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ABSTRACT 

Insulin action has been extensively studied although the exact mechanism 

by which the binding of this hormone to it's receptor causes the observed effects 

is still obscure. A 90 kd membrane protein may be involved in this mechanism. 

An attempt was made to purify and make a monoclonal antibody to the 90 kd 

protein. Several purification methods were attempted and a 2-D electrophoretic 

procedure developed. Conventional hybridoma production methods were tried as 

well as a novel hybridoma procedure using selection of J11D10 cells, culture in 

LPS/DXS04I and electrofusion. The resulting monoclonal antibodies to the 90 kd 

protein were cross-reactive. Furthermore, the immunological results and the 

presence of the 90 kd protein in several mammalian species suggest that this 

protein may be evolutionary conserved and may play a role in insulin action. 
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I. INTRODUCTION 

It has long been known that the hormone insulin is a very powerful 

physiological anabolic agent (Cahill, 1971; Levine, 1982). At the cellular level the 

actions mediated by insulin are very broad and include the modulation of: transport 

and utilization of glucose; transport of other molecules across the plasma 

membrane such as ions and amino acids; important intracellular enzyme activities 

such as glycogen synthase, acety-CoA carboxylase, pyruvate dehydrogenase, and 

lipoprotein lipase; levels of cyclic nucleotides; levels of protein synthesis and 

degradation; levels of DNA and RNA synthesis, often leading to differential gene 

expression; protein phosphorylation patterns; and cellular growth and differentiation 

(reviewed by Kahn et ai, 1981; Saltiel, 1990). This pleiotropic nature of insulin 

action has contributed to the difficulty in understanding the transmission of the 

signal between insulin binding to the receptor and the observable molecular, 

cellular, and metabolic effects. 

The insulin receptor is, evolutionarily speaking, a strongly conserved 

molecule (LeRoith et al, 1989) that was first purified from rat hepatocytes by 

affinity chromatography (Cuatrecasas, 1972). Subsequent analysis showed that 

the receptor is made up of two a subunits of approximately 135 kd and two p 

subunits of approximately 90-95 kd. All four of the subunits are glycosylated. The 

subunits are arranged into a a-p heterodimer conformation in which one a subunit 



is closely associated with one p subunit by disulfide bonds. There is also a 

disulfide bond between the two a subunits that links the two a-p heterodimers 

together. The a subunit is a completely extracellular peripheral membrane protein 

that binds insulin. The p subunit is an integral membrane protein in which the 

cytoplasmic portion has been found to have a tyrosine specific kinase activity. The 

binding of insulin to the a subunit of the receptor is known to activate the tyrosine 

kinase activity on the p subunit and this activity is generally believed to play a key 

role in mediating insulin action (reviews by Denton, 1986; Zick, 1989). The 

tyrosine specific kinase on the p subunit has been found to phosphorylate the 

receptor's p subunit itself and other proteins although few other important 

physiological substrates have been identified due to the very low abundance of 

proteins phosphorylated on tyrosine residues in intact cells. Detailed structural and 

functional studies on the insulin receptor are available in review articles (Czech, 

1985; Denton, 1986; Jacobs, 1985; Jacobs and Cuatrecases, 1983; Kahn, 1985; 

Rosen, 1987; Shoelson and Kahn, 1989; Zick, 1989). 

The lack of a linkage between the insulin receptor's tyrosine kinase activity 

with the ultimate effects of insulin indicates that much about the transmission of 

the insulin signal is still unknown. Studies revealed that well-recognized 

mechanisms of signal transmission such as cyclic nucleotides and ion channels 

were probably not a primary means in which insulin regulates cellular function. 

(reviewed by Denton et al, 1986). Therefore other mechanisms for insulin signal 

transduction have been proposed and studied such as: unique second messengers 



including glycosyl-phosphatidylinositol insulin-sensitive hydrolysis products (reviews 

by Kiechle and Jarret, 1985; Saltiel and Cuatrecasas; 1988), initiation of a 

phosphorylation/dephosphorylation cascade (Dent et al, 1990; and reviews by 

Czech, 1985; Denton, 1986; Denton, 1990), and the translocation of insulin and 

it's receptor to intracellular organelles (Goldfine et al, 1985; Podlecki et al, 1987). 

Presently the inositol glycan second messenger and the 

phosphorylation/dephosphorylation cascade mechanisms look the most promising 

with respect to being involved in the insulin signal transduction. These two 

pathways are not necessarily mutually exclusive and may actually operate 

synergistically in regulating the cellular responses to insulin. However, none of 

these proposed mechanisms as of yet have been conclusively shown to link the 

insulin receptor with the ultimate effects of insulin action. Based on the broad and 

complex ways in which insulin acts it is possible that several pathways control the 

action of insulin instead of one all encompassing insulin signal transduction 

mechanism. 

A 1984 paper (Schoenle et al, 1984) found that an acidic (pi of 4.8-5.2) 90 

kd rat adipocyte membrane protein disappeared from the plasma membrane upon 

addition of insulin to a in vitro preparation of epididymal fat pad adipocytes. The 

90 kd protein and it's insulin-sensitivity are illustrated in Figure #1 taken from the 

Schoenle et al paper. Also shown in Figure #1 is a 94 kd protein directly above 

the 90 kd protein. The 94 kd protein is very similar to the 90 kd protein in 
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molecular weight, isoelectric point, staining spot morphology, and evolutionary 

conservation (see this thesis) such that it raised questions as to whether the 90 

kd and 94 kd proteins are related in spite of the fact that the 94 kd protein appears 

not to be insulin sensitive. 

The effect of insulin on the 90 kd protein was found to be dose dependant 

in the range in which the known effects of insulin on rat adipocytes occur such as 

stimulation of glucose transport and incorporation, or inhibition of the plasma 

membrane Ca+2-ATPase (Pershadsingh and McDonald, 1979; Schoenle and 

Froesch, 1981). Also, the effect of insulin on the 90 kd protein occurs in a time 

dependent fashion with the half-maximal effect of less than 20 seconds which 

indicates that this protein may be involved in the early steps of the insulin signal 

transmission system. Lastly, it was found that the insulin-mimicking substances 

IGF I and orthovanadate also resulted in the 90 kd protein disappearance from the 

plasma membrane. These results when considered together supported the 

hypothesis that this insulin-sensitive 90 kd membrane protein is involved in the 

transmission of the insulin signal and therefore warrants further study. 

The initial goal of this thesis was to further understand the 90 kd protein's 

function. To achieve this goal it would be necessary to purify the 90 kd protein, 

make a monoclonal antibody specific for this protein, and then to use this specific 

monoclonal antibody to study the intracellular nature and trafficking of the 90 kd 

protein. 



The 90 kd protein was shown to be a very minor protein in the initial work 

by Schoenle et al. Subsequent work using one and two dimensional gels of 

purified membrane fractions separated by free flow electrophoresis have failed to 

show the presence of the 90 kd protein (Morre, Erb, and Sammons unpublished 

results). Therefore it was decided that a monoclonal antibody to the 90 kd protein 

would be necessary to accomplish our research goals. A 90 kd specific 

monoclonal antibody should be a more sensitive and versatile analysis tool than 

two dimensional gel electrophoresis in determining this protein's physiological 

functions. 

Since the 90 kd protein is a very minor cellular component, this protein 

needs to be partially or completely purified before it can be used as an 

immunogen, forthe monoclonal antibody production methods to have a reasonable 

chance of succeeding. Therefore, several methods were used in an attempt to 

purify the 90 kd protein. The 90 kd protein does not have a known enzymatic or 

biological activity therefore two dimensional gel electrophoresis was used to 

determine the relative purification obtained from each step. Two dimensional gel 

electrophoresis (O'Farrell, 1975) is a useful though time consuming technique 

which may not have had the sensitivity needed in a previous separation attempt 

involving the 90 kd protein (Morr6, Erb, and Sammons unpublished results). As 

described in this thesis, conventional purification methods met with limited success. 

Therefore, an alternate electrophoretic purification method was sought. 



Several monoclonal antibody production methods were used in an attempt 

to generate a hybridoma producing 90 kd specific antibody. This included both 

polyethylene glycol (PEG) and electrofusion fusion techniques. Electrofusion has 

a much greater fusion efficiency than PEG fusion even though a much smaller 

number of cells are used per fusion (Bischoff et al, 1982; Foung and Perkins, 

1989; Gravekamp et al, 1987; Ohnishi et al, 1987; Vienken and Zimmermann, 

1985; Zimmermann, 1982). The fusion methods used lymphocytes directly from 

the challenged mouse's spleen in the initial studies. In subsequent studies the 

lymphocytes were derived from a challenged mouse as before; however, the 

spleen cells were treated with a J11 D/complement cytotoxic depletion method and 

then placed in LPS/DxS04 supplemented culture for activation before the fusion. 

The J11D monoclonal antibody (Bruce et al 1981) is believed to define a set 

of membrane differentiation antigens that is widely distributed on hematopoietic 

cells. The J11D defined antigen(s) is also known to be quantitatively differentially 

expressed at distinct developmental stages of some lymphoid cell lines such as B 

and T cells. The J11D defined antigen is expressed in a high concentration on 

neutrophils, erythrocytes, primary B cells, antibody producing cells, and most 

thymocytes, but at a low concentration or not at all on memory B cells and mature 

T cells (Bruce et al, 1981; Symington and Hakomori, 1984; Thompson et al, 1983; 

Pillai et al, 1986; Crispe and Bevan, 1987; Linton et al, 1989). Therefore, 

incubation of T-cell depleted splenocytes in J11D and complement should 



eliminate the J11Dhl cells including the primary B cells, while leaving the J11 D'° 

cells including the memory cells. It was reasoned that this method would enrich 

for memory cells that are capable upon stimulation of producing monoclonal 

antibodies specific for previously injected antigens. To activate the presumably 

enriched memory B cell fraction to plasma cells producing antibody of the 

predetermined specificity, the J11Dhl depleted cell population was cultured in 

LPS/DXS04 supplemented media. LPS/DxS04 has been previously shown to 

initiate T cell independent polyclonal activation in a significant minority of B cells 

in vitro (Andersson et al, 1972; Andersson et al, 1977; Bergstedt-Lindquist, 1982; 

Bos et al, 1988; Wetzel and Kettman, 1981). Previously, this enrichment method 

has resulted in 40%-80% of the hybridomas produced being specific for the 

antigen DNP. This percentage of DNP-specific hybridomas approached 90% by 

day 9 in LPS/DXS04 culture (Sammons et al, in press). This method has also 

resulted in production of monoclonal antibodies to a shrimp virus after 5 days of 

LPS/DXS04 culture (unpublished results). 

The protein purification and monoclonal antibody production procedures 

were tailored as to maximize the chance of producing a 90 kd specific monoclonal 

antibody which would be a crucial tool in furthering the understanding of the 90 kd 

protein. Also, attempts were made to purify the 94 kd protein and produce 

monoclonal antibodies specific to this protein to aid in determining whether there 

is a precursor relationship between the 90 kd and 94 kd proteins. The 
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presumption that the 90 kd and 94 kd proteins may be related was based on the 

similar 2-D gel separation characteristics, spot morphologies, and the fact that this 

close association of the two proteins was found to be present in several species. 



II. MATERIALS AND METHODS 

20 

A. Analytical Two Dimensional Gel Electrophoresis and Silver Staining: 

The two-dimensional (2-D) gel electrophoresis was performed using the 

ISO-DALT system (Anderson and Anderson, 1978a; Anderson and Anderson, 

1978b). The sample for analysis (analytical) was solubilized in a small volume of 

modified ISO-UREA buffer (ISUB) which contained 6.75M urea (Bio-Rad 

Laboratories, Richmond, CA), 0.65% pharmalytes pH 3-10 or 4-6.5 (Pharmacia, 

Uppsala, Sweden), 3% 2-mercaptoethanol (Eastman Kodak Co., Rochester, NY), 

7.5 mM EDTA, and 3% NP-40 (Sigma Chemical Co., St. Louis, MO) or 3% lubrol 

(Pierce Chemical Co., Rockford, IL). The solubilized sample was then loaded onto 

the isoelectric focusing gel consisting of 4% acrylamide/.25% bis-acrylamide (Bio-

Rad Laboratories, Richmond, CA), 9.9M urea (Bio-Rad Laboratories, Richmond, 

CA), 2% NP-40, 2.2% pharmalytes pH 3-10, .034% ammonium persulfate (Sigma 

Chemical Co., St. Louis, MO), and .068%TEMED (Sigma Chemical Co., St. Louis, 

MO). The isoelectric focusing gel was run at 700 volts for 17 hours (12,000 

volt/hrs). The gel was then extruded, placed in a equilibration buffer consisting of 

37.2 mM Tris-base (Sigma Chemical Co., St.Louis, MO), 1% SDS (Bio-Rad 

Laboratories, Richmond, CA), and 2% 2-mercaptoethanol, and frozen at -70°C until 

needed. The equilibrated first dimension gel was next loaded onto the second 

dimension SDS-PAGE gel (1.5 mm x 15 cm x 10 cm). The second dimension gels 



consisted of a straight 12% acryiamide/.32% bis crosslinker or a gradient 10%-20% 

acrylamide/.27%-.53% bis crosslinker. The second dimension gels were 

electrophoresed in a buffer consisting of 193 mM glycine, 27 mM Tris-base, and 

3.5 mM SDS in a custom-made apparatus. After completion of the second 

dimension.run, the slab gels were removed from the plates and were stained using 

an ultra-sensitive silver based color development system (Adams and Sammons, 

1981; Sammons et al, 1981) with modifications to increase sensitivity (Schoenle 

et al, 1984). Some gels were Coomassie stained with conventional protocols. 

B. Purification: 

A flow chart of the purification scheme is shown in Figure #2. 

1. Delipidation of porcine fat. The pig fat lipids were removed because of 

the problems they caused in future analytical and purification procedures. The 

lipids were removed via a conventional proteolipid isolation protocol. In this 

procedure frozen porcine fat was minced with a razor. The minced fat was then 

mixed with five mis of a 1:1 mixture of chloroform:methanol with 0.01 volumes of 

2 M KCI per gram of porcine fat. This mixture was placed in a glass blender 

container (Hamilton Beach model 680W) and run at setting 7 for one minute. The 

homogenized sample was then stirred in a beaker for 45 minutes at room 

temperature. Next the sample was placed in 250 ml polyproplyene centrifuge 

bottles (Beckman Instruments, Fullerton, CA), and centrifuged at 10,000 RPM for 

30 minutes at room temperature using a JA-14 or GSA rotor. After this spin the 



following layers were observed (from the top); an aqueous (methanol) upper 

phase, a solid interphase, an organic lower phase (chloroform), and a solid pellet. 

The upper and lower phases were poured off leaving the interphase and the pellet. 

This material was subjected to a second lipid extraction procedure exactly like the 

first procedure (except razor mince) using the same extraction liquid volume. After 

the second extraction, one liquid phase was present with a solid pellet. The 

supernatant was poured off and the protein containing pellet was placed at -70°C 

until use. 

2. Solubilization of the 90 kd protein. Initially, the crude protein pellet was 

solubilized with modified ISUB. The solubilization was accomplished with a 7 ml 

dounce tissue grinder (Kontes, Vineland, NJ) using the B pestle. Two grams of 

protein pellet was mixed with four mis of modified ISUB in the tissue grinder 

(different amounts of protein may be used but the protein:modified ISUB-mix must 

be X grams:2X mis). The mixture was then homogenized well with 25-30 strokes 

of the B pestle. The homogenized sample was placed into 2 ml polycarbonate 

ultracentrifuge tubes (part #343778, Beckman Instruments, Fullerton, CA) and left 

at room temperature for one hour. The sample containing tubes were then spun 

at 100,000 RPM for one hour at room temperature using a TLA 100.2 rotor. The 

supernatant was collected and used for initial two-dimensional gel analysis. This 

solubilization procedure was repeated but with different buffers and/or detergents 

and detergent concentrations as described below: 
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• Buffer and detergent substitutions (without urea). Urea was 

substituted with 50 mM Tris-HCL or Hepes buffers with either 3% NP-40 or 3% 

Lubrol-PX. 

Detergent substitutions (with urea). 3% NP-40 was substituted 

with the following detergents; SDS, Brij-35, Lubrol-PX, Tween 20 (Pierce Chemical, 

Rockford IL), Deoxycholic acid, Tween 80, Triton X-100, CHAPS, and CHAPSO 

(Sigma Chemical, St. Louis, MO). 

Buffer substitutions (with urea). Crude porcine fat protein was 

homogenized with 5 M guanidine hydrochloride (Pierce Chemical Co., Rockford IL) 

and 4 M urea with or without the other chemical constituents in the modified ISUB. 

Detergent concentrations differences. The sample was 

homogenized with modified ISUB containing the following concentrations of Lubrol-

PX detergent; .1%, .5%, 1%, 2%, and 3%. 

Lastly, an autohomogenization method was used for large scale 

isolation of crude pig fat protein which was needed for purification methods such 

as recycling isoelectric focusing. This method was not as efficient for solubilizing 

the 90 kd protein, although much larger amounts of proteins could be extracted. 

The same general procedure as hand homogenization was used in this procedure 

with only scale-up changes. Ten grams of porcine fat protein was mixed with 30 

mis of solubilization solution (modified ISUB with 3% Lubrol-PX instead of NP-40) 

in a 55 ml tissue grinder (Thomas Scientific, Swedesboro, NJ). This mixture was 



then homogenized with 10 strokes of the teflon pestle attached onto an electric 

drill. The homogenized sample was left at room temperature for a minimum of 45 

minutes. The homogenized sample was then placed into 50 ml polyallomer tubes 

with crimp lids and centrifuged at 50,000 RPM for two hours at room temperature 

using a Ti-70 rotor. The supernatant was collected and the pellets were 

resolubilized like the initial autohomogenization procedure except that 2 mis/gram 

of solubilization solution was used and the sample was homogenized with 6 

strokes of the teflon pestle hooked onto an electric drill. The supernatants from 

the two autohomogenization steps were pooled for purification procedures. 

3. Differential protein solubilization. In this procedure two crude porcine fat 

protein aliquots were hand homogenized separately with two different modified 

ISUB without pharmalytes or NP-40 detergent. One modification consisted of 

ISUB without pharmalytes or NP-40 detergent (solution A) while the other 

consisted of 3 M urea, 20 mM EDTA, and 7% 2-mercaptoethanol (solution B). The 

supernatants from these solubilizations were collected while the pellets were 

rehomogenized with the same volume of modified ISUB containing pharmalytes 

and NP-40 detergent. A control was also run consisting of two succesive 

homogenizations of a crude pig fat protein with modified ISUB containing NP-40 

and pharmalytes. The supernatants from each one of the homogenizations were 

saved and analyzed. 
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4. Separation by differential precipitation. 

a. Acetone precipitation. The purpose of this experiment was 

determine if the 90 kd protein would precipitate in a high concentration of acetone. 

If 90 kd protein precipitation did occur at very high solvent concentrations, then 

percentage acetone concentration cuts would be done to try to purify the 90 kd 

protein. The delipidated porcine protein was solubilized via autohomogenization. 

The solubilized sample was next mixed with five volumes of 4°C acetone per 

volume of solubilized sample (140 ml sample / 700 ml acetone, 83.34% solvent). 

The mixture was then stirred overnight at 4°C. The liquid was next removed 

leaving a copious amount of a solid stuck to the bottom of the beaker. The solid 

contents were scraped out of the container and frozen until the two dimensional 

gel analysis. The liquid was left at room temperature under the hood and the 

majority of the acetone was allowed to evaporate. The remaining sample was 

placed in dialysis bags and dialyzed extensively with water. The precipitated and 

unprecipitated samples were lyophilized to dryness. 

b. Ammonium sulfate cuts. Crude pig fat protein was differentially 

precipitated with increasing concentrations of ammonium sulfate to partially purify 

the 90 kd protein (modified protocol from Schlei and Wensink, 1981; Segel, 1976; 

Scopes, 1987). Ammonium sulfate "cuts" were performed at 0%-25%, 25%-40%, 

40%-60%, 60%-80%, and 80% soluble. In this procedure saturated ammonium 

sulfate (pH 7.0) was added dropwise to hand solubilized crude porcine protein 



(using modified 1SUB with 1% Lubrol-PX as the detergent) under gentle stirring at 

room temperature until the percentage of desired saturation had been achieved. 

The sample was placed into 50 ml polycarbonate Oak Ridge tubes (Nalge Co., 

Rochester, NY) and centrifuged at 10,000 RPM for 20 minutes at room 

temperature with the SS-34 rotor. The supernatant was removed, the volume 

measured (which is needed for calculating the saturated ammonium sulfate needed 

for the next cut), and the next ammonium sulfate precipitation cut was begun while 

the pellet was saved for analysis. This process was repeated throughout the 

ammonium sulfate cuts with the exception of the 25%-40% precipitation step. 

After centrifuging this precipitation step, a very large fatty layer, possibly lubrol, 

was present on top of the supernatant. This layer was removed from the top of the 

supernatant and analyzed separately from the pellet precipitate. The 80% 

ammonium sulfate cut soluble supernatant was placed in a dialysis bag. The 

ammonium sulfate cut pellets were resolubilized in 6 M urea and 7.5 mM EDTA. 

The resolubilized pellets were dialyzed against deionized water and then 

lyophilized. 

5. Separation by size exclusion. 

a. Dialysis. Crude porcine fat protein was dialyzed against a 50,000 

MWCO membrane (Spectrum, Houston, TX). The crude porcine protein was auto-

homogenized, the solubilized product divided in half, and placed into separate 

50,000 MWCO membranes. One aliquot was extensively dialyzed in 4°C reagent 
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grade water. The other aliquot was extensively dialyzed against 6 M urea, 1% 2-

Mercaptoethanol, and 7.5 mM EDTA, at room temperature. This sample was then 

dialyzed against reagent grade water at 4°C. Both sample aliquots were then 

lyophilized. 

b. Chromatography. Solubilized crude porcine fat protein was placed 

on a P-60 (Bio-Rad Laboratories, Fullerton, CA) size exclusion column. The P-60 

matrix was preswelled overnight in 6.75 M urea, 2.0% 2-mercaptoethanol, and 7.5 

mM EDTA. The column (Bio-Rad econo-column, 30 cm length, 1.5 cm nominal 

id., 48ml volume) was then poured and equilibrated. The crude porcine fat protein 

was hand homogenized and the solubilized material (3.5 ml) was run through a 

small (2.5 ml) extractigel detergent removing (Pierce Chemical Co., Rockford, IL) 

column several times. The extractigel eluted sample was applied to the equilibrated 

column and allowed to flow via gravity using degassed 6.75 M urea, 2% 2-

mercaptoethanol, and 7.5 mM EDTA, as the eluent. Fractions were collected 

every thirty minutes and scanned with a Beckman DU-7 spectrophotometer from 

190-350 nanometers. Those fractions which had appreciable absorbance at 280 

nm were dialyzed extensively against deionized water. The samples were then 

lyophilized. 

6. Recycling Isoelectric Focusing (RIEF). The RIEF is a preparative 

isoelectric focusing apparatus that fractionates protein mixtures. The RIEF 

apparatus is composed of three major segments: a focusing cell with 10 sample 



subcompartments and two electrode chambers (.1 M phosphoric acid anolyte and 

.1 M sodium hydroxide catholyte); a 12 tube heat exchange reservoir for fraction 

and electrolyte cooling; and a multichannel tubing pump that recirculates the 

fractions and electrolytes between the cell and cooling reservoir. During 

fractionation, the recirculating proteins and pharmalytes migrate through the 

focusing cell until the system reaches equilibrium. In this method the crude 

porcine fat protein was autohomogenized and then loaded onto the recycling 

isoelectric focusing apparatus (RIEF) which had been set up as previously 

described (Bier et al, 1979). The sample (225 mls-235 mis) was desalted in the 

RIEF apparatus via a high voltage power supply by increasing voltage as the 

amperage decreased (keep under 100 W) until 250 V and under 200 mA had been 

achieved. The high voltage power supply was replaced with a Bio-Rad model 

1000/500 power supply, and the focusing was continued for another two to four 

hours (3-5 hours total). The electrical power parameters were 500 V, 200mA, and 

100W. The voltage increased while the amperage decreased and a precipitant 

occurred in the middle fractions (sometimes all fractions) during the focusing. 

Further separation was achieved by running a second RIEF on fractions collected 

from the first RIEF whose pH was in the region of the 90 kd protein's isoelectric 

point. Typically, two to four RIEF fractions whose pH was between 3.5-6.0 

(depending on run) were pooled and mixed with diluent (6.75 M urea, 3% 2-

mercaptoethanol, and 1% pharmalytes pH 4.0-6.5 or pH 2.5-5.0 and pH 4.0-6.5 
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mixture) to bring the volume up to 150-170 mis. The diluted sample was subjected 

to a second RIEF fractionation at the same electrical power parameters as the first 

RIEF run. The second RIEF run was usually between four and five hours long. 

Several different parameters were varied in different RIEF runs to determine which 

set of variables would maximize the isolation of the 90 kd protein. The parameters 

varied in different RIEF runs are listed below: 

Single RIEF fractionations: 

• Pharmalytes pH 3-10 used in run. 

• Pharmalytes pH 4.0-6.5 used in run. 

Double RIEF fractionations: 

• Pharmalytes pH 3-10 were used in the first run. In the second 

run pharmalytes pH 2.5-5.0 and pH 4.0-6.5 were used. 

• Pharmalytes pH 3-10 were used in the first run. In the second 

run pharmalytes pH 4.0-6.5 were used. 

• In the earliest fractionations NP-40 detergent was used. In 

later fractionations Lubrol-PX detergent was used. 

• 1 % Lubrol-PX detergent vs 3% Lubrol-PX detergent. 

Reservoir cooling temperature of 4°C vs reservoir cooling 

temperature of 10°C. 

Upon completion of the RIEF fractionation procedure, the relevant fractions were 

dialyzed against deionized water and lyophilized. 



7. Concanavilin A chromatography. AffiGel Con A (Bio-Rad Laboratories, 

Fulierton, CA) consists of the lectin concanavilin A coupled to crosslinked agarose 

beads. This matrix is used to purify glycoproteins via the ability of Con A to bind 

D-mannose residues of saccharides. The column (Bio-Rad econocolumn, 1.5 cm 

ID X 30 cm length, 80 mis) was packed by gravity and had a 68 ml bed volume. 

The chromatography method was as described (Affi-Gel Con A for glycoprotein 

and glycopeptide purification. Bio-Rad bulletin 1097, 1983) with a few 

modifications. Briefly, the lyophilized post-RIEF sample was solubilized with 

application buffer ( 50 mM Hepes, 1 M NaCL, 1 mM MgClz, 1 mM CaCI2, 1 mM 

MnCI2, and .02% NaN3 preservative pH 7.2) and the insoluble particulates removed 

via centrifugation (this was saved for gel analysis). The volume of application 

buffer used was such that the Lubrol-PX concentration was brought under one 

percent. This percentage of nonionic detergent has been previously shown not 

significantly reduce the binding efficiency of glycoproteins to Con A (Dufau et al 

1978; Lotan and Nicolson, 1979). The solubilized sample was then slowly run 

through the column. The column was next washed with application buffer until the 

O.D. 280 nm was negligible. The column was then washed with application buffer 

containing 200 mM alpha-D-methylmannopyranoside to elute specifically bound 

material. Once the O.D. 280 nm of the eluent off the column had became 

negligible, the column was washed with application buffer containing 200 mM 

alpha-D-methylmannopyranoside and 1 % Lubrol-PX to elute any specifically bound 



material that had precipitated in the column after the sample containing buffer with 

Lubrol-PX detergent had been run through. Fractions were collected until the O.D. 

280 nm of the eluent had become negligible. The fractions having absorbance at 

280 nm were pooled, dialyzed, lyophilized. 

8. Electrophoretic purification of the 90 kd and other proteins. The 

delipidated porcine fat protein was hand homogenized as previously described 

(see page #23) with the substitution of 1% Lubrol-PX for 3% NP-40 and 

pharmalytes pH 4-6.5 for pharmalytes pH 3-10 in the modified ISUB. The two-

dimensional gel electrophoresis was performed as previously described (see page 

#21) with 40 ul of solubilized sample being loaded onto the first dimension. To 

conserve expense and increase 90 kd protein yield, often the iso gels were cut in 

half and the two acidic half iso gels (containing the 90 kd region) were loaded onto 

each 12% slab gel. 

After completion of the second dimension run, the gels were stained with 

zinc (Lee et al, 1987; Dzandu et al, 1988; Adams and Weaver, 1990). The zinc 

stain is a quick non-fixative stain that elucidates proteins as clear zones in a white 

background. This stain is more sensitive than Coomassie, KCI, or copper stain, 

while less sensitive than silver stain. The slab gels were removed from the plates 

and washed in deionized water for one to two minutes. The gels were next placed 

in .3 M zinc chloride (200 mis/gel) and stained for five minutes with gentle 
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agitation. The stained gels were washed four times in excess reagent grade water 

to stop the reaction. 

The 90 kd protein/gel slices were isolated and destained as follows: A zinc 

stained gel was placed on a clear glass plate that was positioned on a dark paper 

to furnish easy viewing. The protein spots were visible as clear areas of the gel 

on an opaque background. The 90 kd protein spot was excised with a scalpel. 

Figure #3 shows the right proteins were excised via overlaying a gel which had 

been zinc stained, spot excised, and then silver stained, with a control silver 

stained gel. The protein containing gel pieces were placed into a 250 mM 

EDTA/250 mM Tris-HCI (pH 9.0) destain solution (Lee et al, 1987) and washed 

three times under gentle agitation with ten minutes per wash (usually 10-20 

excised protein gel slices per destain). 

The elution of the proteins from the gel slices and into a small workable 

volume was accomplished by using a Geluter II electroelution device (EC 

apparatus, St. Petersburg, FL). The apparatus was used as described (Geluter 

II package insert instructions, 1989) with the following modifications: 

To prevent buffer leakage, the large polyethylene plugs were 

wiped with silicone grease on the region of the plug that was in contact with the 

inner tank holes. 

The membrane capped elution tubes were loaded with the gel 

slices before they were placed in the apparatus. 



33 

The elution tubes were filled with buffer (192 mM glycine, 27 

mM tris-base, and 3.5 mM SDS) and placed into a buffer containing beaker (to 

keep membrane from drying). 

The destained gel slices were placed into the elution tubes 

(they are denser than the buffer). A glass stirrer was used to gently push the gel 

slices to the bottom of the elution tubes and to remove the air bubbles. 

A circular cut plastic screen with fairly large holes was next 

fitted on top of the elution tube to prevent the gel slices from leaving the tube (this 

does not seem to affect the electroelution). 

The elution tubes were loaded onto the inner tank and one liter 

of buffer was loaded into the outer tank. 

The inner tank was gently placed into the outer tank such that 

no bubbles form on the membrane caps. 

The inner tank was loaded with buffer until the electrode and 

elution tubes were submerged. Any bubbles surrounding the elution tubes were 

removed. 

The top was placed on the unit and hooked into the power 

source. The unit was usually run at constant current for 12-14 hours at 3 

mA/column and then 6-8 hours at 6 mA/column. Upon switching to the higher 

amperage, some bubble formation was seen in the elution tubes. However, the 

wanted protein was still found in the elution volume. The increased time and 
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amperage used (compared to Geluter II instruction guidelines) was based on the 

large molecular weight of the protein. 

• After the electroelution, the top of the Geluter was taken off, 

the inner tank removed, and the buffer allowed to drain out via removing a 

polyethylene plug. 

The elution tubes were then gently removed from the unit and 

placed in a holder such that the membrane-capped bottoms were not touching 

anything. 

The top of the elution tube was dried and a moderate amount 

of silicone grease was applied. 

A cover cap (which also had a moderate amount of silicone 

grease placed on the inner lip) was then gently placed on the elution tube. The 

cap was not placed on very tightly in order to prevent a pressure buildup which 

could lead to liquid loss when the electroeluted sample was removed. However, 

a non-leaky seal was essential. 

The external surface of the membrane cap was then dried off 

and the sample removed via a 1 ml or Hamilton syringe. 

The sample volume was usually between 200-400 ul and the eluted sample has 

been found to be quite acidic which may adversely affect the protein structure. 

In later elution procedures the SDS was removed from the sample (Stearne 

et al, 1985). This was accomplished by mixing the electroeluted protein with nine 



volumes of ice cold methanol in a siliconized glass centrifuge tube and then 

placing in -20°C overnight. The samples were next centrifuged in a pre-cooled HB-

4 Sorvall swinging bucket rotor for one hour at 10,000 rpm and at -5°C. The 

supernatant was removed and the 90 kd protein was resolubilized in 27 mM Tris-

base (pH 7.2). The protein was used for immunization or dot blot analysis. 

The purity and approximate amount of protein isolated was determined by 

a sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) method 

(Laemmeli et al, 1971) with the following slight modifications: The electroeluted, 

methanol precipitated, and buffer resolubilized samples were mixed 1:2 with 2X 

SDS-PAGE tank buffer containing 1.5% agarose (Bio-Rad Laboratories, Fullerton, 

CA) and 5% 2-mercaptoethanol. The samples were then placed in .2 ml pipettes 

and allowed to solidify. The solidified sample/agarose gels were loaded onto 12% 

slab gels and electrophoresed until the schlerin line was two to three centimeters 

from the end of the gel. The gels were then silver stained (Adams and Sammons, 

1981). 

The 94 kd protein was also purified from 2-D gels. This protein was 

electrophoretically purified exactly like the 90 kd protein and at the same time as 

the 90 kd protein but in a separate elution chamber. The 94 kd protein was 

resolubilized in 10 mM PBS (pH 7.2) after the methanol facilitated precipitation 

step. The purified 94 kd protein was also used for monoclonal antibody production 

or dot blot immunoassays. 



The other proteins in each quadrant from a two dimensional gel were 

electrophoretically purified as the 90 kd protein, except with a couple of minor 

variations. After zinc staining, the nonprotein containing regions of slab gel were 

trimmed off. The remaining gel was then divided into four approximately square 

same size quadrants labeled l-IV. The 90 and 94 kd proteins were excised and 

discarded from quadrant I. Each of the four two dimensional gel slice quadrants 

were destained and electroeluted in separate elution chambers as described 

above. To get more of the quadrant into the elution chamber the gel was cut up 

into small, pieces with a razor. The electroeluted and SDS removed protein 

samples were used for dot blot immunoassays (see section E) to determine if 

antibodies that reacted to the pure 90 kd protein were cross reactive with other 

proteins. 

C. Hybridoma Generation: 

1. Conventional PEG or electrofusion: 

a. Mice injection schedules. Female 6-7 week old Balb/cByJ mice 

were used. Crude porcine fat protein was resuspended in PBS before being 

diluted 1:2 with Freund's adjuvant, emulsified, and injected into the indicated mice 

(mouse #1 and #2, see below). All injections including the final boost were 

intraperitoneal. The injections did not follow a rigid schedule and therefore each 

injection schedule is listed: 



Mouse #1 was injected with 100 ug (300 ui) of crude porcine fat protein in 

Freund's complete adjuvant (Sigma Chemical Co. St. Louis, Mo.). Thirty days later 

the mouse was boosted with 100 ug (300 ui) of crude porcine fat protein in 

Freund's incomplete adjuvant. The second and final boost was given on day 51 

and consisted of 100 ug (200 ul) of crude porcine fat protein in PBS. The 

electrofusion procedure was performed on day 54. 

Mouse #2 was injected with 100 ug (300 ul) of crude porcine fat protein in 

Freund's complete adjuvant. On day 30 and day 49 the mouse was boosted with 

100 ug (300 ul) of crude porcine fat protein in Freund's incomplete adjuvant. The 

third and final boost was given on day 63 and consisted of 100 ug (300 ul) of 

crude porcine fat protein in PBS. The electrofusion procedure was performed on 

day 66. 

Mouse #3 was injected with 90-94 kd electroeluted protein in elution buffer 

1:3 diluted with Freund's complete adjuvant (400 ul total volume). On days 12,25, 

68, and 95 the mouse was boosted with 90-94 kd electroeluted protein in elution 

buffer 1:3 diluted with Freund's incomplete adjuvant (250-300 ul total volume). The 

fifth and final boost was given on day 109 and consisted of 90-94 kd electroeluted 

protein 1:2 diluted with PBS (200 ul total volume). The polyethylene glycol (PEG) 

fusion procedure was performed on day 112. 

b. Preparation of cells for fusion. The SP2/0 non-secreting 

hybridoma cell line (Shulman et al, 1978) was split the day before the fusion to 



retain log growth. The immunized mouse was killed by cervical dislocation three 

days after the last injection. The spleen was aseptically removed and placed into 

a small sterile petri dish containing 10 mis of RPMl (Irvine Scientific, Santa Ana, 

CA) supplemented with 8.8% fetal calf serum (Hyclone, Logan, UT), 1.75 mM 

glutamine, .88 mM sodium pyruvate, 1X MEM-non essential amino acids, 88 ug/ml 

penicillin and 88 mg/ml streptomycin (all chemicals from GIBCO laboratories, 

Grand Island, NY). The spleen was then crushed with a 3cc syringe plunger. This 

single cell suspension was run through a NITEX (Tetko Inc, Briarcliff Manor, NY) 

filter and into a sterile 50 ml centrifuge tube to remove tissue. The petri dish was 

rinsed with 10 mis of RPMl complete culture medium (RPMl containing all of the 

growth supplements) and this aliquot was passed through the NITEX filter. The 

cell suspension was centrifuged at 200 xg for seven minutes at room temperature. 

The supernatant was aspirated and the pellet was resuspended in 10 mis of a 

0.8% ammonium chloride buffer (144 mM ammonium chloride and 17 mM Tris pH 

7.2). The centrifuge tube was incubated in the 37°C water bath for 7 minutes. 

During the seven minute incubation the SP2/0 myeloma cells were collected from 

tissue culture flasks and placed into sterile 50 ml centrifuge tubes. All the tubes 

were then centrifuged at 200 xg for seven minutes and the supernatants aspirated, 

c. Fusion methods: 

(1). Electrofusion procedure. The procedural steps for cell 

preparation and electrofusion were followed the method of Schmitt et al, 1989, with 
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small modifications. Briefly, the pelleted cells were resuspended in 10 mis of 

RPMI complete. Cell aliquots (10-20 ul) were diluted 1:20 in trypan blue and then 

placed on a hemocytometer for cell counts. Based on the cell counts, twice as 

many cells of each cell type as needed for the electrofusions were placed into 

individual 15 ml centrifuge tubes. Ten mis of RPMI complete was then added to 

each 15 ml tube (Wash #1) and centrifuged at 200 xg for seven minutes. The 

supernatants were aspirated and then the cell pellets were resuspended in 10 mis 

of RPMI complete (Wash #2). The tubes were centrifuged at 200 xg for seven 

minutes. The supernatants were aspirated and the cell pellets resuspended in 10 

mis of 300 milliosmolar L3 buffer (Wash #1) containing .28 M sorbitol (Merck 

Chemical, Darmstadt, FRG), .5 mM Magnesium acetate (Merck Chemical, 

Darmstadt, FRG), .1mM calcium acetate (Aidrich Chemical Co, Milwaukee, Wl), 

and 1 mg/ml bovine serum albumin pH 7.1 (Merck Chemical, Darmstadt, FRG). 

The tubes were centrifuged at 200 xg for seven minutes and the supernatants 

aspirated. The pellets were resuspended in 10 mis of L3 buffer and a 10 ul aliquot 

was diluted 1:2 with trypan blue for a cell count. Based on the number of fusions 

to be done and the fact that each fusion chamber requires 1 X 106 cells of each 

fusion partner (Lymphocyte X SP2), the number of cells needed for each cell type 

was determined. The calculated number of cells of each fusion partner were then 

pooled in a 50 ml centrifuge tube. The centrifuge tube containing the cell fusion 

partners was centrifuged at 200 xg for seven minutes and the supernatant 



aspirated. The pellet was resuspended in 320 ul L3 buffer multiplied by the 

number of fusion chambers needed. Next, 320 ul of cell suspension was added 

to each helical fusion chamber with electrode spacing 200 um as described 

(Vienken and Zimmermann, 1985; Zimmermann, 1986; Broda et al, 1987). The 

fusion was accomplished using the following parameters on a Zimmermann cell 

fusion power supply: Alignment frequency= 2000 KHz; Alignment voltage= 5 V; 

Fusion voltage= 45 V; Frequency range= 1000-5000 KHz; Duty cycle= 100%; 

Voltage limit= 50 (max); Pulse duration= 15 seconds; AOT= 10 milliseconds; 

Number of pulses= 3; Time between pulses= 1 second. After the fusion the 

chambers were incubated at room temperature for 30 minutes. During the 

incubation period one ml of RPMI complete culture medium was added to each 

well of a Greiner plate to be used (Greiner Co, FRG). After the incubation the 

electrodes were removed and rinsed with one ml of RPMI complete into the bottom 

part of the fusion chamber. Next, 300 ul of the above cell suspension was placed 

into each Greiner plate well (one fusion chamber requires four wells). This 

process was repeated for all the fusion chambers. After 24 hours one ml of 2X 

HAT media was added. On day 7 the hybridoma colonies were counted. 

(2). PEG fusion procedure. Two PEG fusion methods were 

used as described below. The pelleted cells (from preparation of cells for fusion 

procedure section b.) were washed twice with 10 mis of RPMI base (RPMI without 

serum or other supplements) and seven minute, 200 xg centrifugation times. After 



the second wash the cells were brought up in 10 mis of RPMI base and cell counts 

were performed. Based on the cell counts, 1 X 108 lymphocytes were mixed with 

2.5 X 107 SP2/0 cells in a 50 ml centrifuge tube. The cells were washed once 

more with .RPMI base (wash #3). It is here where the two PEG fusion methods 

diverge: 

The first procedure (method A) was a method from Galfre and Milstein, 

1981, that had been modified by Dr. Garry Neil at the University of Iowa (personal 

communication) and further altered as described below. The supernatant from 

wash #3 was completely removed and the pellet resuspended by flicking the 

bottom of the centrifuge tube. The tube was then immersed in a beaker filled with 

37°C water inside the laminar flow hood. One ml of 40% PEG solution (1300-1600 

MW; Sigma Chemical, St. Louis, MO; cell culture reagent diluted with RPMI base 

at 37°C) was added to the pellet over 1 minute with constant gentle stirring using 

the tip of a 1 ml pipette. The centrifuge tube was then swirled gently for 90 

seconds. One ml of 37°C RPMI base was added over 1 minute with continued 

stirring using the end of the pipette. This step was repeated once. Seven mis of 

37°C RPMI base was then slowly added (dropwise) over 3 minutes with continued 

stirring to stop the fusion. The cells were centrifuged at 400 xg for 10 minutes and 

the supernatant removed. Ten mis of 37°C thymocyte conditioned media (TCM, 

made by incubating thymocytes from 3-4 week old Balb/cByJ mice in RPMI 

complete supplemented with 20% fetal calf serum at a concentration of 2 X 106 



cells/ml for 48 hours) was slowly added directly onto the pellet. Another 2.5 ml of 

TCM was added to give a final concentration of 1 X 107 cells/ml. The pellet was 

resuspended by gentle swirling and 100 ul of cell suspension was plated into each 

well of a 96 well plate. On the following day 100 ul of RPMI+1XHAT (.1 mM 

hypoxanthine, .4 uM aminopterin, and 16 uM thymidine [GIBCO, Grand Island, 

NY]) was added to each well. 

The second procedure (method B) was a method of Fazekas de St. Groth 

and Scheidegger, 1980, that had been modified by Dr. Micheal Arrowood (Ph.D. 

dissertation, 1988) and further altered as described below. The supernatant from 

wash #3 was removed well (to prevent dilution of the PEG solution) and the pellet 

resuspended by flicking the bottom of the centrifuge tube. The centrifuge tube was 

then immersed into a beaker containing 37°C water. While swirling the tube, 1 ml 

of 40% PEG solution was added over a 1 minute time period. The centrifuge tube 

was then allowed to sit for 1 minute in the water bath. The fusion was stopped by 

adding 20 mis of RPMI base dropwise over 4 minutes while swirling the tube. The 

fusion tube was centrifuged at 200 xg for 7 minutes. The supernatant was 

decanted and the pellet gently resuspended in 10 mis of TCM (+HAT) media. The 

cell suspension was then mixed with 140 mis of TCM (+HAT) and 1 ml/well was 

plated on 24 well plates (Falcon). On the following day 1 ml of RPMI+HAT was 

added to each well. 
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d. Hybridoma culture. Cells were cultured in a 5% C02-enriched 

atmosphere at 37°C. Wells from electrofusions were fed RPMI HAT every other 

day after the hybridoma counts had been completed. When the colonies had 

become fairly large, 0.5 ml supernatant aliquots were collected for analysis. Wells 

from PEG fusion method A were fed 100 ul RPMI HAT every other day. When 

hybridoma colonies could be distinguished, the well contents were transferred to 

another well containing 1.8 ml RPMI HAT. The colonies were then fed 1 ml RPMI 

HAT as needed. When the hybridoma colony had become fairly large such that 

the media was beginning to change color, 0.5 ml supernatants were collected and 

frozen for dot blot immunoassays. Wells from PEG fusion method B were fed 1 

ml of RPMI HAT every other day beginning on day 7. Wells that tested positive 

from the initial screen were switched to RPMI HT growth media (100 uM 

Hypoxanthine and 10 uM Thymidine [GIBCO, Grand Island, NY]). Those wells that 

were found to be very strong positives by initial dot blot analysis were 

subsequently cloned by limited dilution. 

2. J11 D'° cell enrichment, culture, and hybridoma production: 

a. Mice injection schedules. For all fusions female 6-7 week old 

Balb/cByJ mice were used. The injections did not follow a rigid schedule and 

therefore each injection is listed: 

Mouse #4 was injected intraperitoneal^ (IP) with an emulsification of 

electrophoretic purified 90 kd protein in 27 mM Tris-base buffer (pH 7.2) and 



Freund's complete adjuvant (1:3 ratio, 250 ul total). Two weeks later the mouse 

was boosted IP with 200 ul of 90 kd protein in the Tris buffer only. 

Mouse #5 was injected IP with an emulsification of electrophoretic purified 

94 kd protein in 10 mM PBS (pH 7.2) and Freund's complete adjuvant (1:3 ratio, 

250 ul). Eighteen days later the mouse was boosted IP with 200 ul of 94 kd 

protein in PBS only. 

Mouse #6 was injected IP with an emulsification of electrophoretic purified 

90 kd protein in 27 mM Tris buffer (pH 7.2) and Freund's complete adjuvant (1:3 

ratio, 300 ul). On days 31, 71, and 99, the mouse was boosted IP with an 

emulsification of electrophoretic purified 90 kd protein in the Tris buffer and 

Freund's incomplete adjuvant (1:3 ratio, 300 ul). On day 134 the mouse was given 

both an intraperitoneal (200 ul) and an intravenous (100 ul) final boost of 90 kd 

protein in the Tris buffer only. 

b. J11 D'° cell enrichment procedure. The mouse was sacrificed 

three days after the last injection. The spleen was processed to a single cell 

suspension as described in methods section C1 b (see page #38) with the change 

that HBSS (Hank's balanced salt solution) was used in place of RPMI complete 

culture medium. The cell suspension was centrifuged at 200 xg for 7 minutes. 

The supernatant was removed and the pellet resuspended in 0.8% tris-buffered 

ammonium chloride. The centrifuge tube was incubated in a 37°C water bath for 

5 minutes to remove erythrocytes. Next, the cell suspension was centrifuged at 



200 xg for 7 minutes and the supernatant aspirated. The splenocytes were 

enriched for B cells by the incubation of 50 X 106 cells/ml in HBSS + 5% FCS with 

a 1:100 dilution of rat monoclonal antibody anti-Thy-1.2 (also called T24, gift from 

Dr. Norman Klinman) and a 1:10 dilution of rabbit complement (Cederline 

Laboratories, Hornby, Ontario, Canada) for 30 minutes at 37°C as described 

(Linton et al, 1989). Additional enrichment for the B cell subpopulation with a low 

amount of the J11D cell surface marker was accomplished by using 1 -3 rounds of 

incubation of 40 X 106 cells/ml in HBSS + 5%FCS with a 1:6 dilution of anti-mouse 

rat monoclonal antibody J11D (gift from Dr. Norman Klinman) and a 1:10 dilution 

of rabbit complement for 30 minutes at 37°C as previously described (Linton et al, 

1989; Symington and Sprent, 1981). In a typical isolation procedure the percent 

recovery of cells after each treatment compared to the starting number of 

lymphocytes was as follows: post anti-Thy-1.2 = 79.7%; post J11D-1 = 46.5%; post 

J11D-2 = 33%; post J11D-3 = 14.7%. The enrichment protocol is summarized in 

Figure #4 (Sammons et al, in press). In one procedure (ie. mouse #6 J11D 

method) cells from each treatment step were taken out for cell culturing and FACS 

analysis. 

c. Lymphocyte culturing. The enriched B cell preparation was 

resuspended in RPMI complete and placed into 24 well plates at a initial 

concentration of 2 X106 cells/well (1 X106 cells/ml) The cells were stimulated with 

35 ua/ml Salmonella tvphosa lipopolvsaccharide (LPS, Sigma Chemical, St. Louis, 



MO) and 7 ug/ml of 500,000 MW dextran sulfate (DxS04, Sigma Chemical, St. 

Louis, MO) present in the RPMI. The cells were cultured in a 5% C02-enriched 

atmosphere at 37°C and were fed every other day or more often as needed. Cell 

counts were performed every day. When the number of cells had reached 4 X106 

cells/well, the well was split 1:1 (1 ml cells:1 ml media). 

d. Fixation of differentially enriched and LPS/DxS04 cultured 

lymphocyte populations for flow cytometry analysis. In one enrichment treatment 

(mouse #6) aliquots of cells from each step (post NH4CI, anti-Thy-1.2, J11D-1, 

J11D-2, and J11D-3 treatments) of the process were placed into fixative. Also, 

lymphocytes from each step of the enrichment process that were in culture with 

RPMI and LPS/DxS04 were placed in fixative at different culture days. Normally 

at least 2 X 106 cells per aliquot were fixed by diluting 1 ml of cell suspension with 

1 ml of 4% paraformaldehyde, 1.5 M lysine, and 0.02 M sodium periodate diluted 

into 0.75 M PBS (pH 7.4) with the fixative final concentration being halved (Holden 

et al, 1986). The fixed cells were kept in the dark at 4°C and were then shipped 

to Dr. Garry Neil at the University of Iowa under the same conditions for 

fluorescence-activated cell sorter (FACS) analysis. 

e. Cultured lymphocyte growth curves. On each day, a cell count 

was done from one well of LPS/DxS04 activated lymphocytes for each of the 

enrichment steps in culture. This number was then multiplied by the well volume 

(usually 2 mis) to determine the cells per well. The number of cells per well was 



then multiplied by the number of cell splits completed to get the total number of 

cells per well. This number was used for the growth curves. 

f. Electrofusions. The enriched LPS/DxS04 activated B cells were 

fused as described above (see conventional fusion method section c(1) on page 

#39) with some modification. The cells to be fused were washed twice with 10 mis 

L3 buffer (centrifuge at 200 xg for seven minutes). Cell counts were performed 

before the last centrifugation. The number of cells needed were calculated based 

on the number of fusions to be done and the fact that each fusion chamber 

requires 1 X 106 cells of each fusion partner (lymphocyte X SP2/0). The 

determined number of cells of each fusion partner were pooled and centrifuged at 

200 xg for seven minutes. The pellets were then resuspended in 250 ul (mouse 

#6 J11D treated cells) or 320 ul (mouse #4 and #5 J11D treated cells) of L3 

multiplied by the number of fusion chambers needed. The fusions were 

accomplished as previously described. The post fusion cells were plated out via 

two methods. The cells from some fusion chambers were plated out onto Greiner 

plates as described previously (see page #41). The cells from most fusion 

chambers were plated out at a concentration of 6900 original lymphocytes per well 

in either RPMI complete or thymocyte conditioned media. This was accomplished 

by diluting each chamber post fusion cell suspension into media such that the final 

volume was 7.2 mis. The cells were then plated out in a 96 well plate (Falcon) at 

a volume of 50 ul per well. An additional 50 ul was then added. On the following 
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day 100 ul of RPMI complete or thymocyte conditioned media with 2 X HAT was 

added. 

g. Fusion frequency determinations. On day 5-7 the number of 

colonies present in each fusion was counted. The number of colonies per fusion 

was divided by the number of initial lymphocytes present in each fusion chamber 

(1X106) to get the fusion frequency of that chamber. The fusion frequencies from 

fusions on a given day under like conditions (fusion and growth) were averaged 

to give a normalized fusion frequency. 

h. Hybridoma culture. Fused cells were cultured at 37°C in a 5% 

C02-enriched atmosphere. Hybridomas in Greiner plates were fed and 

supernatants collected as described in the conventional monoclonal antibody 

production method (see hybridoma culture section on page 44 with respect to 

electrofused cells). Hybridomas in 96 well plates were also fed and supernatants 

collected as described in the conventional monoclonal antibody production 

procedure (see hybridoma culture section on page 44 with respect to method A 

PEG fused cells). 

D. Immunoassays: 

1. Dot blots. The mouse seras and hybridoma supernatants were analyzed 

by a dot blot method based on a procedure previously described (Hawkes et al, 

1982; Pappas et al, 1983; Pappas et al, 1984). In this method the Immobilon 

(Millipore, Bedford, MA) solid phase support was activated with successive gently 



agitated washes of 100% methanol via quickly wetting, reagent grade water for 1 -2 

minutes, and triethanolamine-buffered saline (TBS, pH 7.5; in 1 liter mix 7.5 g 

NaCI, 2.8 ml N(CH2CH2OH)3, 17.0 mis 1 N HCI, 0.1 g MgCI2*6H20, and 0.02 g 

CaCI2*2H20) for 10 minutes. The Immobilon must be kept wet at all times to retain 

activated properties. The activated Immobilon was then placed on top of a TBS 

wetted Whatman 1 chromatography paper which was itself on a glass plate for 

support. The Immobilon, paper, and glass support, were then placed on top of a 

light box overlayed with a transparent boxed template grid (each square=1.5 cm2) 

and oriented in a known reproducible manner. Next, 3-4 ul of antigen (either 

freshly solubilized crude porcine fat protein, freshly solubilized crude rat epididymal 

fat pad protein, 90-94 kd protein in elution buffer, methanol precipitated 90 kd or 

94 kd protein in buffer, or methanol precipitated proteins purified from different 

quadrants of the crude pig fat two dimensional gels) was dotted onto the activated 

Immobilon in the center of each grid box. Both the antigen and the Immobilon 

were allowed to dry for at least one hour. The antigen dotted Immobilon may be 

stored dry at this stage for an extended amount of time at -20°C. The antigen 

containing Immobilon sheet was rewetted as previously described and then placed 

back on the chromatography paper-glass plate-template grid-light box set up with 

the same previous orientation. Using the template guide, the individual antigen 

containing Immobilon squares were cut out and the edges rounded such that they 

could fit into 24 well plates. The antigen containing Immobilon squares were then 



placed into individual 24 well plate wells with the antigen side up. Each incubation 

in the dot blot immunoassay procedure was completed with gentle incubation using 

an orbital shaker. To each well, 2 mis of blocking agent (5% w/v Carnation nonfat 

dry milk, and 1% v/v normal goat sera [GIBCO Laboratories, Grand Island, NY] in 

TBS [pH 7.5]) was added and incubated for a minimum of 15 minutes with. This 

treatment results in the blocking of nonspecific antibody binding sites. The 

blocking agent was aspirated and .5 ml-1 ml of primary antibody added. If the 

primary antibody was a sera, then it was diluted 1:100 to 1:1000 in blocking agent. 

If the primary antibody was a hybridoma supernatant, then it was diluted 1:1 (0.5 

ml:0.5 ml) in blocking agent. The primary antibody was incubated at 4°C overnight 

and then at room temperature for an additional 2-4 hours, all with gentle agitation. 

The primary antibody was removed and the Immobilon containing wells were 

washed three times with 2 mis of TBS, 10 minutes per wash. After the last wash 

the blocking step was repeated. The blocking agent was aspirated and the 

Immobilon containing wells were incubated for 2 hours in horseradish peroxidase 

labeled goat anti-mouse IgG and IgM heavy and light chains (Kirkegaard and Perry 

laboratories, Gaithersburg, Md) diluted 1:400 with blocking agent. The secondary 

antibody was removed and the Immobilon containing wells were washed three 

times with 2 mis of TBS, 10 minutes per wash. After the last wash .5 ml of the 

chromogenic enzyme substrate 4-chloro-1-naphthol diluted 1:1 with hydrogen 

peroxide (Kirkegaard and Perry laboratories kit, Gaithersburg, Md) was added and 



incubated for 30 minutes. Most positive primary antibodies gave a blue spot, 

darker than the control. The substrate was aspirated and the plates were washed 

three times with 2 ml of reagent grade water per wash. Positives were read by 

eye as blue spots compared to suitable negative controls. The test plates were 

stored in the last water wash at 4°C in the dark. 

2. Western blots. The immunoassay portion of this procedure was exactly 

the same as the dot blot immunoassay procedure described above. The difference 

between the two procedures was the binding the antigen to the support. In this 

method two dimensional gels of crude pig fat were run as previously described. 

If the whole gel was to be transferred, it was placed directly onto the western 

apparatus. If only a portion of the gel was to be transferred, then the gel was zinc 

stained, spot region excised, and then destained as previously described before 

the transfer. The western transfer was set up and completed using the Milliblot-

SDE transfer system (Millipore, Bedford, MA) as described in the operating manual 

with Immobilon-P (Millipore, Bedford, MA) the solid matrix that would bind the 

proteins. A separate transfer "sandwich" was made for each gel section to be 

used in one western procedure. The apparatus was run at the initial maximum 

amperage (2.5 mA/cm2) and for the maximum time allowed (one hour) to insure 

the wanted proteins transferred. After the procedure the Immobilon with 

transferred proteins was washed in reagent grade water for 1-2 minutes and then 

TBS for 10 minutes. The Immobilon was then subjected to the immunoassay 
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procedure with a hybridoma supernatant as described above. One Immobilon 

piece was Aurodye gold stained (Janssen Products, Beerse, Belgium) to make 

sure the wanted proteins had actually been transferred to the solid matrix. The 

post transfer gel was also silver stained to see if the protein transfer was complete. 

E. Perlodate Treatment of Eluted Proteins: 

In some cases the hybridoma supernatants had been found to react with the 

eluted 90 kd protein and cross-react with other eluted proteins from quadrants l-IV 

in the 2-D gel during the dot blot specificity analysis. The eluted proteins (90 kd 

and proteins from 2-D gel quadrants l-IV) were then subjected to sodium meta-

periodate treatment (Konkel and Joens, 1989) to characterize the antigen that the 

hybridoma antibody was binding. The eluted proteins were treated with 10 mM 

sodium meta-periodate (Sigma Chemical Co. St. Louis, Mo) in 0.1 M sodium 

acetate buffer at pH 4.5 for 15 minutes at room temperature in the dark. The 

reaction was then stopped by addition of 1 % glycine which blocks free aldehyde 

groups. This protein was then immediately assayed against the same hybridoma 

supernatants via dot blot immunoassays, with the change that the membrane 

supported protein was washed with several changes of TBS (triethanolamine 

buffered saline) to remove the periodate. 
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A. Comparison of the 90 kd Protein in the Pig and Rat: 

Before purification and monoclonal antibody procedures could be attempted 

a source was needed that would supply large quantities of crude protein from 

which an adequate amount 90 kd protein could be extracted. The concentration 

of the 90 kd protein in the rat epididymal fat pad adipocyte membranes was 

adequate for the analytical experiments describing this protein and it's insulin-

sensitive relationship (Schoenle et al, 1984). However, in the initial work the three 

rats required provided just enough membranes to run a single two dimensional gel. 

Also, attempts using free flow electrophoretic separation to purify proteins via 

differential rat adipocyte membrane fractionation from three rats did not reveal the 

presence of the 90 kd protein in any of these membrane fractions (Sammons and 

Morr§, unpublished results). Clearly, membranes from a small number of animals' 

fat pad adipocytes would not be sufficient for furnishing large amounts of the 90 

kd protein that would be needed for purification and monoclonal antibody 

production methods. Therefore an attempt was made to utilize all the fat tissue 

of a single rat as the source of the 90 kd protein. Since whole body fat was used 

instead of just isolated membranes, there was a requirement to get rid of the large 

quantity of lipids present. The lipids were extracted with a chloroform/methanol 

mixture precipitating the protein (see methods section B1, page #22). The crude 



delipidated rat body fat protein was then soiubiiized in modified ISUB and analyzed 

via two dimensional gel electrophoresis. Unfortunately, there was still insufficient 

starting material since the presence of the 90 kd protein was not determined from 

the delipidated rat body fat (data not shown). Because the 90 kd protein had been 

previously shown to be insulin-sensitive (Schoenle et al, 1984) it was hypothesized 

that this protein would be evolutionarily conserved and thus present in other 

species. Therefore, an attempt was initiated to search for this protein in other 

mammalian species which had large readily available amounts of body fat for 

research use. 

Porcine fat was first analyzed for 90 kd protein presence because it seemed 

like an ideal candidate based on the above criteria. The porcine body fat was 

delipidated like the rat body fat due to the large quantities of lipids present (see 

methods section B1, page #22). The delipidated porcine body fat protein was then 

soiubiiized in modified ISUB and analyzed via two dimensional gel electrophoresis. 

The 2-D gel of the porcine body fat protein was found to contain a 90 kd and 94 

kd acidic protein spot pattern at approximately the same molecular weight and 

isoelectic point as the previously studied rat 90 kd protein and it's 94 kd marker 

protein (Figure #5A and #5B). The spot morphology of the two proteins in the two 

species were also found to be very similar. A yellow acidic 94 kd protein spot 

which is partially masked by the 94 kd marker protein in the rat was found to be 

almost completely masked by the 94 kd marker protein in the pig. Based on these 



similarities it was concluded that the two proteins in the two different species were 

the same and that the porcine body fat protein would be an appropriate source for 

the 90 kd protein. A similar 90 kd and 94 kd protein pattern was also found in 

delipidated and modified ISUB solubilized steer body fat protein (data not shown). 

B. Purification: 

1. Solubilization: 

Various solubilization solutions were used in an attempt to extract the 

largest amount of the 90 kd and 94 kd proteins possible with the least amount of 

contamination (see Table I for the results below). 

a. Buffers. The Tris-HCI and Hepes buffers containing nonionic 

detergents did not solubilize the 90 kd or the 94 kd proteins. There were other 

proteins present that had 94 kd characteristics (same molecular weight and spot 

morphology), but they were at the wrong isoelectric point compared to other 

proteins. 

b. Chaotropic agent solutions. Since buffers with nonionic 

detergents resulted in no solubilization of the wanted proteins, solutions were used 

which have a higher solubilizing ability but also result in protein denaturation. The 

solution consisting of 5 M guanidine HCI and 4 M urea only, barely solubilized 

(+/0) the 90 kd protein and lightly solubilized (+) the 94 kd protein. The solution 

consisting of 5 M guanidine HCI, 4 M urea, 3% 2-mercaptoethanol, .65% 



pharmalytes (pH 3-10), 7.5 mM EDTA, and 3% NP-40, lightly soiubiiized (+) the 

90 kd protein, and moderately soiubiiized (++) the 94 kd protein. The solution 

consisting of modified ISUB with 3% NP-40 moderately soiubiiized the 90 kd 

protein and strongly soiubiiized the 94 kd protein. 

c. Detergent comparison in the urea solution. Since the modified 

ISUB was found to solubilize the 90 kd and 94 kd proteins better than other 

solutions, several different detergents were substituted in this solution to determine 

if a given detergent would further increase the solubility of the wanted proteins. 

In general the modified ISUB or urea solubilizing solution (6.75 M urea, 3% 2-

mercaptoethanol, 7.5 mM EDTA, .65% pharmalytes [pH 3-10], and detergent) 

containing 3% of any of the different detergents tried soiubiiized both the 90 kd 

and 94 kd proteins much better than other buffers and solubilization solutions (see 

result section B1a and B1b) with or without detergents. However, there was a 

wide variation in solubility depending on the detergent supplemented. The 94 kd 

protein was almost always present at a higher concentration than the 90 kd protein 

and the 94 kd protein was soluble in more detergents than the 90 kd protein. Also, 

the 90 kd protein was not soluble in the urea solution without detergent while the 

94 kd was lightly soluble in this solution. The 90 kd protein was not soluble in the 

urea solution with CHAPS or CHAPSO detergent; barely soluble (+/0) in the urea 

solution with Tween 80 detergent; lightly soluble (+) in the urea solution with SDS, 

Tween 20, Deoxycholic acid, or Brij-35 detergents; it was moderately soluble (++) 



in the urea solution with Triton X-100, NP-40, or Lubrol-PX detergents. The 94 kd 

protein was lightly soluble (+) in the urea solution with SDS or Tween 80; 

moderately soluble (++) in the urea solution with CHAPSO, Tween 20, or Brij-35 

detergents; it was very soluble (+++) in the urea solution with CHAPS, Triton X-

100, Deoxycholic acid, NP-40, or Lubrol-PX detergents. The 94 kd protein was at 

least lightly soluble in the urea solution with any of the detergents. In conclusion 

the urea solutions with NP-40, Triton X-100, and Lubrol-PX detergents were the 

best at solubilizing the 90 kd and 94 kd proteins. 

d. Differential protein solubilization. The previous experiments 

indicated that detergent is needed in modified ISUB to solubilize the 90 kd protein, 

while the 94 kd protein is only slighty soluble in modified ISUB without detergent. 

Therefore, pig fat protein was first homogenized and centrifuged with two different 

modified ISUB (two separate experiments) without detergent. Then each pellet 

was homogenized with modified ISUB containing detergent (3% NP-40). This was 

done in an attempt to separate those proteins soluble in urea only from the 90 kd 

protein and some of the 94 kd protein thereby resulting in a partial purification. 

The two dimensional gel analysis of the sample homogenized in modified 

ISUB with detergent twice showed the that the 90 kd and 94 kd proteins were 

present after the first homogenization. After the second homogenization the 94 kd 

protein was present while the 90 kd protein was either not present, or only present 

at a low concentration. This seems to indicate that the 90 kd protein is very 



soluble in the modified ISUB with detergent and was mainly solubilized in the first 

homogenization. 

The two dimensional gel analysis of the crude porcine fat homogenized in 

modified ISUB without detergent in the first step showed that the 94 kd protein was 

present, although at a lower concentration than was seen in a homogenization with 

detergent. The 90 kd protein was either not present, or present at a very low 

concentration. The 2-D gel of the first step pellet rehomogenized in modified ISUB 

with detergent and pharmalytes showed that the 94 kd protein was present at a 

similar concentration as the first homogenization. The 90 kd protein seemed to be 

present, but at a very low concentration as indicated by a very light streak. The 

same general result was seen in the two dimensional gel analysis of the crude 

porcine fat protein successively homogenized with solution B (see methods section 

page 25 for composition) and then modified ISUB. 

In general, most crude porcine fat proteins were solubilized in the first and 

second homogenizations without and with detergent respectively. It seemed that 

most all of proteins that were present in the first homogenization were also present 

in the second homogenization and visa versa. The same holds true for the 90 kd 

and 94 kd proteins. The 94 kd protein was present at around an equal 

concentration in both homogenization steps. The 90 kd protein seemed present 

in both homogenization steps but at a very low concentration and was therefore 

hard to elucidate on the gel. These results indicate that the 90 kd and 94 kd 



proteins are partially soluble in modified ISUB without detergent and modified ISUB 

with detergent. Therefore this technique would be of little use in separating these 

proteins away from contaminants. 

e. Different Lubrol-PX detergent concentration comparison in the 

urea solution. Based on solubilizing ability and other considerations (ability to 

obtain pure detergent and ability to separate protein and detergent via 

precipitation) Lubrol-PX detergent was used in place of NP-40 as the detergent in 

the modified ISUB for many of the purification experiments. Since all the 

detergents that solubilized the 90 kd and 94 kd proteins appreciably, including 

Lubrol-PX, had been previously found to be a hindrance in protein purification, an 

experiment was then designed to determine the lowest effective concentration of 

Lubrol-PX detergent in the urea buffer that maximizes the solubilization of the 90 

kd protein. Based on the results of this test (Table II) it was found that urea 

solution with 1 % Lubrol was best at solubilizing the 90 kd protein (++1/2), although 

there was a slight loss in the ability to solubilize the 94 kd protein. One percent 

Lubrol-PX was then adopted in all subsequent purification efforts. 

f. Approximation of the 90 kd and 94 kd protein concentration on the 

gel. With the 90 kd and 94 kd protein solubilization method refined, a way was 

needed to approximate the concentration of these proteins on the crude 2-D gel 

and for any subsequent purification step. Conventional protein quantitiation 

techniques such as the Bradford, Lowery, UV, or bicinchoninic acid assays are of 



limited value here because of the very low quantities the wanted proteins are in 

relation to contaminants and the fact that most of the quantitation reagents or 

techniques are not compatible with the ureasolubilizing solution. Therefore, a very 

rough approximation of the 90 kd and 94 kd protein concentration on the gel was 

determined by taking advantage of the different staining sensitivities of Coomassie 

and silver in relation to the ability to stain these proteins on the gel. 

Both proteins were present and easily visualized in the silver stained gel 

(Figure #5B). In the Coomassie stained gel the 94 kd protein was quite light while 

the 90 kd was at the very edge of detection (data not shown). The maximum 

sensitivity of the Coomassie stain is approximately 40 ng protein/mm2 (Switzer et 

al, 1979). Silver staining methods increase this range by 100-fold thereby 

extending protein detection levels to sub-nanogram amounts (Oakley et al, 1980; 

Merril et al 1981). Based on the fact that the 90 kd was at the very edge of 

detection (40 ng protein/mm2 range), and that the measured area of the protein 

spot seemed to be 1-2 mm, then the 90 kd protein concentration on the gel 

probably is in the range of approximately 40-80 nanograms. The 94 kd protein is 

more intensely stained than the 90 kd protein in the Coomassie, and has an area 

of 2-3 times that of the 90 kd. Therefore, the amount of 94 kd protein present is 

several times more than the 90 kd protein. 



2. Separation by differential precipitation: 

a. Acetone precipitation. Neither the 90 kd or 94 kd proteins were 

present in the acetone precipitated sample or the sample that remained in solution 

upon the addition of acetone. This result was also true with other crude porcine 

fat proteins. Also, very large high molecular weight streaks ran the focusing length 

of the gel. These streaks could be the result of covalent crosslinking of the 

missing proteins including the 90 kd and 94 kd proteins such that they would not 

show up in the precipitated or soluble fractions. The two dimensional gel of the 

unprecipitated sample was also found to have very little protein present, indicating 

that practically all of the protein had precipitated. 

b. Ammonium sulfate cuts. It was very difficult to determine whether 

the wanted proteins were present in a given ammonium sulfate "cut" fraction 

because of protein streaking and the haziness of protein patterns on the two 

dimensional gel analysis that may have been due to the precipitation procedure. 

The 0%-25% cut precipitate had several very light streaks in the region of the 90 

kd and 94 kd proteins, although none had the wanted proteins spot morphology, 

and were not at the right isoelectric point compared to neighbor proteins. The 

25%-40% cut less dense precipitate consisted of mainly low molecular weight 

proteins (<30 kd) with one notable exception. There was a streak at the 

approximate molecular weight and isoelectric point corresponding to the 94 kd 

protein. However, based on the lack of "neighbor" proteins and differences in the 



spot morphology, it was difficult to tell definitively if the spot was actually the 94 

kd protein. The 90 kd protein was not present. This top layer precipitate may be 

mostly Lubrol-PX detergent, which makes the result that mainly low molecular 

weight proteins were present in this fraction rather interesting. In the 25%-40% 

cut, the more dense precipitate has a wide molecular weight range of proteins 

unlike the.25%-40% cut less dense precipitate. There were several very faint 

streaks in the acidic 90-94 kd range of the gel, but none seemed to correspond to 

the 90 kd or 94 kd proteins when compared to "neighbor" proteins. The 40%-60% 

cut precipitate had several protein streaks present in the 90-94 kd protein region 

which may have been the wanted proteins. But, these streaks had focused in 

different regions compared to other marker proteins. Also, the spot morphology 

of these streaks was different compared to the wanted proteins. Finally, several 

new protein spot families became apparent in this region of the gel, possibly due 

to the fractionation procedure, which made identification of the wanted proteins 

very difficult. The 60%-80% cut precipitate did not seem to have the 90 kd or 94 

kd proteins. The 80% soluble fraction gels were always too diffuse and cloudy to 

make a conclusion with respect to 90 kd protein presence. 

In general, although several factions may have had the 90 kd or 94 kd 

proteins, no fraction seemed to show them distinctly. One likely conclusion is that 

the 90 kd and 94 kd proteins precipitated in several fractions, since generally 



proteins did not precipitate in one fraction. An example of this is a 40-57 kd acidic 

yellow family of proteins found in every ammonium sulfate precipitation fraction. 

3. Separation by size exclusion: 

a. Dialysis. The solubilized crude porcine fat protein was placed into 

a 50,000 molecular weight cut off (MWCO) membrane and then extensively 

dialyzed against 6 M urea or reagent grade water to attempt to remove the 

proteins under 50 kd from the sample. The solubilized crude porcine fat that was 

dialyzed against reagent grade H20 only was found to have many proteins present 

below 50 kd at the same concentration as initially. Also, the solubilized crude 

porcine fat that was extensively dialyzed against a urea solution and then reagent 

grade HzO was found to also have many proteins present below 50 kd at around 

the same concentration as initially. This indicates that the proteins under 50 kd 

were not dialyzing out of the membrane as hoped and therefore no purification had 

occurred. Micell formation by the nonionic detergent and including proteins 

probably prevented the dialysis out of the proteins under 50 kd. 

b. Chromatography. The solubilized crude porcine fat protein was 

run through a P-60 matrix size exclusion column. A total of nine fractions were 

collected that had an appreciable amount of absorbance at 280 nm (fractions 5-13, 

with fractions 5-9 having most of the 280 nm absorbance). The two dimensional 

gel analysis showed that no separation was seen with respect to molecular weight. 

It was hoped that those proteins under 60 kd would enter the P-60 column matrix 
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and run through the column rather slowly, while those proteins over 60 kd would 

not enter the matrix and would come off the column very quickly in the void 

volume. Therefore a separation of proteins under 60 kd from the wanted proteins 

would be achieved. In reality the same proteins, at approximately the same 

concentration, were seen in every one of the fractions assayed. Therefore, the 2-

D gels indicate that no separation based on molecular weight occurred. This lack 

of separation was probably due to micell formation of the detergent and proteins 

such that proteins of all different molecular weights came off in each of the 

fractions. This possible result then indicates that the extractigel column which the 

sample was run through before the P-60 column, did not remove the NP-40 as 

claimed by the company that sells it. 

4. Separation by isoelectric point (RIEF): 

An attempt was then made to purify the 90 kd and 94 kd proteins 

from the crude porcine fat proteins by recycling isoelectric focusing. Recycling 

isoelectric focusing, which was first described in 1979 (Egen et al, 1979), is a high 

resolution, preparative, continuous flow isoelectric focusing technique that 

separates proteins based on isoelectric point. The RIEF apparatus has several 

advantages over other isoelectric focusing methods for preparative purifications: 

short focusing time, focusing that occurs in a liquid media such that pre-focusing 

is eliminated and the sample may be quickly recovered, and the system has a 

large capacity for processing large sample volumes without loss of resolution. The 
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RIEF has been found to partially or completely purify numerous proteins from 

complex mixtures such as: monoclonal antibodies (Binion et al, 1982; Egen et al, 

1988). Corvnebacterium pseudotuberculosis phospholipase D (Egen et al, 1989), 

fibrolase from Aakistrodon contortrix contortrix snake venom (Egen et al, 1987), 

normal control and abnormal multiple sclerosis plasma factors (Tamblyn et al, 

1990), and lentil lectins (Wenger et al, 1988). 

The RIEF's success in fractionating complex mixtures of proteins on a 

preparative scale made it seem ideal to use in the purification of the 90 kd and 94 

kd proteins. However, it soon became apparent that the results of the recycling 

isoelectric focusing purification procedure were quite varied and hard to reproduce 

with respect to 90 kd and 94 kd protein purification. The first single RIEF run did 

not show very good purification. Double RIEFs (see RIEF method section on 

pages #28-30) in general resulted in a better purification of the wanted proteins, 

while a third RIEF led to a loss of the wanted proteins and thereby a loss in 

purification. The other parameters also varied with their respect to usefulness in 

the RIEF purification scheme. First, it seemed that Lubrol-PX was a better 

detergent than NP-40 for use in this technique based on wanted protein presence 

in the 2-D gel analysis from the RIEFs using the two different detergents. Second, 

the use of pharmalytes of pH 4-6.5 exclusively and a reservoir cooling temperature 

of 10°C were also optimal for the purification of the 90 kd and 94 kd proteins in the 

RIEF. 



The RIEF run that seemed to have the best purification of the 90 kd and 94 

kd proteins had the following major parameters; a double RIEF run with first RIEF 

fractions of pH 3.35-6.51 used for the second RIEF, 3% Lubrol-PX, 1% 

pharmalytes pH 4-6.5, and a coolant temperature of 10°C. The two dimensional 

gel analysis results of the double RIEF run using these parameters is shown in 

Figures #6A-D; Figure #6A is double RIEF fraction #3 (fraction pH 4.82), Figure 

#6B is double RIEF fraction #4 (fraction pH 5.06), Figure #6C is double RIEF 

fraction #6 (fraction pH 5.51), and Figure #6D is double RIEF fraction #8 (fraction 

pH 6.04). The purification abilities of this technique is striking when examining the 

two dimensional gel results of the this double RIEF. When looking from the acidic 

fractions to the basic fractions, definite successive proteins cuts or "windows" of 

high protein concentration are present. These "windows" of high protein 

concentration on the two dimensional gels migrate from the acidic to the basic 

region of the gel in successive fractions. Fraction #4 had the vast majority of both 

the 90 kd and 94 kd proteins, and these proteins were among the major proteins 

on the gel indicating a good partial purification compared to the initial crude protein 

(Figure #5A) using this technique. This fraction had a pH of 5.06 which is in the 

region of the isoelectric point of 4.8-5.2 previously determined for the 90 kd protein 

(Schoenle et al 1984). The fractions on each side of fraction #4 (fraction #3 Figure 

#6A and fraction #5 not shown) had the 90 kd and 94 kd proteins present, but in 

a much lower concentration compared to contaminating proteins. 



The double RIEF two dimensional gel analysis described above were the 

best results obtained in the partial purification of the proteins using the RIEF 

apparatus. Attempts to repeat these results using the same parameters were less 

than successful, although some other double RIEF runs led to partial purification 

of the 90 kd and 94 kd proteins (see sample before loading onto Con A column, 

Figure #7A). However, in most cases when repeating the double RIEF procedure 

with the same parameters, the fractionation was variable. 

There were several other problems associated with the RIEF. The high 

protein precipitation rate in the RIEF (mainly the first RIEF in a double RIEF 

procedure) led to a lower amount of protein yield in each fraction than was desired. 

In fact it took a large percentage of sample from each fraction for a two 

dimensional gel analysis, usually at least 20%. There was also Lubrol-PX 

detergent present in most of the fractions such that upon lyophilization of the 

sample a viscous semi-solid remained which made future analysis difficult. 

Furthermore, the 90 kd and 94 kd proteins had isoelectric points in the region of 

many other proteins such that the purification was not as much as wanted. Lastly, 

it was some times difficult to tell whether the 90 kd and 94 kd proteins were 

present due to differences in protein patterns on the two dimensional gels. 

Therefore, the use of this technique exclusively for purification of the 90 kd and 94 

kd proteins was abandoned. 
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5. Separation by carbohydrate: 

Previous research had shown that the 90 kd and 94 kd proteins were 

present on plasma membranes (Schoenle et al, 1984). Many membrane proteins 

have been found to have associated carbohydrate groups. Therefore, an attempt 

was made to purify the 90 kd and 94 kd proteins via concanavilin A 

chromatography. RIEF samples were used instead of the solubilized crude protein 

solution because of the incompatability of the modified ISUB with the Con A-

agarose column and on account of the crude porcine fat protein that was dialyzed, 

lyophilized, and resolubilized in column compatible buffers did not contain 

appreciable amounts the 90 kd protein. Double RIEF samples containing the 

partially purified 90 kd and 94 kd proteins (Figure #7A) were run through a 

concanavilin A-agarose column to further purify the proteins. 

The two dimensional gel analysis of the sample that did not adhere to the 

column seemed to have no 90 kd or 94 kd protein present (data not shown). The 

two dimensional gel analysis of the specifically bound sample that was removed 

from the column via elution buffer had both the 90 kd and 94 kd proteins present 

(Figure #7B). There seemed to be a modest purification of 90 kd and 94 kd 

proteins compared to the contaminating proteins, although the proteins seemed to 

be present at a lower concentration than in the initial sample. Because of the 

apparent protein loss, it was hypothesized that some of the protein precipitated in 

the column upon washing out the Lubrol-PX which kept the proteins soluble. 



Therefore, the column was then washed with an elution buffer containing 1% 

Lubrol-PX to resolubilize and elute any specifically or nonspecifically bound protein 

that may have precipitated during detergent removal. The two dimensional gel 

analysis of this sample showed the presence of some precipitated protein including 

a moderate amount of the 94 kd protein (data not shown). It is also possible that 

some of the unaccounted 90 kd and 94 kd proteins may have been in the slight 

amount of material that was not soluble in application buffer and that was removed 

before chromatography. This precipitate was not analyzed. Some proteins may 

also have remained tightly bound or precipitated on the column. 

The 90 kd and 94 kd proteins were both found in the eluted sample 

indicating that these proteins may have sugar residues attached. However, a large 

percentage of each sample was needed for the two dimensional gel analysis due 

to protein loss and the low concentration of the starting material which had already 

been partially purified via a double RIEF. Because of the modest purification that 

was achieved, and the low concentration of the partially purified starting material 

necessary, this method was not found to be of great use in isolating the 90 kd and 

94 kd proteins. 

6. Electrophoretic purification: 

a. Post electroelution. The 90 kd and 94 kd proteins were isolated 

and concentrated from the excised gel slices (Figure #8) using the Geluter 

electroelution device. These proteins were also quite pure, with the only other 



major bands present due to 2-mercaptoethanol (at 60 kd-75 kd). Attempts to elute 

these proteins from the gel chemically via diffusion (Dzandu et al, 1988) had 

previously met with no success. One dimensional gels of the upper geluter column 

buffer showed the presence of a little 94 kd protein and possibly 90 kd protein, 

indicating that the yield of protein from the electroelution process was not complete 

(Figure #8). However, there was a sufficient amount 90 kd and 94 kd protein 

eluted to be used for the fusions and secondary screens. 

b. Post SDS removal. The electroeluted 90 kd and 94 kd proteins 

were precipitated in ice cold methanol to remove SDS that might have been 

masking epitopes on the protein and therefore may not have been recognized by 

monoclonal antibodies. The methanol precipitated 90 kd and 94 kd proteins were 

each resolubilized in 10 mM PBS (pH 7.2) or 27 mM Tris-base (pH 7.2) to see 

which buffer was the best solubilizing agent. The 90 kd protein was found to be 

more soluble in 27 mM Tris-base, while the 94 kd protein was more soluble in 10 

mM PBS (Figure #9). These samples were used to immunize the animals utilized 

for the J11 D'° cell isolation and electrofusion procedures. Also the samples were 

used as antigen to test mouse sera and hybridoma supernatants. The lower 

molecular weight bands visible in the post precipitation samples (Figure #9), may 

be due to 90 kd or 94 kd protein degradation in the precipitation procedure. 



C. Hybridoma Generation: 

1. Conventional PEG and electrofusion: 

The results of the hybridoma generation method using electrofusion with 

lymphocytes from the mice injected with the crude pig fat protein are as follows: 

The average electrofusion frequencies from the four fusions per mouse were 

extremely low (mouse #1 cell fusion frequency was 1/274,750 [19 colonies total], 

mouse #2 cell fusion frequency was 1/91,417 [49 colonies total]). The hybridoma 

well supernatants from the expanded clones were tested for specific antibody 

production to the crude antigen via dot blot immunoassay in which crude 

solubilized protein was used as the antigen. None of the hybridoma well 

supernatants reacted with the crude antigen more than the RPMI negative control. 

The results of the hybridoma generation method using PEG fusion with 

lymphocytes from the mouse injected with the 90-94 kd pig fat proteins in elution 

buffer are as follows: The sera taken from the mouse before the fusions reacted 

with the crude protein much greater than control sera at a 1:500 dilution. This 

sera had a endpoint of a 1:1000 dilution when tested against 90-94 kd antigen in 

elution buffer. From PEG fusion methods A and B combined a total of 260 wells 

of 288 wells plated contained growing hybridoma colonies. The expanded 

hybridoma wells were tested for specific antibody production by initially testing 

against crude pig fat protein via dot blot immunoassay. Of the 260 wells tested, 

seven wells had antibody that reacted strongly to the crude antigen compared to 



the RPMI negative control (Figure #10 shows six of the seven in a re-test). There 

were others that may have reacted very slightly compared to the control (around 

25 of the wells tested), but it was very difficult to decide since the negative control 

had a high amount of background binding. This background made it extremely 

difficult to distinguish very weak positives from the negative supernatants. 

Therefore, only the strong positives were analyzed further. These seven 

hybridoma supernatants were then tested via dot blot analysis against crude rat 

epididymal pad fat protein which had been prepared exactly as the pig fat protein. 

This was done because the rat model had been used in all experiments involving 

the 90 kd protein up to this point, and also many other insulin related experiments. 

Therefore, the antibody was tested against the crude rat fat protein to see if this 

antibody would react and could then be used in a defined model system for future 

experiments. Two of the seven hybrid supernatants cross-reacted with the crude 

rat protein (Figure #11). The seven initial positive hybrids were then tested for 90 

kd or 94 kd protein specificity via an immunoassay using a western of the crude 

protein acidic high molecular weight region of a two dimensional gel which included 

the 90 kd and 94 kd proteins. None of the hybrid supernatants reacted specifically 

to the 90 kd or 94 kd proteins on the western, while one reacted nonspecifically. 

Since the western procedure may alter the protein structure such that the 

monoclonal antibody may not recognize it, the hybridoma supernatants were tested 

against electroeluted pure 90-94 kd proteins in elution buffer via the dot blot assay. 



Again, none of the hybridoma supernatants reacted to the 90-94 kd proteins. This 

suggested that the antibody binding seen in the crude pig fat protein was not 

specific for the 90-94 kd proteins. 

2. Hybridoma production from J11 D'° enriched and LPS/DxS04 cultured B-

cells: 

a. Sera responses of the mice to the injected 90 kd protein. The 

sera from the mouse boosted once with electroeluted and methanol precipitated 

90 kd protein then used for the JIID procedure was shown to react slightly with the 

crude pig fat at a 1:500 dilution and the pure antigen at a 1:100 dilution (this was 

not the endpoint dilution). The sera from the mouse boosted once with 

electroeluted and methanol precipitated 94 kd protein was shown to react with pure 

94 kd at a dilution endpoint of 1:5000. The sera from the mouse boosted four 

times with electroeluted and methanol precipitated 90 kd protein was shown to 

react with pure 90 kd protein at a 1:1000 dilution endpoint. 

b. Enrichment for J11 D'° ceils. The large majority of splenocytes 

were removed by the anti-Thy-1.2/J11D and complement selection procedure 

(Figure #12). The cells from different selection procedures were also removed in 

similar increments at each depletion step. After the J11D-3 enrichment step the 

following percentage of splenocytes from each of the indicated selection 

procedures had survived: One boost with 90 kd = 14.7%, One boost with 94 kd = 

17.6%, and four boosts with 90 kd = 8.4%. 
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c. Growth curve of cultured cells from each enrichment step. The 

LPS/DXS04 activated lymphocytes tended to form tight clusters of dividing cells in 

culture (Figure #13). These lymphocyte cultures proliferated for 2-3 weeks in 

RPMI with LPS/DxS04. The results of the growth curves below describe cultured 

cells after a particular enrichment step although only the enrichment step is 

indicated (ex. J11D-3 cells signifies cells after the third JIID treatment). 

Figure 14 illustrates a proliferative response for J11D-3 lymphocytes that 

were placed into culture. The cells were derived from mice which had been 

boosted once with either 90 kd or 94 kd protein. The LPS/DxS04 activated J11D-3 

lymphocytes from the mouse boosted once with the 90 kd protein were in a lag 

phase of growth for the first 10 days of culture. On days 11-17 the cultured 

lymphocytes were in an active growth phase. The peak cell number of progeny 

was reached on day 17 at 4.28 X 107- After day 17 the cultured lymphocytes 

entered a declining phase. The LPS/DxS04 activated J11D-3 lymphocytes from 

the mouse boosted once with the 94 kd protein were in a lag phase of growth for 

the first 9 days of culture. On days 10-19 the cultured lymphocytes were in a 

growth phase. The peak cell number of progeny was reached on day 19 at 4.56 

X 107. After day 19 the cultured lymphocytes entered a declining phase. 

The 90 kd four boost mouse splenocytes from each isolation step in the 

J11D procedure were placed in RPMI with LPS/DxS04. Figure #15A-D shows the 

growth curves of the NH4CI treated lymphocytes with the cells from each of the 



other depletion steps for a relative LPS/DxS04 cell activation comparison. The 

theta (anti-Thy-1.2 treated) cells were slightly more activated than the NH4CI 

treated cells (Figure #15A). The NH4CI cultured cells were in a lag phase for the 

first four days and a growth phase on days 5-11. The peak cell number of 

progeny was reached on day 11 at 1.89 X 107. After day 11 the NH4CI cells 

entered a declining phase. The theta cultured cells were in a lag phase on the first 

two days and a growth phase on days 3-12. The peak cell number of progeny 

was reached on day 12 at 2.61 X 107. After day 12 the theta cells entered a 

declining phase. The J11D-1 cells were much more activated by LPS/DxS04 than 

the NH4CI cells (Figure #15B). The J11 D-1 cultured cells were in a lag phase on 

the first four days and a growth phase on days 5-10. The peak cell number of 

progeny was reached on day 10 at 1.14 X 108. After day 10 the J11 D-1 cultured 

cell numbers were in decline. The J11D-2 cells were moderately more activated 

by LPS/DxS04 than the NH4CI cells (Figure #15C). The J11D-2 cultured cells 

were in a lag phase on the first two days and a growth phase on days 3-11. The 

peak cell number of progeny was reached on day 11 at 4.18 X 107. After day 11 

the J11D-2 cultured cells entered a decline phase. The J11D-3 cells were slightly 

less activated by LPS/DxS04 when compared to NH4CI cells (Figure #15D). The 

J11 D-3 cultured cells were in a lag phase the first two days of culture and a slow 

growth phase on days 3-12. The peak cell number of progeny was reached on 

day 12 at 1.36 X 107. After day 12 the J11D-3 cultured cells entered a decline 



phase. Based on the growth curves, the relative LPS/DxS04 activation of the 

cultured cells isolated from each enrichment step was as follows: J11D-1, J11D-2, 

theta, NH4CI, and J11D-3. 

The J11 D-3 LPS/DXS04 cultured cell growth curve from the mouse with one 

boost of the 90 kd protein was compared with the J11 D-3 LPS/DxS04 cultured cell 

growth curve from the mouse with four boosts of the 90 kd protein (Figure #16). 

The J11D-3 cells from the once boosted mouse were more responsive to the 

LPS/DxS04 than the J11D-3 cells from the mouse boosted four times. The 

cultured J11 D-3 cells from the once boosted mouse also were in a initial lag phase 

six days longer than the J11 D-3 cells from the mouse boosted four times. The 

cultured J11 D-3 cells from both the one and four boosted mice were in an actively 

proliferating phase (above 2 X 106 cells/well) for approximately the same amount 

of time. The cultured J11 D-3 cells from the mouse boosted four times died 11 

days before the J11 D-3 cells from the mouse boosted once. 

d. Flow cytometry analysis of differentially enriched and cultured 

cells. Cells at various depletion steps on day 0 and in LPS/DXS04 culture from 

the mouse boosted four times with the 90 kd protein were analyzed via flow 

cytometry: 

The flow cytometry analysis of the NH4CI cells on day 0 revealed a wide 

peak with respect to J11D and 6B2 (antibody to B cells) monoclonal antibody 

binding (Figure #17). This indicates the heterogeneity of the population present 



before the enrichment procedure. The main J11D peak was fairly high on the 

scale indicating that many of the cells were J11 Dhl. The analysis of this sample 

with anti-la (Figure #18) also showed that most of the cells were not activated 

(la'°). At day 4 the LPS/DxS04 cultured NH4CI cells were slightly more 6B2 

positive and less heterogeneous with respect to this parameter. The day 4 NH4CI 

culture cells also had much more la surface antigen compared to the day 0 cells 

(Figure #19). This seems to indicate that there were slightly more B ceils present 

(6B2 positive) and these cells were activating in response to LPS/DxS04 (lahl). 

The J11D peak did not change appreciably compared to day 0 although the peak 

profile was less spread out indicating a less heterogeneous cell population with 

respect to this parameter (data not shown). On day 12 the LPS/DxS04 cultured 

NH4CI cells had much more surface la present indicating B-ceil activation, while 

the main 6B2 analysis peak was very similar compared to day 4 (Figure #20). The 

J11D peak profile was much more spread out compared to day 4 (data not 

shown). The la and 6B2 analysis peak profiles were also enlarged indicating an 

increased heterogeneity of the cells with respect to these three parameters. 

The flow cytometry analysis of the J11D-1 depletion step cells at day 0 

showed that the profile peak was narrower than the profile of the same day NH4CI 

cells with respect to 6B2 monoclonal antibody binding (Figure #21). The removal 

of T cells via anti-Thy 1.2 and complement treatment can be attributed to this 

result. The flow cytometry profile of the same cells with respect to J11D 



monoclonal antibody binding showed a decrease in the number of J11Dhi cells 

compared to the post NH4CI cells on the same day. This result is attributed to the 

first round of the J11 D/complement cytotoxic depletion method. The analysis of 

the same day cells with anti-la monoclonal antibody revealed that most of the 

these were la'° (Figure #22). On day 4 the LPS/DxS04 cultured J11D-1 cells had 

to a large extent become lahl and had a slightly increased and narrowed 6B2 

profile peak (Figure #23). This would indicate the presence of a high concentration 

of activated B cells. The flow cytometry analysis also showed that to a large 

extent the J11 D-1 cells in day 4 culture were now J11Dhi (Figure #24). The day 

12 LPS/DxS04 cultured J11 D-1 cells had an even higher cell surface concentration 

of la than the day 4 cells. However, the flow cytometry profile had spread out and 

the peak decreased with respect to the 6B2 antibody parameter (Figure #25). This 

indicates an increase in the number of B cells that are activated and in the number 

of non B cells present in the cultured J11D-1 day 12 population. The analysis of 

the same cells (day 12) with respect to the J11D monoclonal antibody showed a 

decrease in the J11 Dhl cells and a more heterogeneous sample compared to the 

day 4 cultured cells (data not shown). Alternatively, it is also possible the cells 

present downregulated 6B2 and J11D surface antigens between day 4 and day 12. 

The flow cytometry of the J11D-3 depletion step cells at day 0 showed that 

the majority of the surviving cells were J11 D'° (Figure #26). There was a definite 

shift towards J11 D'° cells when comparing this fraction with the J11D-1 cells as 



would be expected with the two additional J11 D/complement cytotoxic depletion 

steps. Although the J11D-3 main 6B2 analysis peak (Figure #26) was at a higher 

point in the profile than the J11D-1 peak, the overall profile was much more spread 

out in the former than the latter. This result may indicate that J1 ID/complement 

cytotoxic procedure may partially counteract the B cell population purification. A 

dead and living cell aggregation was also observed in this depletion step which 

could lead to errors in the flow cytometry analysis results. By day 4 in culture, the 

majority of the LPS/DxS04 cultured J11 D-3 cells were J11 Dhl and also lahl (Figure 

#27). The flow cytometry profile of the same cell population with respect to 6B2 

monoclonal antibody binding (Figure #28) revealed one very distinct peak at a 

higher level in the profile. This indicates that one distinct population of mainly B 

cells or 6B2 binding cells are present. Similar to J11 D-1, the day 12 LPS/DxS04 

cultured J11D-3 cells (Figure #29) were more lahl than their day 4 counterparts. 

Also, The day 12 J11 D-3 cell 6B2 analysis peak was much more spread out than 

the day 4 analogue. However, contrary to J11 D-1 results, the day 12 J11 D-3 cell 

population J11D antibody flow cytometry analysis profile was very similar to their 

day 4 counterparts (data not shown). 

e. Hybrid Yields. The hybrid yield outcome of the electrofusions 

involving LPS/DxS04 activated J11D-3 cells from a 90 kd once boosted mouse 

showed that the number of resultant hybrids increased with successive days of 

lymphocyte culture up to day 11 (data not shown). After day 11 the hybrid yield 



decreased. The electrofusions involving the LPS/DxS04 activated J11D-3 cells 

from a 90 kd protein four time boosted mouse resulted in different hybrid yields 

depending on the type of growth media the cells were placed into after the fusion. 

The post fusion cells that were placed into regular RPMI media had high hybrid 

yields using lymphocytes from days 2 and 3 in culture for the fusion. The hybrid 

yields decreased when using lymphocytes that were more than three days in 

culture (data not shown). The post fusion cells that were placed into conditioned 

media had slightly lower hybrid yields than the cells placed into regular media 

when using lymphocytes from days 2 or 3 in culture for the fusion. However, the 

hybrid yield in conditioned media increased when using lymphocytes from days 6 

or more in culture for the fusion and was much greater than the hybrid yield for the 

post fusion cells placed into regular media (data not shown). 

The hybrid yields grown in regular RPMI media from electrofusions involving 

the LPS/DXS04 activated J11D-3 cells from 90 kd protein once boosted and four 

time boosted mice were then compared. The fusion hybrid yields were averaged 

into two overall groups for each of the J11D procedures (one boost and four 

boosts) based on whether the LPS/DxS04 cultured lymphocyte fusion partners 

were in a initial lag phase (under or around 2 X 106 cells/ml) or an actively 

proliferating phase in the growth curve (Figure #16). The hybrid yield was over 

four times greater when using the lag phase J11D-3 cultured cells from a four time 

boosted mouse than when using the lag phase J11 D-3 cultured cells from a once 



boosted mouse (Figure #30). The hybrid yield was approximately equal (or no 

more than nearly a two fold difference when taking into account the standard 

deviation) when using growth phase J11D-3 cultured cells from a once boosted 

mouse as compared to the same depletion step cells from a four time boosted 

mouse. 

The electrofusions involving the LPS/DxS04 activated J11D-3 cells from a 

94 kd protein once boosted mouse and SP2/0 fusion partners had similar fusion 

frequency results as the LPS/DxS04 activated J11 D-3 cells from the 90 kd protein 

once boosted mouse (data not shown). 

The percentage of living J11 D-3 cells at each day in culture was plotted for 

both the one boost mouse (Figure #31 A) and four boost mouse (Figure #31B) to 

see if there was a correlation between the differences or similarities in hybrid yields 

noted above and the percentage of living cultured lymphocytes used for the fusions 

at the two different growth phases and J11D procedures. These two curves were 

compared to one another based on the percent of living cells at a given day in 

either lag or growth phase (ie. growth phase cells: days 10-15 one boost were 

compared to days 4-10 four boost, sequentially). The comparison of the lag 

phases of the growth curves with respect to the percent of living cells for the 

cultured J11 D-3 lymphocytes from the one and four boosted mice revealed that 

there was only slight difference in the percentage of viable cells (0.6%-1.5%). The 

comparison of the proliferating phases of the growth curves with respect to the 



percent of living cells for the cultured J11D-3 lymphocytes from the one and four 

boosted mice revealed that there were slight to moderate differences in the 

percentage of viable cells (0.9-16.8%). The similarity in the percentage of living 

cultured lag phase J11D-3 ceils from both one boost and four boost mice 

compared to the differences in hybrid yield using these cells, and the differences 

in the percentage of living cultured growth phase J11D-3 cells from one boost and 

four boost mice compared to the similarities in hybrid yield using these cells, when 

combined indicate that the percent of living ceils is independent of the hybrid yields 

in this case. 

f. Specificity Results. The hybridomas resulting from the fusions of 

LPS/DXS04 activated lymphocytes (mainly J11D-3) with SP2/0 fusion partners 

were tested for 90kd or 94 kd specificity via dot blot analysis of the supernatants 

against crude pig fat protein and/or electrophoretically purified 90 kd or 94 kd 

protein. None of the 219 hybridoma containing wells generated from the 

lymphocytes isolated from a 94 kd one boost mouse produced antibody that 

reacted to the blotted antigen. Also, none of the 445 hybridoma containing wells 

generated from the lymphocytes isolated from a 90 kd four boost mouse produced 

antibody that reacted to the blotted antigen. Finally, 3 of 249 hybridoma containing 

wells generated from the lymphocytes isolated from a 90 kd one boost mouse 

produced antibody that reacted to both the crude protein and the pure 90 kd 

protein. However, ail three of these hybridoma well antibodies cross reacted with 
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proteins electrophoretically purified from other sections of the crude pig fat 2-D gel 

(fractions l-IV without 90 kd or 94 kd proteins) (Table III). This indicates that the 

antibodies produced from these wells though reacting with the 90 kd protein, are 

not specific for this protein. To determine if the epitope recognized was a 

carbohydrate group, the hybridoma supernatants were dot blot assayed against the 

same eluted proteins which had undergone periodate oxidation. Periodate 

treatment at an acidic pH has been found to oxidize 1,2-dihydroxyethyl linkages 

found in glycosyl residues thereby cleaving carbohydrate vicinal hydroxyl groups 

without modifying the polypeptide structure (Bobbit, 1956). Therefore, 

carbohydrate epitopes may be modified without alteration of the protein epitopes. 

Two of the three hybridoma antibodies still cross-reacted at the same intensity with 

the different eluted proteins (fractions l-IV, and 90 kd alone) purified from other 

regions of the gel after periodate treatment when compared with before periodate 

treatment (Table III compared to Table IV). However, the third hybridoma well 

antibody (H6-1/4.19) had an inhibition of binding to post periodate treated eluted 

protein fractions I and IV and a decreased binding to post periodate treated eluted 

protein fractions II, III, and 90 kd protein alone compared to the same proteins 

before periodate treatment (Table III compared to Table IV). 

D. Exposure of Mice to Viral and Mycoplasma Agents: 

Three of the seras from mice, encompassing the total time period that 

specific monoclonal antibody production to the 90 kd protein was attempted, were 



tested by the university animal care lab for exposure to Mouse Hepatitis virus 

(MHV), Sendai virus, and Mycoplasma (Table V). The results indicated that all 

three of the animals had been exposed to MHV virus, the latter two used animals 

had been exposed to Sendai virus, and the last used animal may or may not have 

been exposed to Mycoplasma. 



IV. Discussion 

Experiments were designed to purify the 90 kd and 94 kd proteins and to make 

hybridomas to be used in generation of monoclonal antibodies. With a specific 

monoclonal antibody, it would be possible to study the trafficking of the 90 kd 

protein at the cellular level upon addition of insulin and to further determine the 

relationship between the 90 kd and 94 kd proteins. A unique hybridoma 

production technique was used in an attempt to generate hybridomas producing 

90 kd and 94 kd protein specific monoclonal antibodies using an enriched then 

polyclonally activated B cell subpopulation. Examination of the splenocytes before 

and after enrichment was accomplished via flow cytometry on different days after 

initiation of culture in LPS/DxSO„. These culture and cytometry studies were 

intended to ascertain whether J11 D'° cells were responsive to LPS/DxS04, to 

determine whether the cells at various stages of enrichment had different fusion 

properties, and to discern modulations of cell populations in culture by monitering 

cell surface markers. 

In the subsequent discourse, most results are discussed with respect to the 

90 kd protein only. This was because the primary objectives in this thesis were 

in relation to the 90 kd protein with it's insulin sensitivity, and not the 94 kd protein. 

However, the analysis of the results is also applicable to the experiments involving 

the 94 kd protein. 
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Initial purification steps necessitated the development of a convenient 

method to delipidate the crude porcine fat and to solubilize the 90 kd protein. The 

chloroform/methanol delipidation method that was used separated the lipids from 

the crude protein therefore making subsequent protein purification steps easier to 

accomplish. The first attempts at solubilizing the delipidated porcine fat protein 

with buffers containing various nonionic detergents did not result in the 90 kd 

protein being extracted. After this observation, it was reasoned that 

supplementation of the extraction detergent with urea might be helpful in extracting 

the 90 kd protein. Therefore, a systematic study was undertaken to find the 

optimum solubilization conditions for the 90 kd protein from the delipidated porcine 

fat protein. Solution combinations using urea, 2-mercaptoethanol, pharmalytes, 

and a battery of detergents (modified ISUB), were tried. The results show that the 

only modified ISUB solutions that solubilized the 90 kd and 94 kd proteins 

appreciably were the ones that contained non-ionic detergents (Triton X-100, NP-

40, or Lubrol-PX). Unfortunately, these detergents have a low critical micell 

concentration and are exceedingly difficult to remove from the solubilized protein. 

Therefore the detergents interfered with subsequent purification steps and 

confounded the purification of the 90 kd protein from delipidated pig fat protein. 

In addition, since the 90 kd protein is not a major component of the cell, isolation 

of large amounts of this protein proved to be an insurmountable task in this 

project. 



As expected, several technical problems contributed to the difficulties 

encountered during the purification of the 90 kd and 94 kd proteins. First, the 90 

kd protein was a very minor component of the proteins solubilized from the crude 

porcine fat. Secondly, there was no quick biological or enzymatic assay available 

to check for the 90 kd protein presence in crude or semi-purified mixtures. Thus, 

the method of detecting the 90 kd protein in fractions was by two-dimensional gel 

electrophoresis. The 2-D gel method, while sensitive, is a rather slow procedure 

from start to finish and when large numbers of purification fractions are to be 

assayed it is quite time consuming. Thirdly, it was often very difficult to determine 

whether the 90 kd protein was actually present after a purification step. Difficulty 

in identifying the 90 kd protein in a 2-D gel pattern arose because other marker 

proteins were purified away from the 90 kd protein. Also, the "spot morphology" 

of the 90 kd protein and the pattern of other proteins on the 2-D gel would seem 

to change after a purification step thereby making it difficult to decide whether the 

90 kd protein was actually present. Internal 2-D markers near the proteins of 

interest could have been spiked into the sample but they were not commercially 

available. In several 2-D gels of semi-purified fractions, the 90 kd protein and 

other proteins which appeared to be present were sometimes streaked in the pi 

direction in a manner quite different from that seen in the 2-D gels of the crude pig 

fat protein. Progressive carbamalyation of the protein's amino groups by cyanate 

formed by the breakdown of urea during purification steps could explain this 



observation (Bobb and Hofstee, 1971; Anderson and Hickman, 1979), although 

efforts to confirm this were not pursued. It is also possible that the two-

dimensional gel's isoelectric focusing's pH gradient was inadequate so that the 2-D 

pattern was streaked. The differences in spot morphology, isoelectric point, protein 

loading, and 2-D gel variability often led to difficulty in deciding whether a given 

purification step was successful or not. Fourthly, the presence of large non-ionic 

detergent-protein micelles precluded use of purification methods based on protein 

size (size exclusion chromatography and dialysis with 50 KD MWCO membrane). 

Fifthly, the 90 kd (and 94 kd) protein's isoelectric point at 4.8-5.2 is part of the pH 

region of 4.0-7.0 that is known to contain most protein's isoelectric points 

(Gianazza and Righetti, 1980). Thus, a separation technique based on protein 

charge alone (recycling isoelectric focusing) could only enrich forthe 90 kd protein 

by generating discrete fractions having proteins of a very specific pH region. To 

completely purify the protein, additional methods using size or other characteristics 

such as carbohydrate side chains would be required. As expected, the 90 kd 

protein was partially purified using recycling isoelectric focusing. However, the 

RIEF fractions containing the 90 kd protein also included many other protein 

contaminants. The 90 kd protein purification was limited in the RIEF even when 

pharmalytes of a narrow pH region were used. Another problem encountered with 

the recycling isoelectric focusing technique was that general protein precipitation 

occurred throughout the separation cell and contributed to producing a low yield 



of the 90 kd protein. Lastly, the attempt to further separate the 90 kd protein in 

certain double RIEF fractions via concanavilin A chromatography did not lead to 

substantial purification away from contaminants. However, the binding of both the 

90 kd and 94 kd proteins to concanavilin A indicates that these proteins have 

associated carbohydate groups. In conclusion, the 90 kd protein was not 

successfully purified by the conventional methods attempted. 

Since attempts to purify large amounts of the 90 kd and 94 kd proteins by 

conventional means were unsuccessful; micromethods for purifying these proteins 

were attempted. This involved isolating the 90 kd and 94 kd proteins from two 

dimensional gels via spot excision and electroelution. Analysis of one dimensional 

gels of the purified proteins showed that the approach yielded homogeneously 

pure 90 kd (and 94 kd) protein. However, the critical disadvantages of the 

micromethod was that it was labor intensive and the amount of pure 90 kd protein 

isolated was quite low. Rough estimates of the 90 kd protein concentration on 

each of the crude two dimensional gels was approximately 40-80 nanograms. 

Assuming that 100% of this protein could be retrieved, then the most 90 kd protein 

that could be purified from 10 gels would be 400-800 nanograms. 

The small amount of pure 90 kd antigen available for immunization may 

have contributed to the difficulties of obtaining a specific monoclonal antibody. 

Additionally, the small amount of 90 kd protein isolated also made it impossible to 

use the standard ELISA assay. Therefore, a dot blot screen assay was developed 



using the purified 90 kd protein. However, the limited amounts of pure antigens 

necessitated using crude pig fat prepatations containing the 90 kd protein for the 

initial dot blot screening. 

Attempts at making specific monoclonal antibodies to the 90 kd protein via 

injecting the animal with crude porcine fat protein were not successful. In fact, all 

hybridomas that were made produced antibody that was non-specific. Several 

explanations of this result are possible: Since only 4 X 106 of the approximately 

1 X 108 lymphocytes in the spleen of the immunized mouse were used for the 

electrofusions, it is possible that by chance the B cells primed to the crude porcine 

fat proteins did not participate in the fusion events. Also the crude protein injected 

(not urea solubilized) may have been in a different conformation than the modified 

ISUB solubilized crude protein (urea solubilized) that was used to assay the 

hybridoma supernatants. Therefore, monoclonal antibodies specific to an injected 

crude protein may not have bound to the same urea solubilized crude protein used 

in the dot blot assay based on conformational differences. Thus, unless the 90 kd 

protein was highly antigenic, the chance of making a hybridoma which secretes a 

specific monoclonal antibody when crude delipidated fat protein was the 

immunogen was expected to be very low since the 90 kd protein is such a minor 

component of the cell. 

To improve the odds of making specific monoclonal antibodies to the 90 kd 

protein, animals were injected with purified 90-94 kd protein in electroelution buffer. 



This approach was more successful. Seven of the hybrid wells reacted with the 

crude porcine fat protein in the dot blot screen. However, none of these wells 

reacted with the electroeluted purified 90-94 kd proteins using the same asssay. 

The screening of these hybridoma supernatants via western immunoassays of the 

crude protein 2-D gels also resulted in no antibody binding. This result indicates 

a lack of specificity for any of the crude pig fat proteins but does not explain why 

the hybrid supernatants were positive in the initial dot blot assay. It is possible that 

the antibodies are recognizing some antigenic determinant produced by the 

modified ISUB solubilization method or in the 2-D gel that would not be present in 

the blotted purified protein samples. Also, the epitope recognized by the antibody 

in the modified ISUB solution may have been in a different conformation in the 

western transfer buffer or the elution buffer such that this epitope was no longer 

recognized by the antibody. Additionally, the eluted protein used for immunization 

contained SDS which may have altered or masked the epitope recognized by the 

mouse compared with the native or non-denatured protein. Therefore, the epitope 

recognized by the antibody may have been against the 90 kd or 94 kd protein in 

the crude sample but it did not recognize the pure protein in the western or dot 

blot assay. 

Because of the failure to achieve monoclonal antibodies to the pure 90 kd 

protein via conventional methods, an innovative hybridoma generation method was 

attempted. This approach utilized cells generated by the treatment of splenocytes 



from 90 kd or 94 kd boosted mice with several J1 ID/complement cytotoxic 

depletion steps and then subsequent activation with LPS/DXS04. The primary 

rationale of the J11D depletion method was to enrich for memory (secondary) B 

cells that would be specific for the immunogen. Primary B cells and plasma cells 

are known to be J11Dhi while memory (secondary) cells have been found to be 

J11 D'° (Bruce et al, 1981; Linton et al, 1989, Pillai et al, 1986; Thompson et al, 

1983). The presumably enriched memory B cell fraction (J11 D'°) was then placed 

into LPS/DXS04 supplemented culture media for activation. In preliminary 

experiments, J11 D'° cells were showed to respond to LPS/DXS04 stimulation. 

LPS/DXS04 has been long known to initiate T cell independent polyclonal 

activation in a significant minority of B cells in vitro (Andersson et al, 1972; 

Andersson et al, 1977; Bergstedt-Lindquist, 1982; Bos et al, 1988; Wetzel and 

Kettman, 1981). It was hypothesized that the enriched 90 kd protein-specific 

memory B cells would be stimulated in culture and would increase the likelihood 

of yielding fusible antibody secreting cells. Electrofusion was used to produce the 

hybridomas since this method was found to have a substantially greater fusion 

effiency than PEG and other methods (Bischoff et al, 1982; Foung and Perkins, 

1989; Gravekamp et al, 1987; Ohnishi et al, 1987; Vienken and Zimmermann, 

1985; Zimmermann, 1982) and is therefore more suitable to the smaller number 

of cells to be fused after the enrichment procedure. 



Growth curves and flow cytometry analysis were completed on some of the 

cell populations from the different steps in the J11 D/complement enrichment and 

LPS/DXS04 activation procedure to aid in determining the relative activation and 

the composition of the different cell populations some of which were to be used in 

hybridoma production. The growth curves of the enriched lymphocytes in culture 

showed that activation and proliferation of the B cell subpopulation occurred in 

LPS/DXS04 although to different amounts depending upon the B cell preparation. 

Based on the growth curves, the J11D-3 enriched cells from the immunized mouse 

that was boosted once after 14 days were more activated than the J11D-3 cells 

from the mouse boosted four times. The cells from these two cultured J11D-3 

enriched populations were used for the majority of the fusions. 

The J11D-1 cells from the mouse boosted four times were the most 

activated with respect to growth. This LPS/DxS04 mediated activation decreased 

in cultured cells from successive J11D enrichment treatments and was also found 

to be lower in the cultured cell populations that had not been J11D treated. In 

retrospect, based on these growth curve activation data, it may have been more 

advantageous to use J11D-1 cells from the mouse boosted four times as the 

lymphocyte fusion partner in the majority of the fusions instead of the J11 D-3 cells 

as was done. However, the flow cytometry analysis of the fractions described 

below suggest that the growth curve alone may be an incomplete predictor of the 

status of the cell population enrichment and activation. 



In general, the J11D-3 cells from the mice boosted once could be 

polyclonally stimulated and cultured beyond 25 days while the cultured cells from 

the mouse boosted four times (post NH4CI, post theta, post J11D-1, post J11D-2, 

and post J11D-3) were polyclonally stimulated and cultured for beyond 15 days. 

The discrepancy between the two maximum culture times can be attributed to the 

fact that the cells from the mice boosted once had a much longer initial lag time 

than the cells from the mouse boosted four times. When this is taken account it 

is interesting to note that the different LPS/DxS04 cultured cell populations on the 

whole seem to undergo a similar finite number of cell divisions during the 

polyclonal activation before differentiation to plasma cells and cessation of division. 

The flow cytometry analysis of the four time boosted mouse lymphocytes 

from the cytotoxic depletion steps before and after LPS/DxS04 culture gave an 

indication of the relative enrichment for the J11 D'° cells. The characteristics of the 

cell populations with respect to J11D, 6B2 (B cell marker), and anti-la (activated 

B cell marker) were also determined on various days in culture. The flow 

cytometry analysis of the cell populations which were placed into fixative 

immediately after enrichment showed that there was a definite enrichment of 

J11 D'° cells during the successive depletion steps. The NH4CI cell population had 

mixed cell types although the majority of the cells were J11Dhl. The cells in the 

J11 D-1 population in general had a noticeable downward shift in the presence of 

J11D antigen although there was still a large population of J11Dhl cells. This 



downward shift in the presence of the J11D marker was much more pronounced 

in the J11D-3 population such that the majority of the cells were J11 D'°. However, 

there was still a significant minority of non J11 D'° cells suggesting that this 

technique was not perfect in isolating an exclusive J11 D'° cell population. The 

amount of 6B2 binding indicates that the cell populations after anti-Thy 1.2 

treatment contained mostly B cells. This 6B2 positive cell population was la'0 

indicating unactivated B cells; which is consistent with a cell population containing 

resting memory B cells. 

After four days of culture in LPS/DxS04 the cell populations were stimulated 

and expressed J11Dhl. This observation is consistent with the differentiation into 

antibody producing plasma cells from progenitor memory cells. In previously 

published experiments antibody producing plasma cells expressed J11Dhl (Bruce 

et al 1981). The flow cytometry results also indicate that among the four day 

cultured cell populations, the J11D-3 cell population had a slightly higher 

percentage of B cells than the J11D-1 cell population based on 6B2 binding. 

However, both cell populations contain a majority of B cells which is consistent 

with the fact that LPS/DxS04 is a B cell mitogen and therefore this population 

would be the one proliferating. Lastly, after stimulation with LPS/DxS04, both the 

J11D-1 and J11D-3 cell populations contained a majority of lahl cells which is 

consistent with mitogen induced B cell activation. The J11D-1 cell population also 
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contained a minor la'° cell population which suggests a non B cell population or a 

non-LPS/DxS04 responsive B cell subpopulation. 

By day 12 in culture the decrease and spreading out of the 6B2 binding 

peak in all the celi populations indicates that a non B cell population which can 

survive in culture (possibly macrophage or fibroblast) is now present in significant 

numbers. All of the growth experiments from the enrichment steps at this day in 

culture had a large lahi fraction indicative of activated B cells. However, only the 

J11D-3 cell population consisted of almost exclusively lahl cells while the other 

cultured cell populations assayed (NH4CI and J11 D-1 populations) contained a 

large number of la10 to moderate cells which is also consistent with there being a 

non B cell subpopulation present. 

The flow cytometry data shows that the successive J11D depletion steps 

resulted in a progressive enrichment of J11 D'° cells although the population was 

not exclusively J11D10. The J11D-3 cell population when cultured was found to 

retain a higher percentage of 6B2hl cells in a more distinct narrower peak which 

indicates more B cells in this enrichment step population than the other cell 

populations. The J11D-3 cell population upon culture with LPS/DxS04 had a 

higher percentage of lahl cells than the other cultured enrichment step cells. This 

indicates that the J11D-3 cell population had a higher percentage of cells 

susceptible to polyclonal stimulation by the mitogen than other enriched cell 

populations. 



In summary, the flow cytometry results show that the J11D-3 cells resulted 

in a higher enrichment of a J11 D'° cell population which upon culture had a higher 

B cell percentage and la activation level than the other cell populations. This 

indicates that in spite of the increased proliferation of the J11D-1 cells compared 

to the J11 D-3 cells seen in the growth curves, there was a higher percentage cells 

that may produce antibody of the wanted specificity and therefore be useful for 

hybridoma production in the J11 D-3 cell fraction. 

The electrofusion of the LPS/DxS04 polyclonally activated J11D-3 cells 

with SP2/0 fusion partners resulted in numerous HAT surviving colonies for assay 

indicating that this J11D selection procedure produces viable hybridomas. In 

general it seemed that the fusion frequencies involving cultured J11 D-3 cells from 

a 90 kd protein one boost mouse increased with successive days of culture while 

the fusion frequencies involving cultured J11D-3 cells from a 90 kd protein four 

boost mouse decreased with successive days of culture. However, when 

comparing the fusion frequencies of the two cell groups with respect to time in 

culture only it was difficult to make any real conclusions in fusion frequencies 

based on the apparent differences in the polyclonal activation as seen by the 

different lag growth times of the two cell populations. 

Next, the fusion frequencies of the J11 D-3 cultured cells from the mice 

boosted once and four times with 90 kd protein were compared with respect to 

whether the cultured cell populations were in a initial lag phase or a subsequent 



growth phase. It is evident that the fusion frequency was much higher when using 

lag phase cultured J11D-3 cells from the mouse boosted four times than when 

using the lag phase cultured J11D-3 ceils from the mouse boosted once. The 

fusion frequency of the two cell populations were the same when cultured J11D-3 

cells in the growth phase are used. Although this result was not repeatedly tested 

for reproduceability, it seems to indicate that the initial lag phase cultured J11 D-3 

cells from the mouse boosted four times are more conducive to forming viable 

hybridomas than the lag phase cultured J11D-3 cells from the mouse boosted 

once. However, it is possible that this difference in fusion frequencies may be 

simply an anomaly that might not be seen again. The difference in fusion 

frequencies may also be due to the presence of more memory cells in the mouse 

boosted four times than the mouse boosted once such that upon enrichment and 

culture there may be more fusible cells available. A possible criticism of this 

explanation is that the fusion frequency difference between the J11D-3 cell 

populations from the mouse boosted once and mouse boosted four times were in 

the initial lag phase of growth which means that any polyclonal activation and 

proliferation leading to plasma cell formation from memory cells would also 

probably be noticed as a jump in cell growth. This did not occur, however, there 

is a possibility that fusion involving memory cells before polyclonal activation led 

to the difference in fusion frequencies between the two cell populations. 



Alternatively, the spleen from the mouse boosted four times probably 

contains more plasma (antibody producing) cells than the spleen from the mouse 

boosted once. The flow cytometry data showed that the J11D-3 cells right after 

enrichment still contained a sizeable number of J11D moderate to high cells. It is 

probable that these J11Dhl cells surviving the enrichment procedure include a 

plasma cell subset and the mouse boosted four times initially contains more 

plasma cells than the mouse boosted once (a larger response involving more 

antibody producing cells would be expected with successive challenges). 

Therefore, after enrichment it is possible that more of these cells are present in the 

initial J11D-3 cell population from the mouse boosted four times than the initial 

J11D-3 cell population from the mouse boosted once. These differentiated cells 

which may be involved in the fusion that produces a viable hybridoma would then 

be available for fusion for the first couple of days in culture before dying off in 

subsquent culture. This may result in the J11 D-3 cell population from the mouse 

boosted four times, which should have the initial larger percentage of the 

differentiated cells, having a higher fusion frequency for the first couple of days. 

Only one of the three J11 D'° cell enrichment and culture experiments 

resulted in hybrids that produced antibody which reacted with pure 90 kd protein. 

Three different 90 kd positive hybridomas were isolated from this procedure and 

the monoclonal antibodies which reacted to the pure 90 kd protein cross-reacted 

with other pig fat proteins. It is possible that the antibodies reacted with a 
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contaminant present in all of the protein fractions. However, it is more likely that 

the antibodies are reacting to carbohydrate epitopes on both the purified 90 kd 

protein and the eluted 2-D gel quadrant proteins. This hypothesis is logical since 

the 90 kd protein appears to have carbohydrate groups based on binding to the 

concanavalin A column. 

The lack of 90 kd or 94 kd specific monoclonal antibodies from the hybrids 

generated by the enrichment procedures was very disappointing. However, many 

membrane proteins have similar carbohydrate groups on otherwise dissimilar 

proteins. It is also well known that these carbohydrate portions of glycoproteins 

can be better immunogens than the peptide regions of the proteins. In some 

cases when cells have been used for monoclonal antibody production, cell surface 

carbohydrates are immunodominant (Gooi et al, 1983; Hansson et al, 1983; Huang 

et al, 1983a; Huang et al, 1983b). Therefore, it is possible that the antibodies are 

recognizing an immunodominant carbohydrate epitope on the 90 kd protein that 

is present on other proteins. 

To determine the nature of the epitope that the antibodies were reacting to 

on the 90 kd protein, the eluted proteins were treated with periodate which may 

cause oxidative cleavage of the carbohydrate moieties without protein modification. 

The subsequent immunoassay of the periodate treated proteins with the three 

hybridoma well antibodies resulted in a decrease or inhibition of protein binding by 

one of the antibodies and none to a slight difference in protein binding by the other 
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two hybridoma antibodies. This indicates that one of the three antibodies 

recognizes a carbohydrate epitope while the other two do not. Further elucidation 

of the nature of the epitope could be achieved by treating the eluted proteins with 

proteolytic enzymes and/or heat to determine if the epitope(s) recognized by the 

antibodies are of protein nature. However, this experiment was not done. It is 

also possible, but unlikely, that the epitopes recognized by the two hybridoma 

antibodies that apparently were periodate resistant may not have been treated with 

periodate adequately. Therefore, increasing the periodate oxidation time of the 

eluted proteins before the immunoassay may aid in conclusively determining 

whether the epitope recognized by these two hybrid antibodies is a carbohydrate. 

However, extended periodate oxidation has been shown to effect certain amino 

acids such as tyrosine, tryptophan (Geoghegan et al, 1980), and methionine 

(Yamasaki, 1982). The extension of the periodate oxidation time may then lead 

to unwanted protein epitope alteration thereby throwing the results into question. 

The enrichment/polyclonal activation and electrofusion procedure which 

resulted in hybrids that produced antibody reacting to the 90 kd protein (even 

though cross-reactive) was the one involving lymphocytes from the mouse boosted 

once with the 90 kd protein. Given the fact that the mouse boosted four times with 

the 90 kd protein had a much stronger sera response to that protein and therefore 

probably would have many more memory cells present than the one boost mouse, 

one would expect that enriched J11 D'° cells from the four boost mouse would lead 
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to more hybrids producing antibody reacting with the 90 kd protein. However, this 

did not occur. This result indicates a possibly flaw in the J11D enrichment 

procedure. It could be that the J11D procedure instead enriched for a memory cell 

subset associated with a early secondary response instead of the memory cells 

present after several challenges, if there is a quantitative difference in the amount 

of J11D on these two cell groups. Alternatively, it may have been luck that the 90 

kd reactive antibody producing hybrids were generated in one procedure but not 

the other. Further work with another antigen system could elucidate the correct 

alternative. 

The J11 D'° cell enrichment and polyclonal activation procedure resulted in 

many fewer hybrids producing antibody reactive to the 90 kd protein than expected 

and no 90 kd specific antibodies. This could indicate that the J11D antibody does 

not define a set of hemopoietic differentiation antigens at least with respect to the 

B cell lineage. If this is so then the J11D defined antigen may be present 

independently of the maturation stage of the B cell such that the J11 D'° cell 

enrichment procedure does not enrich for memory cells and may actually lead to 

a decrease in number of the wanted cells. However, there is a strong body of 

literature that concludes that memory B cells are J11 D'° while primary B cells are 

J11 Dhl and antibody producing cells are J11D moderate to high (Bruce et al, 1981; 

Linton et al, 1989; Pillai et al, 1986; Thompson et al, 1983), although these results 

are not conclusive. The previous results in which large numbers of antigen 
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specific hybridomas were isolated using this method (Sammons et al, in press; 

unpublished results) would also argue against the procedure not enriching for 

memory B cells. 

It is also possible that the J11D cell depletion method did enrich for memory 

B cells but not to the percent purity that was expected compared to other 

contaminating cells. The percentage of surviving cells after the three enrichment 

experiments (post J11D-3) were 8.4%, 14.7%, and 17.6%. In the literature the 

percent of memory B cells to indicated antigens compared to the total number of 

splenocytes was found to be between .01%-.12% using several different analysis 

methods (Hayakawa et al, 1987; Klinman and Press, 1972; McHeyzer-Williams et 

al, 1991; Schittek and Rajewsky, 1990; Yefenof et al, 1986). Although the 

literature results do not account for all the memory B cells, only the ones specific 

to the antigen, and the response to the 90 kd protein may be of a different 

intensity than to the antigens in the references, it is still evident that the enrichment 

protocol did not purify memory B cells adequately from other splenocytes. In fact 

there is a 70-1760 fold higher percent of splenocytes remaining after the 

enrichment protocol when compared to the referenced determined percent of 

antigen-specific memory B cells in the spleen. This could indicate a flaw in the 

enrichment protocol. 

Another possible explanation for the lack of a 90 kd specific antibody 

producing hybridomas when using this method is that the mitogen derived in vitro 
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polyclonal activation of the enriched post J11D-3 cell fraction may have actually 

led to a decrease in the number B cells releasing antibody specific for the 90 kd 

protein in relation to other activated B cells present. In the mouse spleen are 

memory B cells specific for other foreign substances that the mouse has come in 

contact with such as viral antigens (see beiow) or Freund's adjuvant components. 

These antigens may be more immunogenic than the 90 kd protein (which is not 

very antigenic; see below) such that there are many more memory B cells present 

specific for these antigens than the 90 kd protein. Upon LPS/DxS04 driven T cell 

independent polyclonal activation the B cell fraction specific for antigens other than 

the 90 kd protein may become so numerous in relation to the B cells specific for 

the 90 kd protein that there is a low chance of a fusion occurring between a B cell 

specific for the 90 kd protein and a SP2/0 cell. 

In general there was a low reactivity of the injected mice used for hybridoma 

production to the 90 kd and 94 kd proteins as indicated by low antibody titers. In 

only one case was the sera reactivity endpoint over a 1:1000 dilution including 

hyperimmunized mice. Other investigators do not attempt hybridoma fusions until 

the endpoint is at least at a 1:10000 dilution (Dr. Garry Neil, personal 

communication). There are several possible reasons why the mice did not 

respond well 90 kd or 94 kd proteins, assuming it is not a protein conformation 

recognition problem (see previous discussion): 
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First, the amount of pure 90 kd or 94 kd protein injected was very low. 

Several hundred nanograms of protein were injected per challenge which is much 

less than is used in most hybridoma production procedures. This low 

concentration of protein could lead to a lower response in the mouse and no 

hybrids generated producing antibody of the wanted specificity. 

Secondly, the 90 kd and 94 kd proteins may not be very immunogenic. A 

reason for this could be high conservation of the sequence since the 2-D gel 

results show the presence and an almost identical isoelectric point and molecular 

weight of these proteins in the rat, pig, and steer (Figure #5A, #5B, and data not 

shown). This result indicates that these proteins are evolutionarily conserved 

between the three species. Thus, one might predict that the mouse may also have 

these two proteins and that they are nearly identical to the pig. Therefore, it might 

well be difficult for the mouse to respond to the injected 90 kd and 94 kd proteins. 

Lastly, ELISA assays of seras from mice used for hybrid fusions at different 

times indicated that the experimental animals had been exposed to mouse 

hepatitis virus and Sendai virus before most of the fusions had been attempted. 

It is also possible that some of the mice were exposed to Mycoplasma. Mouse 

hepatitis virus (MHV) has been found in numerous studies to cause immune 

alterations (Boorman et al, 1982; Casebolt et al, 1987; Dempsey et al, 1986; 

Krzystyniak and Dupay, 1983; Leray et al, 1982; Smith et, 1987; Temura et al, 

1978; Temura and Fujiwara, 1979; Virelizier et al, 1976) including 
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immunosuppression or immunodepression. However, this virus in the mouse 

displays various types of strain dependent genetically related sensitivity: 

resistance, semisusceptibility, and full susceptibility, in which lethality regularly 

occurs within a week after infection (Le Pr6vost et al, 1975; Sharma et al, 1989). 

The Balb/cByJ mouse strain used for all the experiments was fully susceptible to 

MHV. Therefore, it is probable that the mouse never had an active infection. 

Sendai virus has also been found to alter immunologic function in the murine host 

(Garlinghouse Jr. and Van Hoosier Jr., 1982; Kay, 1978; Kay et al, 1979; Kay, 

1979; Smith et al, 1987; Takeichi et al, 1988) often resulting in 

immunosuppression. If the mice had an active non-lethal MHV or Sendai virus 

infection, then the possible ensuing immunosuppression could result in these 

animals not responding to subsequent challenges of injected crude or purified 

porcine fat proteins. This would result in no B cells releasing antibody of the 

wanted specificity for hybridoma generation. 

Either one or a combination of several of the explanations above could 

account for why none of the hybridomas generated produced monoclonal 

antibodies that were specific for the 90 kd or 94 kd proteins. 

Although a specific monoclonal antibody was not made to the 90 kd protein 

using the techniques described there are still several directions that one could 

proceed in attempting to generate a hybridoma producing the monoclonal antibody 

this specificity. These methods fall into three general categories: increasing the 



quantity of pure 90 kd protein, increasing the probability of the wanted hybrid 

fusion occurring, and attempting to make the monoclonal antibody using more 

innovative techniques. 

The lack of a conventional preparative purification method for obtaining 

large quantities of pure 90 kd protein was certainly a fact that made it difficult to 

generate specific antibody releasing hybridomas. Although there are numerous 

other conventional purification steps that could be used on the solubilized crude 

porcine fat proteins in an attempt to purify the 90 kd protein, it is apparent from the 

results that what is really needed is a new initial solubilization method that would: 

not preclude the use of many available purification techniques; leave the 90 kd 

protein in its native state; and result in many fewer contaminant proteins in a lower 

concentration compared to the 90 kd protein. Unfortunately, ail initial solubilization 

methods with crude porcine fat protein have not been able to achieve these 

results. Therefore, it is necessary to find another cell type containing the 90 kd 

protein in which these results can be achieved, and/or separate the membrane 

fraction away the rest of the components of the cell thereby removing many of the 

contaminants. Other investigators (Dr. Morre and Dr. Sammons, unpublished 

results) have had difficulties in obtaining an adequate amount of 90 kd protein for 

analytical assays from rat adipocyte membrane fractions. However, with another 

cell type one may be able to start with much larger amounts of membranes 

containing a higher concentration of 90 kd protein. Whether whole cells or 
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fractionated membranes are used, the cell type should preferably contain much 

less lipid. Lower lipid concentrations would make the protein source easier to work 

with and also it would not be necessary to use a chloroform methanol precipitation 

step which may effect the protein's native structure. It is also very important to 

initially solubilize the cell type's crude protein mixture containing the 90 kd protein 

in a non-denaturing buffer whose components do not preclude the use of many 

purification techniques and does not destroy the 90 kd protein's native structure. 

Whatever cell type, cell fraction, and solubilization method is chosen, the 

lack of a quick biological or enzymatic assay to determine 90 kd protein presence 

makes subsequent purification much more difficult and time consuming. Therefore, 

it may be advantageous to use what is known about the 90 kd protein from the 

Schoenle et al paper to try to work out a biological assay for determining it's 

presence. Alternatively, using small quantities of electrophoretically purified 90 kd 

protein one could attempt to detect an associated enzymatic activity or biochemical 

distinction which could be used for determining the 90 kd protein's presence during 

purification. 

To increase the probability of the wanted fusion occurring resulting in a 

hybridoma producing antibody specific for the 90 kd protein, several variations of 

procedures used in this thesis could be attempted: First, an antigen bridging 

technique has been described in which biotin is attached to the myeloma cell and 

avidin to the immunogen (Lo et al, 1984) or biotin to the immunogen with 
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streptavidin also present (Wojchowski and Sytkowski, 1986) such that a biotin-

avidin or streptavidin mediated linkage forms between a myeloma cell and a 

lymphocyte which contains surface antibody specific for the immunogen. The 

electrofusion of selectively cross-linked myeloma cells with antigen specific B cells 

via this method has resulted in a high frequency of specific immunoglobulin 

producing hybridomas. Using this technique it may be possible to generate a 

hybridoma producing 90 kd specific antibody. Second, an in vitro immunization 

method prior to fusion may increase the chance of generating a 90 kd specific 

immunoglobulin producing hybridoma by increasing the number of 90 kd specific 

plasma cells. An advantage in this method is that it has been found to be very 

useful in producing hybridomas when only small quantities of protein are present 

(Luben and Mohler, 1980; and Luben, 1982) such as is the case with the 90 kd 

protein. With this method one investigator was able to generate a number of 

specific immunoglobulin producing hybridomas via immunizing approximately 

2X108 spleen cells (1X107 cells/ml) with an impure preparation containing only 0.6 

ug total of the wanted immunogen. This technique could be used with the 90 kd 

protein on spleen cells from unimmunized mice as specified in the paper, on 

spleen cells from 90 kd protein immunized mice to enhance the response and 

further increase the number of 90 kd antigen specific plasma cells, and on post 

J11D-3 cells to cause differentiation of antigen specific memory cells to antibody 
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producing cells. The antigen treated lymphocytes are then fused with myeloma 

cells via by PEG or electrofusion. 

There are a couple of newer and more innovative ways to try to generate 

a monoclonal antibody specific for the 90 kd protein. A sequence analysis could 

be attempted on the electroeluted protein. From this sequence a synthetic peptide 

could be generated which is then used for monoclonal antibody production. A 

problem is the small amount of the protein purified using the electroelution 

procedure. A number of attempts were made to complete an amino acid analysis 

using the eluted 90 kd protein. However, because of the low concentration of 

protein, high background levels, or problems with amino acid analysis equipment, 

no conclusive results were obtained. A larger amount of pure protein is needed 

for sequencing analysis. In the recent literature a method has been described in 

which in which a combinatorial library of Fab fragments of the mouse antibody 

repertoire has been inserted into lambda vector and expressed in E. co]| (Huse et 

al, 1989). This method was found to generate Fab fragments of the wanted 

specificity. This library should also contain the sequence for producing an Fab 

fragment specific for the 90 kd protein. The E. coli clones could then be screened 

until the wanted Fab fragment is found. This method however may take a fairly 

large amount of antigen. Perhaps a more important disadvantage of this approach 

is that it may be very time consuming to find an Fab fragment with high affinity and 

specificity. 
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The generation of a polyclonal antibody to the 90 kd protein may at first be 

more feasible and still useful when compared to producing a 90 kd specific 

monoclonal antibody. A rabbit or another mammalian species would probably not 

be suitable for polyclonal antibody production because of the small amount of 

antigen available and the possibility of evolutionary conservation of the antigen. 

However, a chicken would be much more suitable for producing a polyclonal 

antibody to the 90 kd protein because it is evolutionarily more distant than any 

mammalian species meaning there is a higher possibility of this species 

recognizing the 90 kd protein as foreign. Also, the chicken has been found to 

produce antibody from small quantities of injected protein in previous cases (Dr. 

Neil, unpublished results). A purified polyclonal antibody specific for the 90 kd 

protein could be used for the biochemical assays that the monoclonal antibody was 

to be used for. This antibody could also be used in purifying the 90 kd protein via 

affinity chromatography or immunoprecipitation. However, to be utilized in these 

methods the polyclonal antibody must be fairly to very specific for the 90 kd 

protein. In the monoclonal antibody production attempts specificity to the 90 kd 

protein without cross-reactivity was found to be difficult to achieve and would be 

much more difficult in polyclonal antibody production. 

In the future any mice used for monoclonal antibody production (or other 

research) should be screened for viral infection. The screening should be 
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completed by the investigators themselves to ensure that it is being done regularly 

and correctly since the animal care facility in the past has not been doing this. 

In conclusion, despite the difficulty of working with and purifying these 

proteins, a technique was found to purify the 90 and 94 kd proteins albeit in small 

quantities. The proteins were found to have the same characteristics as described 

in the Schoenle et al paper. Also purification and immunologic results indicate that 

the 90 kd protein may have an associated carbohydrate moiety. The major aim 

of this research, generation of a hybridoma cell line producing a specific 

monoclonal antibody to the 90 kd protein, was unsuccessful. However, this result 

coupled with the fact that the 90 kd protein has been found in several mammalian 

species may indicate that the protein is evolutionarily conserved which would 

support our hypothesis that it has an important cellular role in insulin signal 

transduction. The cytotoxic depletion hybridoma production results are not 

consistent with the belief that memory B cells are J11D'° although the results are 

not conclusive. Clearly, there is much work to be done with this protein to 

ascertain its biochemical structure and biological function. It is the author's wish 

that this thesis were to furnish the basis for future investigation of this 90 kd 

protein's role in fat cell regulation and insulin responsivness. 
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Figure 1. The effect of insulin on the concentration of the 90 kd protein in 
rat fat cell plasma membranes (from Schoenle et al, 1984). Shown are 
the higher molecular weight, acidic corners of silver stained two 
dimensional gels containing purified plasma membranes of fat cells 
which were incubated with (B) or without (A) insulin. The thick arrow 
points to the 90 kd protein, while the thin arrow points to the 94 kd 
protein. Photograph is included with permission of D. W. Sammons. 



114 

Porcine Fat 
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Figure 2. The 90 kd and 94 kd protein purification flow chart. This flow 
chart shows the 90 kd and 94 kd protein purification scheme. 
Conventional purification steps and the electrophoretic purification 
method are illustrated. The unsuccessful approaches are marked by 
X across the arrow. 
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Figure 3. Confirmation of 90 kd and 94 kd protein removal from the spot 
excised from zinc stained gels. Shown are the acidic halves of two 
dimensional gels of crude pig fat protein that were run under the same 
conditions. A. a gel that is silver stained only and contain the 90 kd 
(thick arrow) and 94 kd (thin arrow) proteins. B. a zinc stained spot 
excised gel that was subsequently silver stained. The top hole is where 
the 90 kd and 94 kd proteins were excised. C. the placement of Gel 
B on top of Gel A such that the proteins of the two gels overlap. The 
90 kd and 94 kd proteins on Gel A correspond to the hole in gel B. 
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Figure 4. J11 D'° cell enrichment protocol. The immunized mouse spleen 
cells were first depleted of erythrocytes by treatment with NH4CI. 
The T cells were next depleted from the splenocytes by treatment of 
T24 (rat monoclonal anti-Thy 1.2) and rabbit complement. The 
remaining cells were then depleted of J11Dhl cells by three 
successive treatments of the rat anti-mouse monclonal antibody 
J11D and complement (J11D-1, J11D-2, and J11D-3). 



Figure 5. Comparison of the 90 kd and 94 kd proteins in the pig and rat. 
Silver stained two dimensional gels of protein from purified rat fat cell 
plasma membranes (A) and delipidated crude pig fat (B) are 
illustrated. The rat fat cell plasma membranes were prepared and 
separated by D. W. Sammons as described. (Schoenle et al, 1984). The 
crude porcine fat protein was prepared and gel separated as described 
in the methods section. On the two gels, the thick arrows point to the 
90 kd protein while the thin arrows point to the 94 kd protein. 



Figure 6. 2-D gel analysis of RIEF fractions. Silver stained two dimensional 
gel analysis of selected fractions after a double RIEF purification 
method using optimum parameters (see text for details of this 
procedure). 2-D gels of fraction #3 (A) having a pH of 4.82 and 
fraction #4 (B) having a pH of 5.06 are shown. The 2-D gel of 
fraction #4 contained the majority of the 90 kd and 94 kd proteins. 
The thick arrow points to the 90 kd protein while the thin arrow points 
to the 94 kd protein. 



Figure 6. 2-D gel analysis of RIEF fraction. Silver stained two dimensional 
gel analysis of selected fractions after a double RIEF purification 
method using optimum parameters (see text for details of this 
procedure). 2-D gels of fraction #6 (C) having a pH of 5.51 and 
fraction #8 (D) having a pH of 6.04 are shown. 



Figure 7. 2-D gel analysis of partially purified porcine fat protein before and 
after Con A chromatography. Silver stained two dimensional gel 
analysis of a porcine fat protein sample before it was run through a 
concanavalin A (A) and the sample that was retained and then eluted 
off the column via a-D-methylmannopyranoside (B) are shown. The 
porcine fat protein had previously been partially purified by a double 
RIEF procedure. The thick arrows on the gels point towards the 90 
kd protein, while the thin arrows point towards the 94 kd protein. 
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Figure 8. SDS-PAGE of purified 90 kd and 94 kd proteins. A silver stained 
SDS-PAGE of the electroeluted proteins and the proteins from upper 
geluter column buffer were run to determine the efficiency of the 
electroelution. Lane A is the upper column buffer that contained the 
90 kd gel slices. The arrow (next to lane B) points to what may or may 
not be a 90 kd band which was not sufficiently electroeluted. It is 
extremely light although it was found to be much darker in other 
electroelution SDS-PAGE analysis. Lane B is the eluted 90 kd protein 
fraction. The arrow points to the eluted 90 kd protein. Lane C is the 
upper column buffer that contained the 94 kd gel slices. The arrow 
(next to lane C) points to the 94 kd protein that was not sufficiently 
electroeluted. Lane D is the eluted 94 kd protein fraction. The arrow 
points to the eluted 94 kd protein. The two 60-75 kd dark bands are 
artifacts due to 2-mercaptoethanol. 
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Figure 9. SDS-PAGE of electrophoretic purified and PBS or Tris buffer 
resolubilized 90 kd and 94 kd proteins. A silver stained SDS-PAGE of 
electroeluted and methanol precipitated 90 kd and 94 kd proteins each 
resolubilized in 10 mM PBS (pH 7.2) or 27 mM Tris buffer (pH 7.2) 
separately were run to determine which buffer solubilizes the indicated 
electroeluted protein best. Lane A is the 90 kd protein fraction 
resolubilized in Tris buffer. The arrow points to the 90 kd protein 
soluble in Tris buffer. Lane B is the 90 kd protein fraction 
resolubilized in PBS. The arrow (next to lane A) points to where the 
90 kd protein would be if it was soluble in the PBS buffer. Lane C is 
the 94 kd protein fraction resolubilized in Tris buffer. The arrow (next 
to lane D) points to the 94 kd protein soluble in Tris buffer. Lane D 
is the 94 kd protein fraction resolubilized in PBS. The arrow points to 
the 94 kd protein soluble in PBS. The two 60-75 kd dark bands are 
artifacts due to 2-mercaptoethanol. The minor bands may be due to 
degradation of the eluted proteins. 



Figure 10. Dot blot analysis of hybridoma supernatants from the PEG fusion. 
The hybridoma supernatants were initially analyzed against ISUB 
solubilized crude porcine fat protein (shown in photograph) and then 
those positives were assayed against the pure antigen which was in 
short supply (not shown). The lower two assay well rows have a total 
of six positives that reacted with the crude porcine fat protein. 



Figure 11. Dot blot analysis of PEG fusion hybridoma supematants that 
reacted with crude rat fat and pig fat protein. The rows labeled pig 
and rat have ISUB solubilized crude fat protein from that animal on 
the Immobilon to assay the hybridoma supematants against. The 
antigen dotted Immobilon pieces in the first column were assayed 
against the hybridoma supernatant S-2, B-4. The antigen dotted 
Immobilon pieces in the second column were assayed against the 
hybridoma supernatant S-2, C-5. The antigen dotted Immobilon pieces 
in the third column were assayed against RPMI culture medium only 
(negative control). 
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Figure 12. The percentage of cells surviving after each cell depletion step 
during the J11D10 enrichment procedure. The cell survival 
percentages were determined separately for the three immunized 
mice whose splenocytes were subjected to this procedure and are 
represented by different patterned bar graphs. The erythrocyte 
depletion due to the NH4CI step was not included in the percentage. 
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Figure 13. JllD-3 cells after 5 days of culture in RPMI growth medium 
supplemented with LPS/DxS04. 
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Figure 14. LPS/DxS04 stimulated growth curves of enriched J11D-3 cell 
populations from mice boosted once with 90 kd or 94 kd protein. 
The J11D-3 cells were placed into RPMI culture medium with 
LPS/DXS04 after enrichment for activation. The cell cultures were 
activated and maintained in the LPS/DxS04 supplemented RPMI 
culture medium as described in the methods section. 
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Figure 15. Growth curve comparison of cultured cells from each J11 D'° cell 
enrichment step. Shown are growth curve comparisons of cultured 
cell populations from different steps in the J11 D'° enrichment 
procedure that were originally splenocytes from the mouse boosted 
four times with the 90 kd protein before enrichment. The cell 
populations were cultured in LPS/DxS04 supplemented RPMI 
medium as described in the methods section. The graphs consist of 
growth curves of the cultured cell population after the NH4CI 
enrichment step and the cultured cell populations after either the 
theta (anti-Thy 1.2) enrichment step (A) or the first J11D (J11D-1) 
enrichment step (B). This was to determine the relative activation of 
the cultured cells from the indicated enrichment step compared to 
the cultured cell population after the NH4CI enrichment step. 
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Figure 15. Growth curve comparison of cultured cells from each J11 D'° cell 
enrichment step. Growth curve comparisons of cultured cell 
populations from different steps in the J11D'° enrichment procedure 
that were originally splenocytes from the mouse boosted four times 
with the 90 kd protein before enrichment are shown. The cell 
populations were cultured in LPS/DxS04 supplemented RPMI 
medium as described in the methods section. The graphs consisted 
of growth curves of the cultured cell population after the NH4CI 
enrichment step and the cultured cell populations after either the 
second J11D (J11D-2) enrichment step (C) or the third J11D (J11D-
3) enrichment step (D). The relative activation of the cultured cells 
from the indicated enrichment step is compared to the cultured cell 
population after the NH4CI enrichment step. 
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Figure 16. LPS/DxS04 stimulated growth curve comparison of enriched 
J11D-3 cell populations from mice boosted once or four times with 
90 kd protein. The cell cultures were activated and maintained in the 
LPS/DXS04 supplemented RPMI as described in the methods. 
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Figure 17. Multilabel flow cytometry profile of Day 0 NH4CI cells analyzed 
against J11D-PE and 6B2-FITC. The cells were fixed immediately 
after the NH4CI enrichment step. These cells were later incubated 
with J11D conjugated to the fluorochrome phycoerythrin (PE) and 
6B2 conjugated to the fluorochrome fluorescien isothiocyanate (FITC) 
and then analyzed by flow cytometry. 

Note: All flow cytometry analysis were completed by Dr. Garry Neil 
at the University of Iowa. 
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Figure 18. Multilabel flow cytometry profile of Day 0 NH4CI cells analyzed 
against anti-la-cyanin E and 6B2-FITC. The cells were fixed 
immediately after the NH4CI enrichment step. These cells were later 
incubated with anti-la conjugated to the fluorochrome cyanin E and 
6B2 conjugated to the fluorochrome fluorescien isothiocyanate (FITC) 
and then analyzed by flow cytometry. 



133 

"N" J}<AX i 

Y,PX WM 

Ia-C«flNIN 6BZ-FIIC 

1 1 NW.tkw'O :R*">9& 

Figure 19. Multilabel flow cytometry profile of Day 4 cultured NH4CI cells 
analyzed against la-cyanin and 6B2-FITC. The cells were fixed after 
the NH4CI enrichment step and 4 days of culture in RPMI growth 
medium supplemented with LPS/DxS04. These cells were later 
incubated with anti-la conjugated to the fluorochrome cyanin and 6B2 
conjugated to the fluorochrome fluorescien isothiocyanate (FITC) and 
then analyzed by flow cytometry. 
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Figure 20. Multilabel flow cytometry profile of Day 12 cultured NH4CI cells 
analyzed against anti-la-cyanin and 6B2-FITC. The cells were fixed 
after the NH4CI enrichment step and 12 days of culture in RPMI 
growth medium supplemented with LPS/DxS04. These cells were 
later incubated with anti-la conjugated to the fluorochrome cyanin 
and 6B2 conjugated to the fluorochrome fluorescein isothiocyanate 
(FITC) and then analyzed by flow cytometry. 
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Figure 21. Multilabel flow cytometry profile of Day 0 J11 D-1 cells analyzed 
against J11D-PE and 6B2-FITC. The cells were fixed immediately 
after the first J11D enrichment step (J11 D-1). These cells were later 
incubated with J11D conjugated to the fluorochrome phycoerythrin 
(PE) and 6B2 conjugated to the fluorochrome fluorescein 
isothiocynate (FITC) and then analyzed by flow cytometry. 
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Figure 22. Multilabel flow cytometry profile of Day 0 J11 D-1 cells analyzed 
against anti-la-cyanin and 6B2-FITC. The cells were fixed 
immediately after the first J11D enrichment step (J11D-1). These 
cells were later incubated with anti-la conjugated to the fluorochrome 
cyanin and 6B2 conjugated to the fluorochrome fluorescein 
isothiocynate (FITC) and then analyzed by flow cytometry. 
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Figure 23. Multilabel flow cytometry profile of Day 4 cultured J11 D-1 cells 
analyzed against anti-la-cyanin and 6B2-FITC. The cells were fixed 
after the first J11D enrichment step (J11 D-1) and 4 days of culture 
in RPMI growth medium supplemented with LPS/DxS04. These cells 
were later incubated with anti-la conjugated to the fluorochrome 
cyanin and 6B2 conjugated to the fluorochrome fluorescein 
isothiocynate (FITC) and then analyzed by flow cytometry. 
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Figure 24. Multilabel flow cytometry profile of Day 4 cultured J11 D-1 cells 
analyzed against J11D-PE and 6B2-FITC. The cells were fixed after 
the first J11D enrichment step (J11D-1) and 4 days of culture in 
RPMI growth medium supplemented with LPS/DxS04. These cells 
were later incubated with J11D conjugated to the fluorochrome 
phycoerythrin and 6B2 conjugated to the fluorochrome fluorescein 
isothiocynate (FITC) and then analyzed by flow cytometry. 
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Figure 25. Multilabel flow cytometry profile of Day 12 cultured J11 D-1 cells 
analyzed against anti-la-cyanin and 6B2-FITC. The cells were fixed 
after the first J11D enrichment step (J11 D-1) and 12 days of culture 
in RPMI growth medium supplemented with LPS/DxS04. These cells 
were later incubated with anti-la conjugated to the fluorochrome 
cyanin and 6B2 conjugated to the fluorochrome fluorescein 
isothiocynate (FITC) and then analyzed by flow cytometry. 
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Figure 26. Multilabel flow cytometry profile of Day 0 J11 D-3 cells analyzed 
against J11D-PE and 6B2-FITC. The cells were fixed immediately 
after the third J11D enrichment step (J11D-3). These cells were 
later incubated with J11D conjugated to the fluorochrome 
phycoerythrin (PE) and 6B2 conjugated to the fluorochrome 
fluorescein isothiocynate (FITC) and then analyzed by flow 
cytometry. 
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Figure 27. Multilabel flow cytometry profile of Day 4 cultured J11 D-3 cells 
analyzed against J11D-PE and la-cyanin. The cells were fixed after 
the third J11D enrichment step (J11D-3) and 4 days of culture in 
RPMI growth medium supplemented with LPS/DxS04. These cells 
were later incubated with J11D conjugated to the fluorochrome 
phycoerythrin (PE) and anti-la conjugated to the fluorochrome cyanin 
and then analyzed by flow cytometry. 
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Figure 28. Multilabel flow cytometry profile of Day 4 cultured J11 D-3 cells 
analyzed against J11D-PE and 6B2-FITC. The cells were fixed after 
the third J11D enrichment step (J11D-3) and 4 days of culture in 
RPMI growth medium supplemented with LPS/DxS04. These cells 
were later incubated with J11D conjugated to the fluorochrome 
phycoerythrin (PE) and 6B2 conjugated to the fluorochrome 
fluorescein isothiocynate (FITC) and then analyzed by flow 
cytometry. 
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Figure 29. Multilabel flow cytometry profile of Day 12 cultured J11 D-3 cells 
analyzed against anti-la-cyanin and 6B2-FITC. The cells were fixed 
after the third J11D enrichment step (J11 D-3) and 12 days of culture 
in RPMI growth medium supplemented with LPS/DxS04. These cells 
were later incubated with anti-la conjugated to the fluorochrome 
cyanin and 6B2 conjugated to the fluorochrome fluorescein 
isothiocyanate and then analyzed by flow cytometry. 
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Figure 30. Hybridoma yield using LPS/DxS04 cultured J11 D-3 cells in static 
or growth phases. The hybridoma yield was determined by counting 
actively growing discrete colonies 5-7 days after the fusion. The 
hybridoma yields were compared when using cultured J11D-3 cells 
from the mouse boosted once with the 90 kd protein and the mouse 
boosted four times with the same protein as the lympocyte fusion 
partner at both the static and growth phases of the cultured cell 
population. The hybrid yields using the cultured J11D-3 population 
that on the fusion day were in a static (lag) phase of growth were 
averaged together to determine the static phase average hybrid 
yield. The hybrid yields using the cultured J11 D-3 cell population 
that on the fusion day were in a active growth phase were averaged 
together to determine the growth phase average hybrid yield. This 
was done for both cell populations. Whether the cell population was 
in a growth phase or a static phase was determined by the growth 
curve (Figure #16). For the cell population to be considered actively 
growing, at least 2 X 106 cells had to be present. 
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Figure 31. Percentage of living J11 D-3 cells during culture from the mouse 
boosted once and the mouse boosted four times. The percentage 
of living J11D-3 cells in LPS/DxS04 supplemented culture was 
determined during the span of the experiment by completing cell 
counts of living and dead cells with trypan blue stain each day and 
determining a percentage of living cells from these numbers. This 
was done for both the cultured J11D-3 cell population from the 
mouse boosted once with the 90 kd protein (A) and the cultured 
J11D-3 cell population from the mouse boosted four times with the 
same protein (B). 



TABLE I. 
90 kd and 94 kd Solubility Comparison 
Different Solutions and Detergents 

|J Solution 90 kd Solubility 94 kd Solubility 

1. 50 mM Hepes with 
3% NP-40 (pH 7.2) 

0 0 

2 .  50 mM Hepes with 
3% Lubrol (pH 7.2) 

0 0 

3. 50 mM Tris-HCl with 
3% NP-40 (pH 7.2) 

0 0* 

4. 50 mM Tris-HCl with 
3% Lubrol (pH 7.2) 

0 0* 

5. Urea Solution" 
with 3% CHAPSO 

0 ++ 

6. Urea Solution" 
with 3% CHAPS 

0 +++ 

7. Urea Solution" 
with 3% SDS 

+ + 

8. Urea Solution" with 
3% Triton X-100 

++ +++ 

9. Urea Solution" 
with 3% Tween 20 

+ ++ 

10. Urea Solution" 
with 3% Tween 80 

+/0 + 

11. Urea Solution" with 
3% Deoxycholic Acid 

+ +++ 

12. Urea Solution" 
with 3% NP-40 

++ +++ 

13. Urea Solution" 
with 3% Brij-35 

+ ++ 

14. Urea Solution" 
with 3% Lubrol-PX 

++ +++ 

15. Urea Solution" 
without detergent 

0 • + 

16. 5M Guanadine HC1 
and 4M Urea 

+/0 + 

17. 5M Guanadine HC1, 
4M Urea, 3% NP-40, 
and others'" 

+ ++ 
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TABLE II. 

90 kd and 94 kd Solubility Comparison 
Different Concentrations of Lubrol-PX Detergent in Urea Solution" 

Solution and Detergent 90 kd Solubility 94 kd Solubility • 

1. Urea Solution" with 
.1% Lubrol-PX 

+ + 

2. Urea Solution" with 
.5% Lubrol-PX 

++ ++ 

3. Urea Solution" with 
1% Lubrol-PX 

++1/2 ++ 

4. Urea Solution" with 
2% Lubrol-PX 

+ ++ 

5. Urea Solution" with 
3% Lubrol-PX 

++ +++ 

These samples may have solubilized 94 kd protein present on 
the gel, but if so, the protein is at the wrong isoelectric 
point. 

" Urea solution contains the following: 6.75M Urea, 3% 2-
mercaptoethanol, .65% pharmalytes (pH 3-10), 7.5 mM EDTA, and 
the indicated detergent. 

"* Also contains .65% pharmalytes (pH 3-10), 3% 2-mercaptoethanol, 
and 7.5 mM EDTA. 

KEY 
For Tables I and II. 

Symbol >< Meaning 

0 Indicated protein not soluble 

+ /0 Indicated protein barely soluble 

+ Indicated protein lightly soluble 

++ . Indicated protein fairly soluble 

+++ Indicated protein very soluble 
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TABLE III. 

Dot Blot Analysis Results of the Reactivity of Hybrid Well Antibody 
to the Indicated Eluted Proteins Not Treated with Periodate 

- Elufced Protein 
sample 

indicated Hyi irid Well Antiba dy Reactivity - Elufced Protein 
sample 

A4-1/4.25 Dl-1/4.23 H6-1/4.19 

Quadrant I + + ++ 

Quadrant II 0 +++ ++ 

Quadrant III + + ++ 

Quadrant IV 0 ++ + 

90 kd Only +/0 + + 

(-) Control 0 0 0 

TABLE IV. 
Dot Blot Analysis Results of the Reactivity of Hybrid Well Antibody 

to the Indicated Bluted Proteins After Periodate Treatment 

Elufced Protein 
§ sample 
n 

Indicated Hybrid Well Antibody Reactivity Elufced Protein 
§ sample 
n A4-1/4.25 Dl-1/4.23 H6-1/4.19 

Quadrant I + + 0 

Quadrant II 0 +++ + 

Quadrant III + + + 

Quadrant IV 0 + 0 

90 kd Only +/0 + +/0 

(-) Control 0 0 0 

KEY 
For Tables III and IV. 

Symbol Meaning 

0 No reaction 

+ /0 Barely visible reaction 

+ Very light reaction 

+ + Light to moderate reaction 

+ + + Moderate reaction 
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Table V. 

ELISA. Results for Viral (and Mycoplasma) Exposure. 
Seras from Mice Used for Fusions. 

.Sacrifice Date 
and Procedure 
Mouse Used for. 

1 

_ - T_ - . T ... • . . 
ELISA Sera Results for the Indicated 

'viral and Mycoplasma agent. 
.Sacrifice Date 
and Procedure 
Mouse Used for. 

1 MHV Sendai Mycoplasma 

6/20/89 
Electrofusion 

+ -

9/19/89 
PEG Fusion 

+ + -

8/24/90 
J11D and 

Electrofusion 
+ • + +/-

Note: The ELISA assay was completed by the University Animal Care 
lab. 
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