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Stroduction

INTRODUCTION

Lipoprotein lipase (LPL) is the key enzyme responsible
for hydrolysis of triacyl glycerol (TAG) (Camps et al., 1991).
Thus triacyl glycerols that are unloaded from chylomicrons
(CMS), and very low density lipoproteins (VLDL) are
hydrolyzed by LPL that are functional at the surface of
endothelial cell. The liberated fatty acids are available for
tissues as energy sources especially in muscle or for storage in
the form of TAG in adipose tissue. It is generally assumed that,
the rate-limiting factor for energy delivery from lipoproteins.
The amount of active LPL available at the endothelium is
correlated to LPL activity in tissue cells (Borensztajn, 1987,

Eckel, 1987 and Olivecrona, 1991).

LPL activity may be true in the most physiological
conditions (Olivecrona et al., 1990). The tissue LPL and its
regulation became the subject of active investigation in
ruminants (Chilliard, 1993). Thus the study of LPL is of
particular interest in tissues of meat producing ruminants, since
LPL controls TAG partitioning between adipose tissues and
muscles, there by increasing fattening or providing energy in the

form of fatty acids for muscle growth (Hocquette et al.,1998).
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Some quantitative studies at whole animal level have
suggested an important function of LPL activity in muscle,
tissues with regard to the total TAG removal capacity of the
body in both single stomached (Borensztajn, 1987) and in

ruminant species (Pethick and Dunshea, 1993).

In adult sheep fed on maintenance ration about 55-60% of
total amount of free fatty acids originate from hydrolysis of
circulating TAG by LPL, and the heart and the skeletal muscle
mass together could utilize approximately 40% of non esterified

fatty acids entry rate (Pethick and Dunshea, 1993).

The level of LPL transcriptase is positively related to LPL
activity in bovine tissues (Hocquette et al., 1998). So it seems
to us very important to study LPL expression not only in adipose

tissues but also in other tissues.

Aim of the work:
The present study was performed to throw light on the
polymerase chain reaction (PCR) for quantitation of mRNA

coding required for synthesis of LPL in various bovine tissues.
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REVIEW OF LITERATURE

1. Lipoprotein Lipase:
Lipoprotein lipase (LPL) regulates the plasma levels of
triglycerides and HDL (Merkel ez al., 2002).

The LPL gene in human is located on chromosome 8P22
spans ~30 kb and is divided into 10 exons, and has substantial
sequence homology among most of the species that have been
examined by Wang and Schotz (2002). The cDNA codes for a
475 amino acid protein including a 27-amino acid signal
peptide. The catalytic center as noted by Brunzell (1995) is

formed from three amino acids listed: Ser '*2, Asp"® and His**!

Ong et al., (1994) reported that, lipoprotein lipase (LPL)
is a key enzyme in lipid metabolism and is found

predominantly in adipose tissue and muscle.

Peter et al., (1993) reported that, there is a significant
correlation between the ability of tissue to incorporate the fatty
acids of triacylglycerol (TAG) of lipoproteins and the activity
of the LPL. LPL is located in the wall of blood capillaries and
anchored by proteoglycan chains of heparin sulphate. LPL has

been found in the extract of heart, adipose tissue, spleen, lung,
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renal medulla, aorta, diaphragm and lactating mammary gland.

Normal blood does not contain appreciable quantities of LPL.

After injection of heparin, lipoprotein lipase is released
from heparin sulphate binding and released into circulation.
That is accompanied by clearing of lipemia. In liver, the lipase
enzyme is released by large quantities of heparin and called
heparin releasable hepatic lipase which has a properties
different from that of lipoprotein lipase. In adipose tissue,
insulin enhances both synthesis of LPL in adipocytes and LPL

translocation to luminal surface of the capillary endothelium.

Robert et al, (1993) stated that, heparin is combined to
LPL present in the capillary wall and causes releasing of LPL

to the circulation.

Havel et al., (1960) showed that, plasma heparin was
unable to clear chylomicrons (CMS) from the blood stream
following injection in patients with sever forms of genetic

hyperlipidemia.

Lipoprotein lipase (LPL) is synthesized within the fat cell
and transported to it's site of action on the capillary
endothelium of adipose tissue. The activity of LPL of adipose
tissue is regulated at multiple levels among which

transcription, translocation and glycosylation (Eckel, 1989)

N
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2. Role of Lipoprotein Lipase:

Lipoprotein lipase (LPL) hydrolyses triacylglycerol
progressively to diacyl glycerol and then to monoacyl glycerol
that finally hydrolyzed to free fatty acids (FFA) and glycerol.
Some of the released free fatty acids return to circulation and
attached to albumin and finally transported into tissues. These
FFA are resterified for subsequent lipid storage. LPL is present
in many tissues especially in adipose tissue (Eckel, 1987 and

Peter et al., 1993)

Peter (1993) recorded that, LPL causes loss more than
90% of triacylglycerol of chylomicron and loss of Apoprotein
C (APOC) to become HDL but retained Apoprotein E (APO E
) and resulting chylomicron remnant. Chylomicron remnant is
about half of the diameter of parent chlomicron and mainly
composed of cholesterol and cholesterol ester because of the

loss of triacyl glycerol.

Borensztajn, (1987) reported that, unloaded TAG from
chylomicrons and very low density lipoproteins (VLDL) are
hydrolyzed by LPL in capillary endothelial surface. Fatty acids
are liberated by LPL are available for the tissues as energy

sources especially in the muscle tissue.

Ong et al., (1988) reported that, LPL gene expression

may play an important role in the correlation between the
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content of mRNA for LPL and protein synthesis rate for LPL
(ribosomal RNA) in the fat cells.

Eckel et al., (1992) reported that, LPL is often regulated
inversely in adipose tissue and muscle. So either increase in
adipose LPL or decrease in muscle LPL may play an important
role in lipid partitioning towards adipose tissue storage and

development of obesity.

Peter et al, (1993) stated that, lipid in the diet is
represented mainly by triacylglycerol, after digestion it form
monoacylglycerols and fatty acids. These particles are
recombined in the intestinal wall and linked with protein and
secreted initially into lymphatic system and reach to circulation
as lipoproteins (Chylomicrons). All TAG of chylomicrons are
not taken up directly by the liver, it is firstly metabolized by
extra hepatic tissues which possess LPL that hydrolyzes the
triacylglycerol and releasing fatty acids. The released fatty
acids are incorporated into tissue lipids and/ or oxidized as
fuel. FFA enter lipogensis in both fat cells and liver cells.
Triacylglycerol represent the main fuel reserve of the body and
subsequent TAG is hydrolyzed through process called
(lipolysis). The resulting fatty acids released into circulation as
free fatty acids, which are taken up by most of tissues except
brain and erythrocytes. In the liver cells, FFA has two

pathways firstly, triacylglycerol that arising from lipogensis is

6
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secreted into circulation as very low density lipoprotein
(VLDL) and ended as chylomicrons. The second pathway
occurs as partial oxidation of free fatty acids forming ketone
bodies (Ketogenesis) which passes to extra hepatic tissues and

act as another major fuel source.

Arner et al, (1991) reported that, LPL activity and
lipoprotein lipase mRNA levels were significantly higher in
women than men. In men, the enzyme activity was higher in
abdominal than gluteal adipose tissue. In both sexes lipoprotein
lipase mRNA levels were three folds high in abdominal
adipose tissue as compared to gluteal site in non obese men &

women.

Brunzell et al, (1973) found that, LPL acts as the
primary enzyme required for CMS catabolism. The key for this
observation was the use of CMS to assess lipolytic activity.
Subsequent studies using artificial emulsions of lipid, showed
that, LPL deficient patients had significant TAG lipolytic
activity in their post heparin plasma. This lead to the discovery
of hepatic lipase. Patients with elevated TAG levels, showed
elevations of VLDL resulted in chylomicronemia, and this

observation correctly attributed to saturation of LPL activity.

Eckel (1989) and Goldberg (1996) reported that, the

physiological actions of LPL in catabolism of chylomicrons
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and VLDL and in the production of much of the lipids and
apolipoproteins that form HDL have been appreciated for more
than a decade. The evolving role of LPL as a molecule that can
anchor atherogenic lipoproteins to matrix molecule within the
artery wall was first noted in vitro (Saxena et al., 1992) and
appears under some circumstances to modulate atherosclerosis

in mice (Babaev et al., 1999).

3. Organ-specific LPL action:

Animal studies have illustrated metabolic functions of
LPL exclusive of control of plasma lipoproteins (Zechner,
1997). The major tissues control the circulating levels of
plasma lipoproteins are the adipose tissues and muscle.
However LPL is expressed in other sites including the nervous
system, heart, liver, adrenals, macrophages, proximal tubules
of the kidneys, pancreatic islet cells, and lungs (Merkel et al.,
2002). In these organs, LPL may have specialized functions.
Islet cells of the pancreas express LPL and this activity has
been related to insulin secretion and lipotoxicity (Cruz et al.,
2001). In the lung LPL mediated lipolysis may be important for
surfactant production (Hamosh et al., 1976).

3.1. LPL in the liver:
More than two decades, a careful study in aging rats

showed that, the LPL activity in the liver and peripheral tissues
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is reciprocally related (Chajek et al., 1977). LPL is normally
not synthesized and expressed in adult liver, however it is
expressed in the liver of new born animals. Either because the
pups ingest milk or because of a developmental genetic
program, LPL activity increases in heart, skeletal muscle and in
adipose tissue, at the same time LPL activity in the liver is
extinguished (Merkel et al., 2002). On the other hand, LPL is
expressed in the liver in response to tumor necrosis factor
(TNF) (Enerback et al, 1988) and after tumor implantation
(Masuno et al., 1984). i.e. during cachexia, LPL was expressed
solely in the liver. The neonatal death of knockout mice, LPL
was averted (Merkel et al., 1998), Probably because of sever
hypoglycemia found in completely LPL deficient mice was
prevented. Liver LPL targeted circulating TAGS to the liver
and increased ketone bodies production. Ketone bodies can be
used as energy as an alternative to glucose. However, many
pups died after several weeks suffering from fatty liver
(Merkel et al., 2002). Another intervention that induces LPL in
the liver is the use of peroxisome proliferator activator receptor
(PPAR) agonist drugs (Fruchart, 1999). Although PPAR-«
drugs increase liver oxidation of fatty acids (FAs), drugs with
predominantly (PPARYy) activity are associated with fatty liver
in some rodents (Boelsterli and Bedoucha, 2002). Presumably

they cause an increase in triglyceride synthesis and/or uptake
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similar to that occurs in peripheral tissues like adipose tissue.
The oxysterol responsive transcription factor (LXR) also
increased LPL expression in the liver (Zhang et al., 2001) and

caused fatty liver.

3.2. LPL in the heart:

Although the heart is a major site of LPL synthesis. The
role of cardiac LPL in both the energy balance of this tissue
and in the regulation of plasma lipoproteins is under renewed
investigation (Merkel et al, 2002). Fatty acids are an
important source of energy for heart and skeletal muscle,
providing over 70% of the energy needs for cardiac function.
“ LPL is likely to be the central enzyme in cardiac fatty acid
uptake. Although fatty acids can be delivered to the heart while
circulating on albumin, their molar concentration is (~10 fold)
less than that of lipoprotein TAG. Therefore, if only 10% of the
TAG is hydrolyzed during its passage through the heart
vasculature, this would create an equivalent amount of fatty
acids. Cardiac muscle is the tissue with the greatest expression
of LPL (Enerback and Gimble, 1993) and it is likely,
especially in the postprandial period, that a large amount of

dietary TAG is converted to fatty acid (FA) within the heart.

The heart is not generally viewed as a "major player” in

the regulation of plasma lipoprotein levels. Mice without

10
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cardiac LPL survive (Merkel et al., 1998). Although their heart
function has not been examined in detail. In contrast, heart only
LPL-expressing mice maintained normal levels of plasma TAG
and HDL despite the lack of skeletal muscle and adipose LPL
and a reduced amount of post heparin LPL (Levak-Franks et
al., 1999). An additional role of LPL in the heart may be to
provide it with nonhydrolyzable core lipids. Studies several
decades ago by Goodman et al, (1983) showed that,
peripheral tissues, including the heart, internalize core lipids
from CMS, not all core lipids or remnants are destined to end
their circulatory life in the liver. Uptake of retinyl esters,
correlates with LPL over expression in the heart and skeletal
muscles (Van Bennekum et al., 1999). Using labeled
chylomicrons and emulsions, (Hultin et al., 1995) increased
the uptake of core lipids by peripheral tissues. A similar
observation was recently made by (Qi et al., 2002) who noted
that, uptake of cholesteryl esters was modified by lipid
composition of emulsion and this explained by one options that
capillaries become leaky and allow large TAG-rich
lipoproteins to enter the subendothelial space. Fatty acids
disrupt endothelial monolayers in vitro (Hennig et al., 1984)
and LPL-mediated hydrolysis of VLDL also makes arteries
more permeable (Rutledge et al., 1997). and this figure
indicated action of LPL (Blanchette-Mackeie et al., 1989).

11
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A. Lipolysis during lipoprotein transit B. LPL action within the subendothelial
through the capillary space

This figure indicate that, LPL mediated tissue-uptake of
lipids. LPL appears to mediate uptake of lipolyzed lipids (Fatty
acids) and core lipids, such as triglycerides (TAGS), cholesterol
esters and retinyl esters. Several pathways allow organ uptake of
lipids. Fatty acid associated with albumin can cross the endothelial
barrier: lipolysis of VLDL or chylomicions (CMS) release F. A.in
addition, as is known to occur for transfer of lipids and
apolipoprotein from TAG rich lipoprotein to HDL, surface lipid,
apolipoproteins and some core lipids may dissociate from particle
as a complex (lipolysis product). Although lipolysis of nascent
TAG- rich lipoproteins probably requires initial hydrolysis within
the circulation; lipolysis may continue within the subendothelial
space either because the smaller lipoproteins are able to cross the
capillary endothelial barrier or because the barrier (leaky lipolysis
itself will cause capillary leakage. LPL, present on the surface of
parenchymal cells such as adipocytes and myocytes, could interact

with these particles.

12
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Review of Literatiore

Perhaps the pool of LPL that is present on the mycocyte
surface (Blanchette-Mackie ef al., 1989), as well as that on the
endothelial lumen, participates in tissue lipid uptake. The in
vitro observations that LPL will anchor lipoproteins to cell
surfaces and then augment their uptake either via receptors or
internalization of proteoglycans may be operative in vivo. The
pathway can also be mediated by enzymatically inactive LPL,
which, in the presence of active LPL, appears to capture
lipoproteins and increase the efficiency of lipolysis in tissues
without active LPL, the inactive LPL can still increase tissue

cholesterol uptake (Merkel et al., 2002).

LPL mediated uptake of lipid in excess of that required
for tissue energetics may be harmful. Adipose tissue has been
developed as a site of storage of fat derived calories, this
occurs even in LPL deficiency. Several models of dilated
cardiomycopathy are associated with excess lipid accumulation
in the heart. Thus although FAS are preferred fuel for cardiac
muscle, too much fat, excess oxidation of fatty acids or
accumulation of other lipids may lead to dysfunction. The other
potential complication of excess LPL mediated fat uptake may
be insulin resistance, as reported by Ferreira ef al., (2001)
and Kim er al, (2001). However, Voshol et al., (2001)

reported the reverse.

13
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Reviecw of Litoratire

Transcription of LPL gene increases during adipocyte
differentiation (Semenkovich ez al, 1989) and decreases in
mature adipocytes after treatment with TNF-a (Zechner ef al.,
1988 and Morin et al, 1995) and agents that increases
CAMP (Raynolds ef al, 1990 and Antras ef al, 1991).
Reduction in LPL gene expression in the liver following birth,
may be conferred by ascilencer, identified in the -263 to -241
location of the chicken LPL promoter (Zhang and
Bensadoun, 1999). PPAR-« agonists may be able to override,
this silencing in adult animals (Schoonjans er al, 2000).
Transcription of the LPL gene in the rat heart increases about

10 folds in 10-20 day rate pups (Singh-Bist, et al., 1994)

4. LPL and Hepatic lipase:

Lipoprotein lipase (LPL) and hepatic lipase (HL) are
distinct enzymes that hydrolyze lipoprotein tricyclglycerols.
LPL is essential for normal chylomicron and very low density
lipoprotein  catabolism  and transfer of cholesterol,
phospholipids and  apolipoproteins between lipoprotein
particles (Havel ez al.,, 1973 and Goldberg, et al., 1988).
Hepatic lipase (HL) may also be important in lipoprotein and
phospholipid metabolism (Goldberg et al, 1982, and
Landin et al, 1984) and through its effects on high density

lipoproteins, may mediate the delivery of cholesterol from

14

www.manaraa.com



peripheral tissues to the liver (Jansen and Hulsmann, 1980,
Bambergev et al., 1983, and Bamberger et al., 1985).
LPL regulation is complex and show tissue specificity e.g.
heart and adipose tissue respond differently to the same
physiologic and hormonal signals (Cryer et al., 1981 and
Garfinkel and Schotz, 1987).

Lipoprotein lipase (LPL) belongs to mammalian lipase
family that includes pancreatic lipase (PL), hepatic lipase (HL),
gastric lipase, and endothelial lipase (Persson, et al., 1989
and Rader and Jaye, 2000). The primary function of LPL is
triglyceride hydrolysis in triglyceride rich lipoproteins, such as
chylomicron and very low density lipoprotein (VLDL)
particles, which are converted to remnants (Santamarina-
Fojo et al., 1994). LPL is secreted from a variety of tissue
such as adipocyte, macrophage, and muscle cells, and is bound
to capillary bed of endothelium. Via cellular surface heparin
sulfate proteoglycans (HSPG), a function. reflected in LPL'S
strong affinity for heparin (Gerdes et al., 1997) and LPL
deficiencies in humans are manifested as sever
hypertriglycerdemia. (NordesTAGaard et al., 1997) and also
arteriosclerosis (Benlian et al., 1996). Genetically engineered
mice lacking LPL also showed as hyper triglyceridemia

(Olivecrona et al, 1993). LPL functions as aligand for

15
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lipoprotein receptors, such as low density lipoprotein (LDL)
receptor, LDL receptors, related protein (LRP) and VLDL
receptor (Beisiegel et al., 1991, Argraves et al, 1995,
Strickland et al., 1995 and Takahashi et al., 1995).

A model structure of LPL based on the crystal structure
of human pancreatic lipase (PL) as template was recorded by
Van Tilbeurgh ef al., (1994). The model structure exhibited
two domains a large N-terminal domain (1-312 amino acid
residues) and small C-terminal domain (313-448 residues). The
sequences of PL and LPL are identical at 31% of their residues
in the N-terminal domain (40% similarity) and are 28%
identical in the C-terminal domain (38% similarity). The
catalytic efficiency and heparin-binding functions of the N-
terminal domain extensively studied by Emmerich et al,
(1992) and Hata et al., (1993). Achimeric enzyme with the
N-terminal domain of LPL and the C-terminal domain of HL
(LPL/HL) exhibited the characteristic catalytic activity of LPL,
as well as other LPL-specific functions, such as activation by
APOC-II and inhibition by NaCl (Davis et al., 1992). Horse PL.
(Bourne et al, 1994), human PL (Winkler, et al., 1990),
and complexes of human PL and procolipase (Van Tibeurgh
et al., 1993 and Vant Tilbeurgh et al., 1992) have been
crystallized. These studies demonstrated that the active site in

the N-terminal domain has two conformation an active open

16
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and inactive closed conformation (Van Tilbeurgh ez al,
1993). A surface loop functions as alid and governs the
interaction of the lipid substrate with the enzyme's catalytic site

(Dugi et al., 1992).

On the protein surface at a site opposite to the lid, a
cluster of basic amino acid (Arg279, Lys280, Arg 282) that
constitutes a high affinity heparin binding site is present by
Hata et al, (1993). The function of the C-terminal domain
has also been addressed with achimeric enzyme (LPL/HL),
which exhibits an affinity for heparin similar to that of native
LPL (Hill er al., 1998), suggesting that the major heparin-
binding site occurs in LPL's N-terminal domain. Recently,
however several lines of evidence have demonstrated that, the
C-terminal domain is also important in heparin binding. (Yoko
Kobayash et al., 2002). In which the Arg 405, Arg 407 and
Lys409 residues of avian LPL, which correspond to the
Lys403, Arg 405 and Lys407 residues, respectively, in the C-
terminal domain of human LPL, have been demonstrated to be
responsible for heparin binding (Sendak and Bensadam,
1998). In another study with transgenic mice expressing a
human LPL with residues substituted for basic amino acids at

positions 403, 405 and 407 and the mutant LPL has normal

17
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enzyme activity but with a reduced affinity for heparin (Lutz

et al., 2001).

LPL controls TAG partitioning between adispose tissues
and muscles thereby increasing fattening or providing energy
in the form of fatty acids for muscle growth (Hocquette ez al.,
1998). In sheep fed maintenance ration, it was found that about
55-60% of the total amount of free fatty acids originate from
hydrolysis of circulating TAG by LPL and the skeletal muscle
mass and the heart together could utilize approximately 40% of
the non-estrified fatty acids (Pethick and Dunshea, 1993).
For this reason it seems to us very important to study LPL
activity not only in adipose tissues but also in muscles and
heart to get a better knowledge of the control of TAG
partitioning between these tissues in meat producing cattle
(Hocquette et al., 1998). Few studies concerning LPL in
muscles of ruminant species, despite numerous studies in
adipose tissue (Bonnet et al., 1998) or milk (Olivecrona et
al., 1992). However, the presence of LPL activity which is (8-
17) fold lower in beef heart compared to that in rat heart
(Cryer and Jones, 1979 and LaDu et al., 1991). In the rat
and bovine LPL activity is expected to be lower in skeletal

muscle than in heart (LaDu et al., 1991).

18
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LPL mRNA level were higher in growing calves than in
foetuses as recorded in rat (Kirchgessner et al., 1989), in
mouse and human (Kirchgessner ez al., 1987) and rat tissues
(Kirchgessner et al.,, 1989 and LaDu et al, 1991) and
levels of LPL transcripts were higher in bovine heart and
oxidative skeletal muscles which use fatty acids as energy
source than in muscles composed of fast twitch white fibers
which used glucose as fuel (LaDu et al., 1991). Because there
are great differences in metabolism among adipose sites have
been previously reported in pigs (Anderson et al., 1972) and
in calves (Hocquette et al, 1997), in cows, LPL activity may
also differ among adipose, tissue from various anatomical sites
(Chilliard and Robelin, 1985) and these differences are
mainly related to differences in LPL mRNA levels among
adipose site. The higher LPL activity are the higher adipocyte
size as described in (Hocquette et al, 1998 and Eckel,
1987). The level of LPL transcripts are positively related to
LPL activity in bovine tissue including muscle & adispose

tissue (Hocquette et al., 1998).

Dietary triglycerides (TAGS) are hydrolyzed to
monoglyceride and two free fatty acids (FFAS) for absorption
in the digestive tract. The absorbed FFAS are re-estrified to
TAGS and incorporated in plasma lipoproteins. TAGS present

19
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in plasma lipoproteins are hydroyzed by various kinds of
endogenous lipase to provide FFAs for storage in adipose

tissue or for oxidation in other tissues (Oku ef al., 2006).

Lipoprotein lipase (LPL), hepatic lipase (HL), pancreatic
lipase (PL) and endothelial lipase (EL) belong to lipase gene
family (Hide et al, 1992 and Wang and Schotz, 2002).
These lipases share with high degrees of structural similarity

with each other but play different roles in lipid metabolism.

LPL participates in the cellular uptake of plasma
chylomicron and very low density lipoprotein in various kinds
of extrahepatic tissues (Nilsson-Ehle et al., 1980 and Mead
et al., 2002). HL is primary synthesized in the liver and
involved in chylomicron-remnant and high density lipoprotein
metabolism (Santamarina-Fojo er al, 1998). PL is a
digestive enzyme which plays a central role in dietary
triglycerides (TAGS) digestion. Endothelial lipase (EL) shows
as a phospholipase Al-like activity and share in high density
lipoprotein metabolism (Hirata et al., 1999 and Jaye et al.,
1999). The activities of these lipases are regulated in part at a
transcriptional level in response to physiological state of
animals (Semb and Olivecrona, 1989, Staels et al., 1990,
Jaye et al., 1999, Wicker and Puigserver, 1990, Benhizia
et al., 1994, Bonnet et al., 1999 and Ruge et al., 2004).
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Studies performed on fish reported that rainbow lipoprotein
lipase and salt-resistant lipase (HL) activity are high in ovaries
and decrease in adipose tissue in the months of spawning
(Black and Skinner, 1987). Also in rainbow, LPL gene is
expressed in ovary during oogenesis but not in embryos
(Kwon et al, 2001). Furthermore, nutritional regulation of
LPL has been studied in rainbow trout and found that, LPL
activity in adispose tissue is increased during post prandial
period and decreases with fasting, and the activity is regulated

by insulin (Albatat et al., 2006).

LPL is functional at the surface of endothelial cells, but it
is not clear which cells synthesize the enzyme and what its
distribution within tissues and vessels. The previous studies
reported that, the major LPL producing tissues are muscles,
adipose tissue and mammary gland as recorded by Camps et
al., (1991). The enzyme is synthesized by scattered cells such
as macrophage in lung, spleen and kupffer cells inliver. In
endothelial cells can not synthesize the enzyme, and this
indicates that, the endothelial LPL originate in other cells. In
the liver, strong immune reaction was detected in the sinusoid
in contrast to low level of mRNA expression suggesting that
liver takes up circulating LPL from blood (Camps, et al.,
1991).
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A several studies have shown that the liver extracts LPL
from the circulating blood, suggesting that the liver may be a
major site of degradation for LPL. perfusion studies have
shown that LPL bound in the liver can initially be released
again by heparin (Vilaro et al, 1988). It is known that the
liver has a high-sulfate type of heparin sulfate (Graham et al,
1988 and Stow et al., 1985), which should bind the enzyme
tightly and according to this view, initial binding of LPL to
heparin sensitive sites in the liver would be similar to the

binding of the enzyme in other tissues (Camps et al., 1991).

Previous studies showed that, exogenous LPL bound by
the liver is functional and can engage and hydrolyze
lipoproteins (Vilaro et al., 1988). However, LPL bound in the
liver soon loses its catalytic activity and can no long be
released by heparin, and is degraded. There are two possible
sequences of events for this, one is that LPL is internalized
bound to heparin sulfated proteoglycans and so inactivation
would then be protected by lowered. pH in endosomes
(Bengtsson and Olivecrona, 1985). The other possible
process is that the enzyme, firstly transfers to other types of
binding sites which mediate the internalization. It has been
reported that there are substantial amounts of inactive LPL
protein in blood and it is possible that most of the transport of

LPL from peripheral tissues to the liver occur after dissociation

22

www.manaraa.com



of the enzyme into catalytically inactive monomers with
decreased affinity for heparin-sulfate (Kern et al., 1990), This
process has been referred to as a built in the mechanisms for
self destruction in the active, dimeric LPL molecule

(Osborne, et al., 1985).

LPL activity was high and it was detected in adispose
tissue, heart and lung of guinea pig and liver and spleen
presented about (8. 6 and 6. 9%) respectively of the epididymal
adipose tissue activity. Lower activities were present in muscle
and in kidney (1. 6% of epididymal adipose tissue activity),
and LPL activity was inhibited by anti LPL-serum and highest
inhibition were detected in adipose tissue, heart and lung while
lower inhibition was detected. In other tissue and this leading
to suggesting the presence of other lipolytic activities (Camps
et al., 1991).

5. LPL during infection and inflammation:

As aresponse to infection or cancer, dramatic changes in
lipid and energy metabolism are seen. Most of which are
hypertriglyceridemia in combination with increased VLDL
production and increased adipose tissue lipolysis and weight
loss (cachexia) in theses situations, adipose tissue LPL
decreases as a result of cytokine action (Fracey and Cerami,

1992 and Hardardettir, et al, 1994). While liver LPL
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expression can be induced in adult animal by cytokines. After a
single dose of TNF (tumor necrosis factor) LPL mRNA and
LPL activity was found in livers of several rodent species
(Chajek-Shaul ef al, 1989; Enerback et al, 1988 and
Chajck-Shaul er al, 1989). In addition, a markedly
increased liver LPL activity has been shown in mice after

tumor implantation (Masuno et al., 1984).

Triacylglycerols constitute a major component of
circulating lipoproteins particles. ~While the role of
triacylglycerol in the pathogenesis of atheroscerlosis is
uncertain, the recent epidemiologic evidence suggests that
elevated triacyl glycerol may mediated myocardial infarction
risk through effects on fibrinolytic activity (Aberg et al,
1985, and Hamsten et al., 1985).

There is a relationship between kidney disease and
derangement of lipoprotein metabolism (Crook et al., 2003),
in which there is evidence that hyperlipidema accelerates the
progression of glomerulo-sclerosis (Kamanna, 2002). There
is evidence that the kidney disease causes disturbances of
lipoprotein metabolism (Crook et al., 2003). They stated
that, lipoproteins bind to glomerular mesangial cells and
induce proliferation and cytokine expression and dysregulation

of these processes is part of pathogenesis of chronic renal
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disease. Stevenson et al., (2001) found that, LPL enhanced the
binding of very low density lipoproteins (VLDL) to mesangial
cells by as much as 200 folds amplified VLDL-driven
mesangial cell proliferation and increased VLDL-induced

platelet-derived growth factor (PDGF) expression.

The implication in that is the presence of increased
amount of LPL in this location might contribute to disease
initiation and/or progression. There are many reports that, LPL
activity is suppressed in chronic renal disease in human
(Marsh, 2002), but the mechanisms for this not fully
understood and these patients often had increased VLDL
triglycerides and decreased levels of HDL cholesterol and it
has been suggested that the decreased LPL activity contributes
to the dyslipidemia. Experimental chronic renal failure in
animals is associated with decreased LPL expression in several
tissues (Sato et al, 2002), but it is not known whether
decreased production of LPL in the kidney itself It is an
important factor for the overall decrease in the body LPL. In
view of strong connection between LPL and the kidney
disease, it is suprising that there are no direct studies on LPL in
kidney. This may be, at least in part, because it has been
reported that LPL activity is low in the kidney of rats
(Kirchgessner et al., 1989 and Semenkovich et al., 1989),
and in guinea pigs (Camps et al.,1990)
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6. Effect of age:

Hepatic lipase (HL) mRNA can be detected in liver only
but not in other tissues including adrenal and ovary and
detected by Northern blot gel analysis and was presented as a
single 1. 87 kb and a single 4. 0 kb LPL mRNA species was
detected in epididymal fat, heart, psoas muscle, lactating
mammary gland, adrenal, lung, ovary, but not in adult kidney,
liver, intestine and brain. Quantitative blot hybridization
analysis demonstrated the following relative amounts of LPL
mRNA in rat tissues: adipose tissue (100%), heart (94%),
adrenal (6. 6%), muscle (3. 8%), lung (3. 0%), kidney (0%) and
adult liver (0%).

The same quantitative analysis was used to study lipase
mRNA levels during development. There was little postnatal
variation in LPL mRNA in adipose tissue, maximal levels were
detected at the earliest time points studied for both inguinal and
epideidymal fat and heart, however LPL mRNA was detected
at low 6 days before birth and increased 278 folds as the
animals grow to adulthood. Levels of LPL mRNA in lung,
psoas muscle, adrenal gland and HL mRNA in liver showed

the same biphasic pattern during development: a2.4to 11.3
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fold increase around the time of birth followed by a 2. 3 to 19.
9 fold increase at weaning thus developmental regulation of the
genes for two different lipases, HL (in liver) and LPL (in

several tissues) may be similar (Semenkovich ez al., 1989).

7. Lipoprotein lipase activity:

Peter, (1993) reported that, phospholipids and
apolipoprotein C-II (APOC-II) are required as cofactor for
lipoprotein. Lipase activity in which APOC-II is contain on a
specific phospholipid bind site. Through which it is attached to
lipoproteins. Thus chylomicrons & VLDL provide the enzyme
for their metabolism with both it's substrate and co factor.
Hydrolysis occur while the lipoproteins are attached to the
enzyme on the endothelium. Heart lipoprotein lipase has low
km value for triacyl glycerol whereas the km value of the
enzyme in the adipose tissue is greater 10 time as the
concentration of plasma triacylglycerol decrease in transition
from the fed to starved condition. So the heart enzyme remain
saturated with substrate but saturation of the enzyme in the
adipose tissue is diminishes. Thus redirecting uptake from
adipose tissue to heart and a similar redirection occur during
the lactation in which the activity of (LPL) in a dipose tissue is

diminishes and increase in mammary gland activity and this
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allowing uptake of lipoprotein triacyl glycerol long chain fatty

acid for milk fat synthesis.

Lithell et al., (1977) reported that, there is no difference
in LPL activity between fresh adipose tissue & adipose tissue

that has been frozen and stored at -70°C.

Hirsch et al., (1968) LPL activity was expressed either
per (g) or per 107 fat cell, the number of fat cells was obtained
by dividing the total lipid weight of the sample by the mean
cellular lipid weight; enzyme activity is determined by one n
mol of fatty acid released per minute was equal to 1 mu.

enzyme activity.

Ong et al, (1994) LPL mRNA were quantiated by both
Northern blotting and reverse transcriptase polymerase chain

reaction (RTPCR).

Eckel, (1987) recorded that there are many of studies
have demonstrated that (LPL) activity is increase in a dispose

tissue with hypothyroidism in rat.

Saffari et al, (1992) recorded that thyroid hormone

decrease translation of LPL and so decrease it's activity.

Arner et al., (1991) reported that there was no significant
relationship between mRNA and (LPL) activity whether LPL
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activity was expressed per cell or per g lipid weight and was (r

=0.0-0. 5).

Rebuffe-Scrive et al, (1987) found that there is no
difference in lipoprotein lipase activity (subcutaneous in

femoral and gluteal tissue in none obese men.
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MATERIALS AND METHODS

1. Animals and samples:

Tissue samples (spleen, liver, kidney, adrenal gland,
heart, peri-renal adipose tissue and testis) were collected from
3 male Friesian cows immediately after slaughtering in Desouk
abattoir. All animals were apparently healthy. Their ages
ranged from 12 to 18 months and their body weights ranged
from 150 to 200 kg.

Samples were collected under sterile condition in
autoclaved eppendorff tubes and rapidly immersed in liquid

nitrogen until RNA extraction and PCR analysis.

2. Preparation and composition of different
buffers and solutions:

2.1. Preparation of 2% Agarose gel:

Agarose 2 gm
Ethidium bromide 10 100ml
50X TAE buffer 1ml/50ml
Deionized water 100 ml

Two gram of agarose were dissolved by boiling in 100 ml

bidistilled water. Then 10 of ethidium bromide and 1 ml
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50X TAE buffer were added and mixed well. The mixture was

poured in electrophoresis plate and left until solidified.

2.2. 50X TAE buffer (stock solution):

Tris base 242 gm
Acetic acid 57.1ml
0.5M EDTA (PH 8.0) 100 ml

In 600 mls of bi distilled water, 242 g of tris base were
dissolved. Then 100 ml of 0.5M EDTA pH 8.0 and 57.1 ml of
acetic acid were added and the mixture completed to one liter

with bidistilled water.

Working solution (1X TAE):
Twenty mls of stock solution were added to 980 mls bi

distilled water and mixed well.

2.3. EDTA 0.5M PH 8.0:

In 300 mls of bi distilled water, 93.06g EDTA were
completely dissolved using few pellets of NaOH. The pH was
adjusted to 8.0 using pH meter and the mixture completed to

500 ml with bidisitilled water.

2.4. Running buffer (1X TAE):
Ten mls of 50X TAE buffer were completely mixed with
500 mls bi distilled water.
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2.5. Loading buffer:

The loading buffer was composed as shown in the

following table.

Glycerol 5 ml
Bromophenol Blue (BPB) 0.0416 g
Xylen cyanol (XC) 0.0416 g
Distilled water 10 ml

Bromophenol blue (0.0416 g) and Xylen cyanol (0.0416
g) were dissolved in 5 mls glycerol and completed to 10 ml

with bi distilled water.

2.6. RNase-free water:
Equal volumes of Diethyl pyrocarbonate (DEPC) 0.01%
v/iv and bi distilled water were mixed and left at room

temperature for 24 hours then autoclaved.

3. RNA extraction:
RNA extraction was performed using biozole kit

(Bioflux co.) according to Chomcryunski and Sachi (1987).

Tissue samples about 25 mg. were transferred from liquid
nitrogen to eppendorff tube containing 500 1 o f biozol reagent

and homogenized completely using electric homogenizer. The
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homogenates were incubated at -20°C for 15 minutes to allow
complete lysis of tissue and the homogenate became clear.
Then 100

sample at a ratio of 1: 5 Biozol, mixture was vigorously shaked

and then incubated for 15 minutes at room temperature.

The mixture was centrifuged at 12,000 rpm for 15
minutes at 4°C. The mixture separates into a lower phase, an
inter phase and upper aqueous phase. The supernatant was

transferred to a new autoclaved eppendorff tube.

Equal volume of cold isopropyl alcohol and the
supernatant were mixed well and incubated at -20°C for 20
minutes. The mixture was centrifuged at 12,000 rpm for 10

minutes.

After centrifugation the supernatant was discarded and
the formed pellets washed with cold 75% ethanol (equall

Biozol) then centrifuged at 12,000 rpm for another 5 minutes.

The supernatant was discarded and RNA pellet was air dried
in order to prevent complete dryness of RNA pellet for
avoiding RNA degradation.

The RNA pellets were dissolved with 50

free water. The RNA quantity and quality were estimated
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spectrophotometrically measuring at wave length 260 and 280

nm.

4. RT-PCR:

All equipments and glasses were autoclaved to avoid
RNase contamination. One microgram (1449)
RNA was used for RT-PCR as follows: one microgram (1g)
extracted RNA from different tissues under study was mixed
with 0.5
final volume to of4.5  The mixture denaturated at 72°C for
10 minutes. In PCR machine (HYBAID) reverse transcriptase
was made by using 4.5 5.5
the mixture to reach the final volume of 10
mixture was formed from 2 5X buffer, 2
nucleotide triphosphate (dNTPs), 1 50
pmol, Gibco company) and 0.5
(RTase) ( 100 unit,Gibco company).

The samples were incubated at 20 °C for 10 minutes and
in 37°C for 1 hour and then heated at 94°C for 5 minutes for
inactivation of enzyme. The temperature of the apparatus was

declined to 4°C for obtaining cDNA.
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4. PCR reaction:
PCR reaction was conducted on RT PCR sample in PCR
machine (HYBAID), for a final volume of 25
- 25
- cDNA (template) 1
- 10x PCR buffer 2.5

- dNTPs 2
- MgCl 2
- forward primer 0.1
- reverse primer 0.1

- Taq. polymerase  0.125
- DEPC 17.175

Taq. polymerase (perkin-Elmer, Fostercity CA. USA)
forward  primer of LPL 5
GATGATG-3 is 5
GGTAAATGTCCAC-3 25 ML

/

PCR was conducted for 40 cycles for LPL expression
each cycle consisted of denaturation at 94°C for 4 minutes and
94°C for 30 seconds and annealing at 58°C for 1 hour and
extension at 72°C for 1 hour and 72°C for 7 minutes, then

cooled till 4°C.
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For bovine glyceraldehyde-3-phosphate dehydrogenase
(G3PDH), PCR condition was made as follows: the annealing
temperature was 59 °C for one hour the forward primer:
5'-ACCACTGTCCACGCCATCAC-3' and the reverse primer:
5'“TCCACCACCCTGTTTGCTGTA-3' (Sigma). The reaction
was carried out for 35 cycles. After electrophoresis in 2%
agarose gel, the PCR products were stained with ethidium
bromide and visaualized under UV lamb. Intensities of RT-
PCR bands were measured densitometrically and compared to

that of internal standard (G3PDH) using NIH Image program.
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RESULTS

Tissue distribution of bovine lipoprotein lipase (LPL)
mRNA
For determination of mRNA expression of bovine LPL,

RT-PCR analysis was performed for various tissues of Friesian

COWS.

Table (1) and Figure (2): showed that, the highest LPL
mRNA expression was encountered in Testis (0.71), whereas in
liver, heart, adipose tissue, adrenal gland, and kidney were 0.66,
0.58, 0.45, 0.40, and 0.39 respectively. The lowest LPL mRNA

expression was present in spleen (0.26).

Table (2) and Figure (4) showed that, the highest LPL
mRNA expression was found in Testis (0.98), whereas in heart,
adrenal gland, liver, spleen, and kidney were 0.78,0.74, 0.73,
0.69, and 0.61 respectively. The lowest LPL in mRNA was

detected in adipose tissue (0.54).

Table(3) and Figure (6) showed that, the highest LPL
mRNA expression was present in Testis (1.42) whereas in heart,

kidney, spleen, adrenal gland, and adipose tissue were 1.41,

37

www.manaraa.com



Resutts

1.27, 1.14, 1.04, and 0.93 respectively. The lowest LPL mRNA

expression was encountered in liver (0.91).

Figure (7) showed that, the highest LPL. mRNA expression
was present in testis (1.03) whereas in heart, liver, kidney,
adrenal gland, spleen were 0.92, 0.77, 0.76, 0.73 and 0.70,
respectively. The lowest expression was found in adipose tissue

(0.64).
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Fig. 1: Electrophoresis of PCR sample of Cow 1.

LPL mRNA expression in bovine tissues, total RNA was
extracted from bovine tissues, 1 pg RNA was reverse
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