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ABSTRACT

Cardiovascular disease (CVD) is the leading cause of death worldwide. The
underlining cause of CVD is atherosclerosis. Elevated levels of blood cholesterol and low
density lipoprotein (LDL) play important role in promoting atherosclerosis. Thus, LDL-
cholesterol (LDL-C) levels are used as the primary basis for the treatment guidelines of
hyperlipidemic patients. Many methods are available for the measurement of LDL-C
such as the Friedewald formula or new development methods, but each method has its
limitation. We report here the development of a direct method for the determination of
LDL-C using a ligand-receptor binding, LDL-LDLR. The fusion protein of LDLR-GST
was designed and constructed for LDLR orientation. The restriction endonuclease
enzyme and DNA sequencing demonstrated the obtaining of the LDLR-GST gene in
pcDNA-TO-WT-LDLR-GST plasmid DNA. To establish the LDLR source that is similar
to the source of native LDLR, CHO-IdIA7 cells were stably transfected with a pcDNA-
TO-WT-LDLR-GST vector and selected by zeocin resistance. The expression and
function of LDLR-GST were determined by immunohistochemistry and Dil-LDL binding.
The result showed that LDLR-GST was comparable to native LDLR in both expression of
cell membrane and ability to bind to LDL. The LDLR-GST was extracted from a stable
clone and immobilized onto quartz crystal based on the binding of GST to GSH. The
result showed the statistical significance of frequency change of mass after incubation
with Dil-LDL, and the labeled fluorescent on the LDL was also observed under
fluorescent microscope. Altogether, the fusion protein of LDLR-GST can be potentially
applicable for direct determination of LDL-C.

KEY WORDS: LOW DENSITY LIPOPROTEIN / LDL RECEPTOR / QUARTZ
CRYSTAL MICROBALANCE
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CHAPTER I
INTRODUCTION

Cardiovascular disease (CVD) is now the leading cause of death worldwide
and with varied morbidity rates. In 2002, World Health Organization (WHO)
established blood pressure, blood cholesterol, smoking, physical activity and diet as
risk factors. The major underlining cause of CVD is atherosclerosis. Elevated levels of
blood cholesterol and low-density lipoprotein (LDL) play important role in promoting
atherosclerosis. LDL, a major cholesterol carrier in the bloodstream, can move to sub-
intima layer of arterial wall to initiate atherosclerotic lesion (Lester et al., 2006;
Steinberg, 2005; Stocker and Keaney, 2004). Thus, lowering the level LDL is one of
targeted goal in the treatment guidelines of hyperlipidemic patients (National
Cholesterol Education Program, 2002). Many methods for the measurement of LDL-C
concentration are available: ultracentrifugation, electrophoresis, Friedewald formula
and homogeneous assay. Ultracentrifugation is the reference method for determination
of LDL-C concentration, but the technical complexity of this method makes it
inappropriate for routine use (Nauck et al., 2002). Electrophoresis is labor-intensive
and prone to technical error and is limited to the specialty laboratories than to the high
volume routine laboratories (Nauck et al., 2002). In 1972, Friedewald developed a
formula to calculate for LDL-C concentration using total cholesterol, HDL cholesterol
and triglycerides (Friedewald et al., 1972). However, the calculated values can be
inaccurate for plasma triglycerides concentration of 400 mg/dL and above or in the
presence of chylomicrons or type III hyperlipoproteinemia (Iwasaki et al., 2006) and
this formula should not be used in certain groups of patients such as patients with
diabetes, hepatopathies or nephropathies even with triglyceride levels <400 mg/dL.

LDL values obtained from calculation are considered as indirect values and
have their own limitations. As for homogeneous assay, the method is based on various
physicochemical combinations of surfactant, polymeric complexes, and specific

binding molecules to selectively measure cholesterol from the LDL fraction. A



Kulvadee Tangmansakulchai Introduction / 2

difficult analytic challenge for these methods is to accurately measure the LDL
components in the presence of widely varying proportions of the different lipoprotein
molecules encountered in clinical practice. Individuals with dyslipoproteinemias may
have altered proportions of IDL and Lp(a), as well as chylomicrons, B-VLDL, and
other intermediate species from lipid transport and metabolism. Thus, the LDL-C
values obtained are usually underestimated or overestimated (Nauck et al., 2002).
Ligand-receptor interaction is highly specific and has been widely studied in many
applications such as diagnostic assay and drug design. LDL receptor (LDLR) is a cell-
surface glycoprotein of 839 amino acids that regulates cholesterol homeostasis in
mammalian cells by the removal of cholesterol carrying lipoproteins especially LDL
from plasma circulation. We have developed a direct method to measure LDL-C levels
based on ligand-receptor binding, the LDL-LDLR. In this study, we created a source
for protein fusion LDLR-GST in stable clone by transfection of the plasmid DNA
containing LDLR and GST genes. The expression and function of LDLR-GST were
determined by immunohistochemistry, immunobloting, and binding assay via Dil-
LDL. The development of using LDLR-GST in LDL measurement, the extracted

LDL-GST was determined the binding function via frequency change and fluorescent.
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CHAPTER II
OBJECTIVES

The aim of this thesis is to create a chimeric LDLR-GST protein for
development of Low Density Lipoprotein measurement based on ligand-receptor

binding.

Specific aims:

1. To create a source of LDLR-GST protein.

2. To determine the expression and function of LDLR-GST protein.

3. To determine the function of purified LDLR-GST protein for the direct
measurement of LDL using QCM.
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CHAPTER I
LITERATURE REVIEW

1. Atherosclerosis

1.1. Definition

Atherosclerosis is a cardiovascular inflammatory disease that occurs in major
arteries in which the layer thickens, causing narrowing of the channel and thus,
impairing blood flow. The narrowing is due to the formation of plaques in the inner
lining of the arteries. These plaques consist of low density lipoprotein (LDL), decayed
muscle cells, fibrous tissues, cholesterol, calcium and clumps of blood platelets.
Eventually, the plaque deposits can narrow the artery and make less flexible,
subsequently hindering blood flow. Moreover, pieces of plaques break apart and
move through the bloodstream and blood clots also form around the plaque deposits
and block blood flow to organs. Therefore, atherosclerosis is the underlying cause of
heart attacks, cardiovascular disease, stroke, and peripheral artery disease (Moffatt and

Stamford., 2006).

1.2. Stages of Athersclerosis

1.2.1 Initiation of LDL-Mediated Atherogenesis (Lipid Accumulation)

Atherosclerotic lesion development begins with increase of LDL cholesterol
(LDL-C) level within the circulation. Under pathologic conditions where LDL levels
are elevated, lipid accumulation is noticeable along the lining of the tunica lamina of
the arterial wall. The aggregates of lipid particles form intimate association with
epithelia moieties such as proteoglycans and become embedded in the tunica intima
layer (Figure 1). The expression of molecules such as heparin sulfate constituents,
which provide arterial integrity and blood fluidity and the expression of many

antithrombin molecules, are instrumental in protection against atherogenesis (Brown et
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al., 1997). However, under hypercholesterolemic conditions, the protective integrity of

the epithelium falls prey to initiation of lesion development.

Tunica media
Tunica externa

baserment
memhbraneg

Tunica intima

Figure 1. The arterial wall. The wall of an artery consists of three layers; the tunica
intima, the tunica media, and the tunica externa or tunica adventitia (The internet

encyclopedia of science).

1.2.2 LDL oxidative modification and fatty streak formation

Atherosclerotic lesions initiated in the form of fatty streaks forming along the
endothelium of arteries. The major contributing event believed to be responsible in
fatty streak development is oxidative modifications of the lipid and apolipoprotein B
(ApoB) components of LDL (Navab et al., 1996). LDL in the circulation can enter
artery wall where they are modified to oxidized LDL (oxLDL). The oxLLDL in the
intima layer stimulates the expression of many cytokines for monocyte chemotaxis to
the endothelial cells such as macrophage chemotactic protein 1 (MCP-1) and
interleukin-8 (IL-8) (Figure 2). The macrophages express receptors that function for
uptake of various lipids and apolipoprotein components produced from oxidative
stress and other biochemical breakdown products of LDL. As a result of macrophage
recruitment and uptake of LDL constituents, fatty streaks form and become initial site

atherosclerotic lesions.
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Figure 2. The initiation of Atherosclerosis. LDL oxidative modification and monocyte

recruitment (Steinberg et al., 1989)

1.2.3 Foam cell formation
Macrophages play an important role in LDL metabolism by uptake of
native LDL-C and modified species of LDL via two major receptor mechanisms, LDL
receptor (LDLR) and scavenger receptor endocytosis, respectively (Moffatt and
Stamford., 2006). As the accumulation and modification of LDL ensues, macrophages
within the subendothelium begin to incorporate large amounts of oxidized LDL
species via scavenger receptor uptake, resulting in a phenotype given the term “foam

cell” (Figure 3).
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Figure 3. Foam cell formation (intracellular lipid accumulation) by macrophages

(Steinberg et al., 1989)

1.2.4 Immigration of smooth muscle cells
A hallmark of advanced lesion development is the immigration of
smooth muscles cells from the arterial wall into the subepithelial space. The factors
that lead to the mobilization of smooth muscles cells are not well understood, but it is
believed to be due to preexisting stimuli. For example, macrophages have been shown
to secrete the chemokine platelet-derived growth factor (PDGF), which is a
chemoattractant for smooth muscle cells (Thyberg et al., 1996). Smooth muscle cells
in developing atheroma are capable of taking up modified lipoproteins. Not only does
their proliferative capacity increase atheroma development, but apoptotic cell death of
smooth muscles cells participates in lesion progression. Thus, smooth muscle cell
immigration plays a significant role in progression of atheromas (Ross et al., 1993).
1.2.5 Immune responsiveness during atherosclerotic development
Chemokines produced by activated macrophages can attract T-cells to
the lesion site. As T-cells begin to accumulate in the surrounding lesion, they become
activated and can modulate atherosclerotic development through the release of
cytokines such as IFN-y production by T-helper 1(Thl) cells is capable of activating

macrophages. In studies utilizing ApoE-deficient mice that lacked a functional IFN-y


http://www.lipidsonline.org/slides/slide01.cfm?q=macrophages+express+receptor+that+take+up+modified+ldl&pg=1�

Kulvadee Tangmansakulchai Literature Review / 8

receptor, atherosclerosis was decreased as compared to normal mice (Gupta et al.,
1997).
1.2.6 Plaque formation

Plaques develop from initial fatty streaks that progress into advanced
lesions comprised of inflammatory cells, extracellular lipid, and fibrous tissues. Their
continued accumulation proliferation and activation within the lesion leads to plaque
expansion. Consistent with the earlier events of atherosclerotic lesion development,
plaque formation involves the participation of cytokines, chemokines, hydrolytic
enzymes, and growth factors in this process (Falk ez al., 1996). During the advanced
stages of plaque formation, lipid moieties, leukocytes and necrotic materials are
walled off by a fibrous cap. An accumulation of these cellular constituents and fibrotic
tissues leads to further expansion. At a particular threshold, the compensatory dilation
of the artery is overcome by the intrusion of the lesion into the lumen resulting in

eventual alterations in blood flow and plaque rupture.

1.3. Epidemiology
In 2002, World Health Organization (WHO) reported that cardiovascular
disease (CVD) and stroke are now the leading cause of death worldwide as shown in
Figure 4, 13% and 10% , respectively (WHO, 2002). The causes of deaths from
atherosclerosis and related diseases have also been increasing in Thailand as shown in
Figure 5. In addition, it is expected that the future increase in CVD mortality will

occur in developing countries as well (WHO., 2002).
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Figure 4. Number of deaths worldwide (WHO., 2002)
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Figure 5. Death rates per 100,000 populations by leading causes of death in Thailand.
(Bureau of policy and strategy., 2005-2007).

1.4. Risk factors and target of therapy

Several risk factors classified by WHO (2002) that contribute to the
development of atherosclerosis, some which can be controlled, and some that can not:
smoking, diabetes, hypertension, physical inactivity, obesity, positive family history,
and high blood cholesterol.

1.4.1 Smoking

Early studies revealed that cigarette smoking is a major risk factor for CVD
due to an adverse effect on the lipid and lipoprotein profile. Smoking decreases high
density lipoprotein (HDL) (Craig et al., 1989), while increases levels of total
cholesterol, triglycerides and LDL (Kannel., 1981; Freeman et al., 1998). Smoking
may alter LDL particle size to make it smaller and denser so that it can easily cross the

endothelial barrier into the arterial intima (Pittilo ez al., 1994)
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1.4.2 Diabetes

Diabetes increased the risk of coronary atherosclerosis by 3-5 folds when
compared to nondiabetics (Bierman., 1992; Pyorala et al., 1987). The exact
mechanism of diabetic involved atherosclerosis is uncertain. However, it may be
caused by the glycation of a protein on the arterial wall. In addition, other known risk
factors for coronary disease such as hypertension and abnormal lipids are also more
common in diabetes.

1.4.3 Hypertension

Hypertension is defined as a systolic blood pressure of over 140 mmHg or a
diastolic blood pressure above 90 mmHg (Table 1). There appears to be an
approximately linear relation between blood pressure elevation and the increased
incidence of atherosclerotic (MacMahon et al., 1990). The causal nature of this
association is supported by numerous studies demonstrating that both heart attack and
stroke are significantly reduced in hypertensive patients with the institution of

antihypertensive therapy (He and Whelton., 1999).

Table 1. Blood pressure level (American Heart Association)

Blood pressure (mmHg) Normal Prehypertension | Hypertension
Systolic (top number) Less than 120 120-139 140 or higher
Diastolic (bottom number) | Less than 80 80—-89 90 or higher

mm Hg = millimeters of mercury

1.4.4 Physical inactivity

Exercise training in combination with comprehensive lifestyle changes, has
been shown to reduce the risk for the development and progression of atherosclerosis
and related manifestations, including sudden death and recurrent revascularization
(Ornish et al., 1998; Niebauer ef al., 1997; Hambrecht et al., 2004). Many studies have
been reported that physically active or fit persons have a significantly lower risk for

CVD morbidity and mortality even in the presence of major and traditional CVD risk
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factor (Myers et al., 2002). However, the mechanism for these observed benefits is
incompletely understood.

1.4.5 Obesity

Obesity is mainly caused by taking in more calories than are used up in
physical activity and daily life leading to an excess body weight with abnormal high
predominance of body fat. This is a condition that increases the incident risk of
cardiovascular disease. In addition, other risk factors for cardiovascular disease such
as hypertension, low HDL-C and diabetes often coexist with obesity (Wilson et al.,
1999).

1.4.6 Positive family history

National Heart Lung and Blood Institute have demonstrated that the risk of
atherosclerosis will be increased, if someone in the family was diagnosed with heart
disease before 55 years of age.

1.4.7 High blood cholesterol

In a general population, CVD risk from increased LDL-C is supported by

observations that cholesterol-lowering therapy greatly diminishes the clinical
manifestations of atherosclerosis, particularly since the advent of inhibitors of 3-
hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase that profoundly lower
LDL-C (Stocker et al., 2004). In addition, Framingham heart study shows that for
every 1% increase of LDL there is an increase of 5% risk for CVD. In contrast to the
situation with LDL-C, the relation between HDL-C and atherosclerosis is an inverse
one (Castelli et al., 1986). Moreover, National Cholesterol Education Program
(NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel I1I) identified LDL as the primary target
for cholesterol-lowering therapy. This designation is based on a wide variety of
observational and experimental evidence amassed over several decades from animal,
pathological, clinical, genetic, and different types of population studies. Many earlier
studies measured only serum total cholesterol, although most of total cholesterol is
contained in LDL. Thus, the robust relationship between total cholesterol and CVD
found in epidemiological studies strongly implies that an elevated LDL is a powerful
risk factor. Subsequent studies have shown that LDL is the most abundant and clearly

evident atherogenic lipoprotein. The role of LDL in atherogenesis is confirmed by
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genetic disorders in which serum LDL-C is markedly increased in the absence of other
CVD risk factors. Notable examples of such genetic disorders are homozygous and
heterozygous forms of familial hypercholesterolemia; in both, atherogenesis is

markedly accelerated (National Cholesterol Education Program, 2002).

2. Cholesterol

Cholesterol is the only important membrane steroid in animals. The human
body contains about 140 g, most of which are in the form of unesterified cholesterol in
cellular membrane. It is used to form cell membranes, some hormones and is needed
for other functions. But a high level of cholesterol in the blood, hypercholesterolemia,
is a major risk factor for atherosclerosis which leads to several related diseases
(Meisenberg and Simmons., 2006). Cholesterol and other fats can not dissolve in the
blood. They have to be transported to and from the cells by special carriers called
“lipoproteins”. A lipoprotein is a biochemical assembly that contains both proteins and
lipids. The lipids or their derivatives may be covalently or non-covalently bound to the
proteins. The protein particles have charged groups aimed outward so as to attract
water molecules this makes them soluble in the blood. General categories of
lipoproteins, listed in order from larger and less dense (more fat than protein) to

smaller and denser (more protein than fat) (Table 2) including:

Chylomicrons

Very low density lipoproteins (VLDL)

Intermediate density lipoprotein (IDL)

Low density lipoprotein (LDL)

High density lipoprotein (HDL)
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Table 2. General characteristics of lipoproteins
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LP Size Density | TG/CE L/P
particle | (nm) (g/ml) ratio ratio Associated Apoprpteins
ApoB-48, ApoA, ApoC,
CM 1000 <0-95 28.83 65.66 ApoE, ApoH
VLDL 70 0.98 3.89 10.76 ApoE, ApoB-100, ApoC
IDL 40 1.01 0.82 8.09 ApoE, ApoB-100, ApoC
LDL | 20 1.04 0.18 | 3.76 | APOB-100, ApoC, ApoE,
Apo(a)
HDL 10 1.13 0.16 122 | ApoA-1, ApoC, ApoD, ApoE

LP-lipoprotein partical, TG-triglycerides, CE-cholesteryl esters, L/P-lipid/protein,

Bold represents the major apoprotein

2.1 Chylomicrons

Chylomicrons are present only after a fatty meal. They are formed with
apolipoprotein B-48 (ApoB-48) and apolipoprotein A (ApoA) as their only
apolipoproteins. Chylomicrons are released by exocytosis from enterocytes into
lymphatic vessels originating in the villi of the small intestine, and are then secreted
into the bloodstream at the thoracic duct. In addition, chylomicrons transport
exogenous lipids to liver, adipose, cardiac and skeletal muscle tissue. While
circulating in lymph and blood, chylomicron exchanges components with HDL. The
HDL donates apolipoprotein C-2 (ApoC-2) and apolipoprotein E (ApoE) to the
nascent chylomicron and thus matures it into a chylomicron. ApoC-2 is the cofactor
for lipoprotein lipase (LPL) activity. Once triglyceride stores are distributed, the
chylomicron returns ApoC-2 (but keeps ApoE) back to the HDL and thus becomes a

chylomicron remnant (Meisenberg and Simmons., 2006).

2.2 Very low density lipoproteins (VLDL)
The liver synthesizes 25 to 50 g of triglycerides and smaller amounts of other

lipids per day. These lipids are released as VLDL. VLDL is assembled in the liver
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from cholesterol and apolipoproteins and it also have a diameter of 30-80 nm. It is
converted in the bloodstream to LDL. VLDL transports endogenous products while
chylomicrons transport exogenous (dietary) products. VLDL transports endogenous
triglycerides, phospholipids, cholesterol, and cholesteryl esters. It functions as the
body's internal transport mechanism for lipids. Nascent VLDL circulates in the blood
and picks up ApoC-2 and ApoE donated from HDL. At this point, the nascent VLDL
becomes a mature VLDL. The lipoprotein lipase (LPL) will remove triglycerides from
the VLDL for storage or energy production. The VLDL now meets back up with HDL
where ApoC-2 is transferred back to the HDL (but keeps ApoE). In addition to this,
the HDL transfers cholesteryl esters to the VLDL in exchange for phospholipids and
triglycerides (via cholesteryl ester transfer protein). Moreover, triglycerides are
removed from the VLDL because of the action of the LPL enzyme, the composition of
the molecule changes, and it becomes intermediate density lipoprotein (IDL). In
addition, VLDL levels have been corrclated with accelerated rates of atherosclerosis,
and are elevated in a number of diseases and metabolic states (Meisenberg and

Simmons., 2006).

2.3 Intermediate density lipoprotein (IDL)

IDL is formed from the degradation of VLDL. Each native IDL particle
consists of protein that encircles various fatty acids. Their size is generally 25 to 35
nm in diameter and they primarily contain a range of triacylglycerols and cholesterol
esters. They are cleared from the plasma into the liver by receptor-mediated
endocytosis, or further degraded to form LDL particles. Generally, IDL similar to
LDL transports a variety of triglyceride fats and cholesterol (Meisenberg and
Simmons., 2006).

2.4 High density lipoprotein (HDL)

HDL occurs in several subtypes that represent different stages in its
metabolism. Nascent HDL, released from liver and intestine, is a small, phospholipid-
rich particle, not spherical like the other lipoproteins but resembling a little disk of
lipid bilayer with apolipoproteins at the edge. They contain the A class of
apolipoproteins, that carry fatty acids and cholesterol from the body's tissues to the
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liver. It is hypothesised that HDL can remove cholesterol from atherosclerosis lesion
within arteries and transport it back to the liver for excretion or re-utilization which is
the main reason why HDL-bound cholesterol is sometimes called "good cholesterol",
or HDL-C (Meisenberg and Simmons., 2006). The American Heart Association
(AHA), National Institutes of Health (NIH) and National Cholesterol Education
Program (NCEP) provide a set of guidelines for male fasting HDL levels and risk for
heart disease. A high level of HDL-C seems to protect against CVD, and low HDL-C

levels (less than 40 mg/dL) increase the risk for heart disease as shown in Table 3.

Table 3. Recommended range for HDL levels (AHA, NIH, NCEP).

Level Level :
mg/dL mmol/L Interpretation
<40 <1.03 Low HDL-C, heightened risk for heart disease, <50 is
the value for women
40-59 1.03-1.52 Medium HDL level
60 ~155 High HDL lev§1, optlrpal condltlgn considered
protective against heart disease

2.5 Low density lipoprotein (LDL)

2.5.1 Structure

Low-density lipoprotein (LDL) belongs to the lipoprotein particle
family that is derived from VLDL and IDL in the plasma. LDL particle contain a
combination of lipid and protein. It size is approximately 20-25 nm and its mass is
about 3 million daltons but LDL particles contain a changing number of fatty acid so
they actually have a mass and size distribution (Meisenberg and Simmons., 2006). In
particular, LDL particles can be classified into three groups: large LDL particles, small
dense LDL, and an intermediate pattern (Ceriotti et al., 2002). Each native LDL
particle contains a single apolipoprotein B-100 molecule (ApoB-100) that circles the
fatty acids, keeping them soluble in the aqueous environment. In addition, LDL has a
highly-hydrophobic core consisting of triacylglycerol and cholesteryl ester. This core
is surrounded by a shell of phospholipids and unesterified cholesterol (Figure 6). In
general, LDL transports cholesterol and triglycerides from the liver to peripheral

tissues and also regulates cholesterol synthesis. When a cell requires cholesterol, it
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synthesizes the necessary LDL receptors, and inserts them into the plasma membrane
for binding to LDL but if the intracellular cholesterol is in excess for the needs of the
cell the transcription of the receptor gene will be inhibited (Meisenberg and Simmons.,

2006).

triacylglycercl

cholesteryl astars

free (unesterifi
eholéﬁtard 7

Figure 6. Low-density lipoprotein complex (Encyclopaedia Britannica., 2007)

2.5.2 Role of LDL in CVD

Increased levels of LDL are associated with atherosclerosis, heart
attack, stroke, and peripheral vascular disease. Many studies have been found that a
high concentration of small dense LDL is associated with an increased risk of CVD
(Galeano et al., 1998) and is also correlated to insulin resistance (Reaven et al., 1993).
Moreover, negatively charged LDL (LDL ), which includes oxidized, glycated and
degraded LDL forms have a reduced binding affinity for the LDL scavenger receptors
and thus escape capture and removal by phagocytic cells, prolonging their residence in
the blood plasma. Higher plasma levels of LDL have been found in patients with
acute myocardial infarction, and unstable angina (Holvoet ef al., 1995).

2.5.3 Recommended range
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In 2003, The AHA, NIH and NCEP provide a set of guidelines for
fasting LDL-C levels, estimated or measured, and risk for heart disease as shown in

Table 4.

Table 4. Recommended range for LDL levels.

Level (mg/dL) Level (mmol/L) Interpretation
Optimal LDL-C, corresponding to reduced,
<100 <2.6
but not zero, risk for heart disease
100 to 129 2.6t03.3 Near optimal LDL level
130 to 159 3.3t04.1 Borderline high LDL level
160 to 189 4.1t04.9 High LDL level
Very high LDL level, corresponding to
>190 >4.9 .ry g. _ P _ s
highest increased risk of heart disease

2.5.4 LDL-C measurement
LDL-C 1is the primary target for cholesterol-lowering therapy; its
routine measurement is recommended in the evaluation and management of
hypercholesterolemia. Thus, the LDL-C level is used for the prevention, treatment and
monitoring of CVD. Many methods for LDL-C measurement are available such as
ultracentrifugation, electrophoresis, Friedewald formula, and homogeneous method.
2.5.4.1 Ultracentrifugation
Ultracentrifugation is the reference method (RM) for
determining plasma LDL concentration including both equilibrium and rate methods

after adjustment of the specimen density with salts such as NaBr or KBr (Lindgren et
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al., 1972) to float and sediment particles based on their differences in hydrated
density. The RM subjects serum to ultracentrifugation at density 1.006 kg/L for at
least 18 hours at 105,000g to float VLDL and any chylomicrons present. A tube-
slicing technique removes VLDL and the bottom fraction, which are recovered
quantitatively by pipetting and reconstituted to the original volume. HDL-C is
obtained according to the HDL RM using heparin-Mn>" to precipitate LDL, including
IDL and Lp(a), from the B-quantification infranate (Myers ef al., 2000). Cholesterol is
measured in the fractions by the Abell-Kendall RM (Cooper ef al., 1986). LDL-C is
calculated by difference as the 1.006 kg/L bottom cholesterol minus HDL-C.
However, ultracentrifugation as a separation technique is not only tedious and time-
consuming, but the highly labile lipoproteins can be substantially altered by the high
salt concentrations and centrifugal forces. Moreover, the technique is complexity and
the separation is depending on the skills and care of the technician making it
inappropriate for routine used.

2.5.4.2 Electrophoresis

The separation of LDL by electrophoresis was first introduced
by Fredrickson and Lees in 1965 which lipoprotein separation patterns obtained on
paper electrophoresis. Later, more convenient cellulose acetate and polyacrylamide
electrophoresis systems were described but these methods are not popular for clinical
laboratory because it is not quantitative method. The first quantitative electrophoretic
measurement using agarose gels was introduced to separate lipoproteins followed by
precipitation with polyanions and densitometric scanning gave reliable values,
especially for LDL-C. In addition, agarose electrophoresis was substantially improved
by the introduction of enzymatic cholesterol determination using cholesterol esterase,
cholesterol dehydrogenase, and nitroblue tetrazolium chloride dye leading to atypical
lipoproteins can be observed and reliable determination of LDL-C concentration.
Thus, electrophoresis provides not only reliable quantification of the major
lipoproteins, but also a visual display useful in observing variant lipoproteins.
However, compared with the highly automated instruments used for enzymatic and
immunochemical assays, electrophoresis is somewhat labor-intensive and technique-
sensitive and thus is of more interest to the specialty laboratory than to the high-

volume routine laboratory.
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2.5.4.3 Friedewald formula

In 1972, Friedewald developed the method for LDL
measurement by determine LDL-C from total cholesterol, HDL-C and triglycerides
(Friedewald ef al., 1972). Because VLDL carries most of the circulating triglycerides,
VLDL cholesterol (VLDL-C) can be estimated from measured total triglycerides
(triglycerides/5 for mg/L units, or triglycerides/2.2 for mmol/L). LDL-C is then
calculated as shown in below.

LDL-C =total cholesterol — (HDL-C + 1/5 Triglycerides)

Since established Friedewald formula has since been in used rather popularly and
routinely. It is convenient and inexpensive. However, Friedewald formula can not be
applied to sample with chylomicrons because chylomicrons contain proportionately
less cholesterol relative to triglycerides than VLDL. Their presence leads to
overestimation of VLDL-C and underestimation of LDL-C (Nauck et al., 2002).
Similarly, as sample contains high triglycerides concentration, the proportion of
cholesterol to triglycerides in VLDL decreases, giving rise to errors. Calculation
method is recommended only for specimens with triglyceride lower than 400 mg/dL
(Iwasaki et al., 2006). However, some studies have demonstrated that this formula
should not be used in certain groups of patients such as patients with abnormality lipid
pattern such as in diabetes, hepatopathies or nephropathies even with triglyceride

levels <400 mg/dL.

2.5.4.4 Direct methods for Determination of LDL-C

Chemical precipitation is the first direct methods developed for
the determination of LDL-C. LDL particles were precipitated by the addition of
reagents, such as heparin, polyvinylsulfate, unspecific amphiphatic polymers or
dextran sulfate. After centrifugation LDL and analyzed for cholesterol, LDL-C was
calculated as the difference between the total cholesterol in serum and the supernate
(non-LDL). Alternatively, LDL-C could be measured directly after dissolving the
precipitate (Nauck et al., 2002). Nevertheless, these early precipitation procedures for
LDL-C did not replace the more convenient Friedewald formula. Precipitation did not
give appreciable advantages in precision, accuracy, or specificity. Free fatty acids

(>2mmol/L) also interfere negatively with precipitation of LDL by dextran sulfate and
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polyvinylsulfate. Serum triglycerides >400 mg/dL, also interfered with the
precipitation. Some VLDL and especially VLDL remnants were shown to
coprecipitate with all of the commercially available precipitation procedures (Nauck et
al., 2002). In 1994, immunoseparation methods become commercially available
(Genzyme Diagnostics and Sigma Diagnostics). The reagent contained polyclonal
(goat) antibodies to human Apo A-I and Apo E bound to polystyrene latex beads and
was designed to remove chylomicrons, HDL, VLDL, and IDL particles, allowing
direct determination of LDL-C. The separation was reasonably specific for LDL, but
traces of VLDL were detected in hypertriglyceridemic samples (Jialal ez al., 1995). In
1998, the homogeneous method for LDL-C determination was reported (Sugiuchi et
al., 1998). The assays contain different detergents and other chemicals, which allow
specific blocking or solubilization of lipoprotein classes to achieve specificity for
LDL-C. The LDL-C is measured enzymatically in the same cuvette. All suppliers offer
reagent sets, containing two reagents that are readily adaptable to most clinical
chemistry analyzers. However, specific separation of chylomicrons and VLDL from
LDL, IDL, and Lp(a) is difficult to accomplish. Therefore, it is not surprising that
increased triglycerides often contribute to an increase in apparent LDL-C.
Furthermore, hemoglobin and bilirubin can interfere with analyze.

Thus, many attempts were made to develop direct measurement of LDL using
biosensor. Gaus and Hall developed Surface Plasmon Resonance for LDL
measurement by using heparin surface. The development of CdS nanocrystal-based
electrochemiluminescence biosensor had been shown the increasing sensitivity for
LDL detection with gold nanoparticle amplification. However, method is not specific
to LDL because other lipoproteins and serum proteins can interfere so far no method
has been developed.

Interestingly, ligand-receptor interaction has been widely studied. The
interaction is highly specific. The knowledge of ligand-receptor have been contributed
and utilized in many fields including detection of biomacromolecules such as glucose.
The success of using the ligand-receptor interaction to detect glucose through
periplasmic E. coli receptor has been demonstrated (Wang et al., 2005). Therefore, it
is possible that LDL receptor can be used to detect LDL in the serum.
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3. Low density lipoprotein receptor

The low density lipoprotein receptor (LDLR) is a cell-surface glycoprotein of
839 amino acids that regulates cholesterol homeostasis in mammalian cells by removal
of cholesterol carrying lipoproteins from plasma circulation in a process known as
receptor-mediated endocytosis (Figture 8) (Brown and Goldstein., 1986). At neutral
plasma pH, circulating lipoprotein particles bind to the LDLR but the most important
physiologic ligand for the receptor is LDL, which contains a single copy of
apolipoprotein B-100 (ApoB-100) and carries approximately 65% to 70% of plasma
cholesterol in humans. Binding of LDL particles by the LDLR occurs with a
stoichiometry of one LDL particle per receptor monomer (Van et al., 1989). The
LDLR also binds tightly to lipoproteins that contain multiple copies of apolipoprotein
E (ApoE), such as beta migrating forms of very low-density lipoprotein (B-VLDL), or
certain intermediate and high-density lipoproteins (Jeon and Blacklow., 2005). In
addition, the binding of LDLR to LDL requires calcium ions and is blocked by
addition of EDTA (Schneider et al., 1982).

3.1. Structure of LDLR

The N-terminus of receptor is on the extracellular membrane. The first domain
contains seven sequence repeats (R1 to R7) each about 40 amino acids long with 6
cysteins residues that thought to form intra-repeat disulfide bonds and each repeat
contains clustered negative charges that postulated as ligand-binding sites (Jeon and
Blacklow., 2005). Next to the ligand binding domain is an epidermal growth factor
(EGF) precursor homology domain (EGFP domain) that shows approximately 30%
homology with the EGF precursor gene (Jeon and Blacklow., 2005). This part of the
receptor consists of two epidermal growth factor-like (EGF-like) repeats, repeat A and
B, follow by a YWTD (named for the conserved residues tyrosine, tryptophan,
threonine, and aspartate, respectively) domain and a third EGF-like repeat, repeat C
(Jeon and Blacklow., 2005). Repeats A and B play a role in the acid-mediated
conformational change in the LDLR that causes it to eject bound ligand and it is
thought that a conformational change occurs in the acidic (pH5.0) conditions of the

endosome (Esser et al., 1988). Oligonucleotide-directed mutagenesis experiments
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revealed that repeat 1 in the ligand binding domain is not required for binding of LDL
and B-VLDL. Repeats 2 plus 3 and repeats 6 plus 7 is required for maximal binding of
LDL, but not B-VLDL. Repeat 5 is required for binding of both ligands (Esser et al.,
1988). Repeat A in the epidermal growth factor (EGF) precursor homology domain is
required for binding of LDL, but not B-VLDL. Repeat B is not required for ligand
binding (Esser et al., 1988). A third domain of the receptor is O-linked sugars domain
that as a hydrophilic buffer zone. Next domain is membrane-spanning domain
containing a chain of hydrophobic amino acid residues crosses the plasma membrane
of the cell and the last domain is cytoplasmic domain that needs for receptor
internalization and self-association (Figure 7) (Jeon and Blacklow., 2005). Entry of a
receptor-ligand complex into cells occurs at clathrin-coated pits where the receptor
molecules on the cell membrane. The complex is then delivered to the low-pH
environment of the endosome, where dissociation of the complex takes place. The
receptors are subsequently returned to the cell surface in a process called receptor

recycling (Figure 8).
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Figure 7. The structure of LDL receptor (Esser ef al., 1988)
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Figure 8. The receptor-mediated endocytosis (Jeon and Blacklow., 2005)

3.2. Mutations of the LDL receptor gene

The LDLR gene is located on the short arm of chromosome 19 (19p13.1-13.3)
and split into 18 exons beginning with exon 1. It contains a signal sequence that
localizes the receptor to the endoplasmic reticulum followed by exons 2-6 code for the
ligand binding region, exons 7-14 code for the EGFP domain, exon 15 codes for the
oligosaccharide rich region, exon 16 and some of exon 17 code for the membrane
spanning region, and exon 18 with the rest of exon 17 code for the cytosolic domain
for transport to the cell surface (Hobbs ef al., 1986). The mutations in LDLR gene
cause the familial hypercholesterolemia (FH) (Figure 9) in the most cases and there

are five classes of LDLR mutation.

e Class 1 mutations occur at exon 1 of LDLR gene leading to affect the synthesis
of the receptor in the endoplasmic reticulum (ER).
e Class 2 mutations occur at exons 2-6 leading to prevent proper transport to the

Golgi body needed for modifications to the receptor.
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e Class 3 mutations occur at exons 7-14 leading to stop the binding of LDL to
the receptor.

e Class 4 mutations occur at exons 16-17 leading to inhibit the internalisation of
the receptor-ligand complex.

e Class 5 mutations occur at exons 17-18 leading to give rise to receptors that
cannot recycle properly.

In addition, in 1988, Esser and colleagues study about mutational analysis of
the ligand binding domain of the LDLR by using oligonucleotide directed mutagenesis
to alter expressible cDNAs for the human LDLR and then measured the ability of the
mutant receptors to bind LDL, which contains a single protein ligand for the receptor
(ApoB-100), and B- migrating very low density lipoprotein (3-VLDL), which contains
ApoB- 100 plus multiple copies of another ligand (ApoE). The results showed that
repeatl is not required for binding of either ligand. Repeats 2 plus 3 and repeats 6 plus
7 are required for maximal binding of LDL, but not B-VLDL. Repeat 5 is required for
binding of both ligands. Repeat A in the growth factor homology region is required for
binding of LDL, but not B-VLDL. Repeat B 1s not required for ligand binding. These
results support a model for the LDLR in which various repeats play additive roles in
ligand binding, each repeat making a separate contribution to the binding event (Esser

et al., 1988).
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Figure 9. Mutations in the 18 exons of the LDL receptor gene

(www.christiananswers.net/q-eden/genetic-mutat...)
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4. Biosensor

Biosensors and related bioarray techniques represent the end product of a
rapidly growing field, which combines fundamental biological, chemical, and physical
sciences with engineering and computer science to satisfy needs in a broad range of
application areas. Not surprisingly, therefore, the term biosensor has different
connotations depending on what field the user comes from: for example, to the
biologist, a biosensor is a device which translates biological variables such as electric
potentials, movement, or chemical concentrations into electrical signals. To the
chemist, a definition might be a device that uses specific biochemical reactions
mediated by isolated enzymes, immunosystems, tissues, organelles, or whole cells to
detect chemical compounds, usually by electrical, thermal, or optical signals. The
physicist might define a biosensor as a device which detects, records, and transmits
information regarding a physiological change or process (Marks et al., 2007).
Together, biosensor can be defined as an analytical device which converts the
concentration of the target substance, the analyte, into an electrical signal through a
combination of a biological or biologically derived recognition system either
integrated within or intimately associated with a suitable physico-chemical transducer.
Biosensor consists of 3 parts including recognition part, transducer part, and signal out
put part. A biological sensing element with a transducer will produce a signal
proportional to target analyses. When biological molecules interact with target
analyses, there is change in one or more physical-chemical parameters associated with
the interaction such as generation of ions, gases, electrons, heat or mass. The

quantities of these indicating signals are converted into electrical signals (Figure 10).
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Figure 10. Biosensor configuration (www.jaist.ac.jp/~yokoyama/biosensor.html)

In addition, the biological or biologically derived element is capable of
recognizing the presence, activity, or concentration of a specific target analyte in a
complex mixture of other components. The recognition element may comprise one of
three different types: affinity biosensors are based on ligand-receptor interactions such
as those involving antibodies, nucleic acid, aptamers, peptides, protein, or cell
receptor, while the second principal class involves binding and catalysis, and involves
enzymes, microorganism, organelles, plant or animal cells or tissue slices, and the
third involves biomimetic receptors based on various synthetic binding and/or catalytic
systems. The interaction or subsequent reaction of the recognition element with the
analyte in the sample matrix results in a measurable change in a solution property,
such as depletion of a reactant or formation of a product, immediately proximal to the
transducer. The latter converts the change in solution property into a quantifiable and
processible electrical signal. The transducer is a device, usually electronic,
electroacoustic, electro-optical, electromagnetic, electrothermal, or electromechanical,
that converts one type of energy (electricity, sound, light, magnetism, heat, or
mechanical) into another (usually electrical) for various purposes including

measurement or information transfer (Marks et al., 2007).
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5. Quartz crystal microbalance (QCM)

The quartz crystal microbalance (QCM) is a highly sensitive method for
studying changes in the mass of thin films. Many important physical and chemical
processes can be followed by observing the mass changes. A QCM consists of a thin
disk cut from a single crystal of quartz onto which electrodes have been plated,
normally by evaporation of metals such as gold or platinum (Figure 11) (Marks et al.,
2007). The heart of the QCM is the piezoelectric AT-cut quartz crystal sandwiched
between a pair of electrodes (Figure 12). When the electrodes are connected to an
oscillator and an AC voltage is applied over the electrodes the quart crystal starts to
oscillate at its resonance frequency due to the piezoelectric effect This oscillation is
generally very stable due to the high quality of the oscillation (high Q factor). The
frequency of this oscillation is dependent on the mass of the crystal, including any thin
surface layers deposited on it (O’Sullivan and Guilbault., 1999). As a methodology,
the QCM evolved a solution measurement capability in largely analytical chemistry
and electrochemistry applications due to its sensitive solution-surface interface
measurement capability. The technique possesses a wide detection range. At the low
mass end, it can detect monolayer surface coverage by small molecules or polymer
films. At the upper end, it is capable of detecting much larger masses bound to the
surface. These can be complex arrays of biopolymers and biomacromolecules, even
whole cells (Marx et al., 2003). If a rigid layer is evenly deposited on one or both of
the electrodes the resonant frequency will decrease proportionally to the mass of the

adsorbed layer according to the Sauerbrey equation:

2
af=——2" Am=-—c,Am

™ I"I p q ” q

Where Af'is the measured resonant frequency decrease (Hz), f'is the intrinsic crystal
frequency, Am is the elastic mass change (g), 4 is the electrode area (0.196 cm’ in
many applications), pq is the density of quartz (2.65 g/em’), and y is the shear modulus
(2.95 x 10" dyn/cm?).
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Figure 11 . Quartz crystal and holder.
optical axis
TSM

Figure 12. AT-cut of a quartz crystal from which the metal coated QCM quartz

crystals are produced and an end on crystal view of the thickness shear mode (TSM)

of oscillation (Marx et al., 2003).

A typical application of the QCM is for use as a component within an
immunosensor. A wide variety of antibodies have been immobilized onto QCM
surfaces and many applications of this technology have been reviewed, along with the
various methods used to immobilize the antibodies onto the QCM plate. The species
that have been detected include drugs such as cocaine, quinine, and atropine. QCM has
also found application in detecting microorganisms. Overall, it seems that new sensors

do not yet offer clear advantages over existing products, as most research is focused
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on the development of specific biochemical sensors, rather than on the improvement

of the transducer engineering (Marks et al., 2007).

Copyright by Mahidol University
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CHAPTER IV
MATERIALS AND METHODS

1. Materials

1.1 Chemicals and reagents

1.1.1. pcDNA4/TO-LDLR-GST construction materials
1.1.1.1. pcDNA4/TO-LDLR vector [Professor Mari Ann
Kulseth (Medical Genetics Laboratory, Department
of Medical Genetics, Rikshospitalet,
University Hospital, Norway)].
1.1.1.2. pGEX-4T-2 vector [GE Healthcare]
1.1.1.3. Specific primer containing restriction site of
Kpnl and BsrGI at the end of primes used
amplify GST sequence of pGEX-4T-2 vector at
position 213-993 resulting in 781 bp of PCR
product as shown in figure 13.
Forward : 5°-GTG GAA TTG GTA CCG GAT AAC AAT TTC ACA CAG G- 3’
Reverse : 5’ - TGT ACA GAT CGT CAG TCA GTC ACGATGCGGC-3’
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241
301
36l
421
481
541
601
66l
721

781

541
501
61

TGTTGACAAT
CACAGGRARDC
AACCCACTCG
GCGATGAAGGS
TTCCTTATTA
TAGCTGACAR
TTGARGGAGC
TTGARACTCT
ATCGTTITATG
TGTATGACGC
AATTAGTTTG
CCAGCAAGTA
ATCCTCCAAR

TAATCATCGGE
AGTATTCATG
ACTTCTTTTG
TGATARAATGE
TATTGATGGET
GCACAACATG
GETTTTGGAT
CAARCTTGAT
TCATARRACH
TCTTGATGTT
TTTTAAARAR
TATAGCATGSE
ATCGGATCTG

CTCGTATAAT
TCCCCTATAC
GAATATCTTG
CGRAACARARD
GATGTTAAAT
TTGEGTGETT
ATTAGATACG
ITTCTTAGCA
TATTTARATGS
GTTTTATACA
CGTATTGAAG
CCTTTGCAGSE
GITCCGEGTG
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Kpnl
GGTAC

Forward primer

G&GTGGAATT

CTGAGCGGAT

ARCRRTTTCR

TAGGTTATTG
AGTTTGAATT
TARCACAGTC
GTCCAARRGA
GTGTTTCGAG
AGCTACCTGA
GTGATCATGT
TGGACCCAAT
CTATCECACA
GCTGGCAAGT
GATCCCCAGS

CGECCGCATC GTGACTGACT GACGATCTGC CTAGCGCGTT

Reverse primer

TGT

BsrGI

GRRRATTARAG
TGAAGAGCAT
GEGTTTGEAG
TATEGCCATC
GCGTGCAGAG
ARTTGCATAT
ARTGCTGARR
ABCCCATCCT
GTGCCTGGAT
AATTGATAAG
CACGTTTGGET
AATTCCCGEGE
TCGETGATGA

Figure 13. The location of GST primers on pGEX-4T-2 sequence

1.1.1.4.
1.1.1.5.
1.1.1.6.

Agarose gel [Bio-Active]
BsrGI [New England BioLabs]

GGCCTTGTGC
TTGTATGAGC
TTTCCCAATC
ATACGTTATA
ATTTCAATGC
AGTARARGACT
ATGTTCGRAG
GACTTCATGT
GCGTTCCCAR
TACTTGAAAT
GETEGCGACC
TCGACTCGAG
CGGTGRAARARC

Deoxynucleoside triphosphate: 2 mM of each

dATP, dCTP, dGTP and dTTP [Fermentas]

I\ |}
1.1.1.8.

cyanol and glycerol
1.1.1.9. . HindIII [New England BioLabs]
1.1.1.10. Kpnl [New England BioLabs]
1.1.1.11. Tag DNA polymerase (5U/uL) [Fermentas]
1.1.1.12 1 pg/puL of 2-log DNA Ladder marker (0.1-10.0 kb)

[New England BioLabs]

1.1.1.13. 10X Taq buffer with (NH4),SO4 [Fermentas]
1.1.1.14. 25 mM Magnesium chloride (MgCl,) [Fermentas]
1.1.1.15. 5X Tris Borate EDTA (TBE) buffer pH 8.0: Tris

Ethidium bromide (EtBr) [Sigma]

Gel loading dye: bromophenol blue, xylene

base, boric acid and ethylenediaminetetraacetic
acid (EDTA)
1.1.2. Cell culture materials
1.1.2.1. Fetal bovine serum (FBS) [Gibco BRL]
1.1.2.2. Fungizone [Gibco BRL]
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1.1.2.3.
1.1.2.4.

1.1.2.5.
1.1.2.6.
1.1.2.7.
1.1.2.8.
1.1.2.9.
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HAM’s F12 medium [Gibco BRL]

LDL receptor deficient CHO-IdIA7 [Professor

Monty Krieger (Biology Department,

Massachusetts Institute of Technology,
Massachusetts, USA)].

L-glutamine [Gibco BRL]

Lipofectamine [Gibco BRL]

Opti-MEM [Gibco BRL]

Penicillin and Streptomycin [Gibco BRL]

Phosphate buffer saline (PBS) pH 7.4: NaCl [Merck],
KCl [Merck], Na,HPO4 [Merck] and KH,PO, [Fluka]

1.1.2.10. Trypsin [Gibco BRL]
1.1.2.11. Zeocin [Gibco BRL]

1.1.3. Plasmids
I ]
1.1.3.2.

LRSS

1.1.3.4.

1.1.3.5.

1.1.4. Plasmid i

transformation materials

Ampicillin [Sigma]

Luria-Bertani (LB) agar: bacto-tryptone, bacto-

agar and bacto-yeast extract [Becton Dickinson],
and sodium chloride (NaCl) [Merck]

Luria-Bertani (LB) medium: bacto-tryptone

[Becton Dickinson], bacto-yeast extract [Becton
Dickinson] and sodium chloride (NaCl) [Merck]

Super optimal broth with catabolite repression

(SOC medium): bacto-tryptone [Becton Dickinson],
bacto-yeast extract [Becton Dickinson], sodium
chloride (NaCl) [Merck] and glucose [Sigma]
Tris-EDTA (TE) buffer pH 8.0: Tris chloride [Sigma]
and EDTA [Merck]

solation materials

1.1.4.1. Chloroform [Merck]
1.1.4.2. Ethanol [Merck]

1.1.4.3. Isopropanol [Merck]
1.1.4.4. RNase A [Sigma]
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1.1.4.5. Sodium acetate (NaOAc) [Merck]
1.1.4.6. Solution I: glucose [Sigma], Tris chloride
[Sigma] and EDTA [Merck]
1.1.4.7. Solution II: sodium hydroxide (NaOH) [Merck]
and sodium dodecyl sulfate (SDS) [Sigma]
1.1.4.8. Solution III: glacial acetic acid (CH;COOH)
and potassium acetate (CH;COOK) [Merck]
1.1.5. Immunohistochemistry materials
1.1.5.1. Bovine serum albumin (BSA) [Sigma]
1.1.5.2. FITC-conjugated antibody [Santa Cruz biotechnology]
1.1.5.3. Glycerol [Merck]
1.1.5.4. IgG-C7 antibody: a mouse monoclonal antibody
to LDLR [Santa Cruz biotechnology]
1.1.5.5. Paraformadehyde [Sigma]
1.1.5.6. Triton x-100 [Sigma]
1.1.6. Biological function of LDLR-GST assay materials
1.1.6.1. Glycerol [Merck]
1.1.6.2. Paraformadehyde [Sigma]
1.1.6.3. 1,1'-dioctadecyl-3,3,3",3'-
tetramethylindodicarbocyanine perchlorate-LDL
(Dil-LDL) [Sigma]
1.1.7 Western blot analysis materials
1.1.7.1 5X Separating buffer: Tris-HCI [Sigma]
and SDS [Sigma]
1.1.7.2 5X Staking buffer: Tris-HCI [Sigma]
and SDS [Sigma]
1.1.7.3 10X Electrode buffer: Tris base [Sigma],
glycine [Merck] and SDS [Sigmal]
1.1.7.4 2X Sample buffer: glycerol [Merck], Tris-HCI
[Sigma], SDS [Sigma], 2-mercaptoethanol [Sigma]
1.1.7.5 30%: 0.8% acrylamide-Bis solution: acrylamide
[Sigma], bis- acrylamide [Sigma]
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1.1.7.6  1X Electrotransfer buffer: Tris base [Sigmal],
glycine [Merck] and methanol [Merck]
1.1.7.7 10X Tris buffer saline (10X TBS): Tris-HCI [Sigma],
NaCl [Merck]
1.1.7.8 1X Tris buffer saline Tween-20 (1X TBST): TBS,
Tween-20 [Merck]
1.1.7.9 Membrane staining solution: acetic acid [Merck],
Ponceau S [Sigma]
1.1.7.10 Separating gel: separating buffer, acrylamide
[Sigma], ammonium per sulfate (APS) [Sigmal],
TEMED [Sigmal]
1.1.7.11 Stacking gel: stacking buffer, acrylamide [Sigma],
APS [Sigma], TEMED [Sigma]
1.1.8 Protein purification materials
1.1.8.1 Phosphate buffer saline (PBS) pH 7.4
1.1.8.2  Glutathione [Merck]
1.1.8.3 Tris-HCI [Sigma]
1.1.8.4 GSTrap FF [GE Healthcare]
1.1.9 Immobilization materials
1.1.9.1 Hydrogen peroxide (H,O,) [Carloerba]
1.1.9.2 Sulfuric acid (H,SO4) [BDH]
1.1.9.3 12 MHz (AT-cut) gold surface of quartz crystal
1.1.9.4 Glutathione [Merck]
1.1.8.3 Tris-HCI [Sigma]
1.2 Water
Autoclaved 18Q deionized water was used for the preparation of all reagents
for performed entire experiments.
1.3 Instruments, glassware and plastic wares
The following listed equipments were used in this study.

1.3.1. Analytical balance [Precisa]
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1.3.2.
1.33
1.3.4.
1.3.5.
1.3.6.
1.3.7.
1.3.8.
1.3.9.
1.3.10
1.3.11
1.3.12
1.3.13
1.3.14
1.3.15
1.3.16
1.3.17
1.3.18

1.3.19.
1.3.20.
N33
1.3.22.
1.3.23.
1.3.24.
1.3.25.
1.3.26.
1.3.27.
1.3.28.
1.3.29.
1.3.30.
1.3.31.
1.3.32.

1.3.33

Auto pipette: 10, 20, 200, 1000 microliters (uL) [Gilson]
CO; incubator (Shel Lab)
Freezer -80°C, -20°C [Thermoelectron]
Gel electrophoresis [Bio-Rad]
Hemocytometer counting chamber [Resistant, Germany ]
Inverted system microscope [Olympus]
Light microscope [Olympus]
Magnetic stirrer plate [Chiltern Scientific]
. Microflow advance Biosafety Cabinet-class II [Microflow]
. pH meter [Therma]
. Polymerase chain reaction (PCR) machine [Bio-Rad]
. Refrigerator [Sharp]
. Refrigerator microcentrifuge [Thermo electron]
. UV-spectrophotometer [UV-2450, Shimadzu]
. UV transluminator gel documentation [Syngene]
. Vortex [Scientific Industries]
. Water bath [JulaboTWS]
Beaker: 50, 100, 500, 1000 mL
Cylinder: 50, 100, 1000 mL
Glass slide and cover glass
Pasteur pipette [Volac]
Volumetric flask: 10, 50, 100, 200, 500, 1000 milliliters (mL)
Conical tube: 15 mL and 50 mL [Corning Incorporation]
Disposable pipette: 5 mL and 10 mL [Costar]
Microcentrifuge tube: 0.7 mL and 1.7 mL [AXYGEN]
Millipore filter 0.22 um [Millipore]
Pipette tip: 10, 200, 1000 L [AXYGEN]
Cell culture flasks 25 cm” [Corning Incorporation]
Cell culture flasks 75 cm” [Corning Incorporation]
100 mm x 20 mm cell culture dish [Corning Incorporation]
96 wells cell culture plates [Corning Incorporation]

. 6 wells cell culture plates [Corning Incorporation]
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2. Methods
2.1.  Study design

The fusion protein of LDLR-GST was designed and stably expressed in LDLR
deficient, CHO-1dIA7 cells
The expression of LDLR-GST were identified by immunohistochemistry and
Western blot analysis

'

The function of LDLR-GST were identified by Dil-LDL binding

LDLR-GST purification

’

GSH immobilization onto gold surface

’

LDLR-GST immobilization onto GSH surface

v

Adsorption of LDL on surface
Figure 14. Experimental design of the LDL detection based on ligand-receptor QCM

2.2. pcDNA4/TO-LDLR-GST construction

Reagent preparation

5X Tris-borate (TBE) buffer pH8.0: A volume of 950 mL of water was used
to dissolve 54 g of Tris base, 27.5 g boric acid
and 20 mL of 0.5M EDTA and then made up to
final volume of the solution to 1 liter with
water.

0.7% agarose gel: A volume of 50 mL of 0.5X TBE buffer was

used to dissolve 0.35 g of agarose and then heat
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until the solutes have dissolved before poured
into the tray.
Ethidium bromide (10 mg/mL): This solution was prepared by dissolving 1 mg of
ethidium bromide in 10 mL of water.
Gel loading dye: This solution was prepared by dissolving 0.125 g
each of bromophenol blue and xylene cyanol in
50 mL of water containing 15 mL of glycerol.
Procedures
In this study, the fusion protein of LDLR-GST was designed by insertion of
GST at the C-terminus of pcDNA4-TO-WT-LDLR. GST cDNA was amplified from
pGEX-4T-2 vector by using specific primer containing restriction site of Kpnl and
BsrGlI at the end of primes. The amplicon was amplified at 213-993 of pGEX-4T-2
vector resulting in 781 bp of predicted PCR products as shown in Figure 13. A 20 pL
of the PCR reaction consisted of DNA, 10 pmoles/pL of each primer, 1X PCR buffer,
2 mM dNTP and 1.5 units of tag DNA polymerase. PCR was performed using a
thermal cycler programmed for 40 cycles of 94°C for 1 minute, 66°C for 1.30 minutes,
and 72°C for 1 minute. Amplified products were analysed by agarose gel
electrophoresis. GST ¢cDNA was digested with specific Kpnl and BsrGI restriction
enzyme. The vector was prepared by removing EYFP ¢cDNA from pcDNA4-TO-WT-
LDLR-EYFP vector with specific Kpnl and BsrGI restriction enzyme and analysed by
agarose gel electrophoresis. The reaction condition of digestion was shown in table 5.
After that, the DNA concentration and purity were determined by measuring optical
density (OD) at 260 and 280 nm. The pcDNA4/TO-LDLR-GST vector was
constructed by insertion of GST ¢cDNA fragment into pcDNA4/TO-LDLR vector in
the ratio of 1:3 at the Kpnl/BsrGI restriction sites using T4 DNA ligase as shown in

figure 15 and the reaction condition was shown in Table 6.
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Table 5. Reaction condition of GST cDNA and pcDNA4/TO-LDLR vector digestion

using KpnlI and BrsGI enzymes

Reagents Amount (pL)
dH,O 2
10X NEBuffer 2 1
100 pg/mL BSA 1
KpnI and BrsGI ( 5U) 0.5 and 0.5
GST cDNA or pcDNA4/TO-LDLR vector 10 (0.7 ng)
Total 15
37°C, overnight
Agarose gel electrophoresis
DNA extraction from agarose gel
using QIAquick Gel Extraction Kit (QIAGEN)

e, HindlII(979)
g

pcDNA4/TO-LDLR-EYFP

E EEEEEEEEEEEEEEEEENE N

peDNASTO-LDLR-GST
B4 kb

s, HedleTs)

Figure 15. LDLR-GST construction map. pcDNA4-TO-WT-LDLR-GST was created
by insertion GST ¢cDNA into pcDNA4-TO-WT-LDLR at restriction site of Kpnl and

BsrGl.



Kulvadee Tangmansakulchai Materials and Methods / 40

Table 6. Reaction condition for ligation of GST cDNA and pcDNA4-TO-WT-LDLR

Reagents Amount (uL)
dH,O 5
5X T4 DNA ligase buffer 4
pcDNA4-TO-WT-LDLR (20 ng/ uL) 7.5 (150 ng)
GST cDNA (35 ng/ uL) 1.5 (50 ng)
T4 DNA ligase (1u/ puL) 2
Total 20

15°C, overnight

Transformation into E. coli DH5a competent

2.3 Transformation of E.coli using the heat shock method
Reagents preparation
SOC medium:

A volume of 950 mL of water was used to dissolve 20 g of bacto-tryptone, 5 g
of bacto-yeast extract and 0.5 g of NaCl and then shake until the solutes have
dissolved. The volume of the solution was adjusted to 1 liter with water and sterilized
by autoclaving for 15 minutes at 15 Ib/sq. in. on liquid cycle. After the solution has
been autoclaved, allow it to cool to 60°C or less and then added 20 mL of a sterile 1M
solution of glucose. Solution of glucose was made by dissolving 18 g of glucose in 90
mL of water. After the sugar had dissolved, adjusted the volume of the solution to 100
mL with water and sterilized by filtration through a 0.22-micron filter.

LB medium (Luria-Bertani medium):

A volume of 950 mL of water was used to dissolve 10 g of bacto-tryptone, 5 g

of bacto-yeast extract and 10 g of NaCl and then shake until the solutes have
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dissolved. Next, the pH was adjusted to 7.0 with NaOH. Finally, the volume of the
solution was adjusted to 1 liter with water and sterilized by autoclaving for 15 minutes
at 15 Ib/sq. in. on liquid cycle.
LB agar (Luria-Bertani agar):

A volume of 300 mL of water was used to dissolve 3 g of bacto-tryptone, 1.5 g
of bacto-yeast extract, 4.5 g of bacto-agar and 3 g of NaCl and then sterilized by
autoclaving for 15 minutes at 15 Ib/sq. in. on liquid cycle. After the medium was
removed from the autoclave, swirled it gently to distribute the melted agar evenly
throughout the solution and then allowed the medium to cool to 50°C. Subsequently,
30-35 mL of LB agar was directly poured into 90 mm bacteria petri dishes. After the
medium was completely solidified, plate was inverted and stored at 4°C until used.
Procedures

Transformation of plasmid DNA into E. coli using the heat shock method is a
basic technique of molecular biology. It consists of inserting a foreign plasmid or
ligation product into bacteria. In this study, pcDNA4/TO-LDLR-GST vectors were
transformed into E. coli DH5a competent by heat shock as previously describes
(Sambrook et al., 1987). Briefly, after incubation on ice for 30 minutes, a mixture of
competent E. coli DH5a and pcDNA4/TO-LDLR-GST was placed at 42°C for 90
seconds (heat shock) and then placed back on ice. SOC medium was added and the
transformed cells were incubated at 37°C for 60 minutes with agitation and then the
transformed E. coli DH5a cells were growth on LB agar containing 10 mg/mL of
ampicillin. After overnight incubation, the bacterial colonies were picked and
incubated in LB medium overnight at 37°C. Plasmid DNA was isolated from
ampicillin-resistant clone by conventional method.

2.4 Small-scale preparations of plasmid DNA
Reagent preparation
Solution I:

Approximately 100 mL of solution contained 50 mM glucose, 25 mM Tris
chloride pH 8.0 and 10 mM EDTA pH 8.0 and this solution was sterilized by
autoclaving for 15 minutes at 15 1b/sq. in. on liquid cycle.

Solution II (fresh preparation):
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This solution was prepared by mixing 200 uL of 10M NaOH, 8 mL of water,
1 mL of 10% SDS and adjusted the volume of the solution to 10 mL with water and
then thoroughly mixed.

Solution III:

This solution was prepared by mixing 11.5 mL of glacial acetic acid, 25 mL of
water, and 60 mL of 5M potassium acetate by inverting the tube and then adjusted the
volume of the solution to 100 mL with water. The solution was sterilized by
autoclaving for 15 minutes at 15 1b/sq. in. on liquid cycle.

Tris-EDTA (TE) buffer pH 8.0 :

This buffer was prepared by mixing 1 mL of IM Tris chloride with 0.2 mL of
0.5M EDTA and then adjusted the volume of the solution to 100 mL with water and
sterilize by autoclaving for 15 minutes at 15 1b/sq. in. on liquid cycle.

Procedures

A minipreparation or miniprep is a technique for extracting small amounts
(100 ng to 5 pg) of plasmid DNA from transformed bacteria, most commonly
Escherichia coli. Plasmid DNA was isolated from ampicillin-resistant clone by
conventional method as previously describes (Sambrook et al., 1987). Briefly, after
overnight incubation of bacterial colonies in LB medium containing ampicillin, 1 mL
of the culture was poured into a microfuge tube. The bacterial pellet was obtained by
centrifugation of culture at 3,000 rpm for 5 minutes at room temperature and discarded
the medium. The bacterial pellet was resuspended with 100 pL of solution I by
vigorous vortexing. The bacteria were lysed by incubating with 200 pL of freshly
prepared solution II for 2 minutes at room temperature. After that, 150 uL of ice-cold
solution III was added and gently mixed to disperse solution III through the viscous
bacterial lysate and then incubated the solution on ice for 10 minutes. The cell debris
was separated by centrifugation at 12,000 rpm for 5 minutes at 4°C. The supernatant
containing plasmid DNA was transferred to a new microfuge tube. The proteins
contamination was removed by two-phase extraction with an equal volume of
phenol:chloroform then centrifuged at 12,000 rpm for 2 minutes at 4°C. The top layer
containing plasmid DNA was transferred to the new microfuge tube. Thereafter, the
DNA vector was precipitated by adding 2 volumes of cold absolute ethanol, gently

mixed by inverted tube, allowed the mixture to strand for 2 minutes, incubated at -20
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°C. The DNA pellet was collected by centrifugation at 12,000 rpm for 5 minutes at
4°C. The excess of salt was removed by washing the DNA pellet with cold 70%
ethanol by centrifugation at 12,000 rpm for 5 minutes at 4°C. The DNA pellet was
suspended in 40 pL. TE buffer and RNA contamination was destroy by digested with
10 pL of 0.1 mg/mL RNase A at 37°C for 30 minutes. The plasmid DNA was
precipitated by adding 400 pL TE buffer, 0.1 volumes of 3M NaOAc pH 5.2 and 1 mL
of cold absolute ethanol and DNA pellet was collected by centrifugation at 12,000 rpm
for 10 minutes at 4°C. The DNA pellet was washing with 1 mL of cold 70% ethanol
twice. The DNA pellet was let it dry by air and resuspended with water. The positive
clone was further identified by digestion with specific restriction enzyme and
visualized on agarose gel electrophoresis.

2.5 Restriction endonuclease digestion
Procedures

The positive clone from small-scale preparations was verified by digestion
with HindIII restriction endonuclease and visualized on agarose gel electrophoresis.
The existing of insertion; GST gene fragment, in the recombinant plasmid was verified
by double digestion with HindIIl and Kpnl restriction endonuclease. The existing of
LDLR gene fragment in the recombinant plasmid was verified by double digestion
with Kpnl and BsrGI restriction endonuclease.

2.6 Transfection by using Liposome
Procedures

The LDLR deficient CHO-IdIA7 cells were grown in Ham’s F-12 medium
supplemented with 5% fetal bovine serum (FBS), 1% L-glutamine, 1% penicillin-
streptomycin and 0.1% fungizone at 37°C with 5% CO,. The pcDNA4/TO-LDLR-
GST vectors were transfected into the LDLR deficient CHO-IdIA7 cells for LDLR
expression. CHO-IdIA7 cells were transfected with pcDNA4/TO-LDLR-GST vectors
using lipofectamine™ reagent following company protocol. The stably transfected
cells were selected by zeocin resistant. The positive clones, with highly expression in

LDLR-GST, were identified by immunohistochemistry.
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2.7 LDLR expression assay by immunohistochemistry
Reagent preparation
Phosphate buffer saline (PBS) pH 7.4:

A volume of 950 mL of water was used to dissolve the mixture of 8 g of NaCl,
0.2 g of KCI, 1.44 g of Na,HPO4 and 0.24 g of KH,PO4 and then adjusted the pH to
7.4 with 6M HCI. The final volume of the solution was made up to 1 liter with water
and sterilized by autoclaving for 15 minutes at 15 1b/sq. in. on liquid cycle.
Procedures

Stably transfected CHO-IAIA7 cells were plated 3 x 10’ cells onto cover slip for
24 hours. The cells were washed with PBS and then fixed with 4% paraformadehyde,
permeabilized with 0.1 % Triton X-100 and incubated with IgG-C7 antibody for 1
hour at room temperature. Subsequently, cells were incubated with FITC-conjugated
antibody for 1 hour at room temperature and then the green fluorescent was visualized
under fluorescent microscopy.

2.8 LDLR expression assay by Western blot analysis
Reagent preparation
5X Separating buffer:

A volume of 95 mL of water was used to dissolve 22.7 g of Tris-HCl and 0.5 g
of SDS and then mixed until the solutes have dissolved. The pH was adjusted to 8.8
with 2M NaOH. The volume of the solution was adjusted to 100 mL with water.
5X Stacking buffer:

A volume of 95 mL of water was used to dissolve 7.57 g of Tris-HCl and 0.5 g
of SDS and then mixed until the solutes have dissolved. The pH was adjusted to 6.8
with 2M NaOH. The volume of the solution was adjusted to 100 mL with water.
10X Electrode buffer:

A volume of 950 mL of water was used to dissolve 30.3 g of Tris-base, 144 g
of glycine and 10 g of SDS and then mixed until the solutes have dissolved. The pH
was adjusted to 8.3 with 6M HCI. The volume of the solution was adjusted to 100 mL

with water.
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2X Sample buffer:

This buffer was prepared by mixing 20 mL of water with 10 mL of glycerol,
0.76 g of Tris-HCI and 2 g of SDS and then adjusted the volume of the solution to 45
mL with water. 2-mercaptoethanol (2-ME) was added before used in a ratio of 9:1 (2X
Sample buffer: 2-ME).

30%: 0.8% acrylamide-Bis solution:

A volume of 95 mL of water was used to dissolve 30 g of acrylamide and 0.8 g
of bis-acrylamide at 37°C. The volume of the solution was adjusted to 100 mL with
water and stored in a brown bottle at 4°C.
1X Electrotransfer buffer:

A volume of 950 mL of water was used to dissolve 3.02 g of Tris base and
14.3 g of glycine. The 200 mL of methanol was added and then the volume of the
solution was adjusted to 1 liter with water.
10X Tris Buffer Saline (10X TBS):

A volume of 950 mL of water was used to dissolve 60.57 g of Tris-HCI and
87.66 g of NaCl. The pH was adjusted to 7.9 with 2M NaOH. The volume of the
solution was adjusted to 1 liter with water.
1X Tris Buffer Saline Tween-20 (1X TBST):

This buffer was prepared by mixing 500 pL of Tween-20 with 1 liter of 1X
TBS.

Membrane staining solution:

This solution was prepared by mixing 5% of acetic acid with 0.1% Ponceau S.
10% separating gel:

This gel was prepared by mixing 8 mL of water, 3.5 mL of 5X separating
buffer, 6 mL of 30% acrylamide, 75 pL of 10% APS and 12.5 pL of TEMED.

6% stacking gel:

This gel was prepared by mixing 6 mL of water, 2 mL of 5X stacking buffer, 2
mL of 30% acrylamide, 50 pL of 10% APS and 5 pL of TEMED.

Procedures

Stably transfected cells were plated at 1 x 10° cells onto 100 mm x 20 mm cell
culture dish for 24 hours and then washed cells with PBS twice. Stably transfected

cells were scraped in 1 mL PBS. The cell pellet was obtained by centrifugation at
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5,000 rpm and cells were lysed by hand homogenizer (KONTES). The cell debris was
removed by centrifugation of cell lysate at 12,000 rpm for 5 minute at 4 °C. The
protein concentration was determined by using Quant-iT'™ protein assay kit
(Invitrogen). A hundred microgram of cell lysates was added to 100 uL of 2X sample
buffer containing 10% B-mercaptoethanol. The samples were heated at 95°C for 5
minutes and subjected to 10% SDS-PAGE and transferred to nitrocellulose membrane.

The receptors were detected with monoclonal anti-LDLR antibody IgG-C7 (1:200)
followed by the addition of secondary horseradish peroxidase (HRP) conjugated goat
anti-mouse antibody (1:3,000). The positive protein was detected by ECL reagent. The

positive bands were visualized by exposed with hyperfilm. The Precision Plus

Protein' ™ WesternC'™ Standards (Bio-Rad) was used as the protein marker.

2.9 The biological function of LDLR-GST assay using Dil-LDL
Procedures

The biological function of LDLR-GST was performed by incubating Dil-LDL
with stably transfected CHO-IdIA7 cells at 3 x 10° cells for 4 hours at 37°C.
Thereafter, cells were fixed with 4% paraformadehyde and the binding of LDLR-GST
and Dil-LDL were visualized under fluorescent microscopy.

2.10 LDLR-GST purification
Reagent preparation
Binding buffer:

Phosphate buffer saline (PBS) pH 7.4 was used as binding buffer. One liter of
this buffer contains 8 g of NaCl, 0.2 g of KCl, 1.44 g of Na,HPO4 and 0.24 g of
KH,PO,.

Elution buffer:

This buffer contains 10 mM reduced glutathione in 50 mM Tris-HCI pHS.0.
50 mM of Tris-HCI pH8.0:

A volume of 950 mL of water was used to dissolve 7.9 g of Tris-HCI. The pH
was adjusted to 8.0 with 2M NaOH. The volume of the solution was adjusted to 1 liter

with water.
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Procedures

Stably transfected cells were plated at 1 x 10° cells onto 100 mm x 20 mm cell
culture dish for 24 hours and then washed cells with PBS twice. Stably transfected
cells were scraped in 1 mL PBS. The cell pellet was obtained by centrifugation at
5,000 rpm and cells were lysed by hand homogenizer (KONTES). The cell debris was
removed by centrifugation of cell lysate at 12,000 rpm for 5 minutes at 4 °C. The
protein concentration was determined by using Quant-iT'™ protein assay kit
(Invitrogen). LDLR-GST in cell lysates was purified by using GSTrap FF (1 mL)
column. The column was equilibrated with 5 column volumes of binding buffer. The
cell lysates were applied using a syringe with a flow rate of 0.2-1 mL/min and then
washed the column with 5-10 column volumes of binding buffer. Finally, LDLR-GST
was eluted with 5-10 column volumes of elution buffer with a flow rate of 1-2
mL/min.

2.11 The biological function of LDLR-GST assay

A quartz crystal microbalance (QCM) measures a mass per unit area by
measuring the change in frequency of a quartz crystal resonator. The resonance is
disturbed by the addition or removal of a small mass due to oxide growth/decay or
film deposition at the surface of the acoustic resonator. QCM is a simple, cost
effective and high-resolution mass sensing technique. Hence, in this study the
investigations of the binding of LDL with LDLR-GST were determined by using
QCM.
Procedures

1. Self-assembling of glutathione (GSH) on gold surface

The fusion protein was assembled onto the gold surface of 12 MHz AT-

cut piezoelectric quartz crystal via GSH self-assembly monolayer. The gold surface
was cleaned by dipping in 1:3 of 30% H 0, : absolute H,SO4 for 30 second followed
by rinsing thoroughly in water and then air dry the surface. After that, the resonant
frequency of quartz crystal was measured as a baseline by using in-house frequency
counter device. Next, glutathione was coated onto a gold surface through formation of

an Au-S bond. The frequency shift from the mass change obtaining from an Au-S
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bond refers to the amount of GSH on gold surface. This gold surface was further used
for the self-assembling of fusion protein.

1.1 The optimal concentration of glutathione

Various concentrations of GSH: 20, 40, 60 and 80 mM, respectively
were placed on the gold surface. The excess of unbound GSH was washed with the
excess amount of water. The different of resonant frequency was monitored for
effectiveness of GSH immobilization. The GSH at the lowest concentration giving the
highest change of resonant frequency is optimal. This optimal concentration was
chosen for LDLR-GST immobilization.

1.2 The optimal incubation time of glutathione

The optimal concentration of GSH was immobilized onto gold surface
at various incubation times: 2, 4, 6, 8, and 10 hours, respectively. After rinsed with
water and air dried shortly, the different of resonant frequency was monitored for
effectiveness of GSH immobilization. The GSH at the lowest incubation time giving
the highest change of resonant frequency is optimal. This optimal incubation time was
chosen for LDLR-GST immobilization.

2. Self-assembling of LDLR-GST

Glutathione surface was immobilized with purified LDLR-GST from
LDLR-GST stable clone of CHO-IdIA7 cells. Then, non-specific proteins were
removed by excess amount of water. The frequency shift from the mass change
obtaining from the GSH-GST complex refers to the amount of LDLR on gold surface.

3. Adsorption of LDL onto coated surface

Dil-LDL in various concentrations: 0.001, 0.003, 0.005 and 0.009
ug/ul was added onto coated surface. The frequency shift from the mass change
obtaining from the LDL-LDLR complex refers to the amount of LDL on gold surface.

After that, the calibration curve for LDL concentration was plotted.

3. Statistical analysis

Statistical analysis was performed by using the SPSS version 13.0 for windows
software. A p value of less than 0.05 was considered statistical significant different.
The continuous parameters were expressed as mean + standard deviation (SD). Mann-

Whitney U test was used to test the statistical significance and to evaluate the p vale.
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CHAPTER V
RESULTS

1. pcDNA4/TO-LDLR-GST construction

To directly obtain GST gene from pGEX-4T-2 vector, GST gene was
amplified by using specific primers as described in materials and methods section.
PCR product of 781 bp was obtained (Figure 16) and purified using QIAquick gel
extraction kit (QIAGEN). Both GST gene fragment and pcDNA4-TO-WT-LDLR
vector were digested with Kpnl and BSrGI to create the ligation site. The expected size
of digested GST gene and digested pcDNA4-TO-WT-LDLR fragments of
approximately 763 bp and 7668 bp, respectively, were obtained as shown in Figure 17.
Digested GST gene and digested pcDNA4-TO-WT-LDLR fragments were extracted
from agarose gel and then digested GST gene fragment was inserted into pcDNA4-
TO-WT-LDLR vector and transformed into E. coli DH5a. Only one transformant was
grown on the selected LB agar containing ampicillin. The transformant bacteria colony
was harbored and plasmid DNA was extratcted and verified on agarose gel (Figure
18). A plasmid DNA was verified by digestion with HindIII restriction endonuclease.
The existing of insertion; LDLR gene fragment, in the plasmid DNA was verified by
double digestion with HindIII and Kpnl restriction endonuclease. The existing of GST
gene fragment in the plasmid DNA was verified by double digestion with Kpnl and
BsrGI restriction endonuclease. After the digestion, the expected DNA pattern of the
plasmid containing the correct gene fragments of LDLR gene was 5786 and 2645 bp
fragments and of GST gene was 7668 and 763 bp fragments (Figure 19). To ensure the
DNA sequences of GST gene in plasmid was correct, the determination of GST DNA
sequences were performed by using GST forward primer (5’- GTG GAA TTG GTA
CCG GAT AAC AAT TTC ACA CAG G - 3’) and GST reverse primer (5’ - TGT
ACA GAT CGT CAG TCA GTC ACG ATG CGG C - 3”). The sequence of clone was
assembled and compared with GST gene of pGEX-4T-2 vector by Smith-Waterman
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alignment. The result revealed that there was matching in the nucleotide of GST gene
as shown in Figure 20. These results indicated that a clone harbored plasmid DNA

with the correct GST gene and so it was named as pcDNA4-TO-WT-LDLR-GST.

2. Expression of LDLR-GST in CHO-IdIA7 cells

To express LDLR-GST in CHO-IdIA7 cells for used as a source of LDLR-
GST, the pcDNA4-TO-WT-LDLR-GST was transfected into CHO-IdIA7 cells. For
successful transfection, the optimal DNA: lipid ratio was determined. As a result, 8 uL
of lipofectamine was chosen as the optimal amount for transfection of 1 pg of DNA in
6-well culture plates. Immumohistochemistry using IgG-C7 antibody and fluorescein
isothiocyanate (FITC) were used to monitor the transfection efficiency and expression
of the LDLR-GST in CHO-IdIA7 cells. The results from transient transfection showed
several positive clones of LDLR-GST with transfection efficiency of 46% (Figure 21).
The clones that expressed high amounts of positive cells were selected for establishing
stable clone for long-term use. The stably transfected cells were selected by zeocin
resistant and the transfection efficiency and expression of the LDLR-GST were
monitored. The results of stably transfection revealed the positive of LDLR-GST with
transfection efficiency of 90% (Figure 22).
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Figure 16. PCR product of GST amplified from pGEX-4T-2 using specific primer
containing restriction site of Kpnl and BsrGI at the end of primes. The 0.7% agarose
gel electrophoresis of 20 pL of PCR reaction is demonstrated. Amplification
condition, temperature profile and the component are in materials and methods
section.

Lane 1 : 100 bp ladder

Lane 2 : PCR product of GST
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Figure 17. The 0.7% agarose gel electrophoresis of DNA fragments.

Lane 1 : 10 Kb ladder

Lane 2 : PCR product of GST gene

Lane 3 : uncut GST gene fragment (781 bp)

Lane 4 : digested GST gene fragment (763 bp)

Lane 5 : purified digested GST gene fragment (763 bp)

Lane 6 : pcDNA4-TO-WT-LDLR vector (8407 bp)

Lane 7 : digested pcDNA4-TO-WT-LDLR vector with Kpnl and BsrGI

Lane 8 : purified digested pcDNA4-TO-WT-LDLR vector with Kpnl and BsrGI (7668

bp)
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Figure 18. The 0.7% agarose gel electrophoresis of plasmid DNA.
Lane 1 : 10 Kb ladder

Lane 2 : plasmid DNA from transformant bacteria colony
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Figure 19. The 0.7% agarose gel electrophoresis of DNA fragments.

Lane 1 : 10 Kb ladder

Lane 2 : pcDNA4-TO-WT-LDLR vector digest with Kpnl and BsrGI (7668 bp)
Lane 3 : GST gene fragment (763 bp)

Lane 4 : plasmid DNA digest with HindIII (8431 bp)

Lane 5 : plasmid DNA digest with HindIII and Kpnl (5786 and 2645 bp)

Lane 6 : plasmid DNA digest with Kpnl and BsrGI (7668 and 763 bp).
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Alignment of two DNA sequences

CTGTGGARTTCTCN 107 €—— GST from pGEX-4T-2

TR A TTT AR R DA T -ATTCATCICOCCTATACTACETTATTECRRRATTRAREEECCTTCT

ALCCCACIC

100 €— GST from sequencing

GACTICTITI-G -TCTIG
IR N e N |
ARRTTCTTIGATE-ATTITIC-TG

ATTIGTR 3 ~CIT 200
I I A e e e FEE 11
GATTTGAATARRATCC-TTGRAGCTEATAATICET TATTECTITGTT-TEGECTT 200

TeGACTTICC-CAATCTTCCTTATTATATTCATACTCATETTARATTAACACACT-CTATGECCATC-ATACCTTATATAGCTCGA-CRACCACRACATET 300
FECREEEEE 1 FEEEEE DL LR [N e A N O A A N O Iob Pl THEE L T 1 T

TeGRCTTICTGC-ATCTTCCTTATTCeaeTGEEECARR A RCTCCATTATCACR-TCCCCTGECTCEAGEATCA-TCCATCOCTGATCOCEGRAR--ATET 300

TeGETCETT T CCAR R A T eCACACR TTTCA-ATCCT TG AACEACCCETITTCEATATTAGRTA-CECTETTTCRAGRATTELR ARRGLC 400
I 1Al [ N N A e e R R AR AR R AR AR AR AR A A N AR AN RN AR N Y |
TCCEAGECCERCCCTTTCATAGACCECACATETREAAT-CTTGATCEAGCACTITTCEATATTACACCTC-CTETTTCARCRATTCCACACAGTTCCCAG 400

TITCARACT T AL T TCATTITCTTACCAACCTACCTGRAATCCTCARARTCTTCERACATCETTTATCTCATARRACATATTTARATCGETCATCATE 500
AR N A AN NN e e R R R RN R R AR e R A RN AR R (N RR N AR AR RR
TITGEAACT T ACGETTCATTITCITACCACCETAGCTGRA AT CTTCARCATCTCCCCEEATCETTTECETCCCEEA-CATATTERA-TCETCATCATE 500

TARCCCATCCTCACTICATCTTETATGRACCCTCTIGAT CTICTITTATACATE-CACCCAATCTECCTEEATCCCTTCCCARAATTACTITETTITTARAE 600

PR eee e i AR EER R EEE PR EEEE b R LEEE PR FEEREEEEEEEE FEREEELT 11
TCRCCCATCCTCCCTICCTECTETATGRACGCTCTIGATCTICTITIATACA-CCCACCCACTCICOCTEEATCCTTTCCCARAATTATTTTETTITICARE 600

AR CeTATT ARG CTAT o ACA AT CAT AR C-TACT T AR TCC AL ACT AT TACCATCECCTTTECACEECTEECARECCACETTIGRTCETER: 700
(RN R AR AR AR AR AR ARRRN PEEERRERT PR R TR R BEERPLERET TR PEEEREEEE FEEE 1 1 TETTTT
A-CCTATTGARCCTATCCCACRARTTCR--CCOTTACTTCARR TCCAGCRARACRTATACCATGECCTTTCCARCECTEECARTCORCCTACGECEETERCE 700

ACCRTCCTCCAR A TCCEATCTEETTCCECETEEATCCCCACEARTTCCCEEETCEACTCEAGCECCCECATCETEA-CTEACTEACGATCTECCTCECE 800
FEERETEEEETEErer D FEEEEEELL FECVERREUTLLEFEPEEEEEL R LT [ [ Y (I
ACCRT O AR A TCCCATCIEETTCTTGETCEATCCCCACEAATTCCCEEETCCACTCATACTATCCCAATAT-ACCATACCEATEATTAAT-TGACE 800

CGIT 300
TCACGeTECTCATCACRTCCT AR A GECRTATACRRACTCCCTCARCCTTITTIECAT CTECCTTCTACT TGRARRRRECCTCCTCACTACTICI 500
1000

Figure 20. DNA sequencing result of GST sequence from plasmid DNA comparable
with GST sequence from pGEX4T-2 subjected to alignment.
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Figure 21. Expression of LDLR-GST from transient transfection: The
immunohistochemistry with 1gG-C7 antibody of LDLR-GST CHO-IdIA7 cells were
visualized under fluorescent microscopy: A. (4X) and B. (10X).



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (MedicalTechnology) /57

A

Figure 22. Expression of LDLR-GST from stable clone: The immunohistochemistry
purity 90% with IgG-C7 antibody of LDLR-GST stable clone CHO-IdIA7 cells were
visualized under fluorescent microscopy (10X): A. bright field and B. FITC.
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3. LDLR expression assay by immunohistochemistry

Immunohistochemistry method was used to determine the expression and
localization of LDLR-GST in CHO-IdIA7 cells. The incubation of LDLR-GST stable
clone with IgG-C7 antibody showed the expression pattern of LDLR-GST which is
located in the cytosol from close proximity to the nucleus through the cell membrane
as seen in the LDLR-EYFP stable clone, represented as native LDLR (Ranheim et al.,
2006) (Figure 23). The results in this study indicated that the chimeric LDLR-GST can
normally be expressed in CHO-IdIA7 cells.

4. Verification of LDLR expression by Western blot analysis

To verify the expression of LDLR-GST stable clone CHO-IdIA7 cells, LDLR-
GST protein was immunoblotted with specific antibody IgG-C7 by Western blot
analysis. The result showed that LDLR-GST was detected with expected molecular
size of 210 kDa in either LDLR-GST transtient or LDLR-GST stable clone CHO-
IdIA7 cells with different levels of expression (Figure 24). This result indicated that
stable clone CHO-IdIA7 cells can be used as a source of LDLR-GST and the
expression of LDLR-GST protein in LDLR-GST stable clone CHO-IdIA7 cells was
higher than transtient CHO-IdIA7 cells.

5. The biological function of LDLR-GST assay using Dil-LDL

To determine the biological function of LDLR-GST in stable CHO-IdIA7
clone, the binding of LDLR-GST to Dil-LDL was performed. The incubation of Dil-
LDL with LDLR-GST stable clone CHO-IdIA7 cells revealed the binding of LDLR-
GST to Dil-LDL occurred on the membrane (Figure 25). The result indicated that the
biological function of LDLR-GST is normal
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Figure 23. Comparison of LDLR-GST expression: by immunohistochemistry with
IgG-C7 antibody under fluorescent microscopy (10X).

A : untransfected (negative control) CHO-IdIA7 cells

B : LDLR-EYFP stable clone CHO-IdIA7 cells

C: LDLR-GST stable clone CHO-IdIA7 cells



Kulvadee Tangmansakulchai Results / 60

LDLR-GST

B-actin

Figure 24. Western blot analysis of purified LDLR-GST protein: Fifty ug of whole
cell lysate from transtient and LDLR-GST stable clone CHO-IdIA7 cells were subject
to Western blot analysis using [gG-C7 antibody. LDLR-GST molecular weight was
approximately 190 kDa. The levels of LDLR-GST protein were standardized by
normalization to -actin.

Lane 1 : Purified protein from transient CHO-IdIA7 cells

Lane 2, 3 : Purified protein from stable clone CHO-IdIA7 cells
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A

Figure 25. Biological function of LDLR-GST under fluorescent microscopy (10X).
A : Untransfected (negative control) CHO-IdIA7 cells

B : LDLR-EYFP stable clone CHO-IdIA7 cells

C : LDLR-GST stable clone CHO-IdIA7 cells
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6. The biological function of LDLR-GST assay using QCM

6.1 The optimal concentration of glutathione

The optimal concentration of GSH on the surface of crystal was determined for
the effective immobilization of LDLR-GST. The resonant frequency was measured
and calculated for the frequency change from bare gold surface of quartz crystal. The
frequency changes were obtained from the difference between the frequency values of
GSH (f)) and the first recorded (fy) as baseline before binding the crystal with GSH
(AF =ty — 1}). The resonant frequency was plotted as a function of GSH concentration.
The results revealed that the increased frequency change was dependent on the GSH
concentration up to 60 mM. The decreased in frequency was observed at 80 mM of
GSH concentration. However, there were no statistical significant different among
tested GSH concentration. Therefore, the optimal concentration of GSH for
immobilization was 60 mM as shows in Figure 26.

6.2 The optimal incubation time of glutathione

The optimal incubation time of GSH on the surface of crystal was determined
for the effective immobilization of LDLR-GST. The resonant frequency at various
incubation times was measured and calculated for the frequency change from bare
gold surface of quartz crystal. The frequency changes were obtained from the
difference between the frequency values of GSH at various incubation time (f;) and
the first recorded (fy) as baseline before binding the crystal with GSH (AF = f; — f)).
The resonant frequency was plotted. The increased frequency change was started at 2
hours and gave the highest frequency change at 6 hours and then decreased. The
frequency changes were not reached statistical significant among different time points.
Therefore, the optimal incubation time of GSH for immobilization on gold surface was

6 hours as shows in Figure 27.
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Figure 26. Concentration curve for optimal concentration of GSH for immobilization

onto gold surface. Each data point represents the mean + SD (n=4).
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6.3 Self-assembling of LDLR-GST

Cell lysates of untransfected and LDLR-GST stable clone CHO-IdIA7 cells
were purified by using GSTrap FF column and the concentration of purified proteins
were determined by Quant-iT™ protein assay kit. The result showed that the
concentration of purified protein from untransfected and LDLR-GST stable clone
CHO-IdIA7 cells was approximately 1 pug/mL. Glutathione surface was immobilized
with purified LDLR-GST and the resonant frequency was measured and calculated for
the frequency change from glutathione surface of quartz crystal. The frequency
changes were obtained from the difference between the frequency values of purified
proteins (f;) and GSH (f)) as baseline before binding the crystal with purified proteins
(AF = f; — ;). As showed in Figure 28, the frequency change from purified protein of
LDLR-GST stable clone CHO-IdIA7 cells was significantly increased when compared
to the purified protein of untransfected CHO-IdIA7 cells.

6.4 The optimizing the concentration of Dil-LDL

Dil-LDL at various concentrations were use to test the binding ability of the
purified LDLR-GST surface and the resonant frequency was measured and calculated
for the frequency change obtained from the purified LDLR-GST gold surface of quartz
crystal. The frequency changes were obtained from the difference between the
frequency values of Dil-LDL (f3) and purified LDLR-GST (f,) as baseline before
binding the crystal with Dil-LDL (AF = f, — f3). The resonant frequency was plotted as
a function of Dil-LDL concentration. Each data point represents the mean = SD (n=4).
Dil-LDL at the concentration of 0.005 pg/uL. gave the highest frequency change.
Hence the optimal concentration of Dil-LDL for immobilization was 0.005 pg/uL as

shows in Figure 29.

6.5 Adsorption of LDL onto coated surface

Purified proteins surface was immobilized with Dil-LDL and the resonant
frequency was measured and calculated for the frequency change from purified
proteins surface of quartz crystal. The frequency changes were obtained from the
difference between the frequency values of Dil-LDL (f3) and purified proteins (f,) as
baseline before the binding of the crystal to Dil-LDL (AF = f, — f3). Figure 29 show
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the frequency change obtained from various concentration of Dil-LDL of purified
protein of LDLR-GST stable clone CHO-IdIA7 cells and were significantly elevated as
compared to the purified protein of untransfected CHO-IdIA7 cells (Figure 30). This
increased in frequency change was concentration dependent up to 0.005 pg/uL of Dil-
LDL. A decreased in frequency change was observed at 0.009 pg/ul. of Dil-LDL
concentration. However, there were no statistical significant different among tested
Dil-LDL concentration. In addition, adsorption of LDL on LDLR-GST surface was
verified under fluorescent microscopy and the result showed the positive result
comparable with control surface (Figure 31) indicating that purified protein of LDLR-
GST stable clone CHO-IdIA7 cells contains LDLR-GST and can bind with Dil-LDL.
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Figure 28. Frequency change of glutathione surface after immobilized with purified
protein from untransfected (control) and LDLR-GST stable clone CHO-IdIA7 cells.
The continuous parameters were expressed as mean + SD. A p value of less than 0.05
was considered statistically significant. * indicates statistical significant different of

frequency change between control and tested with p<0.05.
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Figure 29. Frequency change of purified proteins surface from untransfected (control)
and LDLR-GST stable clone CHO-IdIA7 cells after immobilized with various
concentration of Dil-LDL. * indicates statistical significant different of frequency

change between control and tested with p<0.05.
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A

Figure 30. Adsorption of Dil-LDL under fluorescent microscopy (10X).
A : purified protein of untransfected CHO-IdIA7 cells
B : purified protein of LDLR-GST stable clone CHO-IdIA7 cells
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CHAPTER VI
DISCUSSION

The association between total cholesterol (TC) and risk of developing
cardiovascular disease (CVD) has been well established especially by from the results
of the Framingham Heart Study (Castelli et al., 1986). Most of the cholesterol in
circulation is carried by low-density lipropotein (LDL), which has been shown by
several prospective studies and randomized clinical trials to be primarily responsible
for the association with CHD risk (National Cholesterol Education Program, 2001;
Castelli et al., 1986). The recently updated NCEP (ATPIIl) guidelines provide a
comprehensive overview of clinical evidence, maintain the focus of diagnosis and
treatment efforts on LDL-C, with more attention to primary prevention in persons with
symptoms of atherosclerotic. Hence, there is an immediate need for an accurate and
efficient method to determine LDL-C concentration. Many methods for the
measurement of LDL-C concentration are available: ultracentrifugation,
electrophoresis, Friedewald calculation and homogeneous assay but these methods
have its limitation (Nauck et al., 2002). Rather recently, Gaus and Hall demonstrated
the success of using ligand receptor repeat peptide (LR5) of LDLR detect LDL
directly on gold surface of plasmon resonance surface and LDL binding detected as a
shift in the resonance. However, LR5 is not stable and not specific for LDL binding
because it can bind with other lipoproteins. Consequently, the direct determination of
LDL levels was developed based on ligand-receptor binding: the LDL-LDLR. The
ligand-receptor by nature process a very high specificity. The fusion protein of LDLR
and GST was designed to allow immobilizing the fusion protein onto gold surface
with highly ordered molecular orientation and used for purification of LDLR.

1. pcDNA4/TO-LDLR-GST construction
In order to obtain GST gene for pcDNA4/TO-LDLR-GST construction, GST
gene was amplified from pGEX-4T-2 vector by in-frame specific primers. PCR
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product of 781 bp was obtained and then purified for ligation. In this study, restriction
endonuclease digestion was used to verify that the fusion protein of LDLR-GST
containing LDLR and GST by using Hindlll/Kpnl and Kpnl/BsrGIl enzymes,
respectively and the results on gel electrophoresis showed product size at LDLR and
GST size. The DNA sequencing and sequencing alignment indicated that the correct
GST gene contains in plasmid DNA, pcDNA4-TO-WT-LDLR-GST, with in-frame.
The results from these two techniques revealed that LDLR and GST gene was
correctly constructed into plasmid DNA and should express the fusion protein, LDLR-

GST, in the cell culture system.

2. Expression and biological function of LDLR-GST in CHO-IdIA7 cells

To determine whether the cellular localization of LDLR was affected by
introduction of GST tag, we evaluated CHO-IdIA7 cells expressing LDLR-GST and
LDLR-EYFP by immunohistochemistry. LDLR-EYFP was used as positive control
because in previous studies it was demonstrated that the expression and biological
function of LDLR-EYFP from LDLR-EYFP stable clone was similar to LDLR from
LDLR stable clone, representing as native LDLR (Ranheim et al., 2006). Our results
of both LDLR-GST and LDLR-EYFP showed a similar membrane-associated
expression pattern. This result implies that the GST tag does not affect to LDLR
expression and its function comparable to native LDLR.

The binding function of LDLR-GST was verified by comparing the staining
ability of Dil-LDL with LDLR-EYFP and the result showed that LDLR-GST gave
membrane and cytosol staining with ability to bind and internalize LDL similar to
LDLR-EYFP. These results indicated that the chimeric LDLR-GST can be normally
expressed and function in CHO-IdIA7 cells. Hence, the purified LDLR-GST from
LDLR-GST stable clone CHO-IdIA7 cells can be potentially utilized for the direct
determination of LDL-C by using purified protein of untransfected CHO-IdIA7 cells as
negative control. After purification, we found that the concentration of purified protein
from untransfected and LDLR-GST stable clone CHO-IdIA7 cells less than 1 pg/mL.
We are unable to detect purified LDLR-GST by immunoblot with 1gG-C7 antibody.
This may be due to the low yield of purified LDLR-GST (data not shown). However,

the LDLR-GST was observed when immunoblot with cell lysate from transient
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transfection and stable clone of LDLR-GST. The immunoblot with 1gG-C7 antibody
required higher amount of protein approximately 100-500 ug of total protein (Santa
Cruz Biotechnology). Unfortunately, the high efficiency of antibody against LDLR is
unavailable as of now because most LDLR studies were determined by using
radioisotope (Hobbs et al., 1986, Esser et al., 1988 ).

3. Detection of Dil-LDL

In this study, quartz crystal microbalance (QCM) instrument was used for the
monitoring of LDLR-GST assembly through the self-assembly of GSH on the gold
surface of the quartz crystal. Since this technique is a simple, cost effective, and need
no labeling of biological samples and has high specificity and sensitivity (ng/cm®)
(Marks et al., 2007). This method is a well established technique for the measurement
of mass changes. The optimal concentration and incubation time of GSH need to
determine for the effective immobilization of LDLR-GST. Damrongchai and
colleagues reported that the optimal concentration and incubation time of GSH for
immobilization onto gold surface were 10 mM GSH and overnight, respectively but
when we immobilized 10 mM GSH onto gold surface and incubated overnight we
found that the frequency change was not significant increased (data not shown)
compared to the bare gold surface of quartz crystal. It may due to differences in
materials and QCM system. Therefore, the optimal concentration and incubation time
of GSH on the surface of crystal were determined. The concentration of GSH was
optimized with results as was shown in Figure 26. The resonant frequency change of
GSH was significantly increased when increasing the GSH concentration indicating
that there was the formation of GSH layer over the quartz crystal. However, the
frequency change declined after 60 mM of GSH concentration. This result could be
explained that the excess of GSH led to saturation of GSH immaobilization. Therefore,
the optimal concentration of GSH for immobilization was 60 mM because the highest
frequency change was obtained from this concentration before the saturated GSH
immobilization was occurred. The incubation time of GSH immobilization was
optimized by using optimal concentration of GSH for immobilization, 60 mM. The
resonant frequency change was significantly increased with increasing incubation time

of GSH immobilization and it means that there was the increasing of formation of an
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Au-S bond on the quartz crystal. However, we found that the frequency change did not
increase after 6 hours. From this result, it can be said that over optimal incubation time
of GSH immobilization can lead to saturation of GSH immobilization. Optimal
incubation time of GSH immobilization was 6 hours because highest frequency
change was observed from this incubation time before the saturated GSH
immobilization occurred. After GSH immobilization, purified LDLR-GST was
immobilized onto gold surface via it high affinity for GSH. Generally, there is
endogenous GST in CHO-IdIA7 cells that may interfere the LDLR-GST
immobilization process. As a result, purified protein of untransfected CHO-IdIA7 cells
were used as the control for LDLR-GST immobilization. The result showed that the
frequency change from purified protein of LDLR-GST stable clone CHO-IdIA7 cells
was significantly increased as compared with purified protein of untransfected CHO-
IdIA7 cells. This indicated that there were LDLR-GST immobilization on GSH surface
but the frequency change was slightly increased that may caused by low concentration
of purified LDLR-GST. In addition, there was no frequency change when purified
protein of untransfected CHO-IdIA7 cells immobilization on GSH surface which
implied no interferes from endogenous GST. Finally, LDLR-GST surface was used to
detect LDL and purified protein of untransfected CHO-IdIA7 cells surface was used as
control. Purified LDLR-GST surface was immobilized at various concentration of Dil-
LDL. The increased in frequency changes were dependent on the amount of Dil-LDL.
The highest frequency change was obtained from Dil-LDL at concentration of 0.005
pg/uL. Furthermore, the frequency change of lowest amount of Dil-LDL binding to
purified protein of LDLR-GST stable clone CHO-IdIA7 cells was highly significant
than Dil-LDL binding to purified protein of untransfected CHO-IdIA7 cells. These
indicated that purified protein of LDLR-GST stable clone CHO-IdIA7 cells can be
used to detect LDL by using QCM technique.
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CHAPTER VII
CONCLUSIONS

This study was aimed to create chimeric LDLR-GST for low density
lipoprotein (LDL) measurement based on ligand-receptor. The results of the study
demonstrate that (1) LDLR and GST genes were correctly constructed into plasmid
DNA by determination of restriction endonuclease digestion and DNA sequencing. (2)
GST tag does not affect to LDLR expression and function determining with
immumohistochemistry and Dil-LDL binding assay. (3) The fusion protein of LDLR-
GST can be normally expressed and function comparable to native LDLR in CHO-
IdIA7 cells determining with immumohistochemistry and Dil-LDL binding assay. (4)
Purified LDLR-GST protein from stable clone can be used to detect LDL by using
QCM technique. (5) The optimal concentration of GSH for immobilization was 60
mM at 6 hours. However, in this study the mean of frequency change of LDLR-GST
immobilization was low which may be needed to optimize in further study.

However, the critical step in the LDL detection is the selective separation of
LDL from the lipoprotein fractions because wild type LDLR-GST is still not specific
to LDL due to specific binding of LDLR to apolipoprotein B-100 (ApoB-100) and
apolipoprotein E (ApoE). Interestingly, there were some studies about mutation
analysis demonstrated that various repeats of ligand binding domain play a different
role in lipoproteins binding (Hobbs et al., 1986, Esser et al., 1988). Therefore, further
study needs to develop specific LDLR-GST by mutation in ligand binding domain of
LDLR for specific binding to only LDL.
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