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Three experiments were conducted (1) to develop and characterize

polyclonal antibodies against ovine adipocyte plasma membranes (APM),

(2) to evaluate the effect of administering the developed antibodies to

lambs on lamb growth and carcass characteristics, and (3) to investigate

the possibility of using the developed antibodies to identify antigenic

components on ovine APM that are tissue, species and possibly site

specific. In Experiment 1, the developed antibodies showed a high rate

of reactivity to APM and cross reacted with plasma membranes (PM) from

liver, kidney, heart and erythrocytes. Adsorption of antisera with

either liver PM or erythrocyte PM for 6 h resulted in a significant

reduction in antisera cross-reactivity to liver or erythrocyte PM,

respectively, with little effect on its specific reactivity to APM or

cross-reactivity with PM of the other tissues tested. The antisera also

reacted in different affinities to APM from sheep, pig and rat. The

antisera also showed differential binding to APM isolated from



different anatomical locations. In Experiment 2, five wether lambs were

assigned to either a control or treatment group to study the effect of

passive immunization with the antisera immunoglobulin (ASIg) on lamb

growth and carcass characteristics. Treatment with ASIg resulted in a

significant (P<.05) reduction of 45% in wet perirenal fat weight, and of

1.8 and 0.8% in subcutaneous and perirenal lipid content, respectively.

ASIg immunization also significantly (P<.05) reduced blood plasma non-

esterified fatty acid without adversely affecting blood plasma

triglycerides or packed cell volumes (hematocrit). Animals immunized

with ASIg also showed a significant (P<.05) reduction in average weight

daily weight gain, but this effect was not associated with any adverse

effect on efficiency of carcass production. Moreover, passive

immunization tended to improve protein accretion and efficiency of

nitrogen utilization. In Experiment 3, the developed antisera

immunoglobulins recognized three unique ovine APM components, in

comparison with plazma membranes from liver, kidney, heart or RBC, with

molecular weights of 70, 106 and 110 KD, and showed to react more

intensely with APM antigenic components that are in common with PM of

the tissues tested. Antisera immunoglobulins recognized just two (44,

46 KO) antigenic components on porcine APM that are shared with those of

ovine APM but did not react with any component on APM of either rat or

chicken.
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DEVELOPMENT, CHARACTERIZATION AND APPLICATION OF

POLYCLONAL ANTIBODIES AGAINST OVINE ADIPOCYTES FOR

BODY FAT REDUCTION BY PASSIVE IMMUNIZATION

INTRODUCTION

Meat animals raised to market weight under current production systems

typically deposit excessive body fat. This represents a serious

inefficiency in meat production as well as giving health conscious

consumers a negative image of the meat industry. Fat is deposited in the

carcass alone or occassionally with a partial replacement of tissue water.

Protein accretion, however, is always accompanied by deposition of water

as a major component, resulting in a protein/water ratio as much as .33-

.25 (Van Es, 1977). This means that for each unit of fat deposited, body

weight will be increased by just one unit while a unit of deposited

protein will result in a 3 to 4 unit increase of average weight gain.

However, due to the fact that fat has a very high caloric value (9.5

Kcal/g) in comparison with that of protein (5.7 Kcal/g) the cost of fat

deposition on a per unit body weight gain basis is higher than that of

protein (Van Es, 1977).

ENERGY COST OF FAT DEPOSITION

The caloric cost of body fat and protein deposition has been studied

by several investigators (Webster, 1978; Tess et al., 1984; Fuller et
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al., 1987). Pullar and Webster (1977) estimated the cost of protein and

fat deposition in the pig, respectively, as 2.25 and 1.36 kJ for each kJ

deposited. However, since fat has a very high energy value (40 kJ/g) in

comparison with that of protein (24 kJ /g), the cost of fat deposition on

per unit weight basis is similar to that of protein (Van Es, 1977).

FAT AS A PROBLEM FOR BOTH PRODUCERS AND CONSUMERS

a. Economics

The amount of fat produced by meat animals in the United Sates has

been estimated at 12 billion pounds (Allen, 1976). About 67% of this fat

is essential for biological functions and for meat palatability while the

remaining 33% represents an unneeded commodity. Excessive fat is

generally trimmed off and thus represents wasted feed dollars, a cost

paid for both by the meat industry and, ultimately, the consumer.

b. Health

Excessive fat also projects a negative image of meats to health

conscious consumers. Red meat contains relatively high levels of

saturated fat, the intake of which is positively correlated with serum

cholesterol concentrations (Grundy et al., 1986; Watts et al., 1988).

Serum cholesterol has been shown (Glueck, 1979; Harper, 1983) to be

associated with several forms of heart disease. Consequently, the demand

for red meat has been on the decline continuously for several years

(Briggs, 1987).
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Due to the negative influences of excessive carcass fat on marketing

of red meat, a considerable interest has developed within the meat

industry to develop safe and effective means for reducing body fat in

meat animals.

TRADITIONAL STRATEGIES TO REDUCE MEAT ANIMAL CARCASS FAT

Traditional efforts to modify carcass fat content have been through

breeding and dietary manipulation. However, a major limitation to

improving meat animal carcass quality through these traditional means is

that all carcass components except fat are relatively constant once the

animals reach chemical maturity (Moulton, 1923; Preston et al., 1968;

Reid et al., 1968).

a. Selection for Lean Growth

Genetic selection has led to success in reduction in body fat content

among meat animals. However, the potential for further genetic changes

among currently available breeds allowing for faster and more lean growth

is not feasible (Dickerson, 1985) because faster maturation rates are

confounded with a higher ratio of fat to lean deposition and faster

maturing rate for lean growth is less vesible and would require earlier

sexual maturity. Thus further improvement in animal carcass composition

through breeding appears unlikely.

b. Dietary Manipulation

The size of adipose depots in meat animals is ultimately determined
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by the number and size of constituent cells. Thus, in the course of

animal growth and development the final dimensions achieved by adipose

tissue will be modified by factors exerting their effects on cell

differentiation and/or cellular enlargement. Numerous researchers have

investigated the feasibility of feeding regimens designed to increase

muscle development and retard fat deposition in meat animals. Dietary

manipulation to modulate animal growth has been studied (McMeekan, 1940;

Baird et al., 1970; Etherton et al., 1982; Toelle et al., 1986). Several

researchers (Hirsh, 1968; Hirsh and Han, 1969; Faust et al., 1978; Auber

et al., 1980) have reported that severe postnatal restriction of caloric

intake results in a significant reduction in adipose cell numbers, thereby

decreasing the size of total fat mass in adulthood. However, conflicting

results have been reported by Ashwell (1977), Jung et al. (1978) and West

et al. (1987). These researchers observed that overfeeding at a later

stage can result in both an increase in cell size and cell number. In

meat producing animals, the effect of nutrient restriction soon after

birth on body fat mass has been determined on both a constant age basis

(Lee et al., 1973a) and a constant weight basis (Lee et al., 1973b).

Such dietary regimens result in a reduction in body fat deposition;

however, such reduction is accompanied by impaired development of other

body tissues. Significant differences in body fat mass were found

between control and feed restricted animals at equivalent ages, but no

appreciable differences were observed between control and restricted

animals when compared on a constant weight basis.
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CURRENT METHODS FOR MODULATING ANIMAL GROWTH

Due to the currently limited success in altering meat animal growth

by breeding or nutritional manipulation coupled with the increasing

demand by both meat consumers and producers for leaner meat, a search for

safe and more effective strategies has been initiated. Thus, various

exogenous compounds such as anabolic steroids, adrenergic agonist and

somatotropin have been developed to manipulate animal growth.

a. Steroid Hormones

Steroid compounds under various commercial names have been developed

and have become available for practical use as implants with ruminant

meat animals. These agents stimulate more protein deposition without

altering body fat (Muir, 1985) and have a selective effect in animals

from different species. These compounds have been shown to be more

effective in castrated ruminants (Schanbacher, 1984), and may result in

increased fat deposition in both intact male ruminants and swine

(Preston, 1975). These compounds have no effect on carcass composition

in poultry (Trenkle, 1969). In addition, some of these agents such as

diethylstilbestrol have been banned for practical use because of

carcinogenicity (Muir, 1985).

b. Adrenergic Agonists

Another class of agents with a nutrient partitioning effect that
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allow less fat and more protein accretion are catecholamine-like

compounds known as adrenergic agonists. Typical examples are cimaterol,

clenbuterol and ractopamine. Oral administration of these agents to

cattle (Williams et al., 1986), pigs (Moser et al., 1986), chickens

(Dalrymple et al., 1984) and sheep (Bohorov et al., 1987) has resulted

in a significant reduction in carcass fat deposition and increased

protein accretion. Adrenergic agonists, however, are not yet available

for practical use and still are under experimental evaluation.

c. Growth Regulating Hormones

Growth hormone is another type of partitioning agent attracting the

interest of both researchers and the meat industry. When administered

to lambs (Wanger and Veenhuizen, 1978), calves (Brumby, 1959) and pigs

(Etherton et al., 1987) this hormone results in a dramatic increase in

body protein and a similar reduction in carcass fat, +25% and -30%,

respectively.

Although anabolic hormones and similar compounds have shown great

promise for the meat industries, many of these substances have not been

accepted by either government regulatory agencies or the public and their

practical use may be limited (Anon, 1980; Heitzman et al., 1981; Muir,

1985). Consequently, the search for alternative approaches to regulate

meat animal growth continues.

IMMUNOLOGICAL APPROACHES FOR ANIMAL GROWTH MODULATION

Unique characteristics of antibodies possessing high specificity
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toward the antigens they are developed against (Kimball, 1986), have

attracted the interest of many researchers in biological sciences.

Antibodies have been utilized for various practical applications

including cancer therapy in which antibodies target and destroy cancerous

cells (Ghose et al., 1978: Colnaghi et al., 1987) and a contraceptive

method in various animal species inhibiting fertilization (Tsunoda et al.,

1981; Tsunoda et al., 1982).

Antibodies have been developed against adipocyte plasma membranes

(Pillion and Czech, 1978; Pillion et al., 1979; Flint et al., 1986) and

such antibodies in these studies were used in vitro to investigate various

metabolic parameters of adipocytes of various species. Anti-adipocyte

antibodies also have been used to study adipocyte plasma membrane protein

profiles (Lee et al., 1986) and to identify adipocyte plasma membrane

unique proteins (Thompson and Abraham, 1979; Plaas et al., 1981; Cryer et

al., 1984) with the objective of studying the association of such

components with the unique metabolic characteristics of adipose cells.

Antibodies to various APM receptors including receptors for insulin

(Suzuki et al., 1988), TSH (Kaise et al., 1988) and vadrenergic hormones

(Rose et al., 1988) have been developed, and their effect on various

metabolic parameters of fat cells have been evaluated. Further, certain

autoimmune diseases involving the natural development of antibodies

against various cell plasma membrane proteins have been identified (Smith

and Steinberg, 1983). When bound to a hormone receptor, the developed

antibodies in these studies either mimicked or blocked the function of
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these hormones.

Various attempts to modulate meat animal growth using various

immunological approaches have been used. These include active

immunization against hormones (immunoneutralization) and in a more direct

way through exogenous passive immunization against adipocytes.

a. Hormone Immunoneutralization

Immunoneutralization has been directed toward altering the

circulating concentration of specific growth regulation hormones to

improve animal growth performance and alter body composition by decreasing

the amount or effectiveness of specific hormones or releasing factors such

as somatostatin. Somatostatin (somatotropin release inhibiting hormone)

is secreted by the vertebrate hypothalamus (Hadley, 1988). This releasing

factor not only influences somatotropin secretion and thereby may

influence somatomedins production, but is known to inhibit the release of

other hormones which effect animal growth including insulin (Koerker et

al., 1974). and thyroid stimulating hormone (Vale et al., 1974).

Immunization against somatostatin in rats kept under various stress

stimuli resulted in a blocking of the stress-induced decrease in blood

growth hormone (GH) (Arimura et al., 1976; Tannenbaum et al., 1978). This

concept attracted the interest of some investigators who tried to assess

the effectiveness of immunization against somatostatin, on improving meat

animal growth. Varner et al. (1980) have shown that immunization of lambs

against somatostatin results in elevation of blood GH but such an
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elevation was not accompanied by an improvement in animal growth.

However, improvement in animal growth through immunization against

somatostatin has been demonstrated by other researchers (Spencer and

Garssen, 1983a; Spencer and Garssen, 1983b; Laarveld et al., 1986).

Similarly, in cattle, immunization against estradiol was shown to improve

growth and was accompanied with an increase in both body fat and protein

mass (Schanbacher, 1984).

b. Passive Immunization Against Adipocytes

The possible existence of APM specific antigens (Thompson and

Abraham, 1979; Plaas et al., 1981; Cryer et al.,1984; Tume et al., 1985;

Lee et al.,1986) has increased interest in developing APM specific

antibodies to passively immunize meat animals against fat cells. Using

this approach, Flint et al. (1986) recently demonstrated a novel method

to regulate fat accretion in rats Polyclonal antibodies raised in sheep

against rat APM were injected into the rat perirenal cavity or

subcutaneous fat depots. Both fat cell number and size were reduced

(Futter and Flint, 1986). In sheep Moloney and Allen (1989) have reported

in a preliminary study a potential reduction in body fat of lambs

passively immunized against ovine adipocyte plasma membranes.

The use of an immunological strategy to control animal growth is

still in the conceptual stage and needs further refinement to be of

practical use. However, if successful, this approach bears several

advantages over the existing strategies to regulate animal growth.
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Advantages include the use of natural products (antibodies) which are

neither hormones nor related compounds and elimination of drug residue

problems in meat reaching consumers.

The overall objective of this research was to develop, characterize

and use polyclonal antibodies against adipocytes to reduce body fat

content of meat producing animals using sheep as a model. This research

is described in three chapters:

Chapter 1. In this chapter, isolation of sheep adipocyte plasma

membranes and their use as the antigens in polyclonal antibodies

production protocol was addressed. Detailed information on the developed

antibodies' specificity and cross-reactivity of the anitserum with plasma

membranes of other tissues was provided. In addition, the possibility of

increasing the antibodies' specificity via adsorption procedures was

discussed in this chapter as well.

Chapter 2. In this chapter, the application of the antisera

immunoglobulin to lambs and its effect on sheep growth, carcass

characteristics, selected blood metabolites and general performance was

described.

Chapter 3. Using the developed antibodies, work in this chapter

investigated the existence of qualitative and/or quantitative antigenic

components on ovine adipocyte plasma membrane that are tissue, species and

possibly site specific.
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CHAPTER 1

DEVELOPMENT AND CHARACTERIZATION OF POLYCLONAL

ANTIBODIES SPECIFIC TO OVINE ADIPOCYTE PLASMA MEMBRANES
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ABSTRACT

The immunological approach has been used successfully in reducing

body fat content in the rat. In this study we investigated the

possibility of developing polyclonal antibodies with specific reactivity

toward ovine adipocyte plasma membrane antigens. Antisera were

collected from a 175 kg pony mare previously immunized with ovine

adipocyte plasma membranes (APM) isolated from 40-45 kg wether lambs.

Enzyme linked immunosorbent assay (ELISA) was used to determine the

antisera titer and to characterize cross-reactivity of the antisera with

plasma membranes prepared from liver (LPM), kidney (KPM), heart (HPM)

and erythrocytes (EPM). The developed antisera showed a high degree of

specificity to APM and cross-reacted with LPM, HPM, KPM and EPM with LPM

having the most and EPM the least reactivity with the antiserum.

Adsorption of the antiserum with LPM for 6 h resulted in a significant

reduction in antisera reactivity with LPM and a slight decrease in its

reactivity with the rest of the plasma membrane preparations. In the

same fashion, adsorption of antiserum with erythrocytes brought the

binding of antiserum to EPM down considerably with a moderate reduction

in the antisera cross-reactivity to LPM, HPM and KPM. Adsorption of

antiserum with LPM or erythrocytes did not significantly reduce the

antisera specific immunological reactivity toward APM. The antiserum

reacted with different affinity to APM preparations from different sites
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and from different species of animals. It was evident that antisera of

high specificity ovine adipoyctes can be developed and such specificity

can be optimized via adsorption with appropriate tissue preparations.

(Key words: Polyclonal Antibodies, Adipocytes, Plasma Membrane,

Ovine, Immunization.)
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INTRODUCTION

The means by which meat animals are raised typically results in

excessive deposition of carcass fat which represents a serious

inefficiency in the production of meat animals. Fat accretion is not

only calorically expensive (Pullar and Webster, 1977) but also a large

percent of fat is trimmed from carcasses. Excessive fat on meat also

poses a negative image to health-conscious consumers.

Various approaches have been tried to modulate growth in meat

animals (Muir, 1985). Recently a new approach has been successful in

reducing body fat content in the rat. Polyclonal antibodies against rat

adipocyte plasma membranes are capable of in vitro destruction of

adipocytes and when administered to the rat result in a significant

reduction in carcass fat (Flint et al., 1986).

Adipocyte plasma membrane proteins have been separated into several

glycoproteins and glycolipids of various molecular weights (Czech and

Lynn, 1973; Trosper and Levy, 1974; Giacobino and Chemlar, 1975; Tume et

al., 1985). Quantitative and qualitative differences were found in

plasma membrane proteins between species, tissue types and within

species (Kawai and Spiro, 1976; Cryer et al., 1984; Tume et al., 1985).

Various researchers were able to develop polyclonal antibodies directed

against adipocyte plasma membranes in rats (Pillion et al., 1979), mouse

mammary gland (Thompson and Abraham, 1979), bovine (Cryer et al., 1984),
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rat and chicken (Lee et al., 1986) to study adipocyte development and

certain some cell metabolic parameters. The potential of generating

antibodies that recognize specific adipocyte plasma membrane-bound

proteins makes attractive the investigation of an immunological approach

to reduce meat animal body fat. The objectives of this study were to

develop and characterize polyclonal antibodies to ovine adipocyte plasma

membranes.
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MATERIALS AND METHODS

Cell Isolation

Adipocytes. Adipose tissue samples were obtained from the sternum,

base of the tail and perirenal sites of wether lambs (40-45 kg) at

slaughter. Immediately after slaughter tissues were transported to the

laboratory in 37° C saline containing 25 mM HEPES (pH 7.4). Adipocytes

were isolated using collagenase digestion according to the method of

Rodbell (1964) as described by Vasilatos et al. (1983). Five g of

tissue were dissected free of connective tissue and blood vessels. The

tissue was then placed in 50 ml polypropylene flasks that contained 15

ml Kreb-Ringer bicarbonate (KRB) buffer containing 25 mM HEPES (pH 7.4)

and collagenase (3 mg/ml). The KRB buffer also contained 20 mM glucose

and 4% bovine serum albumin. Flasks were then gassed with 95% 02:5% CO2

and placed in a 37° C gyratory water bath for 120 min. After digestion,

cell suspensions were filtered through nylon mesh (250 Am diameter) and

transferred to polypropylene test tubes at 37° C for washing. Isolated

adipocytes were washed three times with warm KRB-HEPES that did not

contain collagenase and were collected after C allowing them to float

to the surface for 5 min followed by aspiration of the infranate.

Erythrocytes. One volume of fresh blood, collected from the

jugular vein of sheep, was placed in tubes containing 3 volumes

Alsever's Solution (112 mM dextrose, 27.2 mM sodium citrate and
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71.9 mM NaC1, pH 7.0). Erythrocytes were prepared by centrifugation

(2000 g for 15 min) and washed by centrifugation 3 times in phosphate

buffered saline (Outteridge, 1985).

Plasma Membrane Preparation

Adipocyte plasma membranes were isolated essentially according to

the method of Belsham et al. (1980). Washed adipocytes were disrupted

initially by either sharp inversion in the presence of 8 volumes of

prewarmed (37° C) lysing medium (2.5 mM ATP, 2.5 mM MgC12, .1 mM CaC12,

1.0 mM KHCO3, 2.0 mM Tris base, pH 7.6) or by homogenization using a

Polytron (30 sec at setting 3) in the presence of prewarmed sucrose

extraction medium (.25 M sucrose, 10 mM Tris/HC1, 2 mM EGTA, pH 7.4).

The homogenate or lysed preparation was spun at 1000 X g for 2 min at

room temperature and the infranate was collected from beneath the fat

layer by aspiration. The fat layer was then mixed with about 4 volumes

of warm lysing medium or sucrose extraction medium and the

centrifugation repeated. The infranate was collected by aspiration and

added to the first infranate. This procedure was repeated one more

time. The combined infranates were then processed as described by

Belsham et al. (1980). Eight hundred Al of the infranate were placed on

top of 8 ml Percoll solution and centrifuged at 10,000 X g for 15min.

Two bands were clearly visible. The top band was the plasma membrane

fraction, the bottom band, mitochondria. The top band was removed and

washed with 5 volumes of NaCl-based medium (.15 M NaCl, 10 mM Tris/HC1,
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1 mM EGTA, pH 7.4) by centrifugation at 10,000 X g for 2 min. The

pellets were pooled and resuspended in the NaCl-based medium. The

purity of the isolated plasma membranes was checked by electron

microscopy and contamination by mitochondria was minimal (data not

shown).

Erythrocyte cell ghosts and liver homogenates were prepared

according to Lodish and Bracell (1980) and Hertzberg (1982),

respectively. The homogenate of both kidney and heart were prepared

according to Lo et al. (1976) using sucrose based extraction medium (.25

M sucrose, 10 mM Tris/HC1, 2 mM EGTA, pH 7.4). A Percoll self forming

gradient (Belsham et al., 1980) was used for the isolation of the plasma

membranes from these tissues. Protein concentration in all the

preparations were determined using the Biorad Protein Assay. The plasma

membrane protein was stored in phosphate buffered saline (PBS; .1 M

sodium phosphate, .15 M NaCl, pH 7.4) which contained .01% sodium azide.

Immunization Procedure

A pony mare (175 kg) was injected subcutaneously at 4 sites on neck

and abdominal areas with adipocyte plasma membrane (15 Ag protein/kg

body wt) isolated from the sternum, suspended in NaC1 base medium (.15

NaC1, 10 mM Tris//HC1, 1.0 mM EGTA, pH 7.4) and mixed with an equal

volume of Fruend's incomplete adjuvant. The first booster injection was

given two weeks following the initial immunization. Subsequent booster
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injections of the sternum adipocyte plasma membrane proteins (7.5 Ag/kg)

were given at 4 week intervals. Blood was collected prior to

immunization and was used as a control in this study, and at 10-17 days

following the second and subsequent booster injections. Sera were

harvested by centrifugation (2500 X g for 15 min at 4° C) and stored

at -20° C.

Adsorption of Antisera

Samples of the antiserum used in this study were adsorbed with

liver plasma membranes (.5 ml packed membranes per ml antiserum) or

erythrocytes (.5 ml packed cell per ml antiserum) by incubation at 4° C

for 1, 3 or 6 h. Antiserum was recovered in the supernate after 2 min

centrifugation in a microcentrifuge. This centrifugation was repeated

once to remove all the possible remaining plasma membranes.

Determining Antisera Titer and Specificity

The prepared antisera were screened for antibody titer against

adipocyte plasma membranes and for cross-reactivity with liver, kidney,

heart and erythrocyte plasma membranes by enzyme linked immunosorbent

assay (ELISA) modified from Hudson and Hay (1980). Briefly, 100 Al of

plasma membrane suspension containing 1 Ag protein was coated onto each

well of 96 well polystyrene plates; the plates were kept overnight at 4°

C in a humidified chamber. The wells wereemptied and blocked with 300

Al of PBS containing .05% Tween 80 (PBS:Tween) for 1 h then 100 Al of
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sera appropriately diluted in PBS:Tween were added to each well and the

plates were kept at room temperature for 2 h. After the plate was

washed 3 times, C rabbit anti-horse IgG alkaline phosphatase conjugate

diluted 1:1000 in PBS:Tween was added to the wells at volumes of 100 Al

and the plates incubated at room temperature for another 2 h. The

plates were washed and 200 Al of p-nitrophenyl phosphate (1 mg/ml) in

glycine buffer (.1 M glycine, 1.0 mM ZnCl2, 1.0 mM MgCl2, pH 10.4) was

added to each well. The plates were incubated at 37° C and the

absorbance at 405 nm determined on an EIA plate reader

spectrophotometer 30 min after the addition of the substrate. Each

assay was performed in duplicate and repeated 3 times.

Immunofluorescent staining of adipocytes

Adipocytes (100 Al packed cells, about 105 cells) isolated from the

sternum were placed in 50 Al of normal or immune sera at specific

dilutions and incubated at 37° C for 20 min. The adipocytes then were

washed 3 times by inverting the tubes with 1 ml of warm (37° C) KRB-

HEPES buffer containing .5% BSA and .01% sodium azide, allowing for 1-2

min between each wash. Washed cells were placed in 50 Al (1:20

dilution) of fluorescence conjugated rabbit anti-horse IgG for 20 min at

37° C. After the cells were washed three times in 1 ml of warm KRB-

HEPES buffer, allowing for 2 min between each wash. The cells then were

examined with a fluorescent microscope. Photographs were taken with
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Kodak Ektachrome color film 400 with 30 sec exposure for fluorescence

and .5 sec for phase contrast X 250.
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RESULTS AND DISCUSSION

Due to the high viscosity of the sucrose extraction medium and the

large proportion of the high melting point fatty acids in the ovine

adipocyte most of the plasma membranes were trapped within the fat layer

during the centrifugation processes. Consequently the yield of the

plasma membrane protein was low (74 Ag protein/g tissue). When the

lysing medium was used in homogenization of the cells the yield improved

considerably (138 Ag protein/g tissue). However, due to the absence of

the sucrose from the lysing medium, the plasma membrane isolated using

the lysing medium may contain some contaminants of mitochondrial

fragments. However, electron micrograph of plasma membrane preparation

showed minimum contamination of mitochondrial fragments. Consequently,

we eliminated the sucrose from the lysing medium in all the subsequent

plasma membrane isolations.

Antiserum developed against sheep adipocyte plasma membrane raised

in a mare and collected after the second booster injection was used for

all studies. The titer of the antiserum was assessed by ELISA. The

minimum detectable amount of antibody, defined as twice the optical

density produced by normal serum, was 1 nl (100 Al of 1:102,400

dilution). The antibody titer to adipocyte plasma membranes is shown in

Figure 1. The antisera titer reached a peak at 2 weeks following each

booster injection and started to decline at the end of the third week.
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Figure 1.1. Antisera titer expressed as % of maximum optical density

(OD), following the first adipocyte plasma membrane injection and

subsequent booster injections assessed using optimal dilution

(1:800) of antisera collected on weekly intervals. The values of

non-immune serum were subtracted from antiserum readings to

provide the net values.
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Prior to each booster injection the decline in antisera titer was

small, which might indicate the use of a sufficient amount of both

antigen and adjuvant in each injection to result in a slow release of

antigen and continuous stimulation of antibody production.

Adipocyte Plasma membranes intrinsic proteins (Pillion et al.,

1978; Pillion and Czech, 1979), whole adipocytes (Thompson and Abraham,

1979; Plaas et al., 1981; Lee et al., 1986) and APM (Cryer et al., 1984;

Flint et al., 1986) were used as antigens in the immunization protocols

to raise antibodies against adipocytes. In this experiment, polyclonal

antibodies were raised in a pony mare against ovine adipocyte plasma

membranes (APM). Use of plasma membrane (PM) in antibody development

has several advantages over whole adipocytes. These advantages include

a high yield of PM for immunization and an increased chance of producing

APM-specific antibodies with less contamination by antibodies which are

reactive to other cellular components. Cryer et al. (1984) showed that

cross-reactivity of antibodies developed against APM with PM of various

tissues was less than that of antibodies developed against whole fat

cells.

The pony antiserum showed a high degree of adipocyte plasma

membrane (APM) specificity compared to that for plasma membrane

preparations (PM) from liver, heart, kidney and erythrocytes (Figure

1.2). Using immunofluorescent staining (Figure 1.3), the developed

antisera showed considerable binding to the external surface of intact

adipocytes at antiserum dilutions of 1:50 compared to that of normal

serum at a dilution of normal control serum (1:5). These data agree

with results reported by Flint et al. (1986) in a study with rats.
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Thompson and Abraham (1979) suggested culturing of isolated adipocytes

for up to 48 h following collagenase digestion in order for the cells to

express adipocyte-specific antigens which was removed by contaminated

proteases during collagenase digestion. It seems this was not necessary

for raising antisera of relatively high specificity to rat adipocyte

plasma membranes (Flint et al., 1986) or sheep adipocyte plasma membrane

in this study.

The antiserum showed a decreasing level of binding to PM from other

tissues (Figure 1.2). This implies the existence of tissue specific

antigens on adipocytes. However, it also indicates the existence of

common antigens on these tissues. These data are consistent with

results of Flint et al. (1986) who reported that polyclonal antibodies

developed against rat APM showed a high degree of reactivity with APM

and cross-reacted at a lower level with PM of both liver and RBC.

However, these results are not in agreement with the observations of

Cryer et al. (1984) who found that the polyclonal antibodies raised

against either APM or whole adipocytes reacted more intensely with RBC

and fibroblast than with APM. Figures 1.4 and 1.5 show the effect of

adsorption of the antiserum with liver PM or erythrocytes on the pattern

of immunoreactivity of the antiserum with PM from erythrocytes, liver,

heart and kidney. Adsorbing the antiserum with liver PM resulted in a
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Figure 1.2. Relative antiserum reactivity to plasma membranes prepared

from sternum subcutaneous adipocytes liver, heart, kidney and

erythrocytes measured as optical densities (OD) using ELISA.

Normal serum values were subtracted from the antiserum values and

the relative reactivity for each tissue was calculated. The

results are representative values determined in duplicate for a

single experiment taken from a series of three experiments.
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Figure 1.3. Indirect immunofluorescent staining of isolated ovine

adipocytes. Top row, the fluorescence staining reaction: bottom

row, the same field under phase contrast microscopy. A and B

adipocytes incubated with antiserum dilution of 1:50. C and D

adipocytes incubated with non-immune serum of dilution 1:5.
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Figure 1.4. Effect of adsorption of antiserum with liver plasma

membranes over time on antiserum reactivity with plasma membranes

prepared from adipocytes liver, heart, kidney and erythrocytes

using ELISA. Optimal dilution (1:800) of antiserum was used. The

results are representative values determined in duplicate for a

single experiment taken from a series of three experiments.
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Figure 1.5. Effect of adsorption of antiserum with erythrocytes over

time on antiserum reactivity with plasma membranes prepared from

adipocytes liver, heart, kidney and erythrocytes using ELISA.

Optimal dilution (1:800) of antiserum was used. The results are

representative values determined in duplicate for a single

experiment taken from a series of three experiments.
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considerable reduction in binding of antiserum to liver PM with a

moderate reduction in the antiserum binding to PM from kidney, heart,

and erythrocytes (Figure 1.4). In a similar fashion, adsorbing the

antiserum with erythrocytes showed a decrease in antiserum cross-

reactivity to erythrocyte PM with a higher level of effectiveness

compared to the reduction in antiserum reactivity with other tissue PM

preparations (Fig. 1.5). The decrease in antiserum immunological cross-

reactivity as a result of adsorbing the antiserum with either liver PM

or erythrocytes seems to be time dependent; however, after 1 h of

adsorption the reduction in the cross-reactivity was very low. The

reduction in antiserum reactivity to PM from either liver or

erythrocytes did not reach zero. Similar observations have been

reported by Flint et al. (1986). Cryer et al. (1984), using

radioimmunoassay, showed that cross-reactivity of antisera developed

against bovine adipocyte plasma membranes was not effectively removed

when the undiluted serum was preincubated with an equal volume of

erythrocytes; however, this cross-reactivity was substantially reduced

when preparation of antisera diluted 100-fold were adsorbed with a

similar volume of the same preparation. One possible explanation is

that the amount of liver PM or erythrocytes used in the adsorption was

not sufficient to remove all other cross-reactive antibodies. Greater

degrees of reduction in the antiserum cross-reactivity with PM

preparations from various tissues seem possible by increasing the amount
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of PM used in the antiserum adsorption. An alternative explanation for

this basal cross-activity is that it represents the non-specific binding

of the antibody in our assay system.

Figure 1.6 shows the effect of adsorption of antiserum with either

liver PM or erythrocytes up to 6 h on antiserum reactivity directed

against adipocyte PM. The adsorption procedures with either liver PM or

erythrocytes did not cause a high level of reduction in antiserum

binding to adipocyte PM. The non-significant reduction in antiserum

reactivity toward adipocyte PM indicates that contaminating cellular

reactivities present in antiserum could be removed without

substantially affecting affecting the reactivity directed specifically

against adipocyte PM. This is in agreement with previous studies (Cryer

et al., 1984; Plaas et al., 1981).

Reactivity of the developed antiserum with adipocyte PM appears to

vary depending on the location of the tissue from which PM were isolated

(Figure 1.7). The anitserum reacted more strongly to PM preparations

isolated from sternum subcutaneous adipose tissue which was used in the

immunization procedures as antigens and to PM prepared from tail base

subcutaneous adipose tissue than it did with PM isolated from perirenal

adipose tissue.

Figure 1.8 illustrates reactivity of antiserum generated against

sheep adipocyte PM to adipocyte PM from different species (sheep, pig

and rat). This observation indicates that this antiserum reacts weakly

and moderately with adipocyte PM from the rat and pig, respectively,
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Figure 1.6. Effect of adsorption of antiserum with liver plasma

membranes or erythrocytes over 6 h on antiserum reactivity

directed toward adipocyte plasma membranes. The results are

representative values determined in duplicate for a single

experiment taken from a series of three experiments.
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compared with the high degree of reactivity that the antiserum shows

toward sheep adipocyte PM. This result confirms observations of Lee et

al. (1986) who reported antisera raised against APM of different

species showed a high degree of specificity to APM from species against

which antibodies were developed.

The degree of antiserum reactivity toward plasma membrane

preparations from various tissues and adipocyte PM from different

species supports the hypothesis of the existence of plasma membrane

antigenic determinant(s) that are species (Lee et al., 1986; De Pirro et

al., 1985a) and tissue (Cryer et al., 1984; De Pirro et al., 1985b)

specific. Data from Figure 1.7 may suggest the existence of membrane

protein(s) that are not only species and tissue specific but possibly

adipose tissue depot site specific.
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Figure 1.7. Reactivity of antiserum to adipocyte plasma membranes

isolated from different sites: subcutaneous tissue from sternum,

base of the tail and perirenal tissue. The results are

representative values determined in duplicate for a single

experiment taken from a series of three experiments.
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Figure 1.8. Reactivity of adipocyte plasma membranes from sheep,

pig or rat with antiserum developed against sheep adipocyte

plasma membranes. Non-immune values were substracted from

the antiserum readings. The results are representative

values determined in duplicate for a single experiment taken

from a series of three experiments.
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IMPLICATIONS

From this study, it appears that antisera with a high degree of

specific reactivity to ovine adipocyte plasma membrane can be developed

and that such specificity can be increased via adsorption techniques

with appropriate tissue preparations. Potentially these adipocyte

specific antibodies can be used in a passive immunization protocol to

reduce body fat mass of meat animals and to study adipocyte growth and

development.
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CHAPTER 2

GROWTH AND CARCASS CHARACTERISTICS OF

LAMBS PASSIVELY IMMUNIZED WITH ANTIBODIES DEVELOPED

AGAINST OVINE ADIPOCYTE PLASMA MEMBRANES
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ABSTRACT

Ten crossbred wether lambs received three consecutive daily

intraperitoneal injections of horse antisheep adipocyte plasma membrane

immunoglobulins (ASIg) or non-immune (normal) serum immunoglobulins (NSIg)

in warm (37° C) phosphate buffered saline (PBS). Each injection delivered

1.5 ml serum Ig protein equivalent at either 53.4 mg ASIg or 51.1 mg NSIg

per kg live body weight. Lambs were housed in individual metabolic crates

during the 28 day experiment and offered a pelleted high concentrate diet

ad libitum. Daily feed consumption was monitored individually over the

experimental period. Nitrogen retention was determined during two periods

of 5 and 6 days, respectively, starting on days 11 and 23. Blood was collected

on days 0, 4, 7, 14 and 28 for determination of non-esterfied fatty acids

(NEFA), triacylglycerides (TG) and packed cell volume (hematocrit). At

the conclusion of the experiment lambs were slaughtered and carcasses were

evaluated. Passive immunization against sheep adipocyte plasma membrane

resulted in a significant (P<.05) reduction in perirenal adipose tissue

weight (45%) and a decrease of 1.8% and 0.8% in subcutaneous and perirenal

adipose tissue fat content, respectively, both of which were significant

at P<.05. Average back fat thickness was reduced by 24% and estimated

kidney pelvic fat by 16% (neither of these was statistically significant).

ASIg treatment resulted in an overall significant reduction (P<.05) in blood

plasma NEFA without an adverse effect on blood TG or hematocrit values.
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Average daily weight gain was lower (P<.05) in the ASIg treated group.

However, the efficiency of carcass production measured as either carcass

weight or dressing percentage was not affected by ASIg treatment.

Additionally, ASIg treatment tended to increase the efficiency of dietary

nitrogen utilization measured as a percentage of nitrogen intake or absorption

in both nitrogen balance trial periods. Results of this experiment indicate

that the immunological approach may have potential as a means for modulating

animal growth, resulting in less fat and more protein accretion.

(Key words: Polyclonal antibodies, ovine, adipocyte, growth, carcass)
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INTRODUCTION

Current meat animal production systems produce a large amount of

fat in carcasses. Various attempts have been made to reduce the excessive

fat deposition problem. Some success has been achieved through traditional

means including breeding (Dickerson, 1985) and nutritional manipulation

(Crouse et al., 1983). However, a more drastic reduction in carcass fat

has been demanded by both consumers and producers. Partitioning agents

such as anabolic steroid (Rumsey et al., 1977), growth hormone (Etherton

et al., 1987) and s- adrenergic agonists (Thornton et al., 1985) appear to

hold promise. However, many of these substances are not accepted by government

agencies or the public and thus their availability for practical use is

hindered (Anon, 1980; Heitzman et al., 1981; Muir, 1985). Therefore, the

search for alternative means to reduce body fat continues.

Use of the immunological approach to modulate animal growth by

increasing for more protein and reducing fat accretion has attracted recent

interest. In short term (Flint et al., 1986) and long term (Panton et

al., 1989) trials with rats, results indicate the effectiveness of passive

immunization against adipocyte plasma membrane in reducing body fat deposition.

Polyclonal antibodies specific to sheep adipocyte plasma membranes have

been produced and characterized (Chapter 1). The objective of the present

study was to evaluate the growth performance and carcass characteristics

of lambs treated with antisera immunoglobulin to ovine adipocytes.
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MATERIALS AND METHODS

Animals

Ten crossbred (1/2 Hampshire, 1/4 Suffolk, 1/4 Coopworth) wether

lambs weighing 40.6 + 4.9 kg were assigned to one of two treatments.

Controls received horse non-immune serum immunoglobulins (NSIg) and the

test group received horse antisheep adipocyte plasma membrane immunoglobulins

(ASIg) as described below. Activity of the injected ASIg in comparison

with that of NSIg assessed by ELISA is shown in Fig. 2.1.

Feed and Feeding

Lambs were introduced to the pelleted high concentrate diet (Table

1) three weeks prior to commencing the experiment. Animals were then

individually housed in metabolism crates and given 5 days to adapt prior

to treatment with either NSIg or ASIg. Lambs were fed the experimental

diet ad libidum each morning and they were pair fed during the Sera Ig

treatment. Daily individual feed intake of lambs was monitored throughout

the experimental period. Samples of feed were taken daily and combined

for dry matter and nitrogen analyses.

Performance

Animals were weighed at initiation and conclusion of the experiment

after an overnight feed and water withdrawal, and individual animal daily

feed consumptions were recorded and composited at the end of the experiment.
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Figure 2.1. Activity of the injected non-immune and immune sera

immunoglobulin expressed as a percentage of maximum optical

density (OD). The results are representative values determined

in duplicate for a single experiment taken from a series of

three experiments.
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Table 2.1. Composition of the experimental diet.

Ingredient % on as

fed basis

Yellow corn

Soybean meal, 45% CP

Alfalfa hay, 17.9% CP

Limestone

Trace mineral salt 1

73.35

6.50

18.90

.80

.40

Vitamin A, E and D premix .05

Calculated analysis, % on DM basis

TDN 70.50

CP 13.00

Ca .66

P .32

1

Contains by %: NaCl, 95.0; Zn, .35; Mn, .30;

Fe, .23; Cu, .023; I, .012; Co, .006; Se, .009.
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Antibody Production

Non-immune horse immunoglobulin was collected from a pony mare prior

to immunization against sheep adipocyte plasma membranes and was used for

treating the control group of lambs. The protocol of production and

characterization of the developed polyclonal antibodies against ovine

adipcoyte plasma membranes has been described in detail previously (Chapter

Immunoglobulin Isolation

Horse immunoglobulins were purified by precipitation in saturated

ammonium sulfate (SAS) as described. SAS was prepared by dissolving 550

gm of reagent grade ammonium sulfate in a total volume of 1,000 ml of

distilled water. Ammonium sulfate crystals were allowed to dissolve for

24 h at room temperature with frequent stirrings and the pH was adjusted

to 7.8. SAS was added to the sera drop-wise with continuous gentle mixing

until saturation of 50% was reached. The mixture was stirred for one more

h and then centrifuged at 2,500g for 30 min at 4° C. The supernatant was

discarded and the pellet was resuspended in phosphate buffered saline (PBS)

to the same volume of the original sera. The precipitation procedure was

repeated two more times and the resulting pellet was dissolved in a minimum

volume of PBS and transferred into cellulose dialysis tubing. Dialysis

was performed against three changes of 20 volumes each of PBS for 18 h at

4°C.
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Dialyzates were adjusted to their original serum volumes with PBS

and aliquots taken for immunoglobulin protein analysis (Bradford, 1976)

and antibody activity (Figure 2.1) using enzyme linked immunosorbent assay

(ELISA) (see Materials and Methods, Chapter 1).

Passive Immunization

Immunoglobulin proteins obtained from antisera and normal sera were

intraperitoneally injected on three consecutive days to each lamb at 1.5

ml serum protein equivalent per kg body weight (51.1 and 53.4 mg protein

per kg, respectively) in warm (37° C) PBS.

Blood Sampling

Blood samples were obtained from the jugular vein before feeding

prior to the first adipocyte plasma membrane protein injection (day 0)

and on days 4, 7, 14 and 28. Blood samples were collected into vacutainer

tubes containing either sodium heparin or no additive for blood plasma or

serum preparation, respectively. Harvested plasma and sera were then stored

at -20 °C until analysis for NEFA, triglycerides and injected horse-

antisheep delipocyte membrane immunoglobulins. Heparinized microcapillary

tubes were used for microhematocrit determination using a microhematocrit

centrifuge.
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Feces and Urine Collection

Collection of urine and feces for nitrogen retention determination

was carried out for 5 and 6 d periods starting on d 11 and 23, respectively,

following the first adipocyte plasma membrane injection. Feces were weighed

daily and 25% of each animal's daily output was frozen and composited for

each collection period for dry matter and nitrogen analyses. Urine was

collected into plastic vessels containing 100 ml 3 N HC1 to maintain low

urine pH, weighed and 5% of each animal's daily output was frozen and

composited by collection period for nitrogen analysis.

Carcass Characteristics

After 28 d following the first immunoglobulin injection, the animals

were sacrified and the following carcass measurements were made: hot carcass

weights, chilled carcass weights, dressing percentages, depth of fat over

longissimus muscle at 12th rib area, left kidney fat weight and estimated

kidney pelvic fat percentage. The USDA yield and quality grades were

calculated (Boggs and Merkel, 1984). Liver, heart, kidney and spleen were

weighed. Samples of subcutaneous adipose tissue, taken from the base of

the tail, and perirenal adipose tissue were collected for ether extract

determination.

Carcass Composition
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After an overnight cooling of the carcasses, the 9-12 rib sections

were cut and soft tissue dissected and ground four times through a 1/16"

plate using a Hobart grinder. The ground tissue was collected, mixed

thoroughly, and stored at -20° C. Representative samples were freeze dried

and used for determination of dry matter, protein, ether extract and ash

(AOAC, 1975). Gross energy was determined by an adiabatic bomb calorimeter.

Blood Analysis

Blood plasma samples were analyzed for non-esterfied fatty acids

(NEFA) by extraction and microtitration of NEFA with .01 N tetrabutyl

ammonium hydroxide (Kelly, 1965). Plasma triglycerides were measured

using a colorimetric method.

Detection of Horse IgG Titer in Sera of Immunized Lambs

Horse IgG titer in sera of three immunized sheep was assessed at

day 0, 4, 7 and 28 using ELISA Antihorse IgG protein was coated onto 96-

well polystyrene plates by incubating at 4° C overnight. Plates were washed

3 times in PBS containing .05% Tween 80 (PBS:T). This washing procedure

was repeated after each step of the assay. Non-specific binding sites on

the plate wells were blocked using PBS:T for 1 h. Plates then were washed

and incubated with immunized sheep sera at a dilution of 1/100. After

washing, plates were incubated with a 1/1000 dilution of rabbit antihorse

IgG alkaline phosphatase conjugate for one hour at room temperature. Plates
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then were washed and incubated with phosphatase substrate (p-nitrophenyl

phosphate) for 30 min. Absorbance then was measured at 405 nm using an

EIA spectrophotometer.

Statistical Analysis

Data for nitrogen retention, plasma NEFA and triglyceride and

hematocrit were analyzed using two-way analysis of variance. Students T-

test was used for analyzing the remaining data to compare the treatment

effect. Analyses were carried out using a number cruncher statistical system

(1984).
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RESULTS AND DISCUSSION

One lamb from the control group was removed from the experiment due

to showing a continuous drop in feed consumption that resulted in a net

negative body weight gain. Effects of antisera immunoglobulins (ASIg) on

the performance of lambs are summarized in Table 2.2. Average daily gain

was reduced (P<.05) and a reduction in the efficiency of feed utilization

was noticed. However, carcass weights and dressing percentages were not

adversely affected, indicating that the efficiency of carcass production

was not negatively influenced by ASIg treatment. These data agreed with

the findings reported by Moloney and Allen (1989) who noticed a depression

in average daily gain and efficiency of feed utilization of lambs treated

with anti-adipocyte plasma membrane sera. Conversely, in a similar study

with rats, Panton et al. (1989) indicated an improvement in these parameters.

Neither study provided sufficient details regarding quantities and activity

of injected antibody proteins. Panton et al. (1989) suggested that the

increase in average daily gain of treated rats in comparison with controls

might be attributed to an increase in feed intake, increased efficiency

of feed utilization, and possibly in part due to increase in available

nutrients for muscle production. In our study, the exact reason for the

reduction in average daily gain as a result of the antibody treatment is

not known; however, the reduction in feed intake and the decrease in perirenal

fat might be in part associated with such a reduction in average daily gain.

In the present study injected antibody quantity and activity were relatively

high. Both heart and spleen weights were significantly increased (P<.05

and P<.05, respectively; Table 2.2) but not those of liver and kidney.
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In the present study injected antibody quantity and activity were relatively

high. Both heart and spleen weights were significantly increased (P<.05

and P<.05, respectively; Table 2.2) but not those of liver and kidney.

The increase in spleen weights is consistent with results of Futter and

Flint (1986) who indicated a similar elevation in the spleen weights of

antibody treated rats. This increase in spleen weight might be triggered

by activation of the lamb immune system in response to injected antibody

proteins. Futter and Flint (1986) found that passive immunization of rats

resulted in an increase in kidney weight but we found an increase in heart

weight of treated lambs in response to the injected antibodies. It is

possible that such an enlargement in heart weight of treated lamb might

be caused by cross-reaction of the injected antibodies with the tissue of

this organ. In this experiment we used crude antisera immunoglobulins

that was developed against sheep APM by passive immunization. Side effects

of such a method might be reduced or eliminated by further purification

of the antisera immunoglobulins and removal of antibodies which are not

specific to APM that cross-react with other tissue via adsorption procedures

with various tissue preparations.

Table 2.3 summarizes the effect of ASIg treatment on carcass

characteristics and soft tissue composition of the 9-12 rib section.

Parameters indicating carcass fat (backfat thickness, kidney and pelvic

fat) were lower numerically for the antisera group. Though no statistical

differences in rib soft tissue composition were found, the tissue of the
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Table 2.2. Effect of antiserum immunoglobulin treatment on performance
of lambs.

Normal Sera Group Antisera Group

Parameter Mean SE Mean SE

No. of animals 4 5

Days on feed 28 28

Final body wt, kg 49.0 3.7 48.6 4.3

Average daily gain, g 292.0 50.6 209.0* 24.3

Feed/gain 6.5 1.1 7.8 1.4

Carcass wt, kg 25.9 2.8 26.7 3.0

Dressing % 52.8 2.8 54.6 3.1

Organ wt., % of live wt:

Liver 2.06 .2 2.2 .17

Heart .36 .06 .47* .05

Kidney .14 .02 .15 .03

Spleen .15 .03 .25** .05

*P<.05 differs from control.

**P<.01 differs from control.
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Table 2.3. Effect of antisera immunoglobulin treatment on carcass

characteristics and composition.

Parameter

Normal Sera Group Antisera Group

Mean SE Mean SE

Backfat thickness, cm .70 .16 .53 .25

Kidney and pelvic fat, % 3.10 .48 2.60 .42

Leg scorea 11.30 1.26 11.00 .70

Quality gradea 10.5 .58 9.6 .89

Yield grade 3.60 .51 3.04 .74

9-12 rib section soft tissue composition:

Rib soft tissue wt, %b 6.60 .83 6.30 .46

Moisture, % 39.20 1.40 42.20 3.80

Protein, %C 19.5 1.80 21.90 4.80

Ether extract, %C 77.17 1.30 73.80 4.50

Ash, %C 1.04 .08 1.25 .26

Energy kcal/gm dry wt 8.28 .03 8.18 .23

a Prime+ = 13, prime avg = 12, prime- = 11, choice+ = 10, choice avg
= 9, choice- = 8.

b Percent of dressed wt.

b Percent of dried wt of rib tissue.



54

ASIg treated group showed a numerical increase in moisture and protein

accompanied by a reduction in both fat and energy content. This agrees

with results of Futter and Flint (1986) who showed that reduction in body

fat in rats treated with APM antibodies was associated with an increase

in protein accretion. The improvement in protein accretion may suggest

that the reduction in body fat of antibody treated lambs results in increased

nutrient availability for lean tissue growth.

As shown in Table 2.4, fat content of adipose tissue of both

subcutaneous and perirenal sites, measured on a dry matter basis, was reduced

(P<.05) by 1.9% and 0.8%, respectively. The extent of measurable reduction

in adipose tissue weight in response to ASIg treatment was greatest in

perirenal tissue. This tissue showed a wet weight reduction (P<.05) of

45%.

The nitrogen retention data measured during both periods are shown

in Table 2.5. No significant differences between nitrogen retention

parameters of treatments were detected. However, results of these data

indicate a trend toward higher efficiency in nitrogen utilization, measured

as percentage of either nitrogen consumed or absorbed, in favor of the ASIg

group for both periods.

A 39% reduction (P<.05) in blood plasma NEFA was measured on day 4

of the experiment following the third ASIg injection (Table 2.6). The

depression in NEFA continued through the remainder of the experiment with

a 23% reduction (P<.05) in the overall NEFA concentration. No time or time
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Table 2.4. Effect of antisera immunoglobulins treatment on lamb

subcutaneous and perirenal fat content and left perirenal fat
content and kidney fat weight.

Normal Sera Ig Group Antisera Ig Group

Parameter Mean SE Mean SE.

Ether extract

Subcutaneous, %a 96.60 0.90 94.80* 1.40

Perirenal, %a 99.20 0.20 98.40* 0.60

Adipose tissue wt

Left kidney fat, %b 1.34 0.4 0.73* .20

a On dry matter basis.

b Percent of dressed wt.

* P<.05.



Table 2.5. Effect of antisera immunoglobulin treatment on dietary nitrogen
utilization by lambs.

Period #1 Period #2

Normal Sera Ig Antisera Ig Normal Sera Ig Antisera Ig

Parameter Mean + SE

N. balance g/d

Intake 42.3 + 3.1 40.4 + 8.7 37.8 + 2.4 35.6 + 4.6

Fecal 13.2 + 1.5 12.1 + 1.0 13.7 + 1.1 13.4 + 2.1

Urinary 16.0 + 2.9 13.6 + 5.8 16.2 + 3.7 13.8 + 5.0

Absorption 29.0 + 2.3 28.2 + 6.7 24.1 + 1.5 22.2 + 2.8

Retained 13.0 + 5.0 14.6 + 4.6 7.9 + 5.2 8.4 + 3.3

N. retained as % of:

N. intake 30.3 ± 9.6 37.0 + 12.4 20.4 + 12.5 24.3 ± 11.6

N. absorbed 44.0 ± 13.8 52.0 + 17.0 32.0 + 21.9 38.9 + 18.5



Table 2.6. Effect of antisera immunoglobulin treatment on blood plasma free fatty
acids and triglycerides of lambs.

Days following the first Ig injection

Parameter TMT 0 4 7 28

NEFA

(mMol /1) N sera Ig .29 ± 11 .34 ± .1* .36 ± .09 .35 ± .1

Antisera Ig .32 ± 12 .21 ± .05 .26 ± .08 .25 ± .09

Triglyceride

(mMo1/1) N. sera Ig .14 ± .05 .19 ± .1 .23 ± .02 .26 ± .04

Antisera Ig .13 ± .08 .11 ± .05 .31 ± .17 .36 ± .1

*

P<.05.
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treatment interaction effects were detected. This indicates that the

effect could be completely attributed to the antisera treatment. NEFA

data are not consistent with results reported by Futter and Flint (1986)

who reported no negative effect of antibody treatment on rat plasma NEFA.

We expected that the passive immunization against ovine adipocytes would

result in an increase in both plasma NEFA and TG due to anticipated adipocyte

destruction by the injected antibodies. This decreased NEFA might be

attributed to the increase use by the muscle which contributed to increased

protein gain in the ASIg treated lambs. On the other hand, no statistical

differences in plasma triglyceride levels between lambs treated with ASIg

or NSIg were observed over the four different periods of the experiment.

Life span of the injected ASIg in the sera of three representative

lambs of the test group is shown in Figure 2.2. Level of the injected ASIg

began to decline following the third injection, reaching the basal level

at the conclusion of the experiment for animals #2 and #3. However, such

a decline was not noticed with animal #1 which maintained a high level of

antisera IgG in its circulation throughout the 28 day experimental period.

Decline in the injected ASIg might be caused by more binding of antisera

IgG to the target tissue plasma membranes as well as activation of the

lamb's immune response to the injected proteins. The high level of antisera

IgG that had been maintained in the blood of Lamb #1 throughout the experiment

might be explained by the animal's lack of immune response to the injected
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Figure 2.2. Activity of the injected antisera immunoglobulin in sera of

the immunized lambs expressed as a percentage of maximum optical density

(OD). Reference point represents the OD resulted of substitution

of the injected sheep sera with horse antisera at a dilution of 1/5000.

The results are representative values determined in duplicate for

a single experiment taken from a series of three experiments.
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Despite cross-reactivity that the developed ASIg showed toward plasma

membranes of various tissues as determined by ELISA (Chapter 1),

injected ASIg did not adversely affect hematocrits as measured over several

periods before and following passive immunization (Table 2.7). This indicates

that the level of cross-reactivity detected by ELISA was not sufficiently

high to result in a cytotoxic effect and consequent erythrocyte lysis.

The advantage of the immunological approach as a potential means for

modulating lamb growth include the use of natural products (antibodies)

that are not related to hormones or other similar compounds and elimination

of danger of drug residues in meat reaching the consumer. However, very

limited data are available currently. The existence of specific antigenic

determinants on adipocyte plasma membranes (Kawai and Spiro, 1977b; Tume

et al., 1985; Killefer et al., 1988) may increase the probability of success

with this immunological approach. Antibodies have been developed against

various protein components of adipocyte plasma membranes including receptors

of insulin (Suzuki et al., 1988), TSH (Kaise et al., 1988), b-adrenergic

hormones (Ros et al., 1988) and glucose transporters (Oka et al., 1988)

and their effects on various metabolic parameters of fat cells have been

studied. Further, certain autoimmune diseases involving the natural

development of antibodies against various tissue cell plasma membrane proteins

have been also identified (Smith and Steinberg, 1983). Such antibodies

mimicked and in some cases blocked the binding of various hormones to their

receptors.

Despite results of this study and others (Flint et al., 1986; Panton

et al., 1989; and Moloney and Allen, 1989) indicating the potential

of the



Table 2.7. Effect of antisera immunoglobulin treatment on hematocrit values of lambs.

Days Following the First Ig Injection

Treatment 0 4 7 14 28

N. Sera Ig
(Packed cell vol.,%) 32 + 1.7 34 ± 2.3 32 ± .8 33 ± 2.4 35 ± 4

Antisera Ig
(Packed cell vol.,%) 35 + 4.0 36 + 2.9 31 + 4.5 32.6 + 6 33 + 6
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immunological method to alter animal growth, the exact mechanism(s) involved

in exerting such an effect remain undefined. However, several possibilities

might be evident. These include adipocyte lysis triggered by injected

antibodies, which may activate the blood complement cascade and/or cellularly-

mediated cytotoxicity and alteration of the metabolic activities of fat

cells. Flint et al. (1986) demonstrated that of antibodies developed against

rat adipocyte plasma membranes to lyse such cells in vivo; however, it was

not determined if the lysis was directly due to antibody-dependent cellular

mediated or antibody-mediated cytotoxicity or by both. In the same study,

developed antibodies were shown to activate antibody-mediated cytotoxicity

in vitro and to mimic the action of insulin on adipocytes, thereby resulting

in increased glucose transport and lipid synthesis. Whether developed

antibodies act in the same manner in vivo remains to be answered.

Findings of this study indicate the potential of the immunological

method for modulating meat animal growth, allowing for less fat and greater

protein accretion. However, more work is needed to precisely define this

method and provide answers to questions regarding doses, proper age of

administration and mechanisms of the response.
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IMPLICATIONS

The immunological approach as a means for modulating meat animal growth,

allowing for less body fat deposition, is still in the early stage of

development. However, if successful, the use of antibodies could provide

an alternative method of fat reduction. Since it does not utilize any foreign

substances such as growth promotants, it is safe and should be more attractive

to the meat industry and consumers.
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CHAPTER 3

IDENTIFICATION OF TISSUE AND SPECIES SPECIFIC PLASMA

MEMBRANE COMPONENTS USING ANTIBODIES

DEVELOPED AGAINST OVINE ADIPOCYTE PLASMA MEMBRANES
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ABSTRACT

Polyclonal antibodies generated against adipocyte plasma membranes

(APM) of various species were successful in distinguishing both

quantitative and qualitative differences in APM composition. The tissue

and species specific differences were identified using either sodium

dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) or

immunological techniques. In this study polyclonal antibodies raised

specifically to ovine APM were used in both enzyme linked immunosorbent

assay (ELISA) and Western blot (WB) to investigate the existence of

quantitative and/or qualitative differences in antigenic composition of

ovine APM which are tissue, species and possibly site specific. ELISA

analysis indicates that quantitatively, antisera immunoglobulin (ASIg)

reacted more strongly with APM compared to its reactivity with plasma

membranes (PM) of liver, kidney, heart or RBC. Similarly, the ASIg

reacted more intensively with PM of ovine adipocytes compared to APM of

pig, rat and chicken. The ASIg compared with its binding to APM from

perirenal site, showed a higher rate of reactivity with APM from

subcutaneous chest and back fat tissue. Chest (sternum) site APM were

used in ASIg production. Data from Western blot (WB) confirmed the ELISA

findings. APM was shown to contain three unique proteins that have

molecular weights of 70, 106 and 110 KD which are not present in PM from

liver, kidney, heart and RBC. Immunoblots using ASIg indicated two major
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proteins on porcine APM having molecular weights of 44 and 46 KD similar

to proteins of ovine APM. ASIg did not identify any proteins on either

rat or chicken APM. In Western blot, ASIg reacted highly with ovine back

and chest subcutaneous fat APM compared with its low reactivity with APM

from perirenal tissue. Results of this experiment clearly demonstrate the

existence of quantitative and/or qualitative differences in ovine APM that

are tissue, species and site specific.

(Key Words: Ovine, Adipocyte, Membranes, Proteins, ELISA, Western Blot.)
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INTRODUCTION

Adipose cells possess unique functional characteristics compared to

other cell types which enable them to be the major site of body energy

storage as fat in various animal species. Much work (Vernon, 1980: Vernon

and Clegg, 1984; Slavin, 1987) has been devoted to studying metabolic and

structural aspects of adipocytes with the aim of understanding the

functional control mechanisms that give adipocytes their unique

characteristics.

Cell plasma membranes (PM) play a major role in intercellular

communication, nutrient transport, and recognition of hormonal messages

(Lafonton and Berlan, 1984: Slavin, 1987). Techniques such as

transmission electron microscopy (Cushman, 1970) and freeze-fracture

(Carpentier et al., 1977) have been employed to study structure-function

relationship of adipocyte plasma membranes APM. Using SOS -PAGE technique,

several researchers (Czech and Lynn, 1973; Kawai and Spiro, 1977b; Tume

et al., 1985) have demonstrated the presence of species specific

differences in APM composition. Similarly, with immunological techniques

employing polyclonal antibody developed against adipocytes, Thompson and

Abraham (1979), Plaas et al. (1981) and Cryer et al. (1984) were able to

identify compositional differences in APM of various species that were

qualitatively species specific and quantitatively tissue specific. In a

recent study (Killefer and Hu, 1988), a monoclonal antibody developed
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against porcine adipocyte identified a unique porcine APM protein.

The objective of this study was to examine the possibility of

identifying quantitative and/or qualitative differences in the protein

profile of ovine APM which are tissue, species and site specific using

polyclonal antibodies raised against mature ovine APM.
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MATERIALS AND METHODS

Preparation of Plasma Membrane Fractions

Adipocytes were isolated from 40-45 wether lamb adipose tissue by

collagenase digestion (Rodbell, 1964) as described by Vasilatos et al.

(1983) and plasma membrane fractions were prepared using a self-forming

Percoll gradient (Belsham et al., 1980). Protein concentration of

membrane preparations was assessed according to the dye binding method

(Bradford, 1976) using bovine plasma albumin as a standard.

Isolation of Immune-Sera Iq

Polyclonal antibodies to ovine APM were raised in a pony mare as

described in Materials and Methods, Chapter 1. Immunoglobulin of the

developed antisera was isolated using saturated ammonium sulfate as

described in Materials and Methods, Chapter 2.

Adsorption of Immune-Sera Ig with RBC and Liver Powder

Ovine red blood cells (RBC) were prepared as described previously

in Materials and Methods, Chapter 1, and liver powder was prepared as

described by Haslow and Lane (1988). The ASIg was adsorbed by mixing with

either 20, 40 or 60% (v/v) RBC or 1, 5 or 10% (w/v) liver powder with

frequent shaking at 4° C for one h. The adsorbed ASIg were separated

from the adsorbing material by centrifugation in a microcentrifuge for 3

min. Supernatants were collected and recentrifuged
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for 3 more minutes to insure the removal of all the remaining adsorbent

materials.

Enzyme Linked Immunosorbent Assay (ELISA)

Reactivities of both adsorbed and non-adsorbed ASIg to PM of ovine

adipocyte, liver, kidney, heart and RBC, to APM from sheep, pig, rat, and

chicken, and to ovine APM from subcutaneous (chest and back) and

perirenal fat were determined quantitatively by ELISA as described in

Chapter 1. Sera Ig was used at a dilution of 1:1600 after adjusting the

sera Ig volume to that of original sera.

Sodium Dodecyl sulfate Polyacrylamide Gel Electrophoresis

The PM suspensions were added to equal volumes of sample buffer (62.5

mM Tris-Cl buffer, pH 6.8, 10% glycerol, 5% 2-mercaptoethanol, 2% sodium

dodecyl sulfate and .002% bromophenol blue). After heating at 94° C for

5 min, 30 gl of each solubilized membrane was electrophoresed at 4°C for

45 min at 200 V as described by Laemmli (1970) on a 0.75 mm slab gel (10

x 7.5 cm) unless otherwise indicated. Gels consisted of 4% stacking and

12% separating polyacrylamide containing .1% sodium dodecyl sulfate

prepared using a Mini-Protean II electrophoresis unit. Plasma membrane

proteins on the prepared gels were either silver stained or

electrotransferred to nitrocellulose membranes.
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Silver Staining of the Gels

Gels were soaked 2 x 15 min to remove SDS in 50% methanol followed

by 10-15 min soaking in freshly prepared silver stain solution (.138%

NaOH, 1.4% 14.8 M NH4OH, .8% AgNO3). After washing the gels twice with

several volumes of distilled deionized water the gels were developed in

.005% citric acid with .019% formaldehyde until bands were clearly

visible.

Immunoblotting of the Electrophoresed Plasma Membranes

After SDS-PAGE as described above, proteins were transferred from

slab gels onto nitrocellulose sheets using a Genie Blotter according to

Towbin et al. (1979). Electrophoretic transfer was performed at 4° C for

45 min in a tris-glycine buffer (25 mM tris-base, 40 mM glycine, 20%

methanol). Non-specific binding sites of the prepared blots were blocked

by incubation in phosphate buffered saline (PBS) (2.9 mM KH2PO4, 7.2 mM

K2HPO4, .154 mM NaCl) containing 5% non-fat dry milk (NFDM) with continuous

shaking at room temperature for one hour. All subsequent incubations

were at room temperature with continuous shaking. Blots were incubated

in 10 ml Sera Ig:PBS (1:100) containing 0.1% NFDM for one hour, washed

3 times, 5 min each, with PBS 0.1% NFDM and incubated for 30 min in

alkaline phosphatase-labeled rabbit antihorse IgG (1:750 dilution).
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Following the washing in PBS, the blots were incubated with Vectastain ABC

alkaline phosphatase substrate (2 drops each of reagent 1, 2 and 3 in 10

ml of 100 mM Tris-HC1, pH 9.5) until a satisfactory color formation was

detected (3-10 min). The enzyme-substrate reaction was stopped by rinsing

the blots with copious volumes of distilled, deionized water.
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RESULTS AND DISCUSSION

As indicated by ELISA, antisera immunoglobulins (ASIg) reacted

strongly to sheep APM and expressed some degree of cross-reactivity

toward PM of liver, kidney, heart and RBC (Fig. 3.1). Plasma membranes

from liver and RBC were the most and the least reactive membranes,

respectively. These results support previous observations (Tume et al.,

1985; Flint et al., 1986) and illustrate the existence of quantitative of

compositional differences in proteins from PM of different tissues.

Despite the high degree of similarity in protein profile of PM from

different tissues observed by SDS-PAGE (Fig. 3.2-A), Western blot

indicated the existence of qualitative as well as quantitative

compositional differences in PM protein profile among the tested tissues

(Fig. 3.2-B). In comparison with PM of liver, kidney, heart and RBC, the

APM expressed three unique antigenic components having relative molecular

weights of 70, 106 and 110 KD. These qualitative results are consistent

with those of Thompson and Abraham (1979), Plaas et al. (1981), Cryer et

al. (1984) and DePirro et al. (1985) who quantitatively demonstrated the

existence of adipocyte tissue unique proteins on APM of various species

of animals. Although several proteins of APM detected by ASIg were shared

by PM of other tissues, the ASIg reacted more strongly to comparable

proteins of APM. Five proteins of ovine APM having relative molecular

weights of 44, 46, 50, 52 and 106 KD are more prominent in the APM,
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Figure 3.1. Relative reactivity of immune sera Ig to ovine adipocyte

plasma membranes and membranes of liver, kidney, heart and RBC

expressed as a percentage of maximum optical density (OD) determined

by ELISA. Control represents average OD values for non-immune Sera

Ig reacted with PM of the tested tissues.
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Figure 3.2. Comparison of protein profiles of plasma membrane from

different ovine tissues and identification of adipocyte

plasma membrane specific proteins. Plasma membrane proteins

were separated using sodium dodecyl sulfate polyacrylamide gel

electrophoresis (A) and subsequently were immunoblotted with

either antisera Ig (ASIg; B) or normal seraIg (NSIg; C).

Discontinuous (Laemmli) gels consisting of a 4% stacking gel

and 12% separating gel were used. Plasma membrane samples

were diluted 1:1 with sample buffer (SDS-reduced buffer).

Samples with buffer were mixed and heated to 95° C for 4 min

to denature proteins. Samples then were loaded at 30 Al (5

Ag)/well and run at 4° C for 45 min at 200 V. Gels then were

either silver stained or transferred to nitrocellulose at 4°

C for 45 min. Transferred proteins then were probed using

either (ASIg) or (NSIg). Plasma membrane lane assignments

were as follows: (a) adipocyte, (b) liver, (c) kidney, (d)

heart and (e) RBC. Horse IgG (f) was included in 2-C as a

control.
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suggesting a quantitative difference in membrane proteins among different

tissues. Substitution of ASIg by normal sera Ig in the Western blots

confirmed that the signals detected by ASIg were produced by ASIg binding

to actual antigenic components and not endogenous alkaline phosphatase

activity (Fig. 3.2-C).

Both ELISA and Western Blot were used to investigate the effect of

adsorbing the ASIg with various levels of non-ovine adipocyte

preparations, RBC and liver powder, on the pattern of ASIg reactivity

toward the unique ovine APM protein. As indicated by ELISA (Fig. 3.3),

adsorbing ASIg with various levels of liver powder resulted in a

significant sequential decrease in its ability to bind to liver PM, with

little influence on reactivity with APM or plasma membranes of other

tissues. Similar results were obtained by adsorbing of ASIg with RBC

(Fig. 3.4). ASIg reactivity to PM of RBC was greatly reduced with a

little effect on its binding to APM or PM of the other tissues as well.

Figures 3.5-A and 3.5-B show the effect of adsorbing the ASIg with

liver powder or RBC, respectively, on ASIg binding to PM proteins of the

adipocpyte, liver or RBC in Western blots. The adsorption procedures

resulted in a complete elimination of ASIg cross-reactivity with either

liver or RBC PM proteins. Liver powder adsorbed ASIg resulted in a

relatively small quantitative sequential reduction in ASIg binding to APM

nonspecific proteins (Fig. 3.5-A), whereas RBC-adsorbed ASIg did not

affect its binding to APM non-specific proteins (Fig. 3.5-B). Adsorbing

the ASIg with either liver powder or RBC at any of the indicated levels
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Figure 3.3. Effect of adsorption of immune sera Ig with three

different levels, 1%, 5% and 10% (w/v), of liver powder on

its reactivity with plasma membranes of adipocyte, liver,

kidney, heart and RBC calculated as % of maximum optical

density (OD) in ELISA after subtraction of non-immune sera Ig

OD controls.
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Figure 3.4. Effect of adsorption of immune sera Ig with three

different levels, 20%, 40% and 60% RBC (v/v), on its

reactivity with plasma membranes of adipocyte, liver, kidney,

heart and RBC, calculated as a % of maximum optical density

(OD) in ELISA, after subtraction of non-immune sera Ig OD

controls.
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Figure 3.5. Effect of adsorbing antisera immunoglobulin (ASIg) with

liver powder and RBC on ASIg binding to adipocyte plasma

membrane specific proteins. ASIg was adsorbed with either

liver powder at 1% (a), 5% (b), and 10% (c) (w/v) (A) or RBC

at 20% (a), 40% (b), and 60% (c) (v/v) (B) for one hour at 4°

C. The adsorbed ASIg was used for immunoblotting of plasma

membrane proteins which were separated using SDS-PAGE. Plasma

membranes were loaded onto gels at 5 Ag/lane and assigned to

lanes in the following order: A. (1) horse Ig, (2)

adipocote, (3) liver; B. (1) RBC, (2) adipoctye, (3) horse

IgG. The conditions of gel and sample preparation,

electrophoresis and immunoblotting were the same as in Fig.

3.2.
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Figure 3.6. Relative reactivity of immune sera Ig to adipocyte

plasma membranes of sheep, pig, rat and chicken expressed as

a percentage of maximum optical density (OD) determined by

ELISA. Control represents the average values of OD for non-

immune sera Ig reacted with adipocyte plasma membranes of the

indicated species.
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Figure 3.7. Comparison of protein profiles of adipocytpe plasma

membrane from different species and identification of species

specific adipocyte plasma membrane antigenical components.

Adipocyte plasma membranes were separated using SDS-PAGE (A)

and then separated components were immunoblotted with antisera

immunoglobulin (B). Plasma membranes were loaded on gels at

5 Ag/lane and assigned to lanes on the gels in the following

order: A. (a) chicken, (b) rat, (c) pig, (d) sheep; B. (a)

sheep, (b) pig, (c) rat, (d) chicken, (e) horse IgG. The

conditions of gel and sample preparation, electrophoresis and

immunoblotting were the same as in Fig. 3.2.
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did not result in any qualitative or quantitative reduction in the ASIg

reactivity to the identified APM specific proteins. These clearly

demonstrated that ASIg contains antibodies highly specific to the APM

unique antigenic components.

The relative reactivity of ASIg to APM of sheep, pig, rat and chicken

was assessed using both ELISA (Fig. 3.6) and Western Blot (Fig. 3.7-B).

Minor cross reactivity to PM of rat or chicken was observed (Fig. 3.6).

Silver stained gels (Fig. 3.7-A) revealed a higher degree of similarity

in protein profile pattern of APM of sheep and pig. Less similarity in

APM protein composition was shown between sheep and either rat or chicken.

Data generated by Western Blot (Fig. 3.7-B) demonstrated that the ASIg

recognized two proteins on porcine APM of similar relative molecular

weights (44, 46 KD) to those of sheep APM. The ASIg failed to

distinguish any APM proteins of rat or chicken. These observations agree

with those of Kawai and Spiro (1977b), Tume et al. (1985) and Lee et al.

(1986) who showed the existence of APM proteins that are species

specific. Under conditions of this experiment, these data strongly

suggest the existence of ovine APM components that are not just tissue

specific but species specific as well.

Differences in metabolic activity of adipocytes isolated from

different anatomical locations have been reported (Fried et al., 1982).

In addition, adipocytes from different sites tended to have different

levels of insulinreceptors (Bolinder et al., 1983) and binding affinity

to growth hormones (LaFranchi et al., 1985). Indirectly, these findings
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chest back perlrenal control

Figure 3.8. Relative reactivity of immune sera Ig to ovine

adipoctye plasma membranes from either subcutaneous, chest

(sternum) and back (base of the tail), or perirenal tissues

expressed as a percentage of maximum optical density (OD)

determined by ELISA. Control represents the average values

of OD for non-immune sera Ig reacted with adipocyte plasma

membranes from the indicated sites.



88

Figure 3.9. Comparison of protein profiles of adipocyte plasma

membranes (APM) from different anatomical locations and

identification of APM specific proteins. Adipocyte plasma

membranes were separated using SDS-PAGE (A) and immunoblotted

with ASIg (B). The plasma membranes were loaded on the gels

at 2.4 gg on both lanes (a) and (b) of Fig. A and B,

respectively, and at 1.2 gg for all other lanes. In Fig. B

proteins were immunoblotted using 1:200 dilution of ASIg.

Plasma membrane Lane assignments were as follows: A. (a)

perirenal, subcutaneous from (b) chest and (c) back; B. (a)

horse IgG, (b) perirenal, subcutaneous from (c) chest and (d)

back. The conditions of gels and sample preparations,

electrophoresis and immunoblotting were the the same as in

Fig. 3.2.
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may suggest the existence of differences in compositional components of

adipocyte plasma membranes from different anatomical locations.

Consequently, the possibility of the existence of site specific APM

quantitative and/or qualitative differences was also evaluated. Fig. 3.8

indicates that ASIg raised against APM isolated from sternal subcutaneous

tissue reacted to the same level to both chest and back subcutaneous APM.

However, ASIg showed a lower level of binding to perirenal APM.

Quantitative differences in protein profile between APM from subcutaneous

and perirenal tissues were shown by SDS-PAGE (Fig. 3.9-A) as well as

Western blot (Fig. 3.9-B).

Based on results of immunological assays using polyclonal antibodies

developed against APM of various species, Thompson and Abraham (1979),

Plaas et al. (1981), Cryer et al. (1984) and De Pirro et al. (1985) have

suggested the existence of APM specific components. In our study, using

Western Blot, we were able to identify three antigens (70, 106 and 110

KD) that are unique to the ovine APM. Similar to our result, Killefer

et al. (1988), working with porcine APM, were able to develop a

monoclonal antibody that recognized a porcine APM specific protein.

In studying the APM of various species, for the purpose of

identifying species-specific components, the developed ASIg in this study

confirmed the existence of such antigens. Due to the high sensitivity of

ELISA, ASIg demonstrates a high level of binding to porcine APM with a

moderate level of binding to APM of both rat and chicken. However, the
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ASIg in Western Blot reacted with two proteins (44, 46 KO) of porcine APM

but failed to identify any proteins of APM from either rat or chicken.

Qualitative compositional differences in APM of several species other than

ovine which are species specific have been illustrated using either SDS-

PAGE (Kawai and Spiro, 1977; Tume et al., 1985) or immunological methods

employing antibodies raised aginst APM (Lee et al., 1986).

The developed ASIg, in both ELISA and Western blot, tended to show

low reactivity to APM of perirenal tissue compared to APM of subcutaneous

tissue isolated from either sternal or dorsal locations. Both assays

clearly showed quantitative differences between the two anatomical

locations, but failed to detect any difference between APM from the two

subcutaneous sites.

In this study we investigated the possibility of using polyclonal

antibodies developed against ovine subcutaneous APM to identify antigenic

determinants unique to APM and to assess the possibility of identifying

quantitative and/or qualitative differences in ovine APM that are species

and possibly site specific.

The presence of antigenic components in APM that are tissue and

species specific was strongly confirmed. Within the same species, APM

from animals of genetically lean breeds qualitatively (Killefer and Hu,

1989) and quantitatively (Thompson and Abraham, 1979) expressed unique

proteins on the surfaces. Plaas et al. (1981) and Cryer et al. (1984)

have demonstrated that the preadipocytes bear on their surface specific
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antigenic components that distinguish them from fibroblasts. The

regulatory roles that these unique components may play in adipocyte

metabolic function and preadipocyte differentiation need to be further

investigated.
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IMPLICATIONS

Identification of ovine adipocyte plasma membrane unique proteins

will make it possible through genetic engineering to economically produce

these antigens in sufficient quantities for practical use in active

immunization of animals against adipocyte to reduce body fat mass. On the

other hand, identification of adipocyte plasma membrane unique components

will provide possible targets for future manipulation by genetic

engineering techniques to improve animal production efficiency.
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CONCLUSIONS

Advancement in current immunology, particularly with regard to

antibodies and their unique high specificity to the antigens which they

are developed against, have attracted the interest of many researchers in

biological sciences. Antibodies have been developed and used in all

branches of biological sciences to achieve various basic and/or practical

objectives.

In this thesis research we were able to develop antibodies of

specific reactivity toward ovine adipocytes using APM fractions as

antigens. The specificity of the developed antibodies has been shown to

be increased through adsorption of the antisera with various tissue

preparations. Immunoglobulins of the developed antisera when passively

used in sheep immunization tended to reduce body fat mass and increase

nitrogen retention and protein accretion of treated lambs. Some negative

effects on feed intake and body weight gain were shown; however, such

adverse effects were not associated with a reduction in the efficiency of

carcass production. The horse anti-sheep immunoglobulins, in a

characterization experiment, were able to recognize ovine APM tissue and

species specific antigenic components. The existence of the APM tissue

specific components supports the possibility of producing antibodies of

high specificity to adipocytes and increasing such specificity via tissue

adsorption techniques.
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The immunological approach as a mean for modulating animal growth

is still in the early stage of its development and more work needs to be

conducted to refine such an approach. Further research needs to be

undertaken to elucidate the dose response effect of the injected

antibodies on lamb carcass characteristics and animal performance in

general. Also, the most appropriate age for passive immunization of lambs

against adipocytes which will cause maximum reduction in animal body fat

mass needs to be determined. Further work also needs to be carried out

to evaluate the possibility of reducing negative effects on animal

performance caused by passive immunization against APM with crude

immunoglobulin by using immunoglobulin purified by tissue adsorption and

gel chromatography. Also, more in vivo research needs to be conducted

to elucidate the mechanism(s) of action through which injected antibodies

exert their effects on adipocytes. This includes determination of

whether effect(s) is exerted by antibody mediated cytotoxicity and/or

antibody dependent cellular cytotoxicity. In addition, the effect of the

injected antibodies on metabolic activity of adipocytes in vivo needs to

be examined.

The use of polyclonal antibodies in passive immunization has several

limitations which include limited supply, antibody heterogeneity and lack

of reproduceability. All these factors may negatively affect the

potential use of passive immunization against fat cells with polyclonal

antibodies as a means for modulating animal growth. However,
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identification of adipocyte plasma membrane unique proteins may make it

possible through genetic engineering to economically produce these

antigens and use them in active immunization against adipocytes to

practically reduce body fat mass of meat animals. In addition, with the

assistance of modern molecular biological techniques, in the future it

will be possible to identify genes which encode these adipocyte specific

proteins. These genes will be potential targets for future manipulation

to improve animal production.
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Appendix A: Laboratory Protocols

Isolation of Ovine Adipocyte Plasma Membranes

Reagent Preparation:

1. Kreb-Renger Bicarbonate Buffer (KRB):

500 ml 2000 ml
(ml) (ml)

.77 M NaCl 79.00 316.00

.77 M KC1 3.15 12.60

.77 M KH2 PO4 .775 3.10

.77 M MgSO4.7H20 .775 3.10

.77 M NaHCO3 16.60 66.40

.30 M glucose 50.00 200.00
dd H2O 247.25 989.00

.275 M CaCT2.2H20 9.40 9.60

Gas for 10 min.

a. Preparation of Incubation Medium:

1. After gassing the KRB, add Bovine Serum Albumin (BSA,
20%) to KRB at 1:4 (v/v), adjust pH to 7.4 and then add
HEPES at 7.149 mg/3 ml of the medium.

2. Add collagenase to the medium at 3 mg/ml.
3. Incubation medium will be used at 3 ml per gm of adipose

tissue.

b. Preparation of Washing Medium:

After gassing the prepared KRB, add dd H2O to the buffer at
1:4 (v/v), adjust pH to 7.4 and then add HEPES at 7.149 mg/3
ml

2. Preparation of Tissue Transport Medium:

1. 154 mM NaC1
2. 20 mM HEPES

3. Preparation of Sucrose Base Medium:

1. 250 mM sucrose
2. 10 mM Tris/HC1
3. 2 mM EGTA

1000 ml

9.00 g
4.766 g

1000 ml

85.58 g
1.576 g
.761 g
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4. Preparation of Sucrose-Tris-EGTA Solution:

1. 2000 mM sucrose
2. 80 mM Tris/HC1
3. 8 mM EGTA

5. Preparation of I-Osmotic Percoll Solution:

20 ml

13.692 g
.252 g
.030 g

Ratio 200 ml

1. 7 Percoll
2. 1 Sucrose-Tris-EGTA
3. 32 Sucrose-Base-Ext. Med.

6. NaCl-Based Medium:

1. 150 mM NaC1
2. 10 mM Tris/HC1
3. 1 mM EGTA

Adjust pH to 7.4

7. Preparation of Lysing Medium:

70 ml
10 ml

320 ml

500 ml

4.384 g
7.788 g
.192 g

1000 ml

1. 2.5 mM ATP (disodium salt) 1.486 g
2. 2.5 mM MgC12 .508 g
3. .1 mM CaCl2 .0147 g
4. 1.0 mM KHCO3 .100 g

5. 2.0 mM Tris Base .242 g

Bring volume to 1000 ml with dd H2O and adjust pH to 7.6

Procedures:

A. Cell Isolation:

1. Immediately after animal slaughter tissue will be transported
to the laboratory in warm (37° C) transport medium.

2. Mince tissue and incubate in the incubation medium using a
gyratory water bath in 50 ml polypropylene flasks (5 gm
tissue/15 ml media) at 37° C for 120 min after gassing for 30
sec.

3. Filter the cell suspension through nylon mesh (250 gm).
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4. Wash cells 3 times with warm (37° C) KRB-HEPES medium (2-3
ml/g of tissue).

B. Isolation of Plasma Membranes:

a. Using Sucrose Extraction Medium as Homogenization Medium:

1. Wash the isolated cells one more time with 10 ml warm
(37° C) sucrose extraction medium.

2. Homogenize the cell in 4 x volume of the warm sucrose
extraction medium using a polytron (small generator) at
setting 3 for 30 sec.

3. Centrifuge the homogenate at 1000 x g for 2 min at room
temperature.

4. Remove the infranatant to an empty tube and to the
remaining fat plug add 5 ml of the warm sucrose
extraction medium, warm the tube content up at 49° C for
30 min.

5. Centrifuge at room temperature at 1000 x g for 4 min.
Remove the infranatant and add to the previously removed
infranatant.

6. Centrifuge the collected infranatant at 32,000 x g for 30
min.

7. Suspend the collected pellet in 1 ml of cold sucrose
extraction medium.

8. Pour 800 Al of the pellet suspension on the top of a tube
containing 8 ml of iso-osmotic percoll medium.

9. Centrifuge tubes at 10,000 x g at 4° C for 15 min.

10. Remove the infranatant (mitochondria band) and pool the
contents of each of the 5 tubes together.

11. Wash the plasma membrane suspension with 3 x volume of
NaCl-based medium (cold).

12. Centrifuge at 30,000 x g for 10 min.

13. Remove the supernatant and leave the plasma membrane
pellet in one ml of the NaCl-based medium storage and for
protein assay.
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b. Using Losing Medium as Homogenizing Medium:

1. Remove infranatant from cell suspension and add 10 ml
warm lysing medium (=2 ml/g tissue).

2. Vigorously shake capped tube (=20 times) to lyre cells.

3. Centrifuge at 400 x g for 1 min at 4° C.

4. Aspirate infranatant into a cold polypropylene tube.

5. Repeat lysing procedure 2 more times adding only half
volume of warm lysing medium.

6. Centrifuge at 4° C, 30,000 x g for 30 min.

7. Decant and discard supernatant.

8. Continue the procedure of plasma membrane isolation
starting at step #11 of the method in which sucrose
extraction medium was used as homogenizing medium.

Immunization Procedures

a. Antigen Preparation:

1. Suspend adipocyte plasma membranes in cold NaCl-based
medium.

2. Emulsify Incomplete Fruends Adjuvant and the adipocyte
plasma membrane suspension 1:1 (v/v).

3. Do drop test onto water, beads should remain intact on
water surface.

4. Inject the antigen subcutaneously to the pony mare at
four different sites (two on both sides of neck and the
other two in the abdominal area close to the front legs)
at 1-1.5 ml per injection.

b. Blood Collection:

1. Collect blood from the jugular vein using 12 gauge needle
that is attached to a sodium heparin-coated plastic tube
which has a diameter of .3 inch. The other end of the
tube is to be attached to a vacuum pump.

2. Blood (1 1/collection) was drawn by applying 5 inches of
mercury vacuum pressure. The blood was collected to four
250 ml polypropylene wide mouth bottles.
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c. Blood Processing:

1. Leave bottle at room temperature for 1 h then put them in
4°C overnight.

2. Cut the clot the next day with a sharp knife and
centrifuge at 2,500 x g at 4°C for 15 min.

3. Aspirate the serum and store at -20°C.

Enzyme Linked Immunosorbent Assay (ELISA) for Determining
the Titer of Antisera from Horse Immunized

with Sheep Adipocyte Plasma Membranes

Reagent Preparation

1. Preparation of phosphate buffered saline (PBS)
(.01 M sodium phosphate, .15 M NaC1, pH 7.4)

a. Stock solutions:ff
1. .2 M sodium phosphate (dibasic) (FW = 141.96) 5.678

gm/200 ml

2. 3 M NaC1
Aliquot and freeze.

b. Preparation of desirable volume of PBS:

25 ml 50 ml 100 ml 200 ml

0.2 M sodium phosphate 1.25 ml 2.5 ml 5 ml 10 ml

3.0 M NaC1 1.25 ml 2.5 ml 5 ml 10 ml

dd H2O 22.50 ml 45.0 ml 90 ml 180 ml

2. Preparation of phosphate substrate dilutant.
(0.10 M glycine, 0.001 M ZnC12, .001 M MgC12, pH 10.4)

a. Stock solutions:
1. 1.0 M glycine (MW = 75.07) 7.469 g/100 ml
2. .05 M ZnC12 (MW = 136.30) 0.684 g/100 ml
3. .05 ml MgCT2 (FW = 203.30) 1.017 g/100 ml

Aliquot and freeze.
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b. Preparation of the desirable volume of the substrate dilutant.

10 ml 20 ml 30 ml

1.00 M glycine 1.0 ml

0.05 M ZnCl2 .2 ml

0.05 M MgC12 .2 ml

D.D. water 8.6 ml
- adjust pH to 10.4 using 1 N NaOH.

Procedures:

2.0 ml
.4 ml

.4 ml

17.2 ml

3.0 ml
.6 ml

.6 ml

25.8 ml

1. Prepare the desirable dilution of the adipocyte plasma membranes
(10 gg protein/ml) using PBS buffer.

2. Prepare the desirable dilutions of normal and antisera (start with
a dilution of 1:20 and use 2 as a dilution factor) using PBS:Tween
80, PBS containing .05% Tween 80.

3. Prepare the desirable dilutions of the Conjugate, rabbit antihorse
alkaline phosphatase (1:250 1:500) using PBS:Tween.

4. Adsorb the plasma membranes of the fat cell passively on the 96
well plate (100 gl/well) by incubating overnight at 4°C at a humid
chamber.

5. Aspirate the plate and wash 3 times with PBS:Tween.
6. Leave the plate well full with PBS:Tween for one hour to block non-

specific absorption sites.
7. Varying dilutions of normal and antisera (as specified above) to be

added to the plate wells in volumes of 100 gl/well.
8. Incubate the plate for 2 hours at room temperature.
9. Dump the plate content and wash the plate three times with

PBS:Tween.
10 Add 100 gl of the Conjugate suspension to each well.
11 Incubate the plate for 2 hours at room temperature.
12 Wash the plate with PBS:Tween three more times.
13 Add 250 gl of the alkaline phosphatase substrate solution to each

well.
14. Incubate the plate in the dark for 15-30 minutes.
15. Terminate the reaction by adding 50 gl of .5 N NaOH /well.
16. Read the optical density at 405 nM on a plate reader

spectrophotometer.

Indirect Immunofluorescent Staining

1. Isolate adipocyte using collagenase digestion.
2. Incubate 100 gl of the packed cells with 50 gl of either normal or

antisera in various dilutions in polypropylene tubes at 37°C for 20
min with continuous gentle shaking.

3. Wash the cells three times by gently inverting the tubes with 1 ml
of warm (37°C) KRB-HEPES containing .5% BSA and .01% sodium azide.
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4. To the washed cells add 50 Al of (1:20 dilution) fluorescence
conjugated rabbit antihorse IgG for 20 min at 37°C.

5. Wash the cells three times by gentle inversion in 1 ml of warm KRB-
HEPES buffer allowing for 2 min between each wash.

6. Examine the stained cells under UV light.

Sodium-dodecyl Sulfate-Polyacrylamide Gel
Electrophoresis (SOS-PAGE)

Reagent Preparation

A. Acrvlamide/Bis stock solution:

1. 87.6 g *Acrylamide
2. 2.4 g N'N'-Bis-methylene-acrylamide (8 g/100 ml)
3. Bring up to 300 ml with dd H2O and store in brown bottle.

*Acrylamide is neurotoxic, therefore use gloves, hood and
reasonable safety precautions.

B. 1.5 M Tris-HC1, pH 8.8:

1. 27.23 g Tris base
2. Bring final volume to 150 ml with dd H2O after adjusting pH to

8.8 using HC1. Store at 4°C.

C. .5 M Tris-HC1, pH 6.8:

1. 6.0 g Tris base
2. Adjust pH to 6.8 with HC1. Bring volume to 100 ml and store at

4°C.

D. 10% Sodium dodecvlsulfate:

1. 10.0 g SDS
2. Dissolve with gentle stirring in H20. Bring to 100 ml.

E. Sample buffer:

dd H2O 4.0 ml
.5 M Tris-HC1, pH 6.8 1.0 ml

glycerol .8 ml

10% (w/v) SDS 1.6 ml
2-8 mercaptoethanol .4 ml

.05% (w/v) bromophenol blue .2 ml

8.0 ml

Dilute sample 1:1 with sample buffer and heat at 95°C for 4 min.
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F. 5x electrode (running) buffer, pH 8.3:

1. Tris base
2. Glycine
3. SDS

9.0 g
43.2 g
3.0 g

4. Dilute to 600 ml with dd H2O and store at 4°C.

G.

To prepare working solution, dilute
make 300 ml enough for one run.

Medium for 12% separating gel:

600 ml with 240 ml dd H2O to

1. dd H2O 3.35 ml

2. 1.5 A Tris-HC1, pH 8.8 2.5 ml
3. 10% SDS 100.0 Al
4. Acrylamide/Gis stack 4.0 ml
5. Degas for ? 15 min using a

vacuum source.
6. 10% ammonium persulfate 50.0 Al

(make fresh daily)
7. TEMED 5.0 Al

10 ml

H. Medium for 4% stacking gel:

1. dd H2O 6.1 ml
2. .5 M tris HC1, pH 6.8 2.5 ml

3. 10% (w/v) SDS 100 Al

4. Acrylamide/Bis 1.3 ml

5. Degas for 15 min
6. 10% ammonium persulfate 50 Al

7. TEMED 10 Al

10.0 ml

The gels were prepared using Miniprotein II apparatus.

Procedures:

Gels were run as described in Bio-Rad mini-protein II dual slab cell
instruction manual Sec. 8 (page 77).



121

Silver Staining of the Prepared Gels

Reagent Preparation

A. Silver Stain Solution (Solution B)
(.138% NaOH, 1.4% 14.8 M NH4OH, .8% AgNO3)

Dissolve 0.8 g AgNO3 in 4 ml dd H2O and add drop wise with rapid
stirring to a solution of 38.4 ml 0.36% NaOH and 1.4 ml 14.8 M
NH4OH. (If a brown precipitate remains add drops of NH4OH until it
disappears). Bring to 100 ml with dd H20.

B. Development Solution (Solution C)
(.005% citric acid with .019% formaldehyde)

1. 2.5 ml 1% citric acid
2. 250.0 ml 38% formaldehyde
3. Bring volume to 500 ml with dd H20.

Procedures:

1. Soak gels in 50% Me0H (Solution A) for 15 min two times.
2. Incubate gels in Solution B for 10-15 min.
3. Remove gel to new tray and wash twice with dd H20.
4. Incubate gels in Solution C. Bands should appear within 5 min.

Continue incubation until bands appear clearly.
5. Wash gels twice in dd H20.
6. Background can be removed using 1/4 strength "rapid fix." 100%

Me0H can be added to slow or stop the effect of the fixer.
7. Store gels in 50% Me0H which contains 1% acetic acid at 4°C.

Western Blot

Reagent Preparation:

A. Transfer buffer:

1. 25 mM Tris base
2. 19 mM glycine
3. dd H2O
4. methanol
5. Complete to 1000 ml using dd H20.

3.03 g
14.4 g
200 ml
200 ml
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B. Phosphate Buffered Saline (PBS):

1000 ml

1. 2.9 mM KH2PO4 .39

2. 7.2 mM K2HPO4 1.64
3. 154 mM NaC1 8.50

C. 5% Non-fat Dry Milk (NFDM):

100 ml

1. Non-fat dry milk 5 gm
2. PBS 95 ml

D. Substrate Buffer Preparation (pH 9.5)

1. 100 mM Tris HC1
2. Complete the volume to 1000 ml

and adjust pH to 9.5

Procedures:

100 ml

1.576 gm

Plasma membrane proteins were transferred from the gel to the
nitrocellulose paper using Genie Electrophoretic Blotter as
described in the instruction manual.

1. Run protein samples on 4% stacking and 12% separating
polyacrylamide gels.

2. After electrophoresis, place the polyacrylamide gel and equivalent
size of nitrocellulose paper in the blotting sandwich of a Western
Genie Blotting apparatus.

3. Electrophoretically transfer the proteins from the gel to the
nitrocellulose paper with 12 v battery charger for 35 min.

4. Remove the nitrocellulose from the apparatus and add 5% NFDM in
PBS, incubate with continuous shaking for 1 h.

5. Pour off the NFDM in PBS and add the horse anti-sheep adipocyte
plasma membrane antibodies at 1:100 dilution in PBS containing .1%
NFDM. Shake and incubate for 30 min.

6. Pour off the first antibodies and wash 3 x for 5 min each with .1%
NFDM/PBS.

7. Add the second antibodies, rabbit antihorse IgG conjugated to
alkaline phosphatase at 1:1000 dilution in PBS containing .1% NFDM.
Shake and incubate for 30 min.

8. Wash the blot 3 x for 5 min each in PBS.
9. Add the substrate (Vector II kit) and watch for the color reaction.
10. When the reaction is complete, wash the blot several times with

distilled water.


