLTP and CETP are
exchanged. The chimeras CETP .460/PLTP:45476 (CP), CETP ;460/PLTP445.476-mycHIS
(CP-HIS), and PLTP;_414/CETPug1476 (PC) were secreted from COS-7 cells, indicating
that the overall fold of the proteins was not disturbed. The proteins CP, CPHIS, and PC
each had less than 10% of the CE and TG transfer activities of CETP. The proteins CP
and CPHIS each had less than 10% of the PLTP-specific PL transfer activity of PLTP.
These results suggest that the carboxy-termini of CETP and PLTP act in concert with
other parts of the molecule to facilitate lipid transfer. Another goal of this research was
to produce and characterize a panel of monoclonal antibodies (mAbs) to human PLTP.
Attempts to produce mAbs in mice using protein immunization were unsuccessful, but
PLTP-specific antibodies were detected in serum from mice immunized with plasmid

DNA encoding the human PLTP sequence.



Acknowledgements

First and foremost, I would like to thank my supervisor and mentor, Dr. Ross
Milne. Throughout my time at the Heart Institute, he has given me independence,
confidence, and guidance, in both work and other aspects of life. I would also like to
thank my committee members, Dr. Ruth McPherson and Dr. Steve Evans for their input
and assistance. Many past and present members of the lipoprotein and atherosclerosis
group helped me along the way, in particular: Dr. Valerie Guyard-Dangremont, for
getting me started on PLTP, Ann Nguyen and Vivian Franklin for their technical skills,
Suzanne Davenport for her work on the monoclonal antibodies, Dr. Gerard Vassiliou for
his clear explanations and his generous donations of time and assistance preparing
labeled lipoproteins, Shermin Rahimkhani for his different perspectives and many shared
coffee breaks, Reema Harish for her help during the summers, and Anna Toma for
dealing with all the administrative business. My work was funded by scholarships from
the Natural Sciences and Engineering Research Council of Canada (NSERC) and the
University of Ottawa. And finally, I wish to thank Allan Wille for his continuous

support.

iii



Table of Contents

A DSITACT. ... eeireeireeeiteeeseeereereeeestesteesseasaesaesnsaesssnssse e sseassnnta s st esaneaesamteesaeensenenneenanesarnes 1
ACKNOWIEAZEIMENLS. ...ttt s e s e e e nes i1
LISt OF TaDBIES. ..ottt ettt tae et et e e e e e et b e m e e s e s aesae e seeme s aanan vi
LISt OF FIQUIES. ..ttt ettt et s ene s e n e saesese s s sassassan s memsansre s vii
FaN ] o) (S 03 s PSPPI vili

Chapter I: Introduction

Lipoproteins and Atherosclerosis. . ... vouv i iieiii i i ieieeeeaans, 1
Lipid Transfer Proteins. ......c.ouiiiiiiiiiii it 4
CETP in Lipid MetaboliSIm. ... .uieniii e 6
PLTP in Lipid MetaboliSm. ....c.uieitiiiiiii it 10
The Lipid Transfer / Lipopolysaccharide Binding Protein Family................. 14
Structure / Function Aspects Of CETP.. ..o, 19
Structure / Function Aspects 0Of PLTP..... ..o it 23
The Carboxy-termini of CETP and PLTP.......cooiiiiiiiiiiiieiene 26
Rationale and ObjectiVes. . ..ot 29

Chapter II: Materials and Methods

Molecular BIOlogY .. ...cuuinin it 33
Expression and Relative Quantification of Immunoreactive Protein............. 44
Lipid transfer Activities of Wildtype and Chimeric Proteins....................... 48
Data Analysis and StatisStiCs. ... euemiu i eie et ee e e eaaanas 51

v



Antibody Production. ... ..ot 52

Chapter III: Results

Expression of Proteins in COS-7 Cells...ooiiiiiiiiiiiiiiiicieieceeeeeaes 56
Relative Quantification of Immunoreactive Protein............cccovvvenieinnnn.. 58
Lipid Transfer Activities of Wildtype and Chimeric Proteins...................... 59
Antibody ProQuetion. ... ...oeviiiinii e 64

Chapter IV: Discussion
Design and Expression of Chimeric Proteins............cccvviiiiiiiiiiiiiiiinnnnnn. 69
Method Development and Validation........c..oceiiiiiiiiiiiiiiiiiiiiiiiieeee. 71

Lipid Transfer Activities of Chimeric Proteins, and Structural Implications.....74

Anti-PLTP Antibodies.....c.ccoiniiiiiiiiiii i, 77
Ongoing and Future Work........ocoooiiiiiiiiiiiii e, 79
SUMMIATY . et e e 84
RETEIENCES. . e e e 85
Statement of Contributions of Collaborators. .........ccoeovvuiiiiiiiieiiii e 97
Curmiculum VITa€. . ..ot e 98



List of Tables

Table 1. Properties of plasma Hpoproteins. ... ...coviuieiiiiiieeiir e,

Table 2. The sequences of oligonucleotides used for molecular biology...............

vi

2



Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.
Figure 8.
Figure 9.
Figure 10
Figure 11
Figure 12
Figure 13

Figure 14

Figure 15.
Figure 16.
Figure 17.
Figure 18.

Figure 19.

List of Figures

The roles of CETP in lipid metabolism........ccooeiiiiiiiiiiiiiiie. 7
Reverse Cholesterol Transport.......oocvuiiiiiieiiieiiiiiiiiiiiieeeeieee e eaaas 8
The roles of PLTP in lipid metabolism......o.ooeveiiiiiiniiiiiiiieiiiieieenanes 12

Amino acid sequence alignment of human BPI, LBP, CETP, and PLTP...... 15

The crystal structure of human BPI and two bound phospholipids............. 18
Models of human CETP and PLTP tertiary Structures...............cceeeven.. 20
The ‘tilted peptide’ model of the CETP C-terminal heliX................cc...ee. 28
Schematic representation of PLTP, CETP, and chimeric proteins.............. 31
Cloning of PLTP/CETP tail chimeras.........coooiiiiiiiiiiiiicieieen. 39
. Cloning of CETP/PLTP tail chimeras............coeeiiiiiiiiiiiiiiiiieen, 41
. Cloning of binding pocket chimeras by ‘monster chimera’ strategy......... 43
. Epitopes of monoclonal antibodies.........c...oooiiiiiiiiiiiiiiiiiiiiein, 46
. Expression of PLTP, CETP, and chimeric proteins in COS-7 cells........... 57
. Relative Quantitation of Immunoreactive Protein by Slot Blot................ 60

Phospholipid transfer activity of PLTP, CETP, and chimeric proteins....... 61
Cholesteryl ester transfer activity of CETP, PLTP, and chimeric proteins.. 63
Triglyceride transfer activity of CETP, PLTP, and chimeric proteins....... 65
Screening of mouse sera for anti-human PLTP antibodies..................... 68

Structural models of two binding pocket chimeras of CETP and PLTP..... 82

vii



ABC

apo

ATCC

BSA

BPI

mAb

CAD

CE

CETP

CHD

CHO cells

CM

CMV

COS-7 cells

ELISA

GMCSF

HDL

HL

HUVE

IDL

kb

Abbreviations

ATP-binding cassette

apolipoprotein

American type culture collection

bovine serum albumin

Bactericidal / Permeability Increasing Protein
monoclonal antibodies

coronary artery disease

esterified cholesterol

cholesteryl ester transfer protein

coronary heart disease

chinese hamster ovary cells

Chylomicrons

cytomegalovirus

monkey kidney cells

Enzme-linked Immunosorbent Assay
granulocyte-macrophage colony stimulating factor
high density lipoprotein

hepatic lipase

human umbilical vein endothelial
intermediate density lipoprotein

kilobasepair

viil



kDa kiloDalton

KO knockout

LCAT lethicin-cholesterol-acyl transferase
LDL low density lipoprotein

LPS lipopolysaccharide

LPL lipoprotein lipase

LBP lipopolysaccharide binding protein
PBS phosphate-buffered saline

PC phosphatidylcholine

PCR polymerase chain reaction

PL phospholipid

PLTP phospholipid transfer protein
SR-B1 scavenger receptor Bl

TBS tris-buffered saline

Tg transgenic

TG triacylglycerol, triglyceride

TrL triglyceride-rich lipoproteins

TSE tris-saline-EDTA

VLDL very low density lipoprotein

X



Chapter I: Introduction

Lipoproteins and Atherosclerosis

Cholesterol and other lipids are required by tissues throughout the body for
energy, membrane synthesis. and steroidogenesis. However. in order for hydrophobic
lipids to be transported through the circulatory system, they must be shielded from the
aqueous environment. This is achieved by the formation of lipoprotein particles, large
complexes containing both lipid and protein. The predominant lipoprotein structure is a
spherical particle with a core of neutral lipids, triacylglycerol (TG) and esterified
cholesterol (CE). surrounded by a monolayer of amphipathic lipids, phospholipid and
cholesterol. and stabilized by specific apolipoproteins. Plasma lipoprotein particles do not
remain static; rather their size and composition are highly dynamic, due to continual
remodeling by enzymes including lipid transfer proteins. Lipoprotein metabolism must
be tightly regulated in order to maintain a healthy lipid balance, and avoid the
development of cardiovascular and metabolic diseases. (Gotto et al. 1986)

Lipoproteins can be classified according to several criteria, including size,
electrophoretic mobility, apolipoprotein and lipid composition, and buoyant density;
however, the boundaries between classes are not rigid, and hence, even within each class,
the populations are highly heterogeneous (Table 1). Chylomicrons (CM), large, TG-rich
particles, are produced in the gut in a postprandial state, and are rapidly metabolized to
generate remnants which are cleared from the circulation by the liver. Very low density
lipoprotein (VLDL) particles are also large and TG-rich, and are secreted by the liver.

VLDL are hydrolysed by lipoprotein lipase (LPL), giving rise to smaller and more dense



Table 1. Properties of Plasma lipoproteins.

Physical properties of human plasma lipoprotein classes. CM are the largest and least
dense of the lipoproteins, as they have the highest ratio of lipid to protein. HDL are small
and dense, and have a lower ratio of lipid to protein. Adapted from Gotto et al. (1986).



Molecular

Density Electrophoretic | Diameter .
Class (¢/ml) mobility (nm) weight
S o (x10°Da)
cM 0.93 Remainsat o5 1500 | 50-1000
origin
VLDL 0.93-1.006 Pre-B 30-80 10-80
IDL 1.006-1.019 |  Slow pre-p 25-35 5-10
LDL 1.019-1.063 B 18-25 23
HDL., 1.063-1.125 o 9-12 0.36
HDL, 1.125-1.21 a 59 0.175

(38




intermediate density lipoprotein (IDL) particles. The IDL can be further hydrolysed by
LPL and hepatic lipase (HL) to produce low density lipoprotein (LDL), the major
transporter of cholesterol in human plasma. LDL particles have a core mainly of CE and
can deliver cholesterol to cells via the cell-surface LDL receptor. Numerous studies have
demonstrated a correlation between high plasma LDL-cholesterol levels and increased
risk of atherosclerosis (reviewed in Frolich et al. 2001). Atherosclerosis begins with the
development of a fatty lesion, which forms when LDL in the arterial wall becomes
oxidized and is engulfed by macrophages to form foam cells (Parthasarathy et al. 1992;
Ross 1999).

In contrast, an elevated plasma level of high density lipoprotein (HDL) -
cholesterol is negatively correlated with premature coronary heart disease (CHD), a
major cause of death worldwide (reviewed in Kwiterovich 1998). The exact mechanism
for the protective effect of HDL is unclear, but is likely due in part to the involvement of
HDL in the redistribution of cholesterol from peripheral tissues to the liver for excretion
in bile or reincorporation into lipoprote11s. This process is known as ‘reverse cholesterol
transport’ (reviewed in Bruce et al. 1998a). In the initial step of this pathway, a
transporter such as the ATP-binding cassette protein. ABC-AI, on the surface of cells
such as macrophages and fibroblasts, promotes efflux of celluiar cholesterol onto HDL. A
subfraction of the HDL population, which are lipid-poor, disc-shaped particles with a pre-
B electrophoretic mobility (pre-B-HDL), are particularly efficient acceptors of cellular

cholesterol (Barter and Rye 1996).

(V3]



Lipid Transfer Proteins

In the late 1970s, a protein that could catalyse the exchange of cholesteryl esters
among lipoproteins was isolated from human lipoprotein deficient plasma (Patnaik et al.
1978). This factor was also shown to be capable of transferring triglyceride between
lipoproteins (Morton and Zilversmit 1982). LTP-1, as it was initially called, could
exchange phosphatidylcholine (PC) between LDL and HDL, but could not facilitate mass
transfer of PC from phoshpolipid vesicles to HDL (Tall et al. 1983), suggesting the
presence of at least one other plasma lipid transfer protein. In fact, a second plasma
factor, called LTP-II, was later separated from LTP-I and characterized (Albers et al.
1984: Tall et al. 1983; Tollefson et al.1988). In contrast to LTP-I, LTP-II had no neutral
lipid transfer activity but could facilitate net mass transfer of phospholipid (PL) from
VLDL to HDL (Tollefson et al. 1988). LTP-Ii was also found to be identical to a plasma
factor which could convert HDL; into smaller and larger particles in virro (Rye and
Barter 1986). LTP-I and -II are now referred to as cholestery! ester transfer protein
(CETP), and phospholipid transfer protein (PLTP), respectively.

The cDNA for human CETP was cloned in 1987 from a human liver cDNA
library. It was found to encode a 17 amino acid signal peptide, followed by a 476 residue
mature protein (Drayna et al. 1987). In humans, CETP mRNA is most highly expressed
in liver, spleen and adipose tissue, and to a lesser degree, in small intestine, adrenal,
kidney. and heart (Drayna et al. 1987; Jiang et al. 1991). CETP mRNA has been found
in several species, including human, monkey, hamster, and rabbit, with 80-95%
homology between species (Nagashima et al. 1988; Drayna et al. 1991; Jiang et al. 1991;

Pape et al.1991). To date, plasma CETP activity has been detected in some species



including human, rabbit, hamster and chicken, but not in other species such as mouse, rat,
and pig. (Ha and Barter 1982: Guyard-Dangremont et al. 1998) Human plasma of
normolipidemic subjects contains CETP at about 2 ug/ml (Marcel et al. 1990).

The complete cDNA for human PLTP was cloned from a human umbilical vein
endothelial (HUVE) cell cDNA library in 1994 (Day et al. 1994). Within the 1750 base
pair cDNA, a 1518 nucleotide open reading frame encodes a 17 amino acid hydrophobic
signal sequence followed by a 476 amino acid mature protein. The human, mouse,
rabbit, and pig PLTP genes share greater than 80% homology (Pussinen et al. 1997; Jiang
and Bruce 1995a; Albers et al. 1995; Gander et al. 2002). PLTP mRNA is ubiquitously
expressed in human tissues, with the highest expression in the placenta, pancreas, and
lung, followed by kidney, heart, liver, skeletal muscle, and brain (Day et al. 1994).
Plasma PLTP activity has been found in all species tested to date, including mouse, goat,
sheep, and chicken (Guyard-Dangremoni et al. 1998). Recent reports indicate that there
may be two distinct forms of PLTP in human plasma: a low activity form in a high
molecular weight complex containing apoAl, and a high activity form in a low molecular
weight, apoE-containing complex (Oka et al. 2000a; Karkkainen et al. 2002). There are
variable reports of plasma PLTP concentration, and of the correlation between PLTP
mass and activity in plasma (Murdoch et al. 2002; Desrumaux et al. 1999; Oka et al.
2000b; Huuskonen et al. 2000a). This controversy may be due to differences in anti-
PLTP antibodies, or to the presence of inactive but immunoreactive PLTP in plasma (Oka

et al. 2000a).



CETP In Lipid Metabolism

CETP is responsible for all of the neutral lipid transfer activity in human plasma
(Tall et al.1983; Hesler et al. 1988). It mediates an equimolar exchange of neutral lipids
between CE-rich lipoproteins such as HDL, and TG-rich lipoproteins such as VLDL,
resulting in a net exchange of CE into VLDL and TG into HDL (Morton and Zilversmit
1983; Yen et al.1989). Similarly, TG from VLDL can be exchanged with CE from LDL.
TG transfer is required for net CE transfer. suggesting that CETP operates via a hetero-
exchange mechanism (Ko et al. 1995). In fact, most evidence indicates that CETP
probably acts as a shuttle, carrying lipids back and forth between lipoproteins (Swenson
et al. 1988: Swenson et al. 1989; Connolly et al 1996). CETP may also facilitate a
selective uptake process in which CE is transported into the cell without HDL particle
degradation. Cell-surface CETP on adipocytes appear to mediate this process, although it
1s unclear what the exact mechanism is (Benoist et al.1997). (Figure 1).

CETP is thought to have multiple roles in the reverse cholesterol transport
pathway (Figure 2). First. cholesterol that has been effluxed from cells to discoidal,
lipid-poor HDL is esterified by the enzyme lethicin-cholesterol-acyl transferase (LCAT),
and the HDL particle assumes a spherical conformation with c-electrophoretic mobility.
The LCAT-mediated esterification of cholesterol is promoted by CETP (Oliveira et al.
1997). Second, the CE is transferred, via CETP, from HDL to apoB-containing
lipoproteins VLDL and CM remnants, allowing delivery of cholesterol to the liver via the
LDL receptor. And third, the neutral lipid exchange mediated by CETP causes the HDL
particle to become more TG-enriched. The products of hydrolysis of the TG-rich HDL by

HL. called “remnant HDL” can be taken up by the liver or can interact with scavenger



Figure 1. The Roles of CETP in lipid metabolism

A) CETP mediates a reciprocal exchange of neutral lipids between lipoproteins. The
result is a net mass transfer of TG into HDL or LDL from VLDL, and of CE into VLDL
from HDL or LDL.

B) Cell surface CETP on adipocytes may also mediate selective uptake of CE from
HDL. without whole particle uptake.
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Figure 2. Reverse Cholesterol Transport.
The roles of CETP and PLTP are highlighted.

Free cholesterol and phospholipid are effluxed from peripheral cells such as macrophages
via cell surface ABC-A1l (A). Pref-HDL is an efficient acceptor of effluxed cholesterol,
and is formed primarily through the actions of PLTP, by transfer of excess surface lipids
generated during hydrolysis of triglyceride-rich lipoproteins (CM or VLDL) onto lipid
poor apoAl, and through HDL remodeling (B). Esterification of the cholesterol by
LCAT, areaction promoted by CETP, results in a change of conformation of the HDL,
from discoidal to spherical (C). Esterified cholesterol can then be transferred to apoB-
containing lipoproteins via CETP, for delivery to the liver through the L DLreceptor (D).
Large, TG-rich HDL particles are formed as a result of CETP activity, and are hydrolysed
by HL. resulting in remnant HDL particles that can be taken up by the liver, or can
interact with SR-B1, leading to selective CE uptake (E).

(adapted from VanTol 2002)
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receptor Bl (SR-B1), leading to selective CE uptake (Acton et al. 1996: Collet et al.
1999). CETP on the surface of hepatocytes also appears to mediate selective uptake from
HDL (X. Zha. personal communication).

In the general population of normolipidemic people, no strong relationship
between CETP and HDL-cholesterol levels has been determined (Marcel et al. 1990).
However, several genetic mutations resulting in CETP deficiency are prevalent in people
of Japanese descent. and are thought to account for about 10% of the variance in HDL
levels in that population (Inazu et al. 1994). Two mutations in particular which have high
allele frequencies are a mutation in intron 14 causing defective mRNA splicing (2%
allele frequency), and a missense Asp442Gly substitution resulting in poorly secreted
CETP with reduced CE transfer activity (7% allele frequency) (Brown et al. 1989;
Takahashi et al. 1993). CETP-deficient subjects have an increased level of plasma HDL-
cholesterol, particularly in the form of large CE-rich particles. Delayed catabolism of the
apoAl associated with these large particles also results in an elevated level of plasma
apoAl (Yamashita et al. 1990: Ikewaki et al. 1993). Due to the absence of neutral lipid
transfer. subjects with complete CETP deficiency have an increased TG to CE ratio in
VLDL and IDL, and their LDL tends to be small and TG-rich. These LDL are potentially
atherogenic because of a low affinity for LDL receptor (Bisgair et al. 1991; Sakai et al.
1995). In several studies, subjects with CETP deficiency had a higher incidence of
coronary artery disease (CAD) than those without CETP mutations, excluding a subgroup
of subjects with the highest level of HDL who appeared to be protected, regardless of

their CETP genotype (Zhong et al. 1996; Moriyama et al. 1998). However, in another



study, CETP deficiency appeared to be a risk factor for CAD, despite elevated plasma
HDL levels (Hirano et al.1997).

Neutral lipid transfer activity is negligible in mice, and in these animals, most of
the plasma cholesterol is found in the HDL fraction. Mice transgenic for human CETP
have a decreased level of HDL-cholesterol and increased VLDL- and LDL-cholesterol
(Agellon et al. 1991: Jiang et al. 1993). These changes in lipid profile are even more
pronounced in mice that express both human CETP and human apoAl, likely due to
preferential interaction of CETP with species-specific HDL particles (Hayek et al. 1992).
On a high-far diet, these mice only had a slight increase in aortic fatty streaks (Hayak et
al. 1995), but in another study in which mice were transgenic for simian CETP, feeding a
high-fat diet resulted in severe atherosclerosis (Marotti et al. 1993).

On one hand. it would seem that CETP could promote atherosclerosis by
decreasing plasma HDL. On the other hand, the role CETP plays in the reverse
cholesterol transport pathway would make it an anti-atherogenic agent. Adding to the
confusion is the fact that various animal models have provided conflicting evidence. It
appears that the general environment in terms of genetics, diet, and metabolism
determines the overall effect of CETP on atherosclerosis. And thus it remains unclear

whether ultimately CETP is protective or proatherogenic.

PLTP In Lipid Metabolism
Both PLTP and CETP can mediate the exchange of phospholipids (PL) among
lipoproteins, and each protein is thought to contribute about half of the PL exchange

activity in human plasma (Tall et al. 1983; Hesler et al. 1998). However, only PLTP can
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mediate net mass transfer of PL (Tall et al. 1983). As triglvceride-rich particles such as
CM and VLDL undergo lipolysis, the lipoprotein core size is reduced, leaving an excess
of surface components such as phospholipid, cholesterol, and apolipoproteins. PLTP
enhances the transfer of excess PL from VLDL to nascent HDL during lipolysis of these
particles, a process which can be modeled in virro, using radiolabelled PC vesicles. (Tall
etal. 1985). PLTP can also transfer excess unesterified cholesterol onto the new HDL
particles (Nishida and Nishida 1997) (Figure 3). So far. no intermediate of PLTP bound
to ligand has been isolated, so it has been proposed that in contrast to CETP, PLTP may
form a bridge between donor and acceptor particles, possibly lowering the energy barrier
for lipid dissociation or association (Huuskonen, et al. 1996; Huuskonen et al. 2001:
Lalanne and Ponsin 2000).

The importance of PLTP for HDL generation can be seen in several animal
models. Plasma from PLTP knockout (PLTP KO) mice is unable to facilitate PL transfer
in both in virro and in vivo assays (Jiang et al 1999). These mice had significantly
reduced levels of plasma HDL-PL, -cholesterol, and —apoAl. The decrease in HDL may
be compounded by an increased rate of catabolism of the unstable HDL particles in these
animals (Qin et al 2000). Additionally, when the PLTPKO mice are fed a high-fat diet,
they have increased lipids in VLDL and LDL, indicating the accumulation of lipoprotein
surface components in TG-rich particles. In order to address whether CETP activity
could compensate for a lack of PLTP activity in vivo, PLTP KO mice were crossed with
human CETP transgenic (CETP Tg) mice. The in vitro and in vivo PL transfer activity in
the PLTP KO / CETP Tg mice were the same as the PLTP KO alone, suggesting that the

primary mediator of plasma PL transfer activity is PLTP (Kawano et al. 2000). These

11



Figure 3. The roles of PLTP in lipoprotein metabolism.

A) As VLDL and chylomicrons undergo lipolysis by lipopotein lipase, excess surface
phospholipids are released. PLTP transfers these PL onto lipid-poor apoAl particles to
form discoidal preB-HDL.

B) PLTP also mediates an HDL conversion process, generating discoidal, lipid poor
pref-HDL and larger HDL. particles from small, spherical HDL; particles.

(adapted from Huuskonen et al. 2000b)
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studies emphasize the importance of PLTP activity in vivo for maintenance of plasma
HDL levels.

In mice expressing high levels of human PLTP, introduced by either adenovirus
or a transgene, total HDL levels are significantly reduced (Foger et al 1997; Ehnholm et
al. 1998: van Haperen et al. 2000). However, generation of the pre-3 subclass of HDL
particles is increased in these animals. In contrast to the high PLTP expressors, mice
transgenic for both human PLTP and human apoAl had only slightly increased PLTP
expression, and the lipid profiles actually showed an increase in plasma HDL-lipid and —
apoAl (Jiang et al. 1996). Nonetheless, plasma from these mice also possesses an
increased ability to generate pre- HDL. This highlights a second major function of
PLTP, known as ‘“HDL-conversion’ or ‘HDL-remodeling’. In vitro, when purified plasma
PLTP is incubated with HDLs;, larger HDL.,, particles are generated, and lipid-poor
apoAl is released. (Jauhiainen et al. 1993; Tu et al. 1993) (Figure 3). Correspondingly, in
vivo, increased PLTP activity results in the formation of larger HDL particles which can
carry lipid to the liver, and smaller, lipid poor pre-B HDL particles. PLTP is also capable
of proteolytic cleavage of apoAl which could contribute to enhanced HDL clearance in
mice expressing higher levels of PLTP (Jauhiainen et al. 1999).

Several mechanisms involving particle fusion have been proposed for PLTP-
mediated HDL conversion. One model suggests that lipid-poor apoAl is released from
the HDL surface due to an increased surface pressure caused either by penetration of the
lipoprotein surface by PLTP, or by an increase in the amount of surface lipid resulting
from net PL transfer (Lusa et al. 1996). The HDL particle becomes unstable as its core is

partially exposed by the loss of apoAl, and two unstable particles fuse to form a larger,



thermodynamically stable particle. A second model of PLTP-mediated HDL conversion
proposes that PLTP initially catalyses the fusion of two HDL particles to form an
intermediate that is unstable and subject to further remodeling (Settasatian et al. 2001).
The intermediate fusion product can either rearrange into 3 smaller particles, or, at a
slower rate, form a single, more stable, larger HDL particle, accompanied by the release
of lipid-poor apoAl. PL transfer activity appears to be required for the HDL remodeling
activity of PLTP, as inhibitors or mutations in PLTP that eliminate PL transfer activity
also eliminate HDL conversion (Huuskonen et al. 2000c).

The generation and remodeling of HDL particles by PLTP is crucial for reverse
cholesterol transport. Lipid poor pre-8 HDL is an efficient acceptor of cellular
cholesterol, and larger HDL particles are ligands for SR-B1-mediated CE uptake in the
liver (Figure 2). In fact, plasma from human PLTP Tg mice was able to prevent the
accumulation of cholesterol in macrophages, demonstrating that PLTP directly promotes
cholesterol efflux (van Haperen et al. 2000). Thus PLTP could be considered to be anti-
atherogenic. Recently, however, PLTP deficiency in two mouse models with genetic
susceptibility to atherosclerosis was shown to decrease the secretion of apoB-containing
lipoproteins and slowed progression of the disease (Jiang et al. 2001). Clearly the role of

PLTP in overall lipoprotein metabolism is complex and still not well understood.

The Lipid Transfer/ Lipopolysaccharide Binding Protein Family
The lipid transfer / lipopolysaccharide (LPS) binding gene family includes CETP,
PLTP, Bactericidal / Permeability-Increasing Protein (BPI) and LPS-binding protein

(LBP) (Day et al. 1994) (Figure 4). All four family members are hydrophobic proteins
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Figure 4. Amino acid sequence alignments of BPI, LBP, PLTP, and CETP.

All four human sequences are shown in the top panel. The alignment was done by
CLUSTAL32 using 11 known mammalian sequences. Completely conserved residues
are indicated with an asterisk, highly conserved residues with a dot. The secondary
structure of BPI is shown: a-helices are represented by cylinders and B-strands by
arrows. The horizontal dashed line indicates the linker region between the amino and
carboxyl terminal domains.

From: Beamer et al.1997. Science 276: p.1863 (Reproduced with permission)

The same alignment was used in the bottom panel, but only the human PLTP and CETP
sequences are shown. Hydrophobic residues are shown in red, positively charged
residues in blue, and negatively charged residues in green. Identical amino acids are
indicated with an asterisk.
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capable of binding phospholipid and LPS. In addition to these common ligands, a range
of other hydrophobic and amphipathic compounds can be bound by individual family
members. For instance, CETP can bind the neutral lipids CE and TG, as well as retinyl
esters. cholesterol, and 25-hydroxycholesterol (Bruce et al. 1998b), and PLTP can bind
a-tocopherol (vitamin E) and unesterified cholesterol in addition to various
phospholipids (Kostner et al. 1995: Nishida and Nishida 1997; Rao et al. 1997). BPI and
LBP assist in the host response to Gram-negative bacterial infection by binding to
endotoxins (LPS) on the bacterial cell surface, while CETP and PLTP modulate lipid
metabolism by exchanging lipids among lipoproteins and cells. BPI is a membrane-
bound cellular protein, whereas LBP, CETP, and PLTP are primarily found as HDL-
associated plasma proteins. The human PLTP, BPI. and LBP genes are on chromosome
20, and the CETP gene has been mapped to chromosome 16 (Whitmore et al. 1995).
These four genes are probably descendants of a common ancestor gene, as they share
similar intron/exon boundaries (Tu et al 1995).

The x-ray crystal structures of PLTP and CETP have yet to be determined:
however a great deal of information can be obtained by analysis of the 3-D structure of
BPI. In 1997, the human BPI structure was determined by x-ray crystallography to a
resolution of 2.4 A, and was refined in 2000 to 1.7A (Beamer et al 1997; Kleiger et al.
2000). Despite its hydrophobicity, BPI was found to be an elongated molecule with its
length nearly four times its width, and curved into a ‘boomerang’ shape. Although the
amino acid sequences of the amino- and carboxyl- terminal halves of the protein are only
15% identical, the molecule possesses a two-fold axis of pseudosymmetry and folds into

two very similar domains. Opening onto the concave face of each domain is an apolar
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ligand-binding pocket bounded by two a-helixes and backed by a 5-stranded B-sheet.
The two domains are connected by a central B-sheet. The crystal structure of BPI was
solved with a phospholipid molecule bound in each pocket; the acyl chains are buried
within the protein, and the polar head groups are exposed to solvent. (Figure 5).

A significant degree of amino acid homology is shared between BPI and the other
three family members: human CETP is about 20% identical to PLTP. and about 25%
identical to LBP and BPI: human PLTP is 24% identical to LBP and 26% to BPI (Day et
al. 1994; Jiang et al 1995b). In particular, residues important for structure and function
are conserved throughout the family, such as two highly conserved cysteine residues that
form a single disulfide bond in each molecule. In BPI, Cys132 and Cys175 have been
shown to be essential for function (Horwitz et al 1996). Similarly, in PLTP, Cys146 and
Cys185 are directly required for proper protein folding and secretion (Huuskonen et al.
1999). The corresponding amino acids in CETP are Cys143 and Cys184. (Bruce et al.
1998b). Conservation of residues among family members seems to be greatest in the
central region of the BPI structure, where secondary structural elements form the overall
protein fold around the two lipid-binding pockets. Residues localized to the tips of the
boomerang shape are more variable, and were found to be important for functional
differences between BPI and LBP (Beamer et al.1998). Considering the genetics, amino
acid sequence similarity, and common ligands of the four family members, it seems
likely that they would share elements of tertiary structure and possibly also some

functional mechanisms.



Figure 5. The crystal structure of human BPI and two bound phospholipids.

BPI forms a ‘boomerang’ shaped molecule, with two very similar domains giving it
pseudo-twofold symmetry. The amino-terminal domain is shown in green, and the
carboxy-terminal in blue. Each domain has a hydrophobic pocket formed by two a-
helices and a 5-stranded B-sheet. The amino and carboxyl terminal domains are
connected by a proline-rich linker, shown in yellow.

A) A view of the concave side of the molecule. A phosphatidylcholine molecule is
bound in each of the two hydrophobic pockets, with the acyl chains inside the pocket and
the polar head group facing solvent (shown in grey and red).

B) A view of the convex side of the molecule. The amino and carboxyl terminal
domains each form a B-barrel, connected by a central B-sheet.

Images were produced using Rasmol (Sayle and Milner-White 1995). (PDB accession
number 1bpl)
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Structure / Function aspects of CETP

CETP has been shown to have a stable tertiary structure that is resistant to
degradation by urea, and attempts to isolate an active fragment of CETP from bacteria
have been unsuccessful, suggesting that it is the global structure of the protein that
enables it to function (Hesler et al. 1989). It has been proposed that CETP adopts a
tertiary structure resembling that of BPI, and based on an amino acid sequence alignment
of human CETP and BPI, and the atomic coordinates of the BPI structure, a model of the
3D structure of CETP has been built (Figure 6A). This model is supported by
biophysicial measurements indicating that CETP has an elongated shape with proportions
of a-helices and B-sheets that are similar to those of BPI (Connolly et al. 1996).

Further evidence in support of a BPI-like structure of CETP comes from
immunochemical analyses (Roy et al. 1996; Guyard-Dangremont et al. 1999). The
epitopes of a panel of anti-CETP monoclonal antibodies (mAb) were mapped to the
linear sequence of CETP by testing their reactivity to peptide fragments expressed in
E.coli, and then pairs of antibodies were tested for competition for binding to native
CETP. Antibodies that were far apart in the linear sequence could exhibit competition,
and when the epitopes were examined in the proposed model of CETP, they were found
to be in close proximity. It is interesting that most of the antibodies generated against
CETP have epitopes on the convex side of the molecule, possibly an indication that the
concave side of the molecule is not usually exposed to solvent. Despite epitopes far from
the putative lipid binding pockets, several antibodies could inhibit CETP-mediated lipid

transfer (TP12, TP18, and TP19). This would suggest that rather than directly blocking

19



Figure 6. Models of human CETP and PLTP tertiary structures.

A) CETP. The model of CETP residues 7 to 476 is based on the tertiary structure of
human BPI, and a sequence alignment of CETP and BPL. CETP residues 7 to 464 are
shown in grey, and are positioned according to the atomic coordinates of the
corresponding residues of BPI. Residues 465 to 476 of CETP (red) extend past the
carboxy-terminus of BPI, and have been added into the model in a hypothetical position.
These amino acids are thought to form an amphipathic a-helix, and energy minimization
predictions have the helix lying across the entrance to the amino-terminal lipid-binding
pocket.

The atomic coordinates for this model were obtained from Dr. L. Beamer (University of
Missouri-Columbia), and the image was produced using Rasmol (Sayle and Milner-
White 1995).

B) PLTP. The model of PLTP residues 1 to 448 is based on the tertiary structure of
human BPI, and a sequence alignment of PLTP and BPI. Residues 448-476 of PLTP
extend past the C-terminus of BPI and are therefore not included in the model.

The atomic coordinates for this model were obtained from Dr. V. Olkkonen (National
Public Health Institute, Helsinki, Finland), and the image was produced using Rasmol
(Sayle and Milner-White 1995).
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lipoprotein binding or access to the ligand pocket, inhibition is accomplished by an
indirect mechanism such as by eliciting a conformational change.

There is some evidence that. like BP1, CETP has two distinct lipid binding
pockets, although it is not known whether each pocket binds only specific lipids.
Inhibitors exist that can selectively block either CE or TG transfer activity, and both
activities can be simultaneously blocked by adding a TG and CE inhibitor together,
suggesting that the 2 neutral lipids are not competing for the same binding site. (Melchior
et al. 995: Ko et al. 1994; Morton and Zilversmit 1982). However, as the TG molecule is
significantly larger than CE. these findings could instead be the result of variable
interactions of the inhibitors with CETP and the two ligands. On the other hand. TG and
CE do compete for transfer (Ohnishi et al. 1994), which would suggest that the two lipids
may bind in the same pocket. One model for CETP proposes that one binding pocket is
specific for binding neutral lipids and the other for phospholipids (Wang et al. 1992). As
several positively charged residues are predicted to be localized near the entrance to the
C-terminal ligand-binding pocket. this pocket could be specialized for PL binding (Bruce
etal. 1998b). The N-terminal pocket, which does not contain charged residues, could be
specific for neutral lipids. CE transfer is inhibited by modification of Cys13, which is
predicted to be in the N-terminal binding pocket, evidence that implicates this pocket in
CE transfer. Unfortunately, however, the effect of this modification on TG or PL transfer
activity was not studied. (Hope et al. 2000). Similarly, there appears to be a free cysteine
(Cys333) in the C-terminal binding pocket, and modifications of this residue may provide

steric hindrance to CE transfer (Epps and Vosters 2002).



The calculated molecular weight of CETP is 53 kDa yet the observed molecular
weight on SDS-PAGE ranges from 66 to 74 kDa. This discrepancy is due to N-linked
glvcosylation at four sites: Asn88, Asn240, Asn341, and Asn396, and the broad range of
sizes observed results from variable glvcosylation at Asn341 (Stevenson et al. 1993).
The proposed model of CETP indicates that the asparagine residues 88. 240. and 396 are
all exposed to solvent, whereas Asn341 is partially buried in the protein structure. and is
therefore less accessible for glycosylation. The model also suggests that all of the
glycosyvlation sites are localized to the convex side of the protein. restricting interactions
with lipoproteins to the concave side. a reasonable proposal as it seems the lipid binding
pockets open onto the concave surface (Bruce et al. 1998b).

The interaction of CETP with lipoproteins results from a combination of
hydrophobic and electrostatic interactions. The affinity of CETP for the lipoprotein
surface increases as the surface charge becomes more negative, and this is accompanied
by a faster rate of lipid transfer (Nishida et al. 1993: Desrumaux et al. 1998). Two
positively charged residues are conserved among the lipid transfer/LPS binding protein
family; in CETP these correspond to Lys233 and Arg2359. The single amino acid mutants
K233A and R259D both have reduced CE transfer activity, and in the case of K233 A,
defective binding to HDL (Jiang et al. 1995b). However, according to the model of
CETP structure, both of these residues seem to be located on the convex side of the
protein, and therefore it is unlikely that either residue participates directly in HDL
binding. (Bruce et al. 1998b). It is still unclear exactly how these charged residues are

involved in CETP-lipoprotein interactions and CETP-mediated neutral lipid transfer.



Some other residues that are structurally important have been identified by point
mutation. The mutants P446R, L456R, D460G and K377A all show decreased CETP
secretion in cell culture, and inheritance of the D442G mutant allele of CETP found in
some Japanese subjects results in decreased secretion of CETP (Wang et al. 1993: Jiang
et al. 1995b: Takahasi et al. 1993). According to our model, none of these residues is
located on the concave face or in the binding pockets, suggesting a role in overall protein
folding. Residues 442, 446. and 456 may form part of the central B-sheet connecting the
two lipid binding pockets, a region which is probably required for the overall protein fold

(Bruce et al 1998b).

Structure / Function aspects of PLTP

It has been proposed that PLTP also has a BPI-like protein structure, and so
molecular models of the 3D structure of PLTP have been made, based on the crystal
structure of BPI and amino acid sequence alignments (Huuskonen et al. 1999, Desrumaux
etal. 2001) (Figure 6B). In contrast to CETP, a lack of a large panel of antibodies to
PLTP means that other methods of examining protein structure must be used. To date.
point mutagenesis has been the primary tool used to examine structure-function
relationships of PLTP. and to identify residues involved in PLTP-lipoprotein interactions
and PLTP-mediated phospholipid transfer.

In order to determine the roles of each of the two putative lipid binding pockets of
PLTP, point mutations have been made to residues predicted to sit inside or at the

entrance to the N-terminal and C-terminal lipid binding pockets' (Huuskonen et al. 1999).

: Throughout this document, PLTP residue numbering refers to the mature protein.
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Each mutation was designed so it should not disrupt proper protein folding, and this was
confirmed by efficient secretion in each case. Valine 17, predicted to sit inside the N-
terminal binding pocket, was changed to a bulky tryptophan residue to exclude the fatty
acyl chains of a ligand from the pocket. This mutation resulted in a significant decrease
in PL transfer activity but only a modest reduction in HDL-binding, relative to wildtype
PLTP. At the entrance to this same binding pocket, the mutant L179W also had a
significant decrease in PL transfer activity but no change in HDL-binding. relative 1o
wildtype PLTP. Also predicted to be localized at the entrance to the N-terminal lipid
binding pocket, the mutant F447E was designed to disturb interactions with the nonpolar
part of a lipid. This mutant had a significant decrease in PL transfer activity but an
increase in HDL-binding, relative to wildtype PLTP. In all three N-terminal pocket
mutants, the lack of correlation between activity and HDL-binding suggests that this
pocket 1s involved in some other step of the PL transfer process.

Inside the C-terminal pocket, the mutations C318S and M260W had 20-40%
inhibition of activity and 30% or mild decrease in HDL-binding, respectively. A third
mutation, of a residue predicted to be located at the entrance to the C-terminal binding
pocket, L26SW., resulted in complete loss of activity and a drastically reduced capacity to
bind HDL. As Leu269 is on the concave side of the protein, the lack of HDL-binding by
the L269W mutant indicates that HDL may interact with PLTP on its concave surface.
The close correlation between the HDL-binding capacity and the PL transfer activity of
the C-terminal pocket mutants suggests that this pocket may be responsible for PLTP-
HDL interactions. These studies show that both pockets of PLTP are essential for PL

transfer activity. Double mutants, with one substituted residue from each pocket, all had



slightly less activity than the lower of the two individual mutants, suggesting that the two
pockets function in tandem.

In the crystal structure of BPI, a cluster of positively charged residues is localized
to the amino-terminal tip of the boomerang shape. These residues are conserved in LBP.
and were found to participate in the interaction of LBP with the negatively charged LPS
(Lamping et al. 1996). According to the structural model of LBP, this cluster of positive
charge appears to be fully exposed at N-terminal tip of the protein (Beamer et al. 1998).
The equivalent residues in PLTP are aromatic, hydrophobic residues, and in the PLTP
model they are also predicted to be solvent exposed at the amino-terminal tip of the
boomerang shape. Several of these hydrophobic amino acids are conserved in CETP.
Single amino acid point mutations were made to six residues of PLTP, within this cluster,
to address whether this region of the protein is involved in hydrophobic interactions with
HDL (Desrumaux et al. 2001). The mutants Y435A, Y90A, W91A, FO2A, F93A, and
Y94A were all secreted although with variable efficiencies. Mutations to residues 90, 91,
92, and 93 had significantly decreased ability to transfer phospholipid from liposomes to
HDL. or between HDL particles, and to remodel HDL. Only the Y90A mutant caused a
reduction in the ability of PLTP to transfer PL from liposomes to VLDL or LDL
substrates. These results suggest that this cluster of hydrophobic residues may be
required specifically for interactions of PLTP with HDL.

There are six putative N- linked glyosylation sites within the PLTP sequence, at
asparagine residues 47, 77, 100, 126, 228, and 381 (Day et al. 1994) There are also
multiple putative O-linked glycosylation sites. This results in an observed molecular

weight of plasma PLTP on reducing SDS-PAGE of about 81 kDa, although the calculated
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molecular weight of the mature PLTP protein is 55 kDa. Glycosylation of PLTP is

crucial for its secretion and activity (Huuskonen et al. 1998).

The Carboxy-Termini of CETP and PLTP

When the amino acid sequences of human CETP and BPI are aligned, CETP
extends for an additional 12 residues at the carboxy terminus, relative to BPI. This
carboxy terminal “tail” of CETP has been shown to be critical for protein function. First,
a deletion mutant A470-475 retains its ability to transfer PL and bind HDL, but has only
20% of the neutral lipid transfer activity of wildtype CETP (Wang et al. 1992; Wang et
al. 1995). In addition, the monoclonal antibody TP2 binds specifically in the last 26
amino acids of CETP, and eliminates all CETP-mediated neutral lipid and PL transfer
activity (Swenson et al. 1989; Wang et al. 1992). Predictions of secondary structure and
circular dichroism measurements indicate that this region of CETP probably forms an
amphipathic a-helix (Bolanos-garcia et al. 1998). When this putative C-terminal helix is
modeled into the proposed tertiary structure of CETP, it is predicted to lie across the
opening of the amino-terminal lipid-binding pocket (Figure 6A) (Bruce et al. 1998b).
Several amino acid mutations near the C-terminus decrease the secretion efficiency of
CETP, either by disrupting the helical structure or its placement, highlighting the
importance of both (Wang et al. 1993; Bruce et al. 1998b).

Point mutagenesis near the C-terminus of CETP showed that residues on the
hydrophobic face of the amphipathic helix participate in neutral lipid transfer, and
residues on the hydrophilic face bind TP2. However, the binding of CETP to TP2

actually causes an increase in the affinity of CETP for lipoproteins (Swenson et al. 1989).



One proposed mechanism for this is that antibody binding causes movement of the
flexible tail, exposing the hydrophobic face, which in tumn stabilizes hydrophobic
interactions with lipoproteins. As mutations in the helix have little effect on PL transfer,
or even stimulate it, perhaps this region of CETP is only involved in neutral lipid transfer.
(Wang et al. 1992)

Although it is still unclear how the C-terminal helix of CETP could facilitate
neutral lipid transfer, one mechanism that has been proposed is the “tilted peptide™ model
(Brasseur et al. 1997: Bruce et al. 1998). According to this theory, the helix would
interact with the lipoprotein surface at an angle relative to the phospholipid acyl chains,
thereby disrupting their packing. A disruption such as this would release the contents of
the lipoprotein core, allowing them to move into the lipid-binding pocket of CETP
(Figure 7). In fact, it has been shown that a peptide of CETP residues 461-476 binds
membranes in an oblique manner and causes the vesicle contents to leak out (Perez-
Mendez et al. 1997).

When the amino acid sequence of human PLTP is aligned with BPI, PLTP also
has an extension at the C-terminus, relative to BPI, in this case 28 residues long. A series
of C-terminal deletion mutants showed that this region of PLTP is required for enzyme
activity: removal of 5 or 10 residues from the C-terminal had no effect on PLTP activity,
deletion of 20 or 25 residues reduced the activity to less than 40% of wildtype PLTP,
deletion of 30 residues produced a secreted protein with no activity, and deletion of more
than 35 residues resulted in a misfolded protein that was not secreted (Huuskonen et al.
1998). This study shows that the last 30 residues of PLTP are not required for overall

protein folding. In contrast, extension of the deletion to 35 amino acids would disrupt the



Figure 7. The ‘tilted peptide’ model of the CETP C-terminal helix.

A) The carboxy-terminal helix of CETP (residues 465-476) interacts with the
lipoprotein surface at an angle relative to the phospholipid plane. This causes a
disruption of the packing of the phospholipid monolayer.

B) The disruption of the lipoprotein surface enables the neutral lipids within the core of
the lipoprotein to move out of the lipoprotein core and into a lipid binding pocket of
CETP.
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central B-sheet, causing a major folding defect. It also implicates residues 447 to 451 in
PL transfer. The aromatic residue Phe447 is conserved in CETP and is substituted with a
tyrosine in BPI and LBP. Antiserum against PLTP residues 453-476 does not recognize
the inactive F447E mutant, perhaps because this residue is required for maintaining the
conformation of the tail region (Huuskonen et al. 1999). Residues 445-456 of PLTP are
predicted to form an a-helix which may also be able to penetrate phospholipid
monolayers or bilayers on an oblique angle, although this has not been tested (L. Lins and

R. Brasseur, personal communication)

Rationale and Objectives

Structural domain swaps, or ‘chimeric’ proteins are an invaluable tool for
investigation of the functionality of individual domains in related proteins. BPI and LBP
share about 45% amino acid identity in humans, and are predicted to have similar tertiary
structures, yet they elicit opposing host responses to Gram-negative bacterial infection.
LBP activates cells by delivering LPS to CD14, causing an inflammatory response in the
host. In contrast, BPI decreases endotoxin-triggered inflammation by neutralizing LPS
and opsonizing the bacteria. Chimeras of LBP and BPI have been used to determine the
roles of the N- and C- terminal domains of each protein, and provide information about
how such closely related proteins can differ so widely in function. The results of these
studies confirmed that the amino-terminal domains of BPI and LBP are responsible for
LPS binding, and the carboxy-terminal domains regulate the delivery of LPS to specific
acceptors during the host response to Gram-negative bacterial infection. The C-terminal

domain of LBP is required for CD14-dependent cell activation, whereas the C-terminal



domain of BPI is necessary for clearance of intact bacteria through an unknown
mechanism (Abrahamson et al. 1997; Iovine et al. 2002).

PLTP and CETP are clearly key players in overall lipid metabolism; however, the
structural basis for their lipid specificities are still unidentified. We were interested in
whether the carboxy-terminal helix of CETP enables it to transfer CE and TG between
lipoproteins, and whether the carboxy-terminal of PLTP enables it to transfer
phospholipid from vesicles to lipoproteins. With the discovery of the 2-domain structure
of BPI, and the subsequent structural models of PLTP and CETP, we were able to design
and express several chimeric proteins in which the carboxy-terminal tails were swapped,
in order to look for answers to these questions. Our hypothesis was that that the carboxy-
terminal tail regions of CETP and PLTP are the primary determinants of substrate
specificity. Thus, we thought that a chimera composed of CETP with its tail replaced by
the tail of PLTP would gain PLTP-like PL transfer activity, and a chimera composed of
PLTP with the CETP tail would gain neutral lipid transfer activity. However, the results
of this study seem to suggest that the carboxy-terminal tail alone is insufficient to
determine the lipid specificity of each protein, and that both the C-terminal tail and other
parts of the molecule are required for activitv. Thus we prepared another two DNA
constructs, each with one lipid binding pocket from each of PLTP and CETP, and both
with the C-terminal helix of CETP. A schematic representation of our chimeric proteins
1s shown in Figure 8.

A second goal of this research was to produce and map the epitopes of a panel of
monoclonal antibodies to human PLTP. These would be useful both for our current

studies and for future structure-function studies of PLTP, as so far, very few anti-PLTP
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Figure 8. Schematic representation of PLTP, CETP, and chimeric proteins.

The CETP amino acid sequence is shown in blue; the PLTP amino acid sequence in
green. All constructs were prepared in the vector pCMV3. The full name of each
construct 1s indicated on the left, with the abbreviation in parentheses. Numbering refers
to amino acids in the mature proteins (not to scale).



CETP,_

PLTP,_,.-myc-HIS

CETPI%O/PLTP445—476
(CP)

CETP,_,/PLTP, . ..-myc-HIS
(CP-HIS)

PLTP,_,/CETP ¢ .
(PC)

PLTP, ./CETP,,, . /GlyGly/CETP, ..

(PGGC)

CETP, ;5 /PLTP, | 15,/CETPyq 456
(bpN-PLTP/bpC-CETP/CETP tail)

CETP1-266 P LTPZSS—HS/ CETP432—476
(bpN-CETP/bpC-PLTP/CETP tail)

c-myc 6-HIS
I




antibodies have been produced. We have attempted to produce monoclonal antibodies to
PLTP using a standard protein immunization technique, and a more novel DNA
immunization strategy in mice, as well as a synthetic peptide conjugate immunization in

chickens.



Chapter II: Materials and Methods

Molecular biology
Marterials:

Primers were from Gibco BRL Life Technologies (Carlsbad, CA) or from Sigma
Genosys (Oakville, ON). T4 DNA ligase, dNTPs, Vent DNA polymerase, and restriction
enzymes were from New England Biolabs (Beverly, MA). Pfu Turbo (2.5 U/ml) was
from Strategene (LaJolla, CA). The DH3a Escherichia coli cells were from the
American Type Culture Collection (ATCC) (Rockville, MD), and were made competent
by the method of Inoue (1990). Shrimp Alkaline Phosphatase was from Boehringer
Mannheim (Germany). Miniprep spin kits, maxiprep kits, and the QIAEX II DNA
extraction kit were from QIAGEN (Valencia, CA).

The expression vector pPCM V35 was provided by Dr. D. Russell (University of
Texas Southwestern Medical Center). The vectors PCR-BluntlI-TOPO, pTrcHIS-B, and
pcDNA3.1(-)BmycHIS were from Invitrogen Life Technologies. The cDNA for human
PLTP, including the signal sequence, was initially obtained in pBK as a gift from
Dr.X.C.Jiang (Columbia University, New York). The cDNA for human CETP, including
the signal peptide, was originally a gift from Dr. D. Drayna (Genentech Inc., South San
Francisco, CA). The expression construct CETP-pCMVS contained the full-length
sequence of human CETP, including the signal peptide, which had previously been

subcloned in our laboratory into the EcoRI and HindIII sites of pCMVS5,

(V3]
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General Cloning Methods:

All constructs were derived from the parental plasmids PLTP-pBK and CETP-
pCMVS5, using various combinations of polymerase chain reactions (PCR) and restriction
enzyme strategies. Primer sequences are shown in Table 2.

For subcloning purposes, restriction digests were done for 3-18 hours to ensure
complete digestion, followed by inactivation at 65°C for 15 minutes. Cut vector was
treated with shrimp alkaline phosphatase for 30-90 minutes at 37°C, followed by
inactivation at 65°C for 15 minutes. Fragments were isolated from agarose using the
QIAEX II extraction kit according to the manufacturer’s instructions. Ligations were
done overnight at room temperature, with 1 ul T4 DNA ligase, using molar ratios of
vector to insert of 1:1 up to 1:10, with a total of 200-300 ng DNA per reaction in 10-20 pl
total reaction volume. Either half or all of the ligation mixture was used for
transformation of E.coli.

Mutagenic PCR was done according to the instructions for the QuikChange Site-
Directed Mutagenesis Kit (Stratagene). Successful PCR was confirmed by running a
small sample of the product on agarose gel. The PCR product was then digested with
Dpnl for 1-2 hours to remove template DNA prior to transformation of E.coli.

Inverse PCR was done according to the method of Gama and Breitwieser (1999), and
following the guidelines provided for the PfuTurbo DNA polymerase (Stratagene). A
small sample of the PCR product was run on an agarose gel to check for successful
amplification. The PCR product was digested with Dpnl at 37°C for 60 minutes,

followed by an additional extension time of 30 minutes at 72°C. The Dpnl-digested DNA



Table 2. The sequences of oligonucleotides used for molecular biology.

Primers were used in subcloning of DNA to generate plasmids to express chimeric
proteins, as described in “Materials and Methods’ All sequences are shown as 5° to 3°.
Phosphorylation is indicated by P*. New restriction sites are underlined. The amino acid
numbers corresponding to the mature protein sequences are shown in parentheses.
(continued on following page)



Primers for cloning wildtvpe PLTP expression constructs

5*PLTP EcoRI
(PLTP -3 10 5)

3’PLTP-stop-EcoRI
(PLTP 473 to 476)

5" PLTP-Xbal
(PLTP -17t0 -14)

3’ PLTP-Xbal
(PLTP 473 to 476)

3’PLTP-stop-Xbal
(PLTP 474 to 476)

GCACATGCAGAATCCCCAGGCTGC

GGGATTGAGAATTCAGACAGCTGCTGTGG

CTGAGCCCGCICTAGATGGCCCTCTTC

GGATTGAGGICTAGAACAGCTGCTGTGGACG

CTTGGGGATCTAGAGCTCAGACAGCTGC

Primers for cloning ‘PC” and ¢

PGGC

PLTP Clal Fwd
(PLTP 437 10 446)

PLTP Clal Rev
(PLTP 437 to 446)

PLTP-CETP C-term
Coding (PLTP 443 to 444
and CETP 461 to 476)
PLTP-CETP C-term
Noncoding (PLTP 443 to
444 and CETP 461 to 476)

PLTP-GlyGly-CETP-Rev
(CETP 461 to0 464)

PLTP-GlyGly-CETP-Fwd
(CETP 465 to 471)

GGATTCCTCACCATCGATGCTGATCTCCAC

GTGGAGATCAGCATCGATGGTGAGGAATCC

CGGGGCTGACTTTGGCTTCCCTGAGCACCTGCTG-
GTGGATTTCCTCCAGAGCTTGAGCTAG

TAACTAGCTCAAGCTCTGGAGGAAATCCACCAG-
CAGGTGCTCAGGGAAGCCAAAGTCAGCCC

P*- TCCAGGGAAGCCAAAGTCAGCC

P*-GGAGAGCACCTGCTGGTGGATTTC

Primers for cloning ‘CP’ and ‘CPHIS’

CETP-Clal Fwd
(CETP 451 t0 463)
CETP-Clal Rev
(CETP 451 to 463)

CGAGATGGCTTCCTGCTGATCGATATGGACTTT-
GGCTTC
GAAGCCAAAGTCCATATCGATCAGCAGGAAGC-
CATCTCG




Table 2. The sequences of oligonucleotides used for molecular biology.

Primers were used in subcloning of DNA to generate plasmids to express chimeric
proteins, as described in “Matenials and Methods’. All sequences are shown as 57 to 3°.
Phosphorylation is indicated by P*. New restriction sites are underlined. The amino acid
numbers corresponding to the mature protein sequences are shown in parentheses.
(continued from previous page)



CETP-PLTP Fwd
(CETP 454 t0 460 and
PLTP 445 to 448)
CETP-PLTP Rev
(CETP 454 to 460 and
PLTP 445 to 448)

CP-deleteSTOP-Fwd
(PLTP 472 10 476)

CP-deleteSTOP-Rev
(PLTP 472 t0 476)

GCTTCCTGCTGCTCCAGATGGATCTCCACTTTGC

GCAAAGTGGAGATCCATCTGGAGCAGCAG-
GAAGC

CGTCCACAGCAGCTGTAGCGCTAGAACAAAAAC

GTTTTTGTTCTAGCGCTACAGCTGCTGTGGACG

Primers used for cloning binding pocket chimeras

A. CETP-Nhel (390)-fwd
(CETP 66 to 74)

B. CETP-Nhe (390)-rev
(CETP 66 t0 74)

C. CETP-16-rev
(CETP 710 16)

D. PLTP-11-fwd
(PLTP 11 to 20)

E. PLTP-184-rev
(PLTP 176 to 184)

F. CETP-200-fwd
(CETP 200 to 208)

G. CETP-Nhel(1007)-fwd
(CETP 272 t0 279)

H. CETP-Nhel(1007)-rev
(CETP 272 t0 279)

1. CETP-266-rev
(CETP 257 to 266)

J. PLTP-253-fwd
(PLTP 253 t0 262)

K. PLTP-418-rev
(PLTP 409 to 418)

L. CETP-432-fwd
(CETP 432 t0 441)

CCACTTGTCCATCGCTAGCAGCCAGGTGG

CCACCTGGCTGCTAGCGATGGACAAGTGG

P*-GGTGATGCGGCACACGATGCCTGCCTCGTGC

P*-TCCAAGGCGCTGGAGCTGGTGAAGCAGGAGGG

P*-GTCCAGGAGTGAGTTAAGCAGGACCGTCC

P*-ACAAGGGCTGCCAGCATCCTGTCAGATGG

CTCGCTGGCCAAGCTAGCTTTCCAGG

CCTGGAAAGCTAGCTTGGCCAGCGAG

P*-AGAGAACCAGAAGTACAGCATGCGGGAGTC

P*-GAGTTCTTCTTCGACTCTGCCATGGAGAGC

P*-CTGCACTCCACGCCAAGTCCTCTCATTGAGC

P*-CTCATGAACAGCAAAGGCGTGAGCC-TCTTCG




was ligated overnight at room temperature, in the presence of T4 DNA ligase and ATP.
Enzymes were inactivated at 65°C for 10 minutes before transformation of E.coli.
Bacteria were grown on Luria-Bertaini (LB) agar plates containing 50 pg/ml
ampicillin, and colonies for analysis were picked and grown in 2 ml of liquid LB also
containing 50 pg/ml ampicillin. Plasmid DNA was isolated by alkaline lysis (Sambook et
al. 1989), or using the Qiagen spin miniprep kit when the sample was 1o be used for DNA
sequencing. Larger-scale preparations of the plasmid DNA were done using the QIAGEN

maxiprep kit according to the manufacturer’s instructions.

Cloning of wildtype human PLTP expression constructs:

The sequence coding for the mature PLTP was amplified from PLTP-pBK, by
PCR using the primers S’PLTP-EcoRI and 3’PLTP-STOP-EcoRI, according to the
guidelines for Vent DNA polymerase. The PCR product was digested with EcoRI,
1solated from agarose gel, and ligated into EcoRI-cut PCR-BluntII-TOPO. The PLTP
coding sequence was then subcloned into pTrcHISB, using EcoRI, such that the N-
terminal hexaHIS epitope was in frame with the mature PLTP protein. The correct
coding sequence in the bacterial expression construct PLTP-HIS-pTrcHIS was verified
by DNA sequencing.

The primers 5’PLTP-Xbal and 3°’PLTP-STOP-Xbal were used to PCR amplify
the full- length PLTP sequence including the signal peptide and the STOP codon from the
PLTP-pBK plasmid, adding Xbal sites at both ends. Similarly, the primers 5’PLTP-Xbal
and 3’PLTP-Xbal were used to PCR amplify the PLTP sequence without the STOP

codon from the PLTP-pBK plasmid, adding Xbal sites at both ends. Each PCR product
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was digested with Xbal, isolated from agarose gel, and ligated into Xbal cut pcDNA3.1(-
)B-mycHIS. In the first case, the resulting plasmid is PLTP-pcDNA3.1, used to express
wildtype hPLTP. In the second case, the PLTP sequence is in frame with the sequence
coding for the c-myc and hexaHIS epitopes at the 3” end of the MCS, so that the resulting
plasmid, PLTP-mycHIS-pcDNA3.1 expresses hPLTP with c-myc and 6-HIS tags at its C-
terminal. In order to express PLTP using the same vector as CETP, the DNA coding for
the PLTP plus the c-myc and hexaHIS tags was isolated by digestion of the PLTP-
mycHIS-pcDNA3.1 plasmid with Pmel, a blunt-cutter. The Pmel fragment was then
subcloned into pCMVS5 at the Smal site of the MCS, to generate the expression construct
PLTP-mycHIS-pCMVS5. The correct PLTP coding sequence was confirmed by

restriction digests and DNA sequencing.

Cloning of PLTP/CETP 1ail Chimeras:

The cloning strategies for the constructs PLTP | 443/CETP161476-pCM V3 (‘PC’)
and PLTP,_444/CETPus)464/GlyGly/CETPu65476-pCMV5 (‘PGGC’) are shown in Figure 9.
A unique Clal site was generated in PLTP-pcDNA3.1, at PLTP residue 441, by PCR
mutagenesis using primers PLTP-Clal-fwd and PLTP-Clal-rev. The resulting plasmid,
PLTP-Clal-pcDNA3.1, was digested with Clal and AflII, which cuts at the 3° end of the
MCS of pcDNA3.1, and the 6kb fragment was isolated. Coding and non-coding oligos
for PLTP residues 441 to 444, and CETP residues 461 to 476, with Clal and AfIlI
compatible ends, were annealed by incubating equal amounts of the single stranded
primers in annealing buffer (10 mM Tris-HCl, pH 7.5, 100 mM NaCl, 1 mM EDTA) at

95°C for 2 minutes, followed by slow cooling to room temperature. The double-stranded



Figure 9. Cloning of PLTP/CETP tail chimeras

A) PLTP;444/CETP461476-pCMVS (PC)

1: a new Clal site was added to PLTP-pcDNA3.1 at PLTP residue 441 by mutagenic
PCR. 2: PLTP-Clal-pcDNA3.1 was digested with Clal and AflIl, and the 6kb fragment
was 1solated. 3: this fragment was ligated to a double-stranded oligo coding for CETP
residues 441-476. 4: The sequence coding for PLTP.444/CETP46147¢ Was subcloned into
pCMVS5.

B) PLTP;_444/CETP461463/GlyGly/CETP65476-pCMVS (PGGC)

Inverse PCR was used to insert 2 glycine residues into the PC DNA, between CETP
residues 464 and 463.

Numbering refers to amino acids in the mature proteins.
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oligo was then ligated into the Clal-AlfII cut PLTP-Clal-pcDNA3.1. This generated the
construct PLTP; 444/CETPa6)476-pcDNA3.1. In order to generate the final expression
construct, PLTP;444/CETP161476-pCM V3, the sequence coding for PLTP; 444/CETPag147
was isolated from pcDNA3.1 by digestion with Pmel, and subloned into the Smal site of
pCMV35. The orientation and coding sequence was confirmed by restriction digests and
DNA sequencing. Two glycine residues were inserted into the ‘PC’ construct between
CETP residues 464 and 465 by inverse PCR with primers PLTP-GlyGly-CETP-fwd and
PLTP-GlyGly-CETP-rev to generate the "‘PGGC’ construct. The presence of the desired

coding sequence was confirmed by DNA sequencing.

Cloning of CETP/PLTP tail chimeras:

The cloning strategies for the chimeras CETP ;_46¢/PLTP4s5.476-pCMVS (*CP”)
and CETP 460/PLTP1s5476-mycHIS-pCMV5 (‘CP-HIS") are shown in Figure 10. A
unique Clal site was generated in CETP-pCM V3, just upstream of CETP residue 460, by
PCR mutagenesis using primers CETP-Clal-fwd and CETP-Clal-rev. The sequence
coding for PLTP residues 445-476 was obtained from the plasmid PLTP-Clal-pcDNA3.1
by isolating the small fragment resulting from digestion with Clal and Pmel, and was
ligated into Clal/Smal cut CETP-Clal-pCMV35. A second mutagenic PCR was performed
with primers CETP-PLTP-fwd and CETP-PLTP-rev, in order to revert the sequence back
to the correct coding sequence where the restriction site had been added in the first step.
In the CP construct, the DNA encoding the c-myc and hexaHIS epitopes are present.
However, the epitopes are not expressed due to the STOP codon at the 3° end of the

PLTP coding sequence. Thus to generate the plasmid CETP ;460/PLTP45.476-mycHIS-
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Figure 10. Cloning of CETP/PLTP tail chimeras.
A) CETP1_450/P LTP445_175-pCMV5 (CP)

1: A new Clal site was generated in CETP-pCMVS5, upstream of CETP residue 460, by
mutagenic PCR. 2a: CETP-Clal-pCMV35 was digested with Clal and Smal and the large
fragment was isolated. 2b: PLTP-Clal-pcDNA was digested with Clal and Pmel, and the
small fragment coding for PLTP residues 445 to 476 was isolated. 3: The two fragments
from step 2 were ligated together. 4: The Clal site was removed by mutagenic PCR to
regenerate the correct coding sequence at CETP residue 460.

B) CETP].@@/P LTP 445,476—myc-HIS-pCMV5 (CP-HIS)

The stop codon (red hexagon) between PLTP residue 476 and the c-myc and 6-HIS
epitopes in the CP construct was deleted by mutagenic PCR.

Numbering refers to amino acids in the mature proteins.



Clal i Clal

—
Smal blunt

(blunt)

(73]

Cp

PLTP 445-476

Clal blunt

Cp CP-HIS

41



pCMV35, the stop codon was removed by PCR using the primers ‘CP- deleteSTOP-fwd
and ‘CP-deleteSTOP-rev’. The coding sequences of each construct were checked by

restriction digests and DNA sequencing.

Cloning of CETP/PLTP Binding pocker chimeras:

A ‘monster chimera’ strategy was employed to generate two binding pocket
chimeras (Yang and Zwieb 2001). First, a large region of the PLTP sequence was
inserted into the middle of the CETP sequence, and then excess, unwanted regions of
DNA were deleted by 2 sequential inverse PCR amplifications. Each intermediate
plasmid was checked by restriction digests, and maxipreps of the DNA were made at
each stage. The entire coding sequences of the final plasmids were confirmed by DNA
sequencing. A representation of the cloning strategy is shown in Figure 11.

A: CETP;.16/PLTP);.184/ CETP20pp.476-pCMV35 (bpN-PLTP/bpC-CETP/CETPtail):

A unique Nhel site was added to CETP-pCMV35 at basepair 390 (residue 70 of
CETP) by mutagenic PCR using primers A and B. An 1100bp fragment encoding the
first ~330 residues of PLTP was obtained by digesting PLTP-pcDNA3.1 with Xbal and
Nhel. This fragment was ligated into Nhel-cut CETP-Nhel(390)-pCMV5. The
orientation of the PLTP coding sequence in the ‘monster’ contruct was checked by
restriction digests before continuing. Primers E and F were used in the first inverse PCR
reaction to amplify the ‘monster chimera’ excluding the unwanted region between PLTP
residue 184 and CETP residue 200. In the second inverse PCR reaction, primers C and D
were used to amplify the product of the first PCR, excluding the region between CETP

residue 16 and PLTP residue 11.



Figure 11. Cloning of binding pocket chimeras by the ‘monster chimera’ strategy.

Numbers refer to amino acids in the mature wildtype proteins. Residues from CETP are
shown in blue, and residues from PLTP are shown in green. The approximate locations of
primer sequences are indicated as arrows. Only the coding sequence is depicted (not to
scale).

A) CETP1.1¢/PLTP11.184/CETP2gg476

1: a unique Nhel site is generated in CETP-pCMVS5 by site directed mutagenesis at
CETP residue 70. 2: PLTP-pcDNA3.1 is digested with Xbal and Nhel, and the fragment
encoding PLTP residues 1-330 is ligated into the CETP at the Nhel site, to generate
‘monster chimera A’. 3: an inverse PCR reaction using primers E and F amplifies the
entire plasmid, excluding the region between PLTP residue 184 and CETP residue 200.
4: a second mverse PCR reaction with primers C and D amplifies the plasmid, excluding
the region between CETP residue 16 and PLTP residue 11.

B) CETP1.26¢/PLTP253_415/ CETP432.47

1: a unique Nhel site is generated in CETP-pCMVS5 by site directed mutagenesis at CETP
residue 275. 2: PLTP-pcDNA3.1 is digested with Xbal, and the fragment encoding the
entire PLTP sequence is ligated into the CETP at this Nhel site, to generate the ‘monster
chimera B". 3: an inverse PCR reaction with primers I and J amplifies the plasmid,
excluding the region between CETP residue 266 and PLTP residue 253. 4: a second PCR
reaction using primers K and L amplifies the plasmid, excluding the region between
PLTP residue 418 and CETP residue 432.
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B: CETP ,.66/PLTP253.4;/CETP ;35.4:6-pCMV5 (bpN-CETP/bpC-PLTP/CETPtail):

A unique Nhel site was added to CETP-pCMVS3 at basepair 1007 (residue 275 of
CETP) by PCR using primers G and H. A 1500bp fragment encoding the entire PLTP
sequence was obtained by digesting PLTP-pcDNA3.1 with Xbal, and was ligated into
Nhel-cut CETP-Nhel(1007)-pCMVS35. The orientation of the PLTP insert in the ‘monster
chimera” was checked by restriction digests before continuing. Primers I and J were used
in the first inverse PCR reaction to amplify the ‘monster chimera’ excluding the
unwanted region between CETP residue 266 and PLTP residue 253. In the second
inverse PCR reaction, using primers K and L, the region between PLTP residue 418 and

CETP residue 432 was removed.

Expression and Relative Quantification of Immunoreactive Protein
Materials:

COS-7 cells (Monkey kidney) were from ATTC. Cell culture media, L-
glutamine, penicillin/streptomycin, trypsin, lipofectamine (2mg/ml), and precast Novex
SDS acrylamide gels were from were from Gibco/Invitrogen Life Technologies. Fetal
calf serum was from Sigma (St.Louis, MO). Complete, EDTA-free protease inhibitor
tablets were from Roche (Germany). Nitrocellulose membrane and the slot-blotting
apparatus were from BioRad (Hercules, CA). The production and characterization of the
anti-human CETP monoclonal antibodies has been described previously (Roy et al. 1996;
Guyard-Dangremont et al. 1999). The hybridoma clone for the anti-myc monoclonal
antibody 9E10 was obtained from ATCC, and IgG was purified from ascites according to

standard methods (Milne et al. 1992). The mAb to the oligohistidine tag (anti-HIS) was



from Cedarlane (Homby, ON). A linear epitope map of the primary mAbs used is shown
in Figure 12. The secondary antibody was a sheep anti-mouse IgG conjugated to
horseradish peroxidase from Amersham Pharmacia Biotech (England). The enhanced
chemiluminescent (ECL) substrate used for Western blotting was Supersignal West Pico

from Pierce (Rockford, IL).

Expression of Proteins in COS-7 Cells:

COS-7 Cells were maintained in DMEM with 10% FBS, 2 mM L-glutamine, 0.10
standard units/ml penicillin and 0.10 pg/ml streptomycin, in 10 cm dishes, by splitting
1/10 every 3 to 4 days. Confluent cells were split 1/3 into 6-well dishes and grown for 24
hours before transfection. Transfection was done according to manufacturer’s
instructions, in OPTI-MEM with 1 ug DNA and 12 pg lipofectamine per 35 mm well.
After a 5 hour incubation at 37°C, 1 ml of growth media containing 20% FBS was added
and the cells were left at 37°C overnight. On the day following transfection, the media
was replaced by OPTI-MEM and the cells were left to grow for a further 48 hours before
harvesting cells and media.

The media was removed, centrifuged for 5 min at 1000RPM to spin down dead
cells, transferred to a fresh tube, and 0.05% azide and protease inhibitor cocktail (1 tablet
per 50 ml of media) were added. The cells were rinsed once in physiological PBS (137
mM NaCl, 2.7 mM KCl, 7.6 mM Na,HPOa, 1.5 mM KH>PO., pH 7.4), scraped into an
Eppendorf tube, spun down briefly at 12,000g, and lysed in 50 pl of TritonX-100 lysis
buffer per well (200 mM Tris maleate pH 6.0, 2 mM CaCl,, 1.4% (w/v) TritonX-100).

After a 30 minute incubation on ice, debris was spun down at 12,000 g for 5 minutes.



Figure 12. Epitopes of monoclonal antibodies.

A) A linear epitope map of anti-CETP monoclonal antibodies used in this study (not to
scale). (Roy et al. 1996; Guyard Dangremont et al. 1999)

B) PLTP was expressed with C-terminal c-myc and hexaHIS epitopes, and mAbs to
these epitopes were used for detection of PLTP (not to scale)

C) A summary of the antibodies used to detect PLTP, CETP, and the chimeric proteins
PC, CP, and CP-HIS

Numbering refers to amino acids in the mature proteins.
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The supernatant was collected and an equal volume of 2x protein sample buffer (125 mM
Tris-HCI, pH 6.8, 20% glycerol, 4% SDS, 5% B-mercaptoethanol) was added to the
lysate.

PLTP, CETP and chimeric proteins in both cells and media of transfected cells
were analysed by Western blot to check transfection efficiency, secretion, and
degradation. An equal volume of 25% TCA was added to media samples (75 to 100 ul),
and after a 30 minute incubation on ice, proteins were precipitated by centrifugation at
12,000 g for 5 minutes. The supernatant was discarded, and the pellet was dissolved
directly in an appropriate volume of 2x protein sample buffer for gel loading.

Samples were run under reducing conditions on 8 or 10% SDS acrylamide gels
at 125V for about 2 hours, and transferred to nitrocellulose membrane at 4°C for 90
minutes at 100V. Membranes were blocked in 5% skim milk in PBS for at least 30
minutes at room temperature, and incubated with the appropriate antibody in blocking
solution overnight at 4°C. Blots were washed a minimum of 3 times for 10 minutes each,
in PBS (50 mM sodium phosphate, 150 mM NaCl, 0.05% (w/v) sodium azide, 1 mM
EDTA) followed by incubation with secondary antibody diluted in blocking solution, for
1 hour at room temperature. The blots were washed as previously and chemiluminescent

substrate applied before exposing to x-ray film for 2 to 40 minutes.

Quantifying Immunoreactive Proteins:
Once the presence of each protein in the media was confirmed by Western Blot,
relative amounts of immunoreactive protein were quantified by application of serial

dilutions of media directly onto nitrocellulose membrane via a slot blot apparatus,
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according to the manufacturer’s instructions. Mock transfection media and PBS alone
were applied as negative controls. Blotting was performed as described for Western
Blots. Bands were scanned on a densitometer (BioRad) and analysed using the Quantity
One software (BioRad). For relative quantification using slot blots, PLTP and CPHIS
were detected with 9E10; CETP,CP, and CPHIS with TP11; and CETP and PC with
TP24. When samples were to be used for determination of relative PLTP activity, each
protein concentration was determined relative to wildtype PLTP. Similarly, for
determination of relative CETP activities, each protein concentration was quantified

relative to wildtype CETP.

Lipid Transfer Activities of Wildtype and Chimeric Proteins
Materials:

Plasma was obtained from normolipidemic subjects. [1 o, 2a(n)-> H]cholesteryl
oleate and L-3-phosphatidylcholine, 1,2-di[1-'*C]palmitoyl were from Amersham
Pharmacia Biotech (England). [9,10-3 H(N)]-Triolein was from Perkin Elmer. Heparin

Sodium (10,000 units/ml) was from Organon Teknika Inc. (Toronto, ON).

Isolation and Labeling of Lipoproteins:

Lipoproteins were isolated by preparative sequential ultracentrifugation using
solid KBr to adjust densities (Havel et al. 1955). LDL, HDL, and HDL; were isolated as
the plasma fractions 1.019<p<1.063 g/ml, 1.063<p<1.21, and 1.125<p<1.21,
respectively. After isolation, lipoproteins were dialyzed extensively in TBS (10 mM

Tris, 150 mM NaCl, 0.05% (w/v) sodium azide, ] mM EDTA, pH 7.4). Protein
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concentration was analyzed using a BCA assay (Pierce) with BSA as a standard, and total
cholesterol was determined using a commercial kit (Roche).

HDL labeled with *H-cholesteryl ester was prepared by rapidly injecting 100 pCi
of cholesteryl oleate dissolved in ethanol directly into a mixture of 5 mg of HDL,
protease inhibitors, glutathione (0.01% final), and LPDS (approximately 50 mg protein;
heat inactivated to remove LCAT activity), and rotating gently at 37°C for 30-48 hours.
Following the incubation, the HDL was reisolated by ultracentrifugation as described.

LDL containing *H-triolein was prepared by incubating 40 ml of fresh human
plasma with H-triolein-containing vesicles, in the presence of EDTA (1 mM), sodium
azide (0.05% (w/v)), and protease inhibitors (1 tablet), with gentle rotation at 37°C for 18
hours. Following the incubation, the LDL was isolated by ultracentrifugation as
described. The vesicles were made from a mixture of POPC (5.6 mg) and H-triolein (80
pCi), that was dried under nitrogen and recovered in 2 ml of TBS, followed by extensive

sonication.

Phospholipid transfer assay:

PLTP-specific phospholipid transfer activity was determined by the radiolabeled
liposome to HDL; transfer assay described (Damen et al. 1982), but the incubation was
extended from 30 to 60 minutes. Samples were incubated with PC vesicles and HDL;,
followed by the selective precipitation of the vesicles using a heparin/manganese
solution. "*C in the supernatant represents phospholipid transferred from the liposomes
to HDL:. Blank counts represent spontaneous transfer without an exogenous source of

PLTP, and this was subtracted from the counts in each sample. The counts transferred to
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the HDL; fraction were expressed as percent of the total counts present, and this value is

referred to as PL transfer activity.

Neurral Lipid Transfer Assays

To assay the CE transfer activity of each mutant relative to wildtype CETP, the
method of Wang et al (1991) was followed with some modifications. Media samples of
25-100 pl were assayed, and the total volume of media in each reaction was made up 10
100 pl with mock transfection media. The sample was incubated with *H-CE-HDL (2 ug
of cholesterol) and LDL (20 ug of cholesterol), in a total volume of 500 uL. TSE (50 mM
Tris, 150 mM NaCl, 0.05 % (w/v) sodium azide, 1 mM EDTA, pH 7.4) in a shaking
water bath at 37°C for 3 hours. Blank and total count tubes were also prepared, in which
TSE was substituted for sample. The reaction was stopped on ice and by adding 450 pl
of TSE containing 50 ng of LDL protein to aid precipitation. This was followed by the
addition of 350 pl of precipitation buffer composed of 4 parts 20% BSA (w/v), 1 part 2
M MnCl2, and 1 part 10,000 units/mL heparin. To total count tubes, 350 pl TSE was
added instead of the precipitation solution. LDL was precipitated on ice for 10 minutes,
followed by centrifugation in a microfuge at 12,000g for 15 minutes. One ml of
supernatant was transferred to a scintillation vial, mixed with 2ml of scintillation fluid,
and *H remaining in the supernatant HDL fraction was counted for 10 minutes. The
blank counts represent spontaneous transfer without an exogenous source of CETP, and
this was subtracted from the counts in each sample. The counts transferred to the LDL
fraction were expressed as percent of the total counts present, and this is referred to as CE

transfer activity.
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The triglyceride transfer of each construct was assayed in the same manner as
described for the CE transfer, with the following changes. Samples were incubated with
*H-TG-LDL (20 nug cholesterol) and HDL (40 pg cholesterol). The reaction was left at
37°C for 18 hours before precipitation of LDL. In this case, counts in the supernatant
represent counts transferred to the acceptor HDL particle. Again, blank counts were
subtracted from each sample, and the counts transferred to HDL were expressed as a

fraction of the total counts, referred to as TG transfer activity.

Data analysis and statistics

The same analysis was applied to data from each of the PL, CE, and TG transfer
activity assays. The activity in the mock transfection media was subtracted from each
sample, and any negative activity values were set at zero. To determine the specific
activity (SA) in each sample, the activity was divided by the relative amount of
immunoreactive protein present. Specific PL transfer activity was determined based on
the relative amount of PLTP present, and specific CE and TG activity were determined
based on the relative amount of CETP present. The mean SA was determined for the
wildtype protein in each experiment. Then, each sample SA was divided by the mean
wildtype SA to determine the relative SA. Each experiment was repeated 3 times with 10
to 15 samples of each type per experiment. The mean relative SA was determined for
each construct by pooling all of the values from the 3 independent experiments, and are
expressed = standard error of the mean (SEM). An analysis of variance (ANOVA) was

performed to demonstrate that there is no significant difference between the results of the
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3 separate experiments in each case. Two-sample t-tests were used to compare the

pooled data for each chimeric protein relative to the wildtype.

Antibody production
Materials:

Nickel-triacetic acid (Ni-NTA) resin was from Qiagen. Chinese Hamster Ovary
(CHO) cells and the Sp2/0 myeloma cells were from ATCC. The serum-free media Hy-Q
CCM3 was from Cedarlane Laboratories. The plasmid expressing GMCSF was provided

by Dr. L. Chan (Baylor College of Medicine, Houston, Texas).

Protein Purification

Recombinant human PLTP with an N-terminal hexaHIS tag was expressed in
E.coli using the plasmid PLTP-HIS-pTRCHIS, and purified by Nickel chelate affinity
chromatography under denaturing, reducing conditions. Briefly, bacteria were lysed (6
M guanidine HCl, 20 mM sodium phosphate, 500 mM NaCl, pH 7.8, plus 1% (-
mercaptoethanol) and incubated with Ni-NTA resin for 1 to 2 hours at 4°C. Solutions for
chromatography contained 8 M urea, 20 mM sodium phosphate, 500 mM NaCl, and
0.1% B-mercaptoethanol. Nonspecific proteins were removed by washes at pH 7.8, 6.0,
and 5.3, and HIS-PLTP was eluted at pH 4.0. The concentration and purity of the HIS-
PLTP was estimated by running a sample on SDS-PAGE and immunoblotting with the
anti-HIS mAb or staining with Coomassie Blue. The protein was dialysed against PBS,

and the insoluble fraction was used for immunization.

w
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Recombinant human PLTP with a C-terminal hexaHIS tag was stably expressed
in CHO cells and purified from serum-free media by Nickel chelate affinity
chromatography under native conditions. Media was collected 24 to 48 hours after the
cells had reached confluence, and concentrated in 30 kDa molecular weight cutoff
concentrators (Amicon). Solutions for chromatography contained 50 mM sodium
phosphate and 300 mM NaCl. The media was passed over the Ni-NTA resin twice,
washed at pH 7.6 and 6.0, and PLTP-HIS was eluted at pH 4.0. The concentration and
purity of the PLTP-HIS was estimated by running a sample on SDS-PAGE and

immunoblotting with the anti-HIS mAb or staining with Coomassie Blue.

Protein Immunization

Approximately 15 ug of bacterially expressed protein in 250 pl PBS and
emulsified in complete Freund’s adjuvant was used to immunize female Balb/c mice
intraperitoneally. Two additional boosts were given of the same antigen in incomplete
Freund’s adjuvant, at 2 to 3 week intervals. Approximately one year after the initial
immunization, the mice were given a final intravenous boost of approximately 25 ug of
the native protein in PBS. Three or four days following the final boost, the spleen was
harvested and cells were fused with Sp2/0 myeloma cells according to the method of
Milne et al. (1992). Hybridomas were screened by ELISA for reactivity with bacterially
expressed PLTP, and positive clones were subcloned and expanded. Cells from one
positive subclone were used to produce ascites and purified IgG that was used for further

testing by ELISA and Western blot.
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DNA Immunization

Female Balb/c mice were injected four times at intervals greater than 2 weeks,
intradermally with plasmid DNA in PBS. The first two injections were of 25 pg of the
plasmid PLTP-HIS-pcDNA., which expresses human PLTP with c-myc and hexaHIS
epitopes at the C-terminal. For the third and fourth injections, the mice were also given
25 pg of the plasmid GMCSF-pCMV 1, which expresses granulocyte macrophage colony
stimulating factor (GMCSF). As a negative control, mice were injected on the same
schedule with 25 pg each of the empty plasmid pcDNA3.1, and the GMCSF expression
vector. The mice were bled 1 week following each injection, and serum was tested for
reactivity on ELISA with bacterial and native PLTP. Three or four days following the
fourth boost, the spleen was harvested for fusion with Sp2/0 myeloma cells in order to
produce hybridomas. Hybridomas were screened on ELISA for reactivity with native
human PLTP expressed in CHO cells, and positive clones were subcloned, expanded, and
used for further testing on ELISA and Western blot. Sp2/0 cells were injected directly
into the peritoneal cavity of one immunized mouse in order to induce tumor formation
and ascites production (Milne et al. 1992).

In a second DNA immunization experiment, female Balb/c mice were injected 3
times intradermally and once intramuscularly with 25 ug each of the PLTP and GMCSF
expression plasmids, at intervals of greater than 2 weeks. Control mice were injected on
the same schedule with 25 g each of the empty plasmid pcDNA3.1, and the GMCSF
expression vector. The mice were bled 1 week following each injection, and serum was
tested for reactivity on ELISA and Western blot with bacterial and native PLTP. A final

intravenous boost was given with native PLTP protein purified from CHO cell media, 4



days before fusion. Hybridomas were screened by ELISA for reactivity with bacterially

expressed PLTP.
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Chapter II1: Results

Expression of Proteins in COS-7 Cells

DNA encoding wild type PLTP (PLTP;.476-myc-HIS-pCMV5), wild type CETP
(CETP)476-pCMV3), and three C-terminal chimeric proteins of PLTP and CETP (PLTP
1-444/ CETPu1476-pCM V35 (‘PC’), CETP 1460/PLTP115.476-pCM V5 (‘CP’), and CETP .
460/PLTP445476-mycHIS-pCMVS (*CP-HIS")). in the expression vector pCMVS, were
transiently transfected into COS-7 cells. The proteins could all be detected by Western
blotting of cell lysate and serum-free media 72 hours post-transfection. CETP was
detected by all of the CETP mAbs tested (TP1, TP2, TP4, TP24, TP11, TP14, TP15, and
TP20), and PLTP was detected by the anti-HIS and 9E10 (anti-myc) antibodies. The PC
chimera could be detected with the CETP C-terminal mAbs TP1, TP2, TP4, and TP24.
The CP chimera could be detected with the CETP central domain mAbs TP11, TP14,
TP15. and TP20, and CPHIS could be detected with the same mAbs as the CP, as well as
the anti-HIS and anti-myc mAbs. Some typical Western blots are shown in figure 13.

The chimeric proteins appeared to be produced and secreted at levels comparable
to the wild type proteins. The sizes of both the cellular and secreted forms of each
protein were as expected based on the number of amino acids, and predicted
glycosylation sites in each molecule. The intracellular form of CETP has a predicted
mass of 58 kDa, and the CP chimera should be about 2 kDa larger than the wildtype
CETP. The addition of the hexa-HIS and c-myc epitopes to the CP construct adds an
additional 3 kDa of molecular weight. These differences are visible on Western blot.

Similarly, the PC construct is expected to be about 2 kDa smaller than the wildtype



Figure 13. Expression of PLTP, CETP, and chimeric proteins in COS-7 cells.

Cells were transiently transfected with the various constructs, and 72 hours post-
transfection, cell lysate (c) and TCA precipitated media (m) were run on SDS-PAGE
under reducing conditions. Immunoblotting was with A) anti-HIS, B) TP20, or C) TP1.
*Mock’ refers cell lysate and media from cells transfected with the empty plasmid
pCMV3. Molecular weight markers are indicated on the left.
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CETP, although this difference is less obvious on Western blot. The intracellular form of
the PLTP-HIS is predicted to be about 60 kDa, and the CPHIS construct appears slightly
larger on Western blot. The mature form of each protein is visible in the media, and are
about 5 to 20 kDa larger than the cellular form, due to post-transiational modifications.
Often the bands in the media were spread over a range of sizes, probably due to variable
glycosylation of the proteins. There are no sites for N-glycosylation in the exchanged
regions of CETP or PLTP, so the degree of glycosylation should be the same as the
parent protein. Successful secretion of the chimeras indicates that the overall protein
folding and post-transiational modifications were not disturbed. As the epitopes of the
anti-HIS, anti-myc, and CETP C-terminal mAbs are located at the extreme C-termini of
the proteins, reactivity of the constructs with these antibodies indicates the presence of
full length protein in each case.

The construct ‘PGGC” was never detected on Western blot in either cell lysate or
media with any of the CETP C-terminal tail antibodies tested (TP1, TP2, TP4, or TP24).
However, it 1s not possible to say whether this is because of a loss of the epitope, or a

lack of recombinant protein.

Relative Quantification of Immunoreactive Protein

Once the presence of each protein in the transfection media was demonstrated by
Western blot, relative amounts were quantified on slot blots. PLTP and CPHIS were
compared using the anti-myc mAb 9E10, CETP and PC were compared with TP24, and
CETP, CP, and CPHIS were compared using TP11. Application of increasing amounts

. . . . . . . 2 -
of media gave a linear increase in the densitometry signal, with R®  0.75 in all cases.



Application of mock transfected media consistently gave densitometry readings
comparable to those for PBS alone, for each of the three antibodies used. The linear
regression lines for each sample type on any given slot blot were shown to be
approximately parallel, and densitometry signals for each sample type were generally
within a similar range for each blot. Figure 14 shows a typical slot blot for each
antibody, and the corresponding plots of densitometry signal versus amount of media

applied.

Lipid Transfer Activities of Wildtype and Chimeric Proteins
PLTP-specific Phospholipid Transfer Activiry

Various amounts of transfected COS-7 cell media containing wildtype PLTP,
wildtype CETP, or the chimeric proteins CP and CPHIS were assayed for the ability to
transfer radiolabelled phospholipid from phosphatidylcholine vesicles to HDL;. In each
of three independent experiments, the PL transfer activity in media containing PLTP
increased linearly with the amount of PLTP protein assayed. However, as the amount of
CETP, CP, or CPHIS protein was increased, the PL transfer activity did not increase. The
results of one experiment are shown as representative results of the 3 independent
experiments (Figure 15A). The transfer activity per relative units of PLTP protein
(“specific activity”) was calculated for each sample in each experiment. Based on pooled
data from the three independent experiments, the specific activity of CETP, CP, and
CPHIS, were all found to be less than 10% of the specific activity of wildtype PLTP, with
p<0.0001 in a Student’s t-test (Figure 15B). These results confirm that as expected,

wildtype CETP does not show any PL transfer activity in this type of in vitro assay. The
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Figure 14. Relative Quantification of Immunoreactive Protein by Slot Blot.

Various amounts of media from COS-7 cells transiently transfected with wildtype or
chimeric proteins were applied to nitrocellulose membrane using a slot blot apparatus. At
the top right of each panel is a typical slot blot,for each primary antibody used: A) TP24;
B) TP11; C) 9E10. The densitometry signal (area x intensity) versus amount of media
applied was plotted, and a linear regression line generated for each construct on each blot.
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Figure 15. Phospholipid transfer activity of PLTP, CETP, and chimeric proteins.

Transfer of *C-PC from liposomes to HDL; was measured in the media from COS-7
cells 72 hours post-transfection. The relative amounts of CPHIS and PLTP protein were
determined by slot-blotting with 9E10 (anti-myc), and the relative amounts of CPHIS,
CP, and CETP protein were determined by slot-blotting with TP11.

A) The results from one PL transfer assay, as representative of three independent
experiments. The fraction of the total radioactivity transferred in 1 hour is plotted against
the relative amount of immunoreactive protein present.

B) The specific activity for each construct was calculated by dividing the fraction of the
total radioactivity transferred by the amount of immunoreactive protein present. The
results are expressed as percentages of the wildtvpe PLTP, and are shown as the mean
values = SEM., using pooled data from three independent experiments . * In two-sample
t-tests, p<0.0001 compared to wildtype PLTP activity.
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lack of PL transfer activity of the chimeras CP and CPHIS indicates that the replacement
of the C-terminal tail of CETP with that of PLTP is not sufficient to confer PLTP-like PL
transfer activity to CETP. Without an antibody that would react with both PLTP and the
PC chimera, the relative amounts of these proteins could not be compared, and therefore

the PL transfer activity of the PC was not determined.

Neutral Lipid Transfer Activiry

Secreted protein was also assayed for the ability to transfer the neutral lipids
cholesteryl ester and triglyceride between lipoproteins. In each of three independent CE
transfer experiments, the amount of CE transferred from HDL to LDL in media samples
containing CETP increased linearly with the volume of media assayed. In contrast, as the
volume of media containing PLTP, PC, CP, or CPHIS assayed was increased, there was
no increase in activity. This is illustrated by one representative experiment (Figure 16A).
The CE transfer activity per relative units of CETP protein (“specific activity”) was
calculated for each sample in each experiment. Based on pooled data from the three
independent experiments, the specific activity of PLTP, PC, CP, and CPHIS, were all
found to be less than 10% of the specific activity of wildtype CETP, with p<0.0001 in
Student’s t-test (Figure 16B).

Similar results were obtained in TG transfer experiments: in each of three
independent experiments, the amount of TG transferred from LDL to HDL in media
samples containing CETP increased linearly with the volume of media assayed. In
contrast, as the volume of media containing PLTP, PC, CP, or CPHIS assayed was

increased, there was no increase in activity. The results of one experiment are shown as



Figure 16. Cholesteryl Ester transfer activity of CETP, PLTP, and chimeric
proteins.

Transfer of *H-CE from HDL to LDL was measured in the media from COS-7 cells 72
hours post-transfection. The relative amounts of CETP, CP, and CPHIS protein were
determined by slot-blotting with TP11, the relative amounts of CPHIS and PLTP protein
were determined by slot-blotting with 9E10 (anti-myc), and the relative amounts of
CETP and PC protein were determined by slot-blotting with TP24.

A) The results from one CE transfer assay, as representative of three independent
experiments. The fraction of the total radioactivity transferred in 3 hours is plotted
against the relative amount of each protein present.

B) The specific activity for each construct was calculated by dividing the fraction of the
total radioactivity transferred by the amount of protein present. The results are expressed
as percentages of the wildtype CETP, and are shown as the mean values = SEM, from
data pooled from three independent experiments. * In two-sample t-tests, p<0.0001
compared to wildtype CETP activity.
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representative of the three independent experiments (Figure 17A). The TG transfer
activity per relative units of CETP protein (“specific activity”) was calculated for each
sample in each experiment. Based on pooled data from the three independent
experiments, the specific activity of PLTP, PC, CP, and CPHIS, were all found to be less
than 5% of the specific activity of wildtype CETP, with p<0.001 in a Student’s t-test
(Figure 17B).

The results of the CE and TG transfer assays confirm that the wildtype PLTP does
not transfer neutral lipids. Second, they demonstrate that when the C-terminal helix of
CETP is replaced by the C-terminal of PLTP, the neutral lipid transfer activity of CETP
is not retained. Third, they show that replacement of the PLTP C-terminal with the C-

terminal tail of CETP is not sufficient to impart CE or TG transfer activity to PLTP.

Antibody production
Protein Purification

Recombinant HIS-PLTP was expressed in E.coli and purified on Ni-NTA under
denaturing, reducing conditions. When the column eluate was run on SDS-PAGE, and
immunoblotted using the mAb to the hexahis epitope, a single band at 58kDa was
detected. By staining all of the proteins in the eluate with Coomassie Blue, impurities of
various sizes were detected, although the band at 58kDa appeared to be the major
component. When fractions containing PLTP were pooled and dialysed against PBS, the
protein formed an insoluble aggregate.

PLTP was also expressed in a stable CHO cell line, and secreted protein was

purified under native conditions. The protein was run on SDS-PAGE, and using



Figure 17. Triglyceride transfer activity of CETP, PLTP, and chimeric proteins.

Transfer of *H-TG from LDL to HDL was measured in the media from COS-7 cells 72
hours post-transfection. The relative amounts of CETP, CP, and CPHIS protein were
determined by slot-blotting with TP11, the relative amounts of CPHIS and PLTP protein
were determined by slot-blotting with 9E10 (anti-myc), and the relative amounts of
CETP and PC protein were determined by slot-blotting with TP24.

A) The results from one TG transfer assay. as representative of three independent
experiments. The fraction of the total radioactivity transferred in 18 hours is plotted
against the relative amount of each protein present.

B) The specific activity for each construct was calculated by dividing the fraction of the
total radioactivity transferred by the amount of protein present. The results are expressed
as percentages of the wildtype CETP, and are shown as the mean values = SEM, from
data pooled from all independent experiments. For CP, CPHIS, and PC, n=3; for PLTP
n=2. * In two-sample t-tests, p<0.0001 compared to wildtype CETP activity. ** In two-
sample t-test, p<0.001 compared to wildtype CETP activity.
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antibodies to either the c-myc or the hexahis epitopes, a single band at about 90kDa was
detected on immunoblot. Using Coomassie Blue stain, impurities of various sizes were

detected.

Protein Immunization

Mice were given three injections of denatured, recombinant PLTP purified from
E.coli, followed by a final boost of native recombinant PLTP purified from CHO cell
media, as described under ‘Materials and Methods’. After the three injections with
bacterially expressed PLTP, serum from two of the mice reacted on ELISA, and pooled
sera from five mice reacted on a Western blot under reducing conditions (not shown).
Fusions from two mice produced one hybridoma clone that initially reacted with the
bacterial recombinant PLTP on ELISA. However, on subsequent ELISAs, this
hybridoma appeared to react with nonspecific proteins. Further, the ascites and I1gG
produced from this clone did not react on ELISA or Western blot with either the bacterial

or mammalian form of recombinant PLTP.

DNA Immunization

Mice were immunized intradermally with plasmid DNA encoding full-length
human PLTP, as described under ‘Materials and Methods’. After three injections, two
mice had serum antibodies against both the bacterial and the mammalian forms of the
recombinant protein, as shown by ELISA (Figures 18A and 18B). In addition, serum
from one of these mice reacted strongly and specifically on a Western blot against COS

cells and media expressing PLTP, and PLTP purified from CHO cell media (Figure 18C).
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The same serum did not react on Western blot with other HIS-tagged proteins. Fusions
from the two mice with the highest titre on ELISA resulted in some hybridoma clones
that were initially positive on an ELISA screen against native PLTP, but all of these
clones either became unreactive during subcloning and growth, or were found to be

reacting with non-specific proteins.
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Figure 18. Screening of mouse sera for anti-human PLTP antibodies.

Mice were bled 1 week after three intradermal injections with the human PLTP
expression plasmid PLTP-HIS-pcDNA. ELISAs were performed against both A)
denatured, bacterially expressed PLTP, and B) native PLTP purified from CHO cell
media. C) Serum from mouse 3 was used on a Western blot against 1) cell lysate and 2)
media from COS-7 cells transiently transfected with PLTP-pCMV3 DNA, and 3) PLTP
purified from CHO media.
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Chapter IV: Discussion

Design and Expression of Chimeric Proteins

In this study, we expressed C-terminal tail chimeras of PLTP and CETP in order
to investigate whether this region determines the lipid transfer specificity of each protein.
Deletion mutants and site-directed mutagenesis had previously implicated this region as
critical for the function of both CETP and PLTP. In the case of CETP, neutral lipid
transfer activity is significantly reduced by mutation of specific bulky, hydrophobic
residues, particularly leucines and phenylalanines, near the carboxy terminus, and by
deletion of residues 470 to 475 (Wang et al. 1993, Wang et al. 1992). Similarly, the
phospholipid transfer activity of PLTP is reduced to less than 40% of the wildtype PLTP
by deletion of residues 457 to 476, and is abolished by deletion of residues 447 to 476
(Huuskonen et al. 1998). Our approach was to interchange a small section at the carboxy
terminus of each protein with the corresponding region of the other. Thus we could
ascertain which properties of the parent proteins are retained, and whether any properties
are gained via the exchanged regions.

Our chimeras were designed based on 3-D models of PLTP and CETP tertiary
structure that had been developed from BPI tertiary structure information. As we were
working from two separate models rather than a known protein structure, we can not
conclude for certain whether the tail regions of the chimeras would be situated in a
position equivalent to where they lie in the native proteins. However, this is a
shortcoming of all modeling and structural studies, and we must make do with these

models until we are able to directly solve the structures of PLTP or CETP.
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The region of the CETP C-terminal tail that we chose to exchange with PLTP
included residues 465 to 476, which have been proposed to form an amphipathic alpha-
helix (Wang et al. 1993). These residues in particular had been previously demonstrated
to be important for both neutral lipid transfer and TP2 binding (Wang et al. 1992). We
also included residues 461 to 464 as a ‘linker’ region to ensure sufficient flexibility of the
helix in the chimeric molecule. Based on a sequence alignment of mature PLTP and
CETP, we replaced the equivalent 32 residues of PLTP with these 16 residues of CETP,
and vice-versa.

Some studies with C-terminal deletion mutants of CETP and PLTP have
suggested that residues near the carboxy termini may be required for folding and
secretion of the mature proteins. In the case of CETP, the deletion mutant A465-475 was
secreted from transfected COS-7 cells, but the mutants A463-469, A457-462, and A451-
456 were not secreted (Wang, et al. 1992), suggesting that removal of more than 12
residues from the C-terminus of CETP results in a misfolded protein. Similarly, the
PLTP deletion mutant A447-476 is secreted, but A442-476 is not, suggesting that removal
of more than 30 residues from the C-terminus of PLTP results in misfolded protein
(Huuskonen et al. 1998). We were hoping, therefore, that we could make chimeric
proteins by exchanging the two carboxy-terminal sequences directly, while leaving the
overall folding of the proteins undisturbed.

Previous studies have also shown that recombinant PLTP with a hexaHIS tag at
the C-terminus is secreted from cultured cells and is active (Albers et al. 1995). Our
results confirm this, as the wildtype PLTP with C-terminal hexaHIS and c-myc tags

expressed in COS-7 cells was secreted and active. However, we decided to make the
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*CP’ construct both with and without the epitope tags, to be certain that in the context of
the chimeric protein, the extra amino acids do not interfere with folding or activity. The
addition of the hexaHIS and c-myc epitopes also had the advantage of enabling us to
detect and quantify the CPHIS protein relative to the wildtype PLTP, using the anti-HIS
or anti-myc antibodies.

Since the chimeric proteins CP, CPHIS, and PC were efficiently secreted from
transfected COS-7 cells, it appears that the loss of amino acids at the carboxy-terminus of
one protein can be compensated for by the addition of residues from the other, at least in
terms of protein folding and secretion. Thus we can conclude that any defects in activity
are due to the specific sequences at the C-terminal and not to a globally misfolded

protein.

Method Development and Validation

One of the hurdles for completion of this project was the quantification of
proteins in the media from transfected cells. Part of this problem was related to the
availability of suitable antibodies: as we are using chimeric proteins, each construct
contains different antibody epitopes, and therefore we could not use a single antibody to
compare all of the constructs. For example, a radioimmunoassay (RIA) has been
developed for the determination of the amount of CETP protein in a sample, relative to a
standard (Marcel et al. 1990). However, this assay uses TP2, and therefore could only be
used for those constructs expressing the TP2 epitope. Second, because of the lack of a
*standard’ of known CETP or PLTP concentration, we could only determine relative

protein concentrations, instead of absolute values. The third limitation was that relatively
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small quantities of protein were present in the media. In previous studies, one way of
getting around this problem was the use of acetone to precipitate all of the media from at
least one 10 cm dish to quantify protein, which would mean larger-scale transfections.
We chose instead to develop a slot blot method for determining the relative amounts of
wildtype and chimeric proteins in the media samples.

Once the conditions for the slot blots were optimized, we were able to obtain
consistent, reliable data for the relative amounts of PLTP, CETP, or chimeric protein in a
given media sample. As described under “materials and methods’, for PLTP activity
assays, we expressed each protein concentration relative to wildtype PLTP, and for CETP
activity assays, we expressed each protein concentration relative to wildtype CETP. One
drawback to this method is that two separate blots were required to compare some of the
constructs. For example, in order to compare wildtype PLTP with the construct ‘CP’, we
first had to compare PLTP with CPHIS on a 9E10 (anti c-myc) slot blot, and then
compare CPHIS with CP on a TP11 slot blot. However, we simply considered this to be
using a ‘secondary standard’, which would have been required for other quantification
methods also. In circumstances where plotting the densitometry values against the
volume of media applied did not give a R value of greater than 0.75 for every construct,
the slot blot was repeated. Generally, the relative protein concentrations were determined
from a single slot blot, but four dilutions of each sample were applied, each in triplicate,
for a total of twelve data points. We found this method to be reliable and accurate.

The measurements of neutral lipid transfer activity also required some
development. Published methods for the radiolabeled CE transfer assay often suggested

incubating a given number of counts from *H-CE-HDL, and a given amount of protein



from the LDL as the CE acceptor. We adapted this method such that a consistent amount
of cholesterol from the donor and acceptor was present, regardless of the number of
counts. This way, we could ensure an excess of acceptor cholesterol, and therefore
minimize back-transfer of radiolabeled CE. We also found that results were inconsistent
if we did not add the same volume of media into each reaction; therefore every sample in
our assays was made up to a total of 100 ul with mock transfection media. The time of
incubation varies among publications, and we chose a 3 hour incubation as that was
usually sufficient time for 100 ul of media containing CETP to transfer up to 25% of the
total counts from HDL to LDL. The published linear range of CE transfer assays is about
20-30% of the total counts transferred (Glenn and Melton 1995).

In terms of the TG transfer assays, most published methods used *H-CE and "*C-
TG double-labeled HDL. However, our equipment is not capable of differentiating
between the two types of radioactivity, so a single-label experiment was designed, based
on the CE-transfer assay we had already set up. In preliminary experiments, *H-TG-
labelled HDL was isolated, but it seemed to be unstable, so we instead isolated SH-TG-
labelled LDL, and used HDL as the acceptor. The transfer of TG is much less efficient
than that of CE (Ohnishi et al. 1994), so the incubation was left for 18 hours, which did
not increase the background transfer.

Before testing the activities of the chimeras, we tested the wildtype PLTP and
wildtype CETP for PL, CE, and TG transfer. As expected, PLTP could transfer PL from
vesicles to HDL;, but had no neutral lipid transfer activity. In contrast, CETP could
transfer neutral lipids between HDL and LDL, but could not transfer PL from vesicles to

HDL;.
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Lipid Transfer Activities of Chimeric Proteins, and Structural Implications
Initially, we thought that the addition of the C-terminal helix of CETP would be
sufficient to impart neutral lipid transfer activity to PLTP. This seemed like a reasonable
proposal since there is not vet any evidence supporting a model in which the ligand-
binding pockets of PLTP somehow exclude neutral lipids. In fact, the binding pockets of
PLTP must be somewhat flexible as they can accommodate a wide range of ligand sizes
(Kostner et al. 1995; Nishida and Nishida 1997; Rao et al. 1997). Perhaps the reason
PLTP does not transfer neutral lipids under normal circumstances is not because it can’t
bind them in its ligand-binding pockets, but rather that it cannot access the neutral lipids
in the core of the lipoproteins. Kinetic studies imply that the C-terminal helix of CETP is
involved in the rate-limiting step of neutral lipid transfer (Wang et al. 1995), and our
current model of CETP suggests that the helix facilitates the extraction of the lipid from
the core of the lipoprotein. If the rate-limiting step of extracting the lipids from the
lipoprotein core could be overcome by PLTP, then perhaps the protein could transfer
neutral lipids. We proposed, therefore, that if the CETP C-terminal helix was attached to
the PLTP, it should be able to extract the neutral lipid from lipoproteins, and allow them
to move into the ligand-binding pocket of PLTP, thereby enabling PLTP to facilitate
neutral lipid transfer. However, this was not the case, as PLTP with its tail replaced by
that of CETP did not gain either CE or TG transfer activity. This would suggest that the
helix alone does not confer neutral lipid transfer capability to CETP. On the other hand,
the two chimeras composed primarily of CETP, with the carboxy-terminal tail replaced
by that of PLTP (CP and CPHIS) were also incapable of neutral lipid transfer. Thus the

tail region of PLTP is unable to compensate for the equivalent region of CETP.
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Although CETP does not mediate mass transfer of phospholipid, it can facilitate
the exchange of phospholipid among lipoproteins (Tall et al. 1983). Mutations and
deletions in the C-terminus do not decrease this activity, and in some cases even
stimulate it (Wang et al. 1992). The difference between the activities of PLTP and
CETP in the in vitro liposome to HDL; assay may be due to the differential interaction of
the two proteins with the phospholipid vesicles. The interaction of CETP with
lipoproteins has been shown to be dependent on the negative surface charge of the
lipoprotein (Nishida et al. 1993), which can be conferred by the presence of
apolipoproteins. Thus the interaction of CETP with protein-free PC vesicles may be
weaker than that of PLTP. As PLTP-lipoprotein interactions seem to be mediated by
residues away from the C-terminus (Huuskonen et al. 1999; Desrumaux et al. 2001), we
would not expect the binding of the CP or CPHIS chimeras to the vesicles to be any
stronger than that of the wildtype CETP. However, we thought that the C-terminal of
PLTP may be involved in some other aspect of PL transfer, and that by replacing this part
of CETP with the equivalent part of PLTP, we would be able to confer PLTP-like PL
transfer activity to CETP. In fact, the constructs CP and CPHIS did not gain PL transfer
activity, and we concluded that the carboxyl terminus of PLTP is not solely responsible
for enabling the protein to transfer phospholipid from vesicles to HDL;.

Taken together, our results suggest that, for both PLTP and CETP, a specific
combination of residues in the C-terminus and elsewhere in the protein are required for
each protein’s specific activity. In terms of the CETP tail, energy minimization modeling
predicts that the helix lies across the opening to the amino-terminal lipid binding pocket,

forming some kind of ‘lid’. Perhaps residues in or at the entrance to the binding pocket
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need to directly interact with residues in the C-terminal tail in order to allow the neutral
lipid to move from the lipoprotein core into the CETP pocket. The PLTP tail may
perform a similar function to that of CETP, forming a lid across one or both of the lipid
binding pockets.

On the other hand, the mechanisms of lipid transfer by CETP and PLTP are
thought to be different. While CETP acts as a “shuttle’, carrying neutral lipids back and
forth between lipoproteins, PLTP generates a ‘bridge’ in order to lower the energy barrier
of transfer between donor and acceptor particles (Connolly et al. 1996; Lalanne and
Ponsin 2000). Thus, although the carboxy-terminal regions have been shown to be
critical for function in both proteins, perhaps the basis for these requirements are
different. For example, the longer tail of PLTP may form part of the bridge between
donor and acceptor particles, while the tail of CETP releases neutral lipids from the
lipoprotein core.

Residues throughout both proteins have been shown to be essential for function as
well, highlighting the fact that the overall protein structure is important. For example,
some residues in the hydrophobic cluster that were shown to be important for PLTP
activity are conserved in CETP, but others are not, and perhaps some of these amino
acids contribute to the lipid specificity of PLTP (Desrumaux et al. 2001). It is possible
that amino acid substitutions in the carboxy terminal tails of PLTP and CETP cause a
subtle change in protein conformation that prevents specific lipid transfer by each

protein.
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Anti-PLTP Antibodies

Various groups have attempted to produce anti-PLTP antibodies, with limited
success. A major difficulty is that the protein is extremely hydrophobic, and therefore
not a good soluble antigen. This is compounded by the fact that two of the most
commonly used animals for antibody production, mice and rabbits, have PLTP that is
highly homologous to the human protein. Initially, our recombinant PLTP was purified
from E.coli in a denatured form, and we began immunizing mice with this protein.
Although the protein was not pure, as visualized on SDS-PAGE, PLTP appeared to be the
major component of the mixture. Also, we thought that the insoluble aggregate which
formed during dialysis to remove the urea and low pH buffer may have been more
immunogenic than a soluble protein.

Later, we produced and purified native recombinant protein from CHO cell
media, which was glycosylated, folded and active. The final boost was given
intravenously with this soluble antigen in the hope that we might stimulate B-cells that
were producing antibodies to native epitopes on the PLTP molecule. Although sera from
some of these mice reacted with the bacterial PLTP on ELISA and on Western blot,
unfortunately, none of the hybridomas produced recognized PLTP. As there is such a
high degree of sequence homology between the mouse and human PLTP, it is possible
that the mice mounted only a weak immune response to the human PLTP. Instead they
may have responded to either the hexaHIS tag on the recombinant protein, or to a
contaminating protein. This could account for the positive ELISA results. Although the
Western blot with the pooled sera looked like at least one mouse out of the five was

producing antibodies specific for PLTP, two mice were sacrificed due to illness, and it is
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possible that one of these had been producing the anti-PLTP antibodies. Unfortunately,
at this stage the mice were not individually identified.

At this point we designed a new strategy based on the concept that immunization
with naked plasmid DNA encoding the protein of interest could result in a highly specific
immune response towards that protein in its native form (Davis 1997; Donnelly et al.
1997). Various reports have shown that either intradermal (id) or intramuscular (im)
injections with very little DNA can produce long lasting responses. We chose to use id
injections of DNA, due to the simplicity of the technique, and the high density of antigen
presenting cells (APCs) in the skin. However, if the injections are too deep
(subcutaneous), there are few APCs and the desired response may not be observed. We
were able to demonstrate that the immunization was successful, as ELISAs against PLTP
expressed in both bacterial and mammalian systems showed that sera from two mice had
PLTP-specific antibodies after three injections. In addition, serum from one mouse
reacted on Western blot with recombinant PLTP from transiently transfected COS cells
and media, and purified mammalian PLTP, but not with other proteins containing a
hexaHIS epitope. However, the fusion from this mouse produced hybridomas that either
lost reactivity during subcloning and growth, or that were reactive to non-specific
proteins on ELISA and Western blot. Fusion from the second mouse did not produce any
positive hybridoma clones at all.

When immunizing with protein, the final boost is given intravenously 3 to 4 days
before harvesting the spleen, as this is the established time for antigen-specific B-
lymphoblasts to migrate there (Milne et al. 1992). It has not been determined whether a

similar migration to the spleen would occur in this time frame, if at all, when the final

78



boost is DNA, given intradermally. Perhaps although it seemed we had anti-PLTP
antibodies in the serum after DNA immunization, we did not obtain PLTP-specific
hybridomas because of the timing, type, or location of the final boost.

In addition to our own efforts to produce anti-PLTP antibodies, we were
generously given samples of several other antibodies to test and use. Dr. X.C Jiang
(Columbia University, New York) used an adenovirus expression system to produce a
rabbit polyclonal antibody, but we have never been able to show reactivity of this
antibody on immunoblots with any of our recombinant PLTP samples. Dr. S. Marcovina
(Northwest Research Laboratories, Seattle, WA) produced a murine monoclonal
antibody, mAb4, which reacts with inactive PLTP but not active PLTP from human
plasma (Murdoch et al. 2002). We found that mAb4 reacted on Western blot with PLTP
purified from CHO cell media, and the cellular form of PLTP in transiently transfected
COS-7 cells; however, it did not react with the mature form of PLTP in the media from
transfected COS-7 cells. It is unclear why these antibodies react under some conditions
against some samples, but not others. It may be in part due to poor sensitivity, or slight
differences between the antigen used for immunization and the samples tested on the

blots.

Ongoing and Future Work

It was somewhat surprising that none of the chimeras tested had any PLTP-
specific PL, CE, or TG transfer activity despite being efficiently expressed and secreted.
It would be interesting to determine whether there are any defects in lipid or HDL

binding ability of each construct that could be hindering activity. Also, to date we have
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only tested these chimeras for a limited number of functions, and although the activities
studied were those in which the C-terminal tails have been implicated, there are still
several other functions to be tested. For example, both CETP and PLTP can exchange
phospholipid between lipoproteins; therefore we would expect that each of our chimeras
would have this ability as well. As the HDL conversion activity of PLTP is important in
vivo in terms of overall HDL metabolism and reverse cholesterol transport, it would be
useful to determine if any of the PLTP/CETP chimeras possess this activity. It would
also be interesting to investigate the structural basis of the selective uptake ability of cell-
surface CETP by determining the activity of the chimeras. This activity is diminished by
TP2 binding (Benoist et al 1997), but neutral lipid transfer is not required, as inactive
mutants are still capable of mediating selective uptake (Zha,X., Milne,R., and
McPherson,R., unpublished results)

The ‘tilted peptide’ model describes how the C-terminal helix of CETP could
interact with lipoproteins, and in fact, a synthetic peptide representing CETP residues 461
to 476 has been shown to cause the contents of a lipid vesicle to be released from its core.
To investigate whether the CETP C-terminal helix indeed acts as a ‘tilted peptide’, we are
collaborating with Dr. Robert Brasseur (Faculté Universitaire des Sciences
Agronomiques de Gembloux, Belgium) to generate a novel CETP mutant in which the
native helix is replaced by a model helix that could penetrate the phospholipid monolayer
of lipoproteins at approximately the same angle as the native helix. This mutant could
also show whether the helical structure alone is sufficient, or whether particular residues

within the native helix are specifically required for neutral lipid transfer.
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Our results suggest that a more specific interaction of the C-terminal tail with one
or both of the lipid-binding pockets is required for the transfer activities of CETP and
PLTP. In order to test this theory, I prepared DNA constructs to express two further
chimeras, each having one binding pocket from CETP and one from PLTP (ie. bpN-
CETP/bpC-PLTP, and bpN-PLTP/bpC-CETP). Again, these chimeras were based on the
models of CETP and PLTP structure, and the amino acid alignments with BPI, and were
designed in collaboration with Dr.Lesa Beamer. In each of these chimeras, the carboxy-
terminal region and the amino acids forming the central -sheet between the two binding
pockets are from CETP. Structural models of these chimeras are shown in Figure 19.
BPI/LBP fusions of this type were successfully expressed and purified from CHO cells,
and were used to identify the role of each lipid binding pocket (Abrahamson et al. 1997;
Iovine et al. 2002). These two proteins share 45% amino acid homology, whereas CETP
and PLTP share jusi 20%. We are hoping that these chimeras can help answer questions
about whether each of the the two binding pockets of the proteins bind specific lipids, and
whether the carboxy-terminal tail of CETP interacts with residues in one or both binding
pockets. If we are able to express and test the activities of these two chimeras, we plan to
produce another two CETP/PLTP binding pocket chimeras, each with the carboxy-
terminus and the central connecting region from PLTP.

In case the lack of neutral lipid transfer activity of the ‘PC’ construct was due to
insufficient flexibility of the CETP tail helix, 2 glycine residues were inserted just after
the natural flexible linker region between residues 464 and 465 (PGGC). Unfortunately,
this construct was never detected on Western blot in either cell lysate or media with any

of the CETP C-terminal tail antibodies. It is quite possible that the epitopes are lost with
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Figure 19. Structural models of two binding pocket chimeras of CETP and PLTP.

A) CETPi.1¢/PLTP11.18/ CETP2gp476

The carboxy-terminal B-barrel and the central B-sheet are from CETP: residues 1 to
16(cyan) and 200 to 476 (purple). The amino-terminal B-barrel is from PLTP: residues
11 to 184 (green).

B) CETPi.26¢/PLTP253.415/ CETP32.47%

The amino-terminal B-barrel and the central B-sheet are from CETP: residues 1 to 266
(red) and 432 t0 476 (blue). The carboxy-terminal B-barrel is from PLTP: residues 233 to
418 (yellow).
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the insertion of residues at this position, as several of the point mutants between residues
460 and 476 result in severely diminished TP2 binding (Wang et al. 1993). However, we
were not able to distinguish between a loss of the epitopes and a lack of protein
expression.

We had hoped to have an anti-PLTP antibody that we could use to detect and
quantify some of the chimeric proteins relative to wildtype PLTP, but as no antibodies
were successfully produced, we have not yet completed the study of the ‘PC” and
‘PGGC’ constructs. As we could not determine the relative amounts of wildtype PLTP
and PC, we were unable to obtain data on the phospholipid transfer activity of PC.
However, based on the results that we do have, it seems unlikely that this construct would
have any activity. We were also unable to make any conclusions about the expression of
the "PGGC’ protein, or to test its activity. Antibodies to PLTP should also enable us to
investigate the binding pocket chimeras in terms of PL transfer activity.

We are continuing our efforts to produce monoclonal murine anti-PLTP
antibodies by DNA immunization, but we are now using intramuscular injections of
DNA, and the final boost is an intravenous injection of recombinant PLTP protein
purified from CHO cell media. We would also like to try using PLTP KO mice for
immunization, however, because of positive serology of available PLTP KO strains, we
have been unable to introduce the mice into our animal facility.

Concurrently, we are investigating the possibility of using chickens to produce an
antibody to a specific peptide within the PLTP sequence. Based on the structural model
of PLTP, we chose to synthesize a peptide that was relatively non-hydrophobic, and

which was predicted to form an a-helix in an exposed position. A peptide of PLTP
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residues 141 to 157 has been synthesized and conjugated to keyhole limpet hemocyanin
(KLH). Chickens were immunized 3 times at 2 week intervals, and serum and eggs are to
be collected following the immunization (Resgen). A blast search of this peptide did not
reveal any chicken sequences, and we are hoping to obtain eggs containing IgY specific

for the PLTP peptide.

Summary

In this study, we tested the hypothesis that the carboxy-termini of PLTP and
CETP are responsible for determining the different lipid specificities of the two transfer
proteins. The results of our experiments to date with C-terminal tail chimeras of PLTP
and CETP suggest that the carboxy terminal region alone does not confer neutral lipid
transfer capability to CETP, or PLTP-specific PL transfer activity to PLTP. Rather, the
carboxy-terminal region must co-operate with other parts of the molecule to facilitate
lipid transfer in both cases. In order to investigate this further, we have prepared DNA to
express a fourth C-terminal tail swap chimera (PGGC), as well as two binding pocket
chimeras of PLTP and CETP. In addition, we are continuing our efforts to produce
monoclonal antibodies to human PLTP, which we hope will be useful for future

structure-function studies of PLTP.
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