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It is better to debate a question without settling it than 

to settle a question without debating it. 

- Joseph Joubert 
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ABSTRACT 

The strategy required for the development of the 

immunochemical reagents needed for a non-competitive assay 

for the detection of haptens was investigated. For this 

work, these reagents were termed "anti-complex" antibodies. 

To preserve the integrity of such an assay, these "anti-

complex" antibodies should not react with either the free 

anti-hapten antibody or the free hapten and they should not 

compete with the hapten for binding to the anti-hapten 

antibody. 

Anti-hapten hybridomas were developed using standard 

hybridoma technology. The development of anti-complex 

hybridomas was investigated using standard hybridoma 

technology and the novel approach of intrasplenic 

immunization. Both immunization protocols addressed the 

three questions concerning the strategy for developing such 

hybridomas, namely the type of immunization (syngeneic or 

allogeneic), the physico-chemical nature of the hapten in 

the complex (free or conjugated) and the physico-chemical 

nature of the anti-hapten antibody in the complex (intact or 

fragmented). 

These initial studies have indicated that intrasplenic 

immunizations using the fragmented antibody and the free 

hapten can result in the development of antibodies that 

preferentiallv react with the hapten-antibody complex. 



Introduction 



Vertebrates possess a surveillance mechanism, called the 

immune system, that protects them from pathogens, parasites, 

and cancer cells. The immune system is divided into two 

functional divisions, the innate immune system and the 

adaptive immune system. The innate immune system acts as 

the first line of defense against infectious agents. 

Normally, most pathogens are checked by this system before 

an overt infection develops; however, if these defenses are 

breached, then the adaptive immune system responds. The 

adaptive immune system specifically recognizes and 

selectively eliminates infectious agents by a process known 

as the' immune response (88 ). The immune response is 

mediated by two mechanisms, the cellular immune response and 

the humoral immune response. Cell-mediated immunity is 

provided primarily by leukocytes and lymphocytes. Humoral 

immunity is provided by proteins called antibodies that 

circulate through the body fluids serum and lymph. Most 

immune responses involve considerable interaction between 

these two mechanisms (78). 

The foreign entities recognized by antibodies are 

termed antigens. If the response results in a state of 

immunity in the host, then the antigen is termed 

immunogenic. That portion of the antigen to which the 

antibody binds is called an antigenic determinant or 

epitope. Antigens can be either monovalent (reacting with 
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only one antibody -combining site) or multivalent (reacting 

simultaneously with two or more antibody-combining sites). A 

hapten is a low molecular weight compound (MW < 2000), 

generally organic, that, b£ itself, is not capable of 

initiating an immune response; however, if this small 

molecule is coupled to an immunogenic carrier protein, then 

antibodies will be elicited to the complex and a subset of 

these antibodies will bind specifically to the hapten. 

Thus, a hapten can either be a part of or serve as an 

antigenic determinant. Moreover, since a hapten can serve 

as but a single antigenic determinant, a hapten is always 

monovalent (78). 

Antibodies form a class of proteins known as 

immunoglobulins. The basic unit of immunoglobulin structure 

is a dimer of four polypeptide chains, two identical light 

(L) chains and two identical heavy (H) chains linked 

together by disulfide bonds (Figure 1). The L chain, of 

which there are two types, K and A, consists of two domains. 

The carboxyterminal domain is referred to as the constant 

(C) domain and is essentially identical among L chains of a 

given type. The aminoterminal domain is referred to as the 

variable (V) domain and varies from antibody to antibody. 

The variability of this domain is concentrated in three 

regions designated the hypervariable (HV) or complementary-
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determining regions (CDR). These three CDR's are 

interspersed in four regions of much lower variability 

designated the framework residues (FR). 

The H chain, patterned similarily to the L chain, 

consists of a single aminoterminal (V) domain and three to 

four (C) domains. The H chain (V) domain also has three 

CDR's and four FR's. The class and subclass of an 

immunoglobulin molecule are determined by its H chain. In 

most higher mammals, five distinct classes of antibodies are 

recognized, namely IgG, IgM, IgA, IgE, and IgD« 

The antigen-binding specificity of an antibody is 

created by contributions from the CDR's of both the H and L 

chain (V) regions. Thus, each immunoglobulin subunit 

possesses two potential combining sites for antigen (53; 78; 

8 8 ) .  

The interchain disulfide bonds between the CI and C2 

domains of the H chain form the hinge region of the 

antibody. The hinge region is a flexible, proline and 

cysteine-rich region that is very susceptible to proteolytic 

degradation. The proteolytic enzymes trypsin and papain 

cleave the molecule to form the F(ab) fragments and the 

proteolytic enzyme pepsin cleaves the molecule to form the 

F(ab)2' fragment (Figure 2) (78; 88). 

In a typical humoral response to an antigen, a 

heterogeneous population of antibodies is produced. These 
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antibodies, called polyclonal antibodies, recognize 

different epitopes on the same antigen. With an 

immunological technique called a fusion, a homogeneous 

population of antibodies that recognizes a single epitope on 

an antigen can be produced. This technique consists of 

fusing a spleen cell with a myeloma cell. The resulting 

hybrid cell, or hybridoma, will express the neoplastic 

characteristics of the parent myeloma cell and the antibody-

producing characteristics of the parent spleen cell. Thus, 

the antibodies produced by this technique are clones and are 

called, accordingly, monoclonal antibodies (43). 

Conventional immunization procedures for hybridoma 

production almost invariably involve several injections over 

a six to 10 week period followed by a final injection three 

to four days before fusion. Initial injections generally 

are a combination of subcutaneous, intramuscular, and 

intraperitoneal injections. The final injection is 

typically intravenous. More recently, direct injection of 

the antigen into the target organ has been reported (95). 

The specificity that an antibody has for its antigen is 

exploited in detection methods called immunoassays. The two 

classes of immunoassays are homogeneous and heterogeneous. 

Homogeneous assays require no separation of bound from free 

material whereas heterogeneous assays require at least one 

such separation step (36). The two archetypical 
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heterogeneous immunoassays are the radioimmunoassay (RIA) 

and the enzyme-linked immunosorbent assay (ELISA). 

The RIA, originally developed by Berson and Yalow (8), 

is a highly specific and sensitive assay with detection 

limits in the ng - pg/ml range. More importantly, it is an 

assay dependent upon the mass of the analyte, not the 

concentration, which means it is less sensitive to errors 

(e.g. pipetting errors) that can be incurred when 

manipulating the reagents and sample. The RIA is also 

useful for the detection of haptens. An RIA, however, is 

often performed in the competitive mode. That is, a 

specific equilibrium between the total concentration of 

antigen and the concentration of antibody must be maintained 

for the assay to work. Since equilibrium and concentration 

have a non-linear relationship, the RIA typically has a 

limited linear dynamic range, generally an order of 

magnitude or less. Moreover, this requirement for 

equilibrium between antigen and antibody concentrations 

necessarily dictates that no component can be present in a 

large excess. Thus, in the absence of a large reactant 

excess, the law of mass action cannot compensate for slow 

reaction kinetics. There is also the issue of the label 

itself, namely, the dangers associated with radioactivity 

and the instability and short shelf life of the radiolabel. 



20 

The ELISA, like the RIA, is a highly specific and 

sensitive assay with detection limits also in the ng - pg/ml 

range. The two primary configurations of the ELISA are 

called the sandwich or two site ELISA and the indirect 

ELISA. These particular assays are not performed in the 

competitive mode. That is, one of the reactants is present 

in limiting amounts, the other can be arbitrarily high. 

Consequently, the linear dynamic range for these assays is 

generally several orders of magnitude. Further, this lack 

of constraints necessarily means that any one component can 

be present in excess at each step of the assay. Thus, the 

law of mass action is in favor resulting in rapid reaction 

kinetics for these assays. The reagents used in these assays 

are usually stable with long shelf lives (70). 

The ELISA, unlike the RIA, is dependent upon the 

concentration of the analyte, not its mass. Unfortunately, 

the sandwich and the indirect ELISA are not useful for the 

detection of haptens. The sandwich ELISA is limited to 

analytes sufficiently large to bind to two antibodies 

simultaneously and that have an appropriate topographical 

distribution of epitopes (62; 70). By its very definition 

then, a hapten, which is but a single antigenic determinant, 

cannot be detected by this method. The indirect ELISA 

requires the non-covalent attachment of the analyte to the 

inner surfaces of a polystyrene well or tube. If the 
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analyte is a protein, then the abundance of non-polar side 

chains allows the protein to be immobilized to the plastic 

surface through multiple hydrophobic interactions (3; 106). 

A hapten, because of its size, simply cannot provide the 

number of hydrophobic interactions needed to bind it non-

specifially to a plastic plate. It first must be covalently 

coupled to a carrier protein and then indirectly bound to 

the plate through the non-covalent attachment of the carrier 

protein to the plate (71). 

The need to detect haptens has evolved from the 

problems with the current methods in use. Today, the vast 

majority of drugs are haptens, and frequently, the safe and 

effective use of these drugs requires careful dosage 

adjustments based on measurements of their concentrations in 

serum (15). Spectrophotometric methods require large sample 

volumes and extensive sample clean-up. Problems arise with 

the specificity and variable background absorbance of these 

methods (47). GC/LC methods also require extensive sample 

pre-treatment (27; 30; 48; 58; 87) and HPLC methods can be 

plagued by interferences from other sample constituents 

resulting in poor resolution (1; 32; 35; 47; 49; 109). An 

immunoassay very commonly used for the detection of drug 

serum concentrations is the Enzyme Multiplied Immunoassay 

Technique (EMIT). This is a homogeneous assay based on the 



reduction of enzyme catalysis in an enzyme-labeled antigen 

upon binding with an antibody. Typically, this assay is 

performed in the competitive mode, and consequently, it can 

have a limited linear dynamic range. Further, because it is 

a homogeneous assay, it is very susceptible to 

interferences from other sample constituents which would 

otherwise be removed in a separation step. Finally, the 

inhibition of enzyme catalyis is never complete and it is a 

function of each batch of conjugate. Thus, each new batch 

of conjugate requires calibration (62; 70). Currently, 

there is no rapid, linear immunoassay for the detection of 

haptens. 

Ideally, the solution to this problem would,utilize the 

advantages of both the RIA and the ELISA, that is, the 

specificity and sensitivity of both assays and the speed 

and large linear dynamic range of the ELISA. This assay 

could conceivably be designed by analogy to a sandwich ELISA 

(Figure 3). That is, the assay could be considered to be a 

"pseudo-sandwich assay1* which incorporates a large excess of 

the primary antibody (the anti-hapten antibody), a limiting 

amount of hapten, and a large excess of the secondary 

antibody (the detecting antibody). Thus, to truly be an 

immunoassay for the detection of a hapten, the detecting 

antibody should be able to discern between bound and free 

anti-hapten antibody. That is, the the detecting antibody 
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should bind only to the hapten-anti-hapten complex. It 

should neither bind free anti-hapten antibody nor should it 

compete with the hapten for binding to the anti-hapten 

antibody. Thus, this detecting antibody could be called an 

anti-complex antibody. This ability of the anti-complex 

antibody to discern between free and bound anti-hapten 

antibody necessarily dictates that the epitope it recognizes 

must be very different when hapten is bound than when hapten 

is not bound. That is, the epitope for the anti-complex 

antibody must be a conformational epitope. 

Before outlining the strategy implemented to develop 

and screen for such an anti-complex antibody, it will be 

necessary to digress and explain some fundamental 

considerations of this issue. The five classes of 

antibody differ from each other and within a class in size, 

charge, amino acid composition, and carbohydrate content. 

This variability can be divided into three types, namely 

isotypic variation, allotypic variation, and idiotypic 

variation (Figure 4). Isotypic variation refers to the 

different heavy and light chain classes and subclasses. The 

variants produced are present in all healthy members of a 

species. Allotypic variation refers to genetic variation 

within a species involving different alleles at a given 

locus. Not all healthy members of a species have a 

particular allotype. Allotypes occur primarily as variants 
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Figure 4. Variation within an Immunoglobulin Subunit 
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in the heavy chain constant region. Idiotypic variation 

occurs in the variable region only, particularily in the 

hypervariable region. Idiotypes are usually specific to 

each antibody molecule (private idiotypes), but they 

sometimes can be shared among different antibody molecules 

(public idiotypes) (88). 

An antibody is a complex glycoprotein and as such, is 

highly immunogenic. An antibody's variable and 

hypervariable regions may act as the antigenic determinants 

in this situation. The antigenic constitution of the (V) 

region of an antibody is known as its idiotype (22; 88). 

Idiotypes have been described that are on the VL alone, 

(31? 56), the VH alone (76? 107; 111), or both involving 

either the binding site (12) or the framework (7) residues. 

An antibody directed towards an idiotype is called an anti-

idiotypic antibody. If the anti-idiotypic antibody is 

directed to the binding site residues, then it will 

completely inhibit the interaction between these residues 

and the antigen. If the anti-idiotypic antibody is directed 

to framework residues, then it may either suppress or 

completely inhibit the interaction between -antibody and 

antigen in two ways, namely steric interference or the 

induction of a conformational change in the binding site 

residues upon binding the framework idiotype, thus 



preventing a proper "fit" of the antigen. If an anti-

idiotypic antibody's epitope consists of residues that are 

far removed from the binding site and/or it does not induce 

a conformational change upon binding, then the interaction 

between antibody and antigen will not be inhibited (98). 

To facilitate further discussion in this area, it is 

first necessary to define some terms which are involved in 

understanding the generation of anti-idiotypic antibodies. 

Histocompatibility antigens are groups of cell surface 

markers that, when matched between donor and recipient, 

markedly improve the ability of a graft to survive. The 

products of one particular region of the genome are of 

predominant importance in this rejection process. This 

region is the Major Histocompatibility Complex (MHC), 

referred to as the H-2 complex in mice (88). An inbred 

strain is a population of individuals having having 

identical autosomes (non-sex chromosomes). Congenic hybrids 

are progeny produced through repeated backcrossing of two 

inbred strains. The chromosomes of this progeny will carry 

(express) solely the genes of one of the parents with the 

exception of the locus of the chromosome that carries the 

genes for the H-2 complex. This locus will express the 

genes of the other parent. Two such congenic hybrids can be 

crossed to produce a homozygous congenic strain. Two 

commonly encountered homozygous congenic strains of mice are 
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the Balb/c strain and the A/J strain (43). Syngeneic or 

isologous immunizations involve immunizations between 

members of a homozygous congenic strain. For example, a 

Balb/c mouse can be immunized with antibodies from another 

Balb/c mouse. Allogeneic or homologous immunizations are 

immunizations between members of two homozygous congenic 

strains of the same species. For example, an A/J strain 

mouse can be immunized with antibodies from a Balb/c mouse. 

Finally, xenogeneic or heterologous immunizations involve 

immunizations between two members of entirely different 

species. For example, a goat can be immunized with 

antibodies from a mouse (22). 

The diversity of potential idiotypic determinants 

obviously makes it possible that antisera to even 

homogeneous antibodies can be expected to be multispecific. 

Several studies have demonstrated this posssibility. For 

example, Schuler (92), using isoelectric focusing, estimated 

that Balb/c mice have a repertoire of more than 100 

different clones specific for idiotypic determinants on the 

isologous protein J558. Odermatt (75) found that Balb/c 

mice immunized with the isologous myeloma protein MOPC315 

produced antibodies to several different idiotypic 

determinants including binding site and non-binding site 

determinants. 
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Both syngeneic and allogenenic antisera to idiotypic 

determinants have been shown to be heterogeneous; however, 

investigators disagree as to the specificity of these 

antisera. Tungkanak and Sirisinha (104) and Helman (40) 

found that allogeneic antisera were directed to both binding 

site and non-binding site determinants, whereas syngeneic 

sera were directed primarily to binding site determinants. 

Kohler (55) and Schiff (91) , however, did not find such 

relationships with their systems and they concluded that 

both syngeneic and allogeneic anti-idiotypic antisera were 

equally multispecific. Xenoantisera contains, of course, 

antibodies to both binding site and non-binding site 

determinants that necessitate absorption to render the 

antisera specific for variable region determinants (22). 

The underlying point to emphasize in the above 

discussion is that the animal to be immunized may be 

important in some instances in restricting responses to 

certain classes of determinants; that is, isologous 

immunizations may choose predominantly binding site 

determinants while homologous and heterologous immunizations 

may non-discriminantly choose both binding site and non-

binding site determinants. Also, to further restrict the 

specificities of anti-idiotypic antibodies, a homogeneous 

immunoglobulin (e.g. a monoclonal antibody) should be used. 

The one major deterrent to this approach would be the 
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relatively small quantities of antibodies achieved with 

isologous immunizations (59; 89). Finally, limiting the 

anti-idiotypic antibody to only the framework residues could 

conceivably be accomplished by blocking the binding site of 

an antibody during immunization. Spring-Stewart and 

Nisonoff (98) elicited anti-idiotypic antibodies in rabbits 

by immunization with soluble complexes consisting of anti-p-

azobenzoate antibody and excess p-azobenzoate coupled to 

rabbit IgG. Nearly all of the antiidiotypic antisera, in 

contrast to such antisera formed in response to free 

antibenzoate antibody, were not inhibitable by haptens, 

i.e., by benzoate derivatives of low molecular weight. 

These results indicated that when the active site is blocked 

during immunization, anti-idiotypic antibodies are directed 

exclusively to determinants outside the active site. 

Benkirane and co-workers (6) immunized mice and rats with a 

complex consisting of thyrotropin (hTSH) and an anti-hTSH. 

A high percentage of antibodies generated were found to be 

complementary to the monoclonal antibody used in the 

immunogen; however, one hybridoma was produced that 

preferentially reacted with the immune complex." 

The interaction of antibody with its specific antigen 

is known to induce conformational changes in the antigen 

(19; 90); however, various attempts to demonstrate the 



inverse, that binding of a specific antigen, particularily a 

hapten, can induce conformational changes in the antibody, 

have not yielded unequivocal results. Some approaches which 

failed to detect any changes that could be correlated with 

antigen or hapten binding included differential 

sedimentation coefficient studies (107), intrinsic circular 

dichroism studies (14), molecular motions studies of 

antibody - Gd (III) complex (13), X-ray diffraction studies 

(23) , and examination of the accessibility of the antibody 

hinge region to reduction or to proteolysis (110). In other 

systems investigated, however, small but significant changes 

of molecular parameters were observed, indicating that the 

bound antibody acquired an altered conformation. Such 

approaches included proteolytic rate studies (39), 

differential sedimentation coefficient studies (108), small 

X-ray angle scattering studies (21; 82-85), circular 

polarization luminescence studies (38), differential 

absorption, circular dichroism, and fluorescence studies 

(33; 42), temperature pertubation and solvent pertubation 

spectroscopy (60-61), and EPR spectroscopy (50). 

Two important points must be made here. First, 

techniques such as proteolysis, differential sedimentation, 

and circular diochroism approached similarily by different 

workers have yielded conflicting results. Second, although 

many workers do agree that a bound antibody exhibits an 
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altered conformation, they do not agree either to the 

location or to the extent of this change. Davies and 

Metzger (22) observed no significant conformational change 

in the F(ab) fragment of the mouse myeloma protein MCP0603 

upon binding of the hapten phosphocnoline (PC); however, at 

the time of their review, they noted that the only two 

structures at atomic resolution of immunoglobulins with 

known binding specificities were of F(ab) fragments. They 

therefore suggested that although improbable, one could not 

rule out the possibility that changes that occur within the 

intact molecule might not occur within the fragment(s). 

They also noted that the CDR 3 of the heavy chain did not 

play a major role in defining the antigen-binding site for 

the PC molecule. Later investigations (2; 28) at atomic 

resolution of a complex between lysozyme and the F(ab) 

fragment of a monoclonal antibody against lysozyme revealed 

that the CDR 3 of the heavy chain was of predominant 

importance in determining the antigen-binding site. Warner 

and Schumaker (108) drew the conclusion that the antibody 

has a more "compact*1 configuration after interaction with 

specific hapten. In her early studies, Pilz (82) also 

concluded that the conformational change consisted mainly of 

a volume contraction; however, in later investigations (83-

85) she concluded that conformational changes occur in both 



the F(ab) and the F(c) regions. She further suggested that 

the opening of the interchain disulfide bridge was critical 

to this transition, and thus, a conformational change could 

occur only in an intact antibody molecule, not in the F(ab) 

fragment alone. Forster (33) and Loseva (60-61), like Pilz, 

interpreted their results as conformational changes in both 

the F(ab) and F(c) regions of intact antibody; however, they 

invoked the idea of "distal conformational transition", 

rather analogous to the allosteric mechanism in enzyme-

substrate binding, to explain the changes observed. That 

is, the binding of a specific hapten to the F(ab) region 

induces a conformational change within this region that 

"triggers" subsequent conformational changes in .the F(c) 

region. Givol (38) also concluded that conformational 

changes could occur in the F(ab) and F(c) regions, yet he 

suggested that changes in the F(ab) region could occur 

either in an intact or a cleaved antibody molecule. 

Grossberg (39), Holowka (42), and Kaivarainen (51) ascribed 

the changes they observed directly in the antigen-binding 

site of the antibody. 

The basis of these seemingly conflicting conclusions 

can largely be ascribed to the lack of unity in two major 

variables among the different approaches, namely, the size 

of the hapten and the rigidity of the amino acid residues 

in the variable domains. For example, Grossberg's work 
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(39) indicated a conformational change in the F(ab) region 

of an antibody upon its binding of the haptens p-

azobenzoarsonate and the p-azophenyltrimethylammonium group. 

Warner and Schumaker (108), however, saw no change in 

antibody conformation upon its binding of the similarily-

sized hapten 2,4-dinitrophenylalanine. They did observe an 

apparent volume contraction upon the binding of the larger 

hapten, e-2,4-dinitrophenyllysine. Davies and Metzger (23) 

proposed that if the hapten was small, then the association 

constant might be insufficient to trigger a conformational 

change that could be induced by a larger, more tightly 

binding antigen. Givol (38) went so far as to suggest that 

there is a "spectrum" of conformational changes dependent 

upon hapten size. That is, small haptens do not cause any 

conformational changes, mid-sized haptens cause 

conformational changes only in the F(ab) regions, and large 

haptens can cause conformational changes not only in the 

F(ab) region, but also in the F(c) region. Obviously, the 

molecular weights and structures corresponding to these size 

classifications would be quite arbitrary from worker to 

worker. 

With regard to the idea of rigidity in the variable 

domain, Loseva and co-workers (61) observed that for two 

murine monoclonal antibodies belonging to the same class, 



having the same type of light chain, and recognizing the 

same hapten, the binding of the hapten significantly 

decreased the pertubation of chromophores on only one of the 

antibodies. He suggested from these data that the extent 

of the conformational change induced is a simultaneous 

function of hapten size and structural rigidity in the 

binding site for this hapten. 
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Proposed Research 

The research proposed for this thesis is the 

investigation of the strategy required for the development 

of the immunochemical reagents needed for this "pseudo-

sandwich" assay. For this investigation, theophylline 

(Figure 5) will be the hapten used because it is fairly 

inexpensive and easy to obtain, it is fairly easy to 

conjugate at the C-8 position to the carrier proteins KLH 

and BSA (20), and there is a substantial amount of 

literature documenting the use of monoclonal antibodies to 

theophylline (24; 33; 87; 113). Monoclonal anti-

theophylline antibodies to be used in the hapten-anti-

hapten complex will be established with a conventional 

immunization procedure. Attempts to develop an anti-

complex antibody will be investigated with conventional 

immunization protocols and with the novel approach of 

intrasplenic immunization. Both immunization protocols will 

address the three major questions about the strategy of 

developing such an antibody, namely, the type of 

immunization (syngeneic or allogeneic), the form of the 

hapten delivered (conjugated or non-conjugated)-and the form 

of the anti-hapten antibody delivered (intact or 

fragmented). 
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A. 

Plcnira 5. structure of Theophylline. 
(Fro® Merck). 
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Experimental Section 

Materials 

Reagents 

Immunochemical 

Murine monoclonal anti-theophylline immunoglobulin 

(IgGlf designated as TH-172), goat anti-mouse IgG (light and 

heavy chain specific) HRP immunoglobulin and rabbit anti-

mouse subisotype (IgGlf IgG2a, IgG2j3, IgG3, and IgM) 

immunoglobulins were obtained from American Qualex 

International, Inc., La Mirada, CA. Goat anti-mouse (heavy 

chain specific) immunoglobulin was purchased from Jackson 

Immunoresearch Laboratories, West Grove, PA. Hypoxanthine, 

aminopterin, thymidine, TW-20, PEG-3500, DMSO, pristane, 

Trypan Blue and pepsin (porcine pancreas, 2250 u/mg) were 

purchased from Sigma Chemical Company, St. Louis, MO. 2-ME 

was purchased from Eastman Kodak, Rochester, NY. ABTS was 

purchased from Boehringer Mannheim, Indianapolis, IN. IDME, 

MEM, and PSG (penicillin "G", 10,000 units/ml? streptomycin, 

10,000 mcg/ml; L-glutamine 29.2 mg/ml-200 mM) were purchased 

from Irvine Scientific, Santa Ana, CA. CFA, IFA, and 

characterized FCS (0.1 um triple-filtered) were purchased 

from Gibco Laboratories, Grand Island, NY. Characterized 

FCS (0.1 um triple-filtered) was also purchased from HyClone 

Laboratories, Logan, UT. 
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Conjugate Formation 

Theophylline, KLH and BSA were purchased from Sigma 

Chemical Company (St. Louis, MO). Theophyllinje-8-butyric 

acid lactam was purchased from Calbiochem, La Jolla, CA. 

Theopyhlline-8-butyric acid lactam used was also prepared by 

Uditha de Alwis of this laboratory according to the 

procedure of Cook, et. al. (20). 

Radioimmunoassay 

Bovine gamma globulin, Cohn fraction V, was purchased 

from Fluka Chemical Corporation, Hauppauge, NY. PEG-8000 

was purchased from Fisher Chemical Company, Fairlawn, NJ. 

Bovine and human insulin (cold and mono-iodinated) were the 

generous gift of Dr. J. Richard Sportsman, Lilly Research 

Laboratories, Indianapolis, IN. Anti-human insulin subclones 

(AE9D6 and CG7C7) and anti-bovine insulin sublcones (DB9G8, 

CC9C10 and CE9H9) were purchased from ATCC, Rockford, MD. 

Immunoaffinity Chromatography 

BCA protein assay reagents and Reactigel 6x were 

purchased from Pierce Chemical Company, Rockford, II. Pre-

activated FMP Avidgel was purchased from Bio-Probe 

International, Inc., Tustin, CA. Sephadex G-25 (coarse) and 

Sephacryl S-3 00 were purchased from Pharmacia, Inc., 

Piscataway, NJ. 
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Intrasplenic Immunizations 

Nembutal (sodium pentobarbitol) was purchased from 

Abbott Laboratories, Chicago, 111. Metofane 

(methoxyflurane) was purchased from Pitman-Moore, Inc., 

Washington Cross, NJ. Atropine (Atropine sulfate) was 

purchased from Medtech, Elwood, KS. Bedadine (a complexed 

iodine antiseptic) was purchased from TechAmerica, Elwood, 

KS. 3-0 Dexon "S" suture material (beige braided 

polyglycolic acid suture) was purchased from Davis and Geek, 

Inc., Manati, P.R. 

Miscellaneous 

All other reagents used were ACS grade and were 

purchased from Fisher (Fairlawn, NJ), Baker (Phillipsburg, 

NJ) or MCB (Cincinnati, OH). 

Equipment 

All protein solutions, with the exception of F(ab)2' 

solutions, were concentrated with a self-made negative 

pressure concentrator (Figure 6) using 12,000 - 14,000 

molecular weight cut-off fast cellulose dialysis tubing (VWR 

Scientific, Los Angeles, CA) . F(ab)2' solutions were 

concentrated with a Biomolecular Dynamics Model MPDC-115 

negative pressure concentrator using a 15,000 molecular 

weight cut-off membrane (Biomolecular Dynamics, Beaverton, 

OR). 
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Dialysis 

Tubing 

/ 

* 

Vacuum 

FlcPAfg &.t. Diagram of self-made negative pressure 
Concentrator. 
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Equilibrium dialysis was carried out at 4*C using 

12,000 - 14,000 molecular weight cut-off standard cellulose 

dialysis tubing (VWR Scientific, Los Angeles, CA). 

Where noted, flow rates for size exclusion columns were 

maintained with a Rainin Rabbit model multichannel 

peristaltic pump (Rainin Instrument Company, Emeryville, 

CA) . 

The concentration of protein solutions was determined 

by measuring their absorbance on a Shimadzu Model UV-160 

recording spectrophotometer (Shimadzu Corporation, Kyoto, 

Japan). 

Nanopure water was obtained from a Sybron-Barnstead 

NANOpure II filtration system (Sybron, Boston, MA). 

Centrifugation of hybridoma and affinity purification 

solutions was carried out with.a Damon - IEC model IEC - SII 

tabletop centrifuge (Fisher Scientific, Fairlawn, NJ) . 

Centrifugation of RIA solutions was carried out with a Clay-

Adams Dynac model tabletop centrifuge (Becton Dickinson, 

Parsippany, NJ). 

RIA's were carried out in 6 ml polystyrene culture 

tubes ( 12 x 75 mm; OD x H) from Scientific Plastics (Ocala, 

FLA). 

Prior to and including the freezing of subclones, all 

anti-insulin and anti-theophylline culturing and screening 

was carried out in plates and flasks from Costar 
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(Cambridge, MA) . All subsequent anti-insulin and anti-

theophylline and all anti-complex culturing and screening 

was carried out in plates and flasks from Corning Glass 

Works (Corning, NY) and from Falcon (Oxnard, CA). 

Anti-insulin subclones, anti-theophylline subclones and 

anti-complex parent lines were grown in a Forma Scientific 

model 3156 water-jacketed C02 incubator (Forma Science, 

Marietta, OH). 

Anti-insulin parent lines and subclones and anti-

theophylline parent lines and subclones were monitored at 

405 nm with a Flow Titertek Multiscan plate reader (Flow 

Instruments, McLean, VA). Anti-complex parent lines were 

monitored at 490 nm with a Molecular Devices Vmax Kinetic 

Microplate Reader (Molecular Devices, Palo Alto, CA) . 

Radiometric determinations of 125i labeled insulin was 

carried out on an Genesys 5000 series multi-well automatic 

gamma counter (LTI Inc., Schaumburg, IL). 

Methods 

Cell Culturing Media 

All cell culturing media was made with nanopure water 

and filter sterilized with a 0.2 ui filter. 

Cell Culturing 

All cell cultures were grown in humidified C02 (5-7%) 
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at 37 *C. 

Buffer Solutions 

All affinity chromatography and size exclusion 

solutions were made with DDI water and contained 0.01% 

sodium azide (w:v) as a preservative. 

Flow rates 

Flow rates for all affinity columns were gravity 

controlled. Unless noted otherwise, flow rates for size 

exclusion columns were also gravity controlled. 

Conjugates: Theophylline 

BSA: Theophylline-8-butyric acid lactam was covalently 

coupled to BSA according to the procedure of Cook, et. al. 

(20). 

1. Approximately 116 mg of BSA was dissolved in 3.8 ml of 

0.1 M NaHC03, pH 8.50. 

2. Approximately 15.7 mg of theophylline-8-butyric acid 

lactam was added to 1.98 ml of dioxane. The mixture was 

sealed with parafilm and incubated for 1 hour at 37 *C to 

increase the amount of lactam that actually dissolved'. 

(Note: the mixture is still largely a suspension). 

3. With stirring and cooling the BSA solution by means of 

an ice bath, the lactam suspension was added in one portion. 

4. The mixture was sealed with parafilm and stirred 
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overnight at 4*C. 

5. The mixture was chromatographed in four aliquots on a 

Sephadex G-25 (coarse) column (1.5 x 35 cm) equilibrated 

with .1 M NaHC03, pH 8.50, with the conjugate being eluted 

in the void volume. Flow rate was 1 ml/minute. Between 

runs, the column was washed for 1 hour with buffer to remove 

any traces of dioxane and unreacted lactam. 

6. Sample fractions were pooled and dialyzed against 0.1M 

PB, pH 7.4 for 24 hours with one change of buffer after 12 

hours. 

7. The dialyzed sample was concentrated to a final volume 

of approximately 2.5 ml. 

8. Incorporation of theophylline was verified by comparing 

the UV spectra of BSA, theophylline and the conjugate and 

calculating peak ratios at 22-2 and 277 nm. 107 mg of 

conjugate was formed. 

Theophylline-BSA used was also prepared by Uditha de 

Alwis of this laboratory according to the procedure of Cook 

et. al. (20). 

KLH: Theophylline-KLH used was prepared by Uditha de 

Alwis of this laboratory according to the procedure of Cook 

et. al. (20). 

Conjugates: Insulin 
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BSA: Bovine insulin was covalently coupled to BSA 

according to the procedure of Ternynck and Avrameas (102). 

1. Approximately 20 mg of BSA was dissolved in 0.5 ml of 

0.1M PB, pH 6.8. 

2. PBQ was recrystallized once from the medium boiling 

fraction of petroleum ether. 

3. Approximately 15 mg of the recyrstallized PBQ was 

dissolved in l ml of 100% ethanol. 

4. 100 ul of the PBQ solution was added to the BSA 

solution. The mixture was sealed with parafilm, wrapped in 

aluminum foil, and stirred for 1 hour at 37*C. (Note: at 

the end of this hour, the solution should be a reddish-

brown. A gentle vortexing of the solution may .be. required 

before stirring for one hour). 

5. The solution was chromatographed on a Sephadex G-25 

(coarse) column (0.5 cm x 15 cm ) equilibrated with 0.1H PB, 

pH 6.8 to remove unreacted PBQ. The second and third 

fractions were collected and pooled. (Note: these fractions 

generally are the most concentrated with the BSA-PBQ 

conjugate as evidenced by their darker color in comparison 

to the color of the first fraction and the fourth (final) 

fraction (primarily PBQ)). 

6. Approximately 6 mg of crystalline bovine insulin was 

dissolved in 1-1.5 ml of 0.1H carbonate buffer, pH 9.0 -

9.5. (Note: insulin does not dissolve readily. Care must be 
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taken to ensure that all insulin has dissolved before 

proceeding to the next step). 

7. The insulin was added in one portion to the BSA-PBQ 

solution and the pH adjusted to 9.0 - 9.5 with 0.1M 

carbonate buffer. 

8. The solution was sealed with parafilm, wrapped in 

aluminum foil and stirred gently for 12 hours at ambient 

temperature. 

9. The reaction was quenched after 12 hours with 1 ml of 1H 

lysine in 0.1M BB, pH 9.0 - 9.5. (Note: PB may also be 

used. Do not use carbonate buffer). The solution was 

covered with parafilm, wrapped in aluminum foil, and stirred 

gently for 1 hour at ambient temperature. 

10. Unreacted lysine was removed by chromatographing the 

solution on a Sephadex G-25 (coarse) column (0.5 cm x 15 cm) 

equilibrated with 0.1M BB, pH 9.0 - 9.5. 

11. The conjugate was dialyzed against 0.1M PB, pH 7.4 for 

24 hours to remove unreacted insulin with one change of 

buffer after 12 hours. 

12. The conjugate was concentrated to a final volume of 6 

ml and chromatographed on a Sephacryl S-300 column ( 2 x 63 

cm) equilibrated with 0.1M PB, pH 7.4. Flow rate was 0.5 

ml/min. Comparison of this chromatogram to that of an 

insulin standard chromatographed previously on the same 
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column showed that the conjugate solution was free (< 5 

ug/ml) of unreacted insulin. The final concentration of 

insulin in the conjugate solution was l mg/ml. 

KLH: Bovine insulin was covalently coupled to KLH by 

Uditha de Alwis of this laboratory according to the 

procedure of Ternynck and Avrameas (102). 

Reactiqel Affinity Immunosorbents 

Theophylline: Theophylline, in the form of theophylline -

BSA, was covalently attached to 2 ml of Reactigel 6x using a 

modification of the procedure provided by the vendor. 

1. 2 ml of Reactigel 6x was applied to a Buchner funnel 

lined with Whatman No. 1 filter paper. No suction was 

applied. 

2. The gel was washed in succession with the following: 70 

- 30 (v:v) acetone - DDI water, 30 - 70 (v:v) acetone - DDI 

water, 0 .1M carbonate buffer, pH 9.0 - 9.5 ( coupling 

buffer.) Each solution was allowed to stand in contact with 

the gel a minimum of 5 minutes. The gel was not allowed to 

run completely dry between washings. 

3. The gel was quantitatively transferred in wet-cake form 

to a test tube containing 4 -5 ml of coupling buffer. 

Hydrolysis of the gel was carried out for a minimum of 30 

hours at 4*c. 

4. The gel was quantitatively transferred into another test 
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tube, 2 - 3 ml of DDI water was added and the gel stored at 

4°C until further used. 

5. The gel was quantitatively transferred to a 15 ml 

sintered (coarse) funnel and the coupling buffer removed by 

applying a vacuum. The gel was not dried completely. 

6. The gel was quantitatively transferred in wet-cake form 

to a 15 ml glass test tube. Approximately 30 mg of BSA-

theophylline (in 2.0 ml dialyzed against the coupling 

buffer) was added to the gel and the resulting affinity 

suspension was rotated end-over-end at 4* C for 48 hours. 

7. The coupled gel was quantitatively transferred to a 15 

ml sintered (coarse) glass funnel and washed with 

approximately 7 gel volumes (15 ml) of coupling buffer to 

remove any unreacted protein. 

8. The coupled gel was then washed with 5 gel volumes 

(approximately 10 ml) of 2M tris buffer, pH 8.0 to block any 

remaining active sites. 

9. The couple, deactivated gel was then washed with 50-70 

ml of DDI water, quantitatively transferred to a mini-column 

(0.4 x 6 cm) with 0.1M PBS, pH 7.4 and stored in this 

buffer at 4*C until used. 

10. The efficiency of the coupling procedure was not 

calculated. 

Insulin: Bovine insulin was covalently coupled to 2 ml of 



50 

Reactigel 6x according to the procedure of Sportsman (96). 

1. 2 ml of Reactigel 6x was applied to a 15 ml sintered 

(coarse) glass funnel and a slight suction applied. 

2. The gel was activated by successive washings with the 

f o l l o w i n g  s o l u t i o n s  ( 2 0  m l  s o l u t i o n  p e r  m l  g e l ) :  7 0 - 3 0  

(v:v) acetone:water, 30 -70 (v:v) acetone:water, DDI water, 

0.1M BBS, pH 9.0 (coupling buffer). Each solution was 

allowed to stand in contact with the gel for a minimum of 5 

minutes. The gel was not dried completely between washings. 

3. The gel was quantitatively transferred in wet-cake form 

to a 15 ml conical centrifuge tube, capped and rotated end-

over-end for 48 hours at 4*C. 

4. The gel was quantitatively to 15 ml sintered (coarse) 

glass funnel and the coupling buffer removed by application 

of a slight vacuum. The gel was not dried completely. 

5. 5.7 mg of bovine insulin was dissolved in a 15 ml glass 

test tube by dropwise addition of (1:2000) 12H HCl and the 

pH and volume adjusted by addition of 4 ml of 0.1M BBS pH 

9.0 coupling buffer. 

6. The gel was resuspended in the insulin solution and the 

resulting affinity suspension tumbled end-over-end for 72 

hours at 4'C. 

7. The coupled gel was quantitatively transferred to a 15 

ml sintered (coarse) glass funnel and deactivated by washing 



twice with alternate applications of 0.1M PBS, pH 7.4 and 

0.1. PBS, pH 2.2. The washings were approximately 15-20 

ml each. The washings were collected. 

8. The coupled, deactivated gel was packed into a mini-

column (0.4 x 6 cm) in 0.1H PBS, pH 7.4 and stored at 4°C in 

this buffer until needed. 

9. The collected washings were concentrated, and the UV 

absorption spectrum scanned from 300 to 250 nm. Using a 

molar absorptivity of (1.06 ml mg"1 cm"1) for insulin ( ), 

the coupling efficiency was observed to be greater than 

90%. 

FMP Avidael Affinity Immunosorbents 

Theophylline: Theophylline, in the form of theophylline -

BSA, was covalently coupled to 1.0 g (5 ml) of FMP Avidgel 

using a modified procedure of the instructions provided by 

the vendor. 

1. 1 gram of FMP Avidgel was added to 10 ml of cold DDI 

water in a 15 ml conical centrifuge tube and tumbled end-

over-end at ambient temperature for 5 minutes. The gel was 

allowed to settle and the supernatant removed. 

2. The hydrated gel was resuspended in a 15 ml conical 

centrifuge tube containing approximately 25 mg of the BSA-

theophylline conjugate in 0.5 ml of 0.1M PB pH 7.4 coupling 

buffer. The resulting affinity suspension was tumbled end-



over-end for 8 hours at ambient temperature. 

3. The coupled gel was transferred to a 30 ml sintered 

(coarse) glass funnel and washed with 5 gel volumes 

(approximately 50 ml) of coupling buffer to remove any 

unreacted protein. The washings were collected. 

4. The coupled gel was resuspended in 5 gel volumes 

(approximately 50 ml) of 0.1M ethanolamine in .01M tris-HCl 

pH 7.5 - 8.5 in a 15 ml conical centrifuge tube and tumbled 

end-over-end for 2 hours at ambient temperature to block any 

remaining active sites. 

5. The coupled, deactivated gel was quantitatively 

transferred to a 30 ml sintered (coarse) glass funnel and 

washed with 5 gel volumes (approximately 50 ml) of. 0.1M PB, 

pH 7.4. 

6. The coupled, deactivated gel was packed into a mini-

column (1 x 12 cm) with 0.1M PB, pH 7.4 and stored at 4*C 

until used. 

7. Coupling efficiency measured by BCA analysis of the 

collected washings was observed to be greater than 90%. 

Insulin: Bovine insulin was covalently coupled to 0.5 mg 

(2.5 ml) of FMP Avidgel using a modification of the 

instructions provided by the vendor. 

1. 0.5 g of FMP Avidgel was added to 5 ml of cold DDI water 

in a 15 ml conical centrigue tube and tumbled end-over-end 



at ambient temperature for 5 minutes. The hydrated gel was 

centrifuged at a slow speed for 10 minutes and the 

supernatant removed. 

2. 13.5 mg of bovine insulin was dissolved in a 15 ml 

conical centrifuge tube by dropwise addition of 0.1M NaOH. 

The pH and the volume were adjusted by addition of 2.0 ml of 

0.1M NaHC03, pH 9.12, coupling buffer. 

3. The hydrated gel was resuspended in this insulin 

solution and the resulting affinity suspension was tumbled 

end-over-end for 8 hours at ambient temperature. 

4. The coupled gel was quantitatively transferred to a 30 

ml sintered (coarse) glass funnel and washed with 5 gel 

volumes (approximately 30 ml) of coupling buffer to remove 

any unreacted protein. The washings were collected. 

5. The coupled gel was resuspended overnight at 4*C in 

(approximately 30 ml) of 0.1H tris-HCl pH 8.13 to block any 

remaining active sites. 

6. The coupled, deactivated gel was washed into a mini-

column (0.4 x 6 cm) with 0.1M PB, pH 7.4 and stored in this 

buffer at 4'C until needed. 

7. BCA analysis of the collected washings indicated that 

the coupling efficiency was greater than 90%. 

Immunoaffinitv Chromatography 

Immunoaffinity purification of anti-insulin antibodies 



from ascites fluid, anti-theophylline antibodies from 

ascites fluid, and F(ab)2/ fragments of anti-theophylline 

antibodies from buffer was performed according to the 

following procedure. 

1. The appropriate column was washed with 3 to 4 column 

volumes of 0.1M PBS, pH 7.4. 

2. The column was then washed with 1 column volume of 0.1M 

PB, pH 2.2. 

3. The column was again washed with 1 to 2 column volumes 

of O.IM PBS, pH 7.4. Steps l through 3 are to clean the 

column and thus ensure that any protein remaining from the 

previous sample will not contaminate the subsequent sample. 

4. The sample was applied. Initial volumes applied were 

100 to 200 ul. Once the concentration of specific antibody 

in the sample had been determined from this initial run, the 

volumes were adjusted accordingly to meet column capacity. 

5. The column was washed with 6 to 7 column volumes of O.IM 

PBS, pH 7.4 to remove any non-specifically bound protein. 

6. The A2so of the last fraction collected from the pH 7.4 

washings was measured. If the A280 w<*s <. 002, then the 

next step was implemented. If the A280 was > .002, then 

additional washings were carried out with 0.1M PBS, pH 7.4 

until this criterion was met. 

7. The column was washed with 2 column volumes of 0.1M PB 

pH 2.2 to elute specifically bound antibody. Elution of 
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these fractions was followed with pH paper. 

8. Steps 1 through 7 were repeated. In repeating step l, 

the first fraction eluted will actually be the final pH 2.2 

fraction still held on the column. Care was taken not to 

forget to collect this fraction. 

9. Each pH 2.2 fraction collected was neutralized with an 

equal volume of 0.3M PBS, pH 7.4. 

10. The neutralized fractions were pooled, dialyzed 

overnight against 0.1M PBS, pH 7.4 and concentrated. 

11. The concentration of specific antibody was calculated 

using a molar absorptivity of (1.42 ml mg"1 cm"1) for intact 

antibody (74) and a molar absorptivity of (1.2 ml mg-1 cm-1) 

for the F(ab)2# fragment (72). 

Fragmentation 

The F(ab)2' fragment of the murine monoclonal anti-

theophylline IgG-^ (TH - 172) was prepared by according to 

the procedure of de Alwis (25). 

1. 1M citric phosphate buffer pH 3.5 was added in a 1:10 

volume ratio to ascites fluid. 

2. The pH was adjusted to 3.5 with 100 mM HC1. 

3. 0.1 ml of pepsin (125 ug/ml in .1M citric phosphate 

buffer, pH 3.5) was added per ml of ascites. 

4. The solution was stirred gently for 24 hours at 37*C. 

5. The solution was dialyzed overnight against 5mM tris-HCl 
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pH 7.5. 

6. The precipitate formed was removed by centrifugation at 

2000x g for 15 minutes. 

7. The supernatant was dialyzed overnight against 0.1M PB 

pH 7.4 and concentrated. 

8. After concentration, the supernatant was chromatographed 

on a Sephacryl S-300 column (2 x 63 cm) equilibrated with 

0.1. PB, pH 7.4. The flow rate was 0.5 ml/min. The 

preparation of F(ab)2/ was free of igG and other components 

of lower molecular weight. 

9. The F(ab)2' fractions were pooled, concentrated and 

affinity purified on an FMP Avidgel column. 

Radioimmunoassays 

1.) 6 ml polystyrene culture tubes were coated overnight at 

4*C with 2 ml of 0.1 M PBS, pH 7.4 that was 1% (w:v) BSA. 

2.) The tubes were inverted to drain and blotted dry. 300 

ul of 0.1M PBS, pH 7.4 that was 0.5% (w:v) BSA (RIA diluting 

buffer; see Appendix B) was added to the tubes that were to 

contain an anti-insulin antibody line. 400 ul of the RIA 

diluting buffer was added to the tubes that were to be used 

for total count and background determinations. Two total 

counts tubes and two background tubes were prepared for each 

anti-insulin line. 

3.) A stock solution of 100 ug/ml of specific antibody in a 
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final volume of 2.5 ml RIA diluting buffer was made for each 

anti-insulin line. (These lines had been affinity purified 

as previously described). 

4.) Serial dilutions at 80 ug/ml, 60 ug/ml, 40 ug/ml, 20 

ug/ml, and 10 ug/ml of specific antibody were prepared for 

each anti-insulin line from its respective stock solution. 

For the anti-bovine insulin lines CC9C10 and VB9-6, 

additional dilutions of 5 ug/ml and 2.5 ug/ml were prepared. 

Each dilution was made with RIA diluting buffer and had a 

final volume of 250 ul. 

5.) 100 ul of the stock solution and 100 ul of each serial 

dilution for an anti-insulin line was then added to a 

culture tube containing 300 ul of RIA diluting buffer. This 

was done in duplicate for the stock solution and for each 

serial dilution. 

6.) 100 ul of the appropiate insulin tracer (diluted with 

RIA diluting buffer to give 10 - 20,000 CPM in this 100 ul 

volume) was added to all culture tubes (antibody-containing, 

total counts, and background determination). Therefore, the 

final dilution of the antibody-containing tubes was 1:5 

which yielded final concentrations of 20 ug/ml,- 16 ug/ml, 12 

ug/ml, 8 ug/ml, and 2 ug/ml of specific antibody for all 

anti-insulin lines. For the anti-bovine insulin lines 

CC9C10 and VB9-6, final concentrations also included lug/ml, 
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and 0.5 ug/ml. (When adding the insulin tracer, care must be 

taken to add it directly to the solution in the bottom of 

the tube. It must not be allowed to drain down the sides 

of the tube or it will non-specifically bind to the walls of 

the tube.) 

7.) The tubes were capped and incubated for a minimum of 12 

hours at 4*C. 

8.) After coating overnight, the tubes were allowed to 

equilibrate to ambient temperature and the experiment was 

continued as follows for all tubes except those designated 

as total counts tubes. 

9.) 200 ul of 0.5 % (w:v) bovine gamma globulin (Cohn 

Fraction V) in 0.1 M PBS, pH 7.4 was added to each tube. 

10.) The tubes were capped, vortexed for 10 seconds and 

incubated at ambient temperature for 10 minutes. 

11.) 700 ul of 25% (w:v) PEG-8000 (see Appendix B) was 

added to each tube, the tubes were capped, vortexed for 10 

seconds, and incubated at ambient temperature for 10 

minutes. (Note: upon addition of the PEG-8000, a thick 

cloudy white suspension should form immediately in all the 

tubes.) 

12.) The tubes were centrifuged for 30 minutes at 2400 rpm 

at ambient temperature. 

13.) The tubes were inverted to drain and blotted dry. 

(Note: the pellet formed after centrifugation, although a 
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gelatinous mass, is still rigid enough to withstand this 

inversion and blotting). 

14.) 300 ul of 12.5% (w:v) PEG-8000 (see Appendix B) was 

added to each tube, the tubes capped and centrifuged for 10 

minutes at 2400 rpm at ambient temperature. 

15.) The tubes were inverted to drain, blotted dry, and 

counted twice. 



Preparation of Hybridoma Lines 



Figure 7. Flow Chart for Production of Hybridomas. 
(From Galfre and Hilstein). 
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Section A 

Immunization of Animal 

Conventional Immunizations 

Balb/c mice (male and female) 6 to 8 weeks old were 

immunized with the indicated antigens according to the 

following conventional immunization procedures (63). 22 

gauge needles were used for subcutaneous and intraperitoneal 

injections; 26 gauge needles were used for intravenous 

injections. 

Bovine insulin 

Mice were immunized with 50 ug of bovine insulin - BSA 

conjugate in physiological saline mixed 1:1 (v:v) with CFA. 

The immunization was a combination of subcutaneous and 

intraperitoneal injections. Boosters were given on day 11 

and day 25 and consisted of 50 ug of the conjugate in 

physiological saline. Both boosters were intravenous 

injections with the last booster (day 25) given three days 

prior to fusion. 

TtraqphYlUne 

Mice were immunized subcutaneously with 30 ug of the 

theophylline - KLH conjugate in physiological saline mixed 

1:1 (v:v) with CFA. Boosters were given on day 12 and day 

42 and consisted of 25 ug of the conjugate in physiological 



saline. The booster given on day 12 was an intraperitoneal 

injection. The final booster (day 25) was an intravenous 

injection given three days prior to fusion. 

Anti-Complex 

The following conventional procedures were performed 

with the anti-theophylline subclone IF3-1 derived from the 

anti-theophylline procedure just described. All 

immunizations were syngeneic. 

Theophy1line-anti-theophy11ine complex 

Mice were immunized intraperitoneally with 50 ug of this 

complex in 0.1M PBS, pH 7.4 mixed 1:1 (v:v) with CFA. The 

complex had previously been incubated overnight at 4*C in a 

2:1 molar ratio, respectively. Boosters were to be given on 

day 14 and day 28. The first booster was to be an 

intraperitoneal injection and was to consist of 50 ug of the 

complex in 0.1M PBS, pH 7.4 mixed 1:1 (v:v) with IFA. The 

final booster (day 28) was to be an intraperitoneal 

injection given three days prior to fusion and was to 

consist of 50 ug of the complex in 0.1M PBS, pH 7.4. 

BSA-theophy11ine-anti-theophy11ine complex 

Mice were immunized intravenously with 75 ug of this 

complex in physiological saline which had been incubated 

overnight in a 1:1 molar ratio, respectively. Boosters were 
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given on day 14, day 28, and day 42. The first booster, an 

intraperitoneal injection, consisted of 100 ug of this 

complex in 0.1M PBS, pH 7.4 mixed 1:1 (v:v) with CFA. The 

second booster, an intraperitoneal injection, consisted of 

100 ug of this complex in 0.1M PBS, pH 7.4 mixed 1:1 (v:v) 

with IFA. The final booster (day 42), an intravenous 

injection, consisted of 100 ug of this complex in 0.1M PBS, 

pH 7.4 and was given three days prior to fusion. 

Anti-Complex 

The following coventional immunization procedures were 

performed with the anti-theophylline subclone TH-172 

obtained from American Qualex International, Inc., La 

Mirada, CA. All immunizations were syngeneic and were 

performed with the theophylline-anti-theophylline complex 

which had been incubated overnight at 4*C in a 2:1 molar 

ratio, respectively. 

Mice were initially injected intravenously with 75 ug 

of this complex in 0.1H PBS, pH 7.4. Boosters were given on 

day 14, day 28, and day 42, with the final booster (day 42) 

given three days prior to fusion. The first booster 

consisted of 100 ug of this complex in 0. 1M~ PBS, pH 7.4 

mixed 1:1 (v:v) with CFA and was given intrperitoneally. 

The second booster consisted of 100 ug of the this complex 

in 0.1M PBS, pH 7.4 mixed 1:1 (v:v) with IFA and was given 



intraperitoneally. The final booster consisted of 100 ug of 

this complex in 0.1M PBS, pH 7.4 and was given 

intravenously. 

Intrasplenic Immunizations 

Balb/c mice (female) 6 to 8 weeks old were 

intrasplenically immunized according to the procedure of 

Spitz (95). Three mice were immunized with the 

theophylline-anti-theophylline complex in which the anti-

theophylline antibody was intact. Three others were 

immunized with the theophylline-anti-theophylline complex in 

which the anti-theophylline antibody was in the form of its 

F(ab)2' fragment. Each set of mice was immunized twice with 

the booster being given on day 12, three days prior to 

fusion. All complexes were formed with the anti-

theophylline subclone TH-172 obtained from American Qualex 

International, Inc., La Mirada, CA. All complexes were 

incubated in a 2:1 molar ratio (theophylline : anti-

theophylline) at ambient temperature for 2 hours prior to 

injection. Complexes were delivered in 0.1H PBS, pH 7.4. 

The amount of complex injected per immunization was 35-40 mg 

in a volume not exceeding 150 ul. 

The mouse was anesthetized by inhalation of Metofane. 

Several cotton pads were soaked in Metafane and packed 

tightly at the bottom of an open-ended 50 ml syringe casing. 
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Any liquid Metofane remaining after this was drained 

completely from the casing. (Liquid Metafane is a strong 

irritant to the mouse, especially to eye tissue, and thus, 

it cannot be in direct contact with the mouse (65)). The 

casing was then placed at the bottom of a euthanizing 

chamber, the chamber sealed with a layer of Plexiglass, and 

the chamber's atmosphere saturated with Metofane vapors 

(approximately 15 minutes). The mouse was then placed in 

the saturated chamber, the chamber again covered with the 

Plexiglass, and the mouse was observed closely. Adequate 

induction of anesthesia was apparent when the eyes became 

fixed and the respiratory rate was rapid but even. During 

the course of surgery, it was necessary to maintain general 

anesthesia by letting the mouse periodically inhale the 

Metafane vapors by slipping the casing over the nostrils for 

1 to 2 minutes. The mouse was placed on its right side and 

immobilized with tape on a pre-warmed (low setting) heating 

pad that was covered in two layers of sterile surgical 

drapes (Figure 8a). (The heating pad was needed to prevent 

induction of hypothermia in the mouse during surgery.) The 

fur was clipped and the skin was thrice swabbed with 

alternate applications of 70% ethanol and Betadine. An 

oblique skin incision, 1-1.5 cm. long, was made below the 

last rib. By blunt dissection, the skin was separated from 

the muscle layer. The muscle layer and the peritoneum were 
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picked up with forceps and carefully incised to avoid 

cutting the intestine. At this point, the spleen could be 

seen as an elongated dark red organ lying adjacent to the 

curvature of the stomach. The spleen was exteriorized by 

gently lifting its lower pole with the aid of forceps 

(Figure 8b). A 26 gauge needle was fitted to a 1 ml syringe 

and the antigen injected as the needle was pulled out so as 

to distribute the antigen throughout a large part of the 

spleen (Figure 8c). After injection, the spleen was pushed 

back into the peritoneal cavity, the peritoneum and muscle 

layer sutured back together with 3-0 Dexon acid suturing 

material (Figure 8d), and the skin edges closed with two to 

three stitches (Figure 8e). For recovery, the mouse, still 

on the heating pad, was turned upright on its stomach 

(taking care not to block the nostrils by slightly turning 

its head) and covered with several layers of surgical gauze. 

Initial recovery from anesthesia became apparent when the 

mouse started grooming procedures (11) and eye reflexes 

returned. The mouse was kept on the heating pad under the 

with gauze until full mobility was regained, then returned 

to its cage. 



Figures 8a - 8e. Sequential Diagram for Intrasplenic 
Immunization of a Mouse. 
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Section B 

Recovery and Growth of NS-1 Cells 

A minimum of one week prior to fusion, the parent 

myeloma cell line, NS-1, was recovered from the frozen state 

and grown in 8-azaguanine media (see Appendix B). 

The cells were thawed in a 37 *C water bath for 5 

minutes, the vials doused in 95% ethanol and the seals 

broken. The cells were gently withdrawn with a sterile 

Pasteur pipette and transferred to a sterile 15 ml 

centrifuge tube. The cells were resuspended in 5 ml of 8-

azaguanine media, the tube capped and centrifuged for 5 

minutes at 1000 rpm. The supernatant was aspirated and the 

cells resuspended in 5 ml of fresh 8-azaguanine media in a 

50 ml flask. The cells were diluted in this 5 ml volume to 

the optimal cell growing density of 4 x 104 to 1 x 105 

cells/ml on the third and fifth days after recovery. On the 

seventh day after recovery, the cells were diluted to 1 x 

10s cells/ml in a final volume of 10 ml in preparation for 

fusion. Cell growth was monitored by Trypan Blue staining 

(67). 
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Section C 

Preparation of Spleen Cells for Fusion 

Spleen cells for all fusions (anti-insulin, anti-

theophylline, and anti-complex) were prepared according to 

the same procedure with the noted exceptions. 

Mice for the anti-insulin and anti-theophylline fusions 

were euthanized with ether. Mice for the anti-complex 

fusions were sacrificed by cervical dislocation. The mouse 

was turned on its back, immobilized with tape (Figure 9a) 

and the abdominal area doused in 95% ethanol. The skin in 

the lower abdominal area between the hind paws was carefully 

lifted away from the peritoneal lining with forceps and a 

small vertical incision 0.5 - 1 cm long was made in this 

uplifted area of skin. The incision was made with an upward 

cutting motion so as not to cut the peritoneal lining 

(Figure 9b). With forceps, the skin was pulled completely 

away from the peritoneal lining starting at the base of the 

incision and continuing upward to the base of the neck 

(Figure 9c). The peritoneal lining was then doused with 95% 

ethanol. The peritoneal lining just above the right hind 

paw was then carefully lifted with forceps and two small 

perpendicular incisions, 0.5 cm long, were made in this 

uplifted area of lining (Figure 9d). With forceps, the 

peritoneal lining was pulled back, starting at the junction 



of the two incisions and continuing upward to the area just 

below the right forepaw (Figure 9e) . At this point, the 

spleen could be seen as a dark red elongated organ lying in 

the abdominal cavity adjacent to the curvature of the 

stomach. The spleen was carefully exteriorized with 

forceps, using a blunt dissection tool to separate it from 

any fibrous material (Figure 9f). 

The spleen was placed in a small Petri dish containing 

3 to 5 ml of IDME fusion media (see Appendix B) and gently 

teased into a single cell suspension. The suspension was 

pipetted into a sterile 15 ml conical centrifuge tube, 

capped, and allowed to stand undisturbed for 15 minutes so 

that any fibers present would settle from the cells. The 

suspension was carefully pipetted into another sterile 15 ml 

centrifuge tube without disturbing the settled fibers, 

capped, and centrifuged at 1500 rpm for 5 minutes. The 

supernatant was aspirated and the cells resuspended in 3 ml 

of 0.87% (w:v) NH4CI. The tube was capped and allowed to 

stand undisturbed for 10 minutes to lyse the red blood 

cells. 10 ml of IDME fusion media was then added to the 

cells and the resulting solution capped and centrifuged at 

1500 rpm for 5 minutes. The supernatant was aspirated and 

the spleen cells resuspended in 10 ml of IDME fusion media. 

A cell count was done with Trypan Blue staining (67). A 

healthy spleen that has been teased well generally will 



yield 107 - 108 splenocytes in this 10 ml volume (63). 



Figures 9a - 9f. Sequential Diagram for Aseptic Removal 
of the Spleen from a Mouse. 
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Section D 

Fusion of Splenocytes with NS-1 Cells 

The splenocytes and NS-1 cells were fused in a 5:1 

ratio, respectively, according to the procedure of Lucas 

and Fleenor (64). Based on the total splenocyte count, an 

appropriate volume of NS-1 cells was washed (see Section B) 

and resuspended in 5 ml of IDME fusion media. This volume 

of NS-1 cells was added to the 10 ml of splenocytes and the 

two cell lines mixed thoroughly by gently drawing up and 

down with a sterile Pasteur pipette. The cell mixture was 

capped and centrifuged at 1500 rpm for 5 minutes and the 

supernatant aspirated. The pelleted cells were resuspended 

with a sterile Pasteur pipette in 2 ml of warm (37° C) PEG-

3500 (see Appendix B) at the rate of 1 ml per minute with 

gentle mixing between drops. For the anti-insulin and anti-

theophylline fusions, the PEG-3500 was made with MEM (see 

Appendix B) and was visually adjusted by dropwise addition 

of IN NaOH to the same color and hence, approximately the 

same pH as fresh HAT media (see Appendix B). For the anti-

complex fusions, the PEG-3500 was made with IDME (see 

Appendix B) and it was not adjusted for pH. -The combined 

cells were incubated for exactly 1 minute at 37*C. The 

resulting fused cells were centrifuged at 1000 rpm for 3 

minutes. The supernatant was carefully aspirated and the 



fused cells were resuspended in 5 ml of warm (3.7"C) IDME at 

the rate of 2.5 ml per minute with gentle mixing between 

drops. This solution was capped and centrifuged at 1000 rpm 

for 10 minutes. The supernatant was aspirated and the 

pelleted cells resuspended slowly, with mixing, in 20 ml of 

warm (37*C) HAT media. This solution was seeded with a 

sterile Pasteur pipette into 96 well plates at 1 drop per 

well and with gentle mixing every time cells were drawn. 

After seeding the cells, two more drops of HAT media were 

added to each well and the plates left to grow undisturbed 

for three days. After these first three days, the parent 

lines were fed every other day with 1 -2 drops of HAT 

media for exactly one week. The parent lines were, then fed 

every other day with 1 -2 drops of HT growth media (see 

Appendix B). If the wells were completely filled during 

this time, one half of the old media was aspirated before 

continuing the feeding cycle. 

Generally, 6 EIA plates were seeded per fusion. Five 

of these plates were completely seeded and the sixth plate 

was incompletely seeded. For this sixth plate, parent lines 

were seeded in the middle portion of the plate and the 

surrounding outer wells filled with 2 to 3 drops of HAT 

growth media to slow the rate of evaporation of supernatant 

from the growing wells. 
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Section E 

Screening of Parent Lines, Subclones and Ascites Fluid 

Screening for specific antibody production was 

performed after establishment of visual colonies for the 

parent and subclone lines. Screening for antibody content 

of ascites fluid was performed after collection of the 

fluid. All antigens for screenings were coated on EIA A/2 

plates in 0.1M pH 9.35 carbonate buffer (plate coating 

buffer; see Appendix B.) All dilutions were made in 0.01M 

PBS', pH 7.4 with 0.05% (W:V) Tween-20 (PBS/TW-20) . 

Anti-bovine insulin 

Parent Lines 

50 ul per well of 5 ug/ml insulin-KLH was coated 

overnight at 4*C. The plate was washed once with PBS/TW-20, 

then twice with DDI water, allowing one minute soakings 

between washes. After the final wash, the plate was was 

inverted and patted dry. 50 ul of PBS/TW-20 was added to 

each well, then 50 ul of cell culture supernatant from a 

growing well. Blank wells consisted of 50 ul of PBS/TW-20 

and 50 ul of cell culture supernatant from a non-growing 

well. Parent wells were tested in singlet. The plate was 

incubated for 1-2 hours at ambient temperature, then washed 

and dried as before. 100 ul of goat-anti-mouse HRP diluted 

1:3000 was added to each well and the plate was incubated 
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for 1 hour at ambient temperature. The plate was washed and 

dried as before, then 100 ul of ABTS substrate solution (see 

Appendix B) was added to each well and the plate incubated 

for exactly 10 minutes at ambient temperature. 50 ul of 5% 

SDS stopping solution (see Appendix B) was added to each 

well to quench the reaction and the absorbance of the 

developed wells read at 405 nm. Specific antibody producing 

wells were directly related to absorbance above blank. 

Subclones 

The screening for the subclone established by cloning 

by limiting dilution (see Section F) was identical to the 

initial screening for the parent lines with the following 

exceptions: insulin-KLH was coated at 4 ug/ml, growing 

wells were tested in duplicate, and the absorbance above 

blank was visually monitored. 

Two screenings were done for the subclones established 

by soft agar cloning (see Section F). Each screening was 

identical to the screening for the parent lines with the 

following exceptions. For the first screening, the plate 

was coated with 100 ul per well of 5 ug/ml bovine insulin, 

growing wells were tested in duplicate, and the absorbance 

above blank was visually monitored. For the second 

screening, the plate was coated with 100 ul per well of 5 

ug/ml bovine insulin, growing wells were serially diluted 
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(1:2, 1:5, 1:10) and each dilution was tested in duplicate. 

Blank wells were these serial dilutions of supernatant from 

a non-growing well. Absorbance above blank was visually 

monitored. 

Subisotvpes (Parent Lines) 

An EIA A/2 plate was coated, washed, and dried as for 

the initial screening of the parent lines. To each well, 25 

ul of PBS/TW-20 was added, followed by 25 ul of cell 

culture supernatant from a parent well. Blanks consisted of 

25 ul of PBS/TW-20 and 25 ul of supernatant from a non-

growing well. Parent wells were tested in singlet for each 

subisotype. The plate was incubated, washed, and dried as 

before. 50 ul of a rabbit-anti-mouse subisotype (IgG^, 

IgG2a, IgG2b, IgG3, and IgM) diluted 1:8000 was added to 

each well, the plate incubated for one hour at ambient 

temperature, then washed and dried as before. 100 of goat-

anti-rabbit HRP diluted 1:4000 was added to each well, the 

plate incubated for one hour at ambient temperature, then 

washed and dried as before. 100 ul of ABTS substrate 

solution was added to each well and incubated for exactly 10 

minutes at ambient temperature. 50 ul of 5% SDS stopping 

solution was then added to each well to quench the reaction 

and absorbance above blank of the developed wells was 

visually monitored. 
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Subisotvpes fSubclones) 

For the subclone established by cloning by limiting 

dilution, the subisotype was determined after production of 

ascites fluid (see Section J ) . Two screenings were 

performed simultaneously. Two rows of an EIA A/2 plate were 

coated overnight at 4*C with 100 ul per well of 10 ug/ml 

bovine insulin ; two other rows were coated as such with 10 

ug/ml of insulin-BSA. The plates were washed and dried as 

previously described. 100 ul of anti-insulin ascites fluid 

diluted 1:1000 was added to each well and the plate 

incubated for one hour at ambient temperature. Blanks were 

100 ul of PBS/TW-20. The plate was washed and dried as 

previously described, then 100 ul of a Rabbit-anti-mouse 

subisotype (IgG^, 1962a' -^^b' I9G3» and *9M) diluted 

1:8000 was added to each well. Subisotypes were tested in 

duplicate. The plate was incubated for one hour at ambient 

temperature, then washed and dried as previously described. 

100 ul of goat-anti-rabbit HRP diluted 1:4000 was added to 

each well and the plate incubated for 3 hours at 4*C. The 

plates were washed and dried as previously described, then 

75 ul of ABTS substrate solution was added to each well and 

incubated for exactly 10 minutes at ambient temperature. 25 

ul of 5% SDS stopping solution was added to each well to 

quench the reaction and absorbance above blank of the 
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developed wells was visually monitored. 

For the subclones established by soft agar cloning, the 

subisotype screening was identical to the subisotype 

screening for the parent lines with two exceptions. 10 

ug/ml of bovine insulin was coated on the plate and 

subclones were tested in duplicate for each subisotype. 

Ascites Fluid 

The screening was identical for the ascites fluid of 

the subclones established by both cloning methods. 100 ul 

per well of 10 ug/ml bovine insulin was coated overnight at 

4' C. The plate was washed three times with PBS/TW-20, 

allowing a one minute soaking between washes. After the 

last wash, the plate was inverted and patted dry. 100 ul of 

0.1M PBS, pH 7.4 with .2% (w:v) BSA (blocking buffer; see 

Appendix B) was added to each well, the plate incubated for 

1 -2 hours at ambient temperature, then washed and dried as 

before. 100 ul of a serial dilution of ascites fluid 

(1:1000, 1:5000, 1:10,000, 1:20,000) was added to each well. 

Dilutions were tested in duplicate. Blanks consisted of 100 

ul of PBS/TW-20. The plate was incubated for 1 -2 hours at 

ambient temperature, then washed and dried as before. 100 

ul of goat-anti-mouse HRP diluted 1:10,000 was added to each 

well and the plate incubated for 1-2 hours at ambient 

temperature. The plate was washed and dried as before and 
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100 ul of OPD substrate solution (see Appendix B) was added 

to each well. The plate was incubated for exactly 20 

minutes at ambient temperature and then 100 ul of IN HCl was 

added to each well to quench the reaction. Absorbance above 

blank of the developed wells was visually monitored. 

Ascites fluid from the subclones purchased from ATCC 

were also screened with this protocol. 

Ant i-theophy11ine 

Parent Lines 

Parent lines for anti-theophylline antibodies were 

screened with an inhibition assay. 100 ul per well of 10 

ug/ml theophy11ine-BSA was coated overnight at 4*C. The 

plates were washed once with PBS/TW-20, then twice with DDI 

water, allowing a minute soaking between washings. After 

the final wash, the plate was inverted and patted dry. To a 

non-coated EIA A/2 plate, the following solutions were added 

to the indicated rows: Each of the twelve wells of row "A" 

contained 50 ul of supernatant from a growing parent well 

and 50 ul of PBS/TW-20 for a final dilution of 1:1. The 

twelve wells of row "B" contained 75 ul of 100 ug/ml 

theophylline in PBS/TW-20, the twelve wells of row MC W  

contained 75 ul of 10 ug/ml theophylline in PBS/TW-20, and 

the twelve wells of row "D" contained 75 of 1 ug/ml 

theophylline in PBS/TW-20. This pattern was repeated in 
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rows "E" through "H" and therefore, each column held two 

supernatants for a total of 24 supernatants per plate. The 

wells containing only theophylline were designated the "Free 

Drug" wells or FDa, FD^, and FDC, respectively. 25 ul of 

the 1:1 dilution of supernatant was transferred to each "FD" 

well. 75 ul of PBS/TW-20 was added to the remaining 25 ul 

of 1:1 supernatant. The final dilution of the supernatant 

in all wells was therefore 1:4 in a final volume of 100 ul. 

The plate was incubated for 3 0 minutes at ambient 

temperature, then using a multi-tipped pipette, 75 ul of 

these incubations was transferred in the same order to the 

theophylline-BSA coated plate. Rows "A" and "E" were thus 

the blanks. The plate was incubated for 1 -2 hours at 

ambient temperature, then washed and dried as before. 100 

ul of goat-anti-mouse HRP diluted 1:4000 was added to each 

well. The plate was incubated for 1 hour at ambient 

temperature, then washed and dried as before. 100 ul of 

ABTS substrate solution was added to each well and the plate 

incubated for exactly 10 minutes at ambient temperature. 50 

ul of 5% SOS stopping solution was then added to each well 

to quench the reaction and the absorbance read at 405 nm. 

Specific antibody-producing wells were directly related to 

the inhibition pattern above blank. 

Subclones 
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Two screenings for anti-theophylline subclones were 

carried out. The first screening was identical to that for 

the parent lines with the exception that the goat-anti-mouse 

HRP was diluted 1:300. For the second screening, the 

supernatants were serially diluted in test tubes so that the 

final dilutions upon application to the plate for the 

inhibition assay would be 1:4, 1:8, 1:16, and 1:32. In both 

screenings, absorbance above blank was visually monitored. 

Snhi anfcypgg 

Subisotyping of the anti-theopylline well was done 

after the subcloning of the parent lines. 100 ul per well 

of 10 ug/ml BSA - theophylline was coated overnight at 4*C. 

The plate was washed and dried as for the initial screening 

of the parent lines. Supernatants were diluted 1:4 in test 

tubes, then 100 ul of this dilution was added to a well. 

Blanks consisted of a 1:4 dilution of supernatant from a 

non-growing well. Subclones were tested in triplicate for 

each subisotype. The plate was incubated for 1-2 hours 

at at ambient temperature, then was and dried as before. 

100 ul of a rabbit-anti-mouse subisotype (IgG^ IgG2a, 

IgG2b' i9g3/ and I9M) diluted 1:8000, was added to each 

well, the plate incubated for 1 hour at ambient temperature, 

then washed and dried as before. 100 ul of goat-anti-rabbit 

HRP diluted 1:4000 was added to each well, the plate 
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incubated for 3 hours at 4 C, then washed and dried as 

before. 75 ul of ABTS substrate solution was added to each 

well and the plate incubated for exactly 10 minutes. 25 ul 

of 5% SDS stopping solution was added to each well to quench 

the reaction. Absorbance above blank of the developed wells 

was visually monitored. 

Ascites Fluid 

Ascites fluid for the anti-theophylline subclones 

established by this investigator was screened by two 

protocols. The first protocol paralleled the inhibition 

assay used for the initial screening of the parent lines 

with the noted exceptions. The ascites fluid was serially 

diluted in test tubes so that the final dilution in the 

inhibition assay would be 1:1.000, 1:5000, 1:10,000, and 

1:15,000 and all dilutions were tested in duplicate. Blanks 

were 100 ul of PBS/TW-20. Plates were washed three times 

with PBS/TW-20. Goat-anti-mouse HRP was diluted 1:10,000 

and OPD substrate solution incubated for exactly 20 minutes 

at ambient temperature was used for color development. 

Reactions were quenched with IN HC1. Absorbance above blank 

of the developed wells was visually monitored. 

For the second protocol, 100 ul per well of 10 ug/ml 

BSA-theophylline was coated overnight at 4*C. The plate was 

washed three times with PBS/TW-20, inverted and patted dry. 
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Ascites fluid was serially diluted in test tubes to 1:1000, 

1:5000, 1:10,000 and 1:15,000 and 100 ul of each dilution 

was applied to each well. Dilutions were tested in 

duplicate. Blanks were 100 ul of PBS/TW-20. Plates were 

incubated for 1 -2 hours at ambient temperature, then washed 

and dried as before. 100 ul of goat-anti-mouse HRP diluted 

1:10,00 was added to each well and the plate incubated for 1 

- 2 hours at ambient temperature. The plates were washed 

and dried as before, then 10 ul of OPD substrate solution 

was added to each well. The plate was incubated for exactly 

20 minutes at ambient temperature and the reaction quenched 

with 100 ul of IN HCl. Absorbance above blank was visually 

monitored. 

The ascites fluid of the anti-theophylline subclone TH-

172 obtained from American Qualex International, Inc., was 

also screened by this second protocol. 

Anti-Complex 

Anti-complex activity (Parent Ling?) 

- ££ well Plates an£ 2A well pl3t$g) 

100 ul per well of lOug/ml F(ab)2' (TH-172) was coated 

overnight at 4*C. The plate was washed three times with 

PBS/Tw-20, inverted after the last wash and patted dry. 100 

ul of 0.2% BSA blocking buffer was added to each well, the 

plate incubated for 2 hours at ambient temperature, then 
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washed and dried as before. 100 ul of theophylline at 1 

ug/ml was added to each well and the plate incubated for 2 

hours at ambient temperature. The theophylline solution was 

aspirated without washing and 100 ul of cell culture 

supernatant was added to each well. Supernatants were 

tested in duplicate. Blanks were 100 ul of PBS/TW-20. The 

plate was incubated for a minimum of 12 hours at 4*C, then 

washed and dried as before. 100 ul of goat-anti-mouse HHP 

(heavy chain specific) diluted 1:20,000 was added to each 

well and the plate incubated for 2 hours at ambient 

temperature. The plate was washed and dried as before, then 

100 ul of OPD subsbtrate solution was added to each well and 

the plate incubated for exactly 20 minutes'at ambient 

temperature. 100 ul of IN HCl was added to each well to 

quench the reaction and the aborbsance above blank of the 

developed wells monitored at 490 nm. 

Anti-idiotypic activity (Parent Lines) 

- 26 well Plates aM M well plgteg) 

The screening for anti-idiotypic activity was identical 

to that for anti-complex activity with the exception that 

the incubation of the F(ab)2' with theophylline was omitted. 

Anti-complex activity (Parent Lines - F139K9) 
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The screening was identical to that for the parent 

lines in the 96 well and 24 well plates with the exception 

that the supernatants were diluted 1:1. 

Anti-idiotvpic activity (Parent Lines - Flasks) 

The screening was identical to that for the parent 

lines in the 96 well and 24 well plates with the exception 

that the supernatants were diluted 1:1. 
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Section F 

Maintenance of Cells 
(From Screening to Subcloning) 

One week after the initial screening, those parent 

wells that tested for specific antibody production were 

moved up from 96 well plates to 24 well plates. Each parent 

colony was resuspended in the 96 well plate by gently 

drawing up and down with a sterile Pasteur pipette and 

transferring all but 2 drops to a well in a 24 well plate 

that contained approximately 0.3 ml of HT growth media. If 

parent lines were transferred to an incomplete 24 well plate 

(that is, not all wells would be filled with growing cell 

lines), then these parent lines were transferred to wells in 

the middle of the plate and the surrounding outer wells 

filled with a few drops of HT growth media to slow the 

evaporation of the supernatant from the growing wells. The 

two drops remaining in the 96 well plate were to be used as 

a "back-up" in the case that the initial transfer was 

unsuccessful. The parent lines in the 24 well plates were 

fed every other day for one week with 3 -4 drops of HT 

growth media. After this week, the parent lines were again 

screened for antibody production. The parent lines that 

tested positive a second time for specific antibody 

production were moved up to 50 ml flasks. The cells in the 

24 well plate were resuspended as previously described and 



89 

all but 5 drops were transferred to a 50 ml flask that 

contained 3 ml of HT growth media. The 5 drops remaining in 

the 24 well plate were to be used as a "back-up" in the 

case that the first transfer was unsuccessful. The cells in 

the flasks were diluted to the optimal growing density of 4 

x 104 - lx 105 cells/ml in a volume of 5 ml on the third and 

fifth day after transfer. On the seventh day after 

transfer, the supernatant was screened for specific antibody 

production. The parent lines that tested positive for 

specific antibody production were diluted to a final 

concentration of l x 105 cells/ml in a volume of 10 ml and 

frozen (see Section I) two days later at a minimum of 2 

vials per parent line. If at any point in this process, any 

supernatant did not test positive for specific antibody 

production, then the transfer, maintenance and screening 

process was repeated for the cell line. If the supernatant 

did not test positive for specific antibody production after 

this second transfer, then the cell line was discarded. 

After freezing the positive parent lines, the cell 

lines in the 24 well plates were immediately subcloned. 
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Section G 

Subcloning 

Anti-insulin subclones were established by cloning by 

limiting dilution and by soft agar cloning. Anti-

theophylline subclones were established by cloning by 

limiting dilution. 

Limiting Dilution 

Thymocytes were harvested from a young Balb/c mouse and 

suspended in HT growth medium at 5 x 106 cells/ml (67). 100 

ul of cell culture supernatant was added to a well in a 24 

well plate that contained 900 ul of HT growth media and the 

two were mixed thoroughly by gently drawing up and down with 

a sterile Pasteur pipette. 10 ul of this 1:10 dilution of 

hybridoma cells was then added to another well in the 24 

well plate that contained 500 ul of the thymocyte (T-cell) 

suspension. The two were mixed thoroughly as described and 

then seeded at 1 drop per well in one column of a 96 well 

plate. The remainder of the mix was then resuspended in 

another well of the 24 well plate that contained 500 ul of 

the T-cell suspension. This final mix was then seeded at 1 

drop per well in as many wells as possible in the 96 well 

plate. Any empty wells were filled with 2 drops of HT 

growth media to slow the evaporation of supernatant from 
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growing wells. Wells were fed every other day with 1-2 drops 

of HT growth media. If the wells became full, one half of 

the old media was carefully aspirated before continuing the 

feeding cycle. 

Soft Agar Cloning 

A soft agar base was prepared by pouring 4 ml of IDME-

molten agar media (see Appendix B) into a 60 x 15 mm petri 

dish. One dish was prepared per culture to be subcloned. 

The agar was allowed to gelatinize for 30 minutes at ambient 

temperature. The remaining agar media was equilibrated in a 

47*C water bath. Approximately 2.5 x 103 cells from a 

culture were transferred to a 5 ml sterile test tube. 1 ml 

of soft agar media (47*C) was added to the test tube and the 

two mixed gently by carefully drawing up and down with a 

sterile Pasteur pipette. This cell/agar suspension was 

poured over the gelatinized 4 ml base layer so that the 

cells slid over the top forming a thin layer. The dishes 

were incubated at 37 *C in 5 to 6% C02 undisturbed for 2 

weeks. After two weeks, growth was monitored on a daily 

basis by placing the covered plates underneath a microscope. 

The clones were plucked from the agar using a sterile 

Pasteur pipette and transferred to a 96 well plate that 

contained two drops of HT growth media per well. Empty 

wells (those not seeded with a subclone suspension) were 



filled with two drops of HT growth media to slow the rate of 

evaporation of supernatant from growing wells. Wells were 

fed every other day with 1 -2 drops of HT growth media. If 

the wells were became full, one half of the old supernatant 

was aspirated before continuing the feeding cycle. 
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Section H 

Maintenance of Cells 
(Subcloning to Freezing) 

One week after screening, those subclones that tested 

positive for specific antibody production were moved up from 

96 well plates to 24 well plates. Each subclone was 

resuspended in the 96 well plate by gently drawing up and 

down with a sterile Pasteur pipette. All but two drops were 

transferred to a well in a 24 well plate that contained 

approximately 0.3 ml of HT growth media. If subclones were 

transferred to an incomplete 24 well plate (that is, not all 

wells would be filled with growing cell lines), then these 

subclones were transferred to the middle wells and the 

surrounding outer wells filled with a few drops of HT growth 

media to slow the rate of evaporation of the supernatant 

from the growing wells. The two drops remaining in the 96 

well plate were to be used as a "back-up" in the case that 

the first transfer was unsuccessful. The cell lines in the 

24 well plate were fed every other day for one week with 3 -

4 drops of HT growth media. After this week, the 

subclones were again screened for specific antibody 

production. The subclone lines that tested positive a 

second time for specific antibody production were moved up 

to 50 ml flasks. The cells in the 24 well plate were 

resuspended as previously described and all but 5 drops were 
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transferred to a 50 ml flask that contained -3 ml of HT 

growth media. The 5 drops remaining in the 24 well plate 

were to be used as a "back-up" in the case that this first 

transfer was unsuccessful. The cells in the flasks were 

diluted to the optimal growing density of 4 x 104 - 1 x 105 

cells/ml in a volume of 5 ml on the third and fifth day 

after transfer. On the seventh day after transfer, the 

supernatant was screened for specific antibody production. 

The subclones that tested positive for specific antibody 

production were diluted to a final concentration of 1 x 105 

cells/ml in a volume of 10 ml and frozen (see Section I) two 

days later at a minimum of 2 vials per subclone line. 

If at any point in this process, any supernatant did 

not test positive for specific antibody production, then the 

transfer, maintenance and screening process was repeated. 

If the supernatant did not test positive for specific 

antibody production after this second transfer, the cell 

line was discarded. -

After freezing the positive subclone lines, the cell 

lines in the 24 well plates were discarded. 
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Section I 

Freezing and Thawing of Cells 

Freezing 

Cells were brought to a concentration of 1 x 105 

cells/ml in a 10 ml volume of HT growth media two days prior 

to freezing. Since healthy cells generally double in number 

each day, then the concentration of cells was 2 -3 x 105 

cells/ml after these 2 days or > 2 x 106 total cells, which 

is the minimum number of cells required for a successful 

freezing (63). The flasks were gently tapped on the surface 

of the hood to loosen any cells clinging to the walls of the 

flask prior to obtaining a total cell count in preparation 

for freezing. Total cell count was monitored with Trypan 

Blue staining (67). 

Supernatant was poured from the flask into a sterile 15 

ml centrifuge tube, the tube capped, and centrifuged for 10 

minutes at 1000 rpm. The supernatant was aspirated and the 

cells resuspended in 1 ml of freezing media for every two 

million cells. 0.5 ml aliguots were added to each cryo-vial 

for a minimum of two vials per cell line. Vials were sealed 

and frozen either at -85*C or in liquid nitrogen. If frozen 

at -85*C, the cell lines had to be transferred to liquid 

nitrogen no later than six months after freezing. 

Freezing media for anti-insulin parent lines and anti-
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theophylline parent lines was 90% (v:v) FCS and 10% (v:v) 

DMSO. Freezing media for anti-insulin subclones and anti-

theophylline subclones established by this investigator was 

initially 90% (v:v) FCS and 10% (v:v) DMSO. Later, it was 

switched to 45% (v:v) FCS, 10% (v:v) DMSO and 45% (v:v) 

IDME. Anti-insulin subclones purchased from ATCC and the 

anti-theophylline subclone TH-172 obtained from American 

Qualex were frozen exclusively in 90:10 freezing media. For 

each anti-complex parent line, 2 vials were frozen in 90:10 

and 2 vials were frozen in 45:10:45. 

Thawing 

Cell lines were recovered from storage and incubated at 

37 *C for 5 minutes. The vials were doused in -95% ethanol 

and the seals broken. Cells were gently withdrawn with a 

sterile Pasteur pipette and transferred to a sterile 15 ml 

centrifuge tube. The cells were resuspended in 5 ml of HT 

growth media, the tube capped and then centrifuged for 5 

minutes at 1000 rpm. The supernatant was aspirated, the 

cells resuspended in 3 ml of HT growth media and transferred 

to a 50 ml flask. Cell viability after recovery from 

freezing was monitored with Trypan Blue staining (67). If 

the recovery of cells from the frozen state is successful, 

then viability should be 50 - 60% (63). Cell maintenance was 

continued as previously described (see Sections F and H). 
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Section J 

Ascites Fluid Production and Storage 

General Procedure 

Balb/c mice (male and female), retired breeders, were 

injected intraperitoneally (i.p.) with 0.5 ml pristane 

("pristane-primed"). A 22 gauge needle was used. Ten to 

fourteen days after this pristane-priming, a 0.5 ml cell 

suspension of a minimum of 1 x 106 cells/ml was injected 

i.p. into each mouse with a 22 gauge needle. Seven days 

after this injection, the mice were inspected on a daily 

basis for swelling of the abdomen, which indicated ascites 

fluid production. The ascitic fluid was drained into a 15 

ml conical centrifuge tube using a wide (18 or -20.5) gauge 

needle. Draining was done at two day intervals for one to 

one and a half weeks. 

After collection, any cells and fibers were removed 

from the ascites fluid by centrifuging for 10 minutes at 

2000 rpm. The supernatant was transferred to another 

centrifuge tube, the tube capped and stored at -40*C until 

further needed. 

Frequently, the blood in the ascites fluid would clot 

before the fluid could be defribinated. These samples were 

treated with a few drops of sterile (0.2 um filtered) .15M 

NaCl to lyse the red blood cells, vortexed to settle the 
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large fibers, then centrifuged and stored as described. 

Cell Suspensions 

Initially, cell suspensions were prepared by 

centrifuging the hybridoma supernatants for 10 minutes at 

1000 rpm, aspirating the supernatants, and resuspending the 

pelleted cells in sterile IDME at 2 x 106 cells/ ml. Later, 

cell suspensions were prepared by washing the cells in 5 ml 

of sterile (0.2 um filtered) .15M saline and resuspending 

the pelleted cells in the same media at 2 x 106 cells/ml. 

Cell-Saline Boost 

For the anti-insulin ascites of the subclones 

established by this investigator, a modified procedure for 

ascites fluid production, in addition to the general 

procedure just described, was used. Following 

centrifugation of the collected ascites, the pelleted cells 

were not discarded. Instead, the pelleted cells in each 

tube were immediately resuspended in 1.0 ml of sterile (0.2 

um filtered) 0.15M saline and re-injected into mice (0.5 ml 

per mouse) that had been pristane-primed 10 to 14 days 

earlier. 

Sirthanisfrtjon al the Mies 

After the final draining of a mouse for ascites fluid, 

the mouse was immediately euthanized either by inhalation of 



ether or carbon dioxide or by cervical dislocation. 



Results and Discussion 
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The focus of this project can be divided into two 

distinct areas, namely, the development of an anti-

theophylline hybridoma line and the development and partial 

characterization of the anti-complex line. In this section, 

the specific issues concerning these two areas will be 

discussed separately. 

Anti-Theophy 11 ine Hybridoma Line 

Immunization of Mice 

As has been mentioned previously, the necessity of 

monitoring drug serum levels during treatment has been well 

documented. Particular interest has been focused on the use 

of the homogeneous enzyme immunoassay (EMIT) and the 

radioimmunoassay (RIA). The steps involved in the 

development of the anti-hapten antibodies which are used in 

these assays have been fairly well established. 

Consequently, the emphasis in the recent literature has not 

been on the development of the antibodies for these assays, 

but on their evaluation and comparison. The selection of 

theophylline, therefore, as the hapten with which to carry 

out these studies was based primarily on personal reasoning 

rather than on literature documentation. 

Theophylline (Figure 5) is a cardiovascular stimulant 

used in the prevention and treatment of asthma in children 

and adults and also apnea in premature infants (15). 

Theophylline is fairly inexpensive and easy to obtain. 
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Further, it is fairly easy to conjugate at the C-8 position 

to the carrier proteins BSA and KLH (20). Toxic levels for 

theophylline are much less than levels for similar 

cardiovascular stimulants such as digoxin (63). Finally, a 

co-investigator of this project had had previous laboratory 

experience in developing anti-theophy11 ine hybridoma lines 

(63). 

The immunization protocol was carried out as described 

in Section A in the Experimental Section - Preparation of 

Hybridoma Lines. The amounts of the theophylline-KLH 

conjugate administered and the time period over which the 

immunization protocol was carried out were based solely on 

the previous laboratory experience of a co-investigator. 

Fusion 

For the development of the anti-theophy11ine 

hybridomas, one mouse from the two immunized was selected 

for fusion. Five plates at 96 wells per plate were seeded 

for a total of 480 seeded wells. Of these 480 seeded wells, 

74 were growing wells for a fusion efficiency of 15.4%. Of 

these 74 growing wells, 15 tested positive for anti-

theophylline activity for a specific fusion efficiency of 

20.3%. 

Generally, a fusion is considered efficient if 50-100% 

of the wells seeded are growing wells (99). This fusion 
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therefore appears to have been well below the lower limits 

for fusion efficiency. The initial screening for anti-

theophylline antibody production, however, was carried out 

only two weeks (14 days) from the date of fusion. Cell 

growth can continue up to three weeks (21 days) after fusion 

(37; 63). Thus, it is conceivable that if the cell growth 

had been monitored up to 21 days after fusion, then the 

fusion efficiency might have been significantly increased. 

The decision not to continue to monitor new cell growth 

after 14 days was made simply because the screenings 

involved for anti-theophy 11 ine antibody production were very 

labor intensive and the specific efficiency already obtained 

was very satisfactory. (For soluble antigens, the specific 

efficiency is generally rather low, rarely exceeding 15% and 

for some, in particular, specific efficiencies < 1% are 

quite common(5; 99)). Tables 1 and 2 summarize these 

results. 

Cloning 

Subcloning of six of these 15 parent lines was 

successfully carried out on the first attempt by cloning by 

limiting dilution. Table 3 summarizes these results. 

The eight subclones were successfully transferred 

through the growth and maintenance series described in 

Section H of the Experimental Section - Preparation of 

Hybridoma Lines. Two important points must be made here. 
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First, the positive cultures developed by this cloning 

method should have, ideally, not been regarded as 

monoclonal. Even the best cloning technique cannot totally 

exclude the possibility of cross-contamination. A second 

cloning step and even a third performed at low cell density 

would not only have ensured monoclonality but also would 

have resulted in a more stable culture. Second, only six of 

the 15 parent lines could be successfully subcloned by 

limiting dilution. This may have been the result of the 

cloning conditions working against the cell lines. If these 

parent lines had been of particular interest or if the 

cloning had not been successful for any parent line, then 

the best course of action would have been further 

modification of the cloning conditions or even trying a new 

cloning method such as soft agar cloning or limiting 

dilution fractionation (37). 

Subisotyping 

Subisotyping of the anti-theophy 11 ine hybridoma lines 

was determined after cloning. The clones were of the IgG 

isotype, specifically the IgG-^ subisotype. This predominance 

of the G isotype is in accordance with monoclonal antibodies 

(MoAb's) developed from protocols involving multiple 

immunizations (88). 

Freezing 
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Table 1. Summary of Fusion Results for 
Anti-Theophylline Hybridomas. 

Form of Theophylline Theo-KLH 

Amount of Immunogen 50 ug x 3 

Source of Lymphocytes Spleen 

Fusion Efficiency 
(Growing wells/Seeded wells) 74/480 

% Fusion Efficiency 15.4 

Specific Efficiency 
(Positive wells/Growing wells) 15/74 

% Specific Efficiency 20.3 

Isotype N/A 

Subisotype 
(Subclones only) 
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Table 2. Designation of Parent Lines from 
Anti-Theophyl1ine Fusion. 

IF3 IIF5 IVB12 
IH4 IIIE9 IVG4 
165 IIIF3 VD10 
IG11 IVA9 VF6 
IIE2 IVE12 VE12 
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Table 3. Summary of Cloning by Limiting Dilution 
for Anti-Theophy 11 ine Parent Lines 

No. of 
Parent 
Line 

No. of 
Subclones 

(+) 
(x-Theo. 

Subclones 
Activity) 

IF3 2 2 

IH4 0 -

IG5 0 -

IG11 0 -

IIE2 2 1 

IIF5 1 1 

IIIE9 0 -

IIIF3 2 1 

IVA9 0 -

IVE2 0 -

IVB12 0 -

IVG4 0 -

VD10 3 3 

VF6 0 -

VE12 1 0 
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All anti-theophylline subclones were intially frozen in 

FCS that contained 10% (v:v) DMSO as the cryoprotective 

agent. For the two subclones ultimately selected for the 

continuation of these studies, IF3-1 and IIF5-1, viability 

after recovery from freezing rarely exceeded 50% (generally 

it was 30-40%) and new cell growth was slow, generally not 

being apparent until 48 to 72 hours after recovery. After 

several passages through the freezing, thawing, and growing 

cycles, viability after recovery dropped substantially to 

10-20% and in some cases, was completely lost. There are at 

least two possible explanations for this. First, as 

previously mentioned, these lines had been subcloned only 

once, which conspires against stability (37). Second, the 

suggestion was made that the cells could be experiencing 

osmotic shock after recovery from freezing (9). The 

freezing media was supplemented with 45% (v:v) IDME and the 

cells carried through repeated passages of freezing, 

thawing, and growing. With this change in freezing media, 

viability after recovery from freezing was returned to 30-

40%; however, this was still not entirely satisfactory 

since viability after recovery from a succesful freezing is 

50-60% (63). Also, new cell growth after recovery 

continued to be slow. 

Ascites Production 

To obtain large quantities of MoAb's for purification 
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and subsequent studies, hybridoma lines were grown in vivo 

as ascitic tumors in mice. The eight subclones developed 

from the six anti-theophylline parent lines were screened 

for anti-theophylline activity with a titered ELISA. This 

ELISA is used for the qualitative determination of the 

affinity of an antibody for its antigen. In such an ELISA, 

the supernatants of the eight subclones were serially 

diluted 1:1, 1:4, 1:8, 1:16, and 1:32 with PBS/TW-20. Those 

subclones which, after development of the plate, gave the 

least rapid degradation of color of the dilution range were 

assumed to bind more tightly to the theophylline. From this 

ELISA, the subclones IF3-1 and IIF5-1 were selected for 

ascites production. Table 4 summarizes the results for 

ascites production. 

Several comments must be made here. First, production 

of ascites for both ones was initially carried out with 

cells suspended in IDME. The ascitic tumors that 

subsequently developed for both clones were solid and only 

small amounts of fluid (1-2 total ml) could be drained from 

each mouse. Generally, a mouse can yield 5-15 ml of ascitic 

fluid (5; 37; 44; 46; 47). The amount of specific antibody 

in the ascites fluid of each clone was determined by 

immunoaffinity chromatography to be approximately 2 mg/ml. 

Yields of specific antibody in ascites tumors can range from 

1 to 10 mg/ml (5; 37; 44; 46; 47) and therefore, the yields 
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obtained here, although acceptable for subsequent studies, 

were apparently rather low. The yield could only be 

approximated because different samples withdrawn at 

different times from the same mouse gave conflicting 

results. If the tumor was tapped before it had completely 

solidified, then yields of specific antibody were slightly 

higher (ca. 2.5 mg/ml) owing to the more complete draining 

of the tumor. Once the tumor had solidified, however, the 

lack of fluid made it difficult to successfully harvest the 

antibodies and the yield of specific antibody was therefore 

apparently reduced to (ca. 1.5 mg/ml). 

A third variation of ascites fluid production was 

carried out. This variation was the cell-saline boost 

described in Section J in the Experimental Section -

Preparation of Hybridoma Lines. In this variation, ascites 

tumors were propagated by injecting ascites cells into mice 

that had.been pristane-primed 10 to 14 days earlier. Cells 

from tumors are more virulent than cells obtained from 

tissue culture, consequently, mice bearing tumors produced 

by tumor cells die sooner and less ascites fluid can 

normally be collected. By the same token, propagation of 

hybridomas as ascites tumors can sometimes be an effective 

way of increasing the vigor of cell lines which are 

otherwise difficult to establish in cell culture (44). 

This variation in ascites tumor formation resulted in 
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Table 4. Summary of Ascites Production for 
Anti-Theophy11 ine Hybridomas. 

Cell 
Line 

Cell 
Suspension 

Concentrat ion 
Specific MoAb 

(mg/ml) 

IF3-1 IDME 2.0 

IF3-1 Saline 1.0 

IIF5-1 IDME 2.0 

IIF5-1 Saline 1.0 
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"semi - solid" tumors being formed. That is, the tumors 

were less solid than the tumors observed previously but they 

were still more solid than tumors that had been observed for 

other hybridoma lines. The increased virulency of the cells 

also made the tumors incredibly bloody and consequently, 

after centrifuging the collected fluid, <50% of the fluid 

collected was actually ascitic fluid. This, coupled with 

the fact that the mice were dying much more rapidly, 

resulted in only slight increases (1 -3 ml) in the amount of 

ascites fluid collected. Also, there was no significant 

increase in the concentration of specific antibody in the 

fluid. 

Sometimes, it is just the case that a particular 

hybridoma line will predominantly produce solid tumors. 

This difficulty may result from prolonged propagation of the 

hybridoma line in culture (44). Prolonged propagation of a 

hybridoma line in culture apparently enhances its tendency 

to undergo "somatic drift" which undermines its stability 

and also its affinity for its antigen (37). Both clones, 

IF3-1 and IIF5-1, had been maintained almost continuously 

for four months in cell culture during the attempts to 

produce ascites fluid. The best way to avoid this problem, 

if it is cause by prolonged propagation, would be to freeze 

many ampules of original clones so that they could be used 

for ascites production. 



113 

Further, regular screenings of the cell culture 

supernatants during this four month period indicated that 

both clones were apparently becoming gradually less reactive 

towards theophylline as indicated by reduced color 

development in the ELISA assays. Initially, this decrease 

was thought to be the result of negative variants with 

increased malignancy overgrowing the positive cells; 

however, such "non-producers" generally overgrow the 

positive cells, even before subcloning is attempted (37; 

63). Also, neither the supernatants nor the ascites fluid 

lost their reactivity for theophylline all together. This 

apparent decrease in the reactivity towards theophylline may 

have been the result of somatic drift; however, as has been 

mentioned previously, these lines were only subcloned once 

which does not ensure monoclonality. Thus, this apparent 

decrease in the reactivity toward theophylline may have been 

the result of the lines actually being a mixture of clones 

growing at different ratios. If the reactivity had 

been lost all together, then the test to confirm this would 

have been to coat the supernatants on an EIA plate and then 

apply an enzyme-labeled anti-mouse xenoantibody, for 

example, goat-anti-mouse HRP, as a tracer. Lack of color 

development in this wells after application of the 

chromophoric substrate would indicate that antibodies were 

no longer being produced. 
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Production of ascites was continued briefly with cells 

suspended in sterile 0.15M saline until it was decided that 

a sufficient amount of ascites fluid (ca. 20 -30 ml per 

clone) had been collected for further studies. (There is 

no difference between the ability of cells suspended in IDME 

and the ability of cells suspended in saline to form ascitic 

tumors. Saline was merely chose for its lower cost.) 

Anti- Complex Hybridoma Line 

The properties desired for the anti-complex hybridoma 

line necessarily dictated the immunization strategy employed 

for its development. The three major questions concerning 

this strategy were the strain of mice to use for the 

immunization, the physico-chemical nature of the antibody in 

the complex, and the physico-chemical nature of the hapten 

in the complex. 

Strain of Mice 

Two issues were considered in this decision. First, as 

was extensively discussed in the introduction, isologous 

immunizations may choose primarily binding site determinants 

whereas homologous immunizations may elicit both binding 

site and non-binding site determinants (22). Second, the 

requirement for a conformational epitope does not 

necessarily restrict this epitope to a particular region of 

the anti-hapten antibody, that is, to either the F(ab) 
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region or to the F(c) region. Based on a review of the 

literature, however, it seems logical that the small size of 

theophylline would limit any significant conformational 

changes to the F(ab) region of the anti-theophy11ine 

antibody molecule. Finally, the immunoassay that could be 

employed to initially screen for this anti-complex antibody 

would be relatively straightforward for an epitope limited 

to the F(ab) region; it would become rather complicated for 

an epitope located in the F(c) region. Thus, it was decided 

to carry out isologous (syngeneic) immunizations. 

Physico-chemical Nature of Anti-Hapten Antibody 

The question arose as to whether to present the anti-

hapten antibody intact (i.e., as whole IgG) or whether to 

present it as a fragment (i.e., F(ab)2')- As mentioned 

previously, syngeneic immunizations generally elicit a weak 

immune response (59; 89). The magnitude of the immune 

response is controlled by a variety of heavily entwined 

factors, including size (molecular weight) of the antigen, 

route of innoculation, amount of antigen, number of 

exposures of the host to the antigen and how "foreign" the 

antigen is to the host's system. All other factors being 

equal, however, the general rule of thumb is that the larger 

the antigen, the greater the magnitude of the immune 

response (53). Because the magnitude of the immune response 

was already being limited by the type of immunization 
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(syngeneic), it was decided for the conventional 

immunization protocols to use the intact anti-theophy11ine 

antibody so that the immune response would not be limited 

any further. For the intrasplenic immunizations, however, 

both forms of the antibody were investigated. 

Physico-chemical Nature of Hapten 

One of the goals of this project was the development of 

the immunochemical reagents required for the direct analysis 

of a hapten in serum or plasma. To preserve the integrity of 

the assay, it is important that the antibodies produced be 

able to recognize the hapten and its antibody complex. 

Therefore, it was not clear whether it would be better to 

react unmodified hapten with the anti-hapten antibody to 

form the immnogen or whether it would be better to form a 

complex between a hapten-BSA or hapten-KLH conjugate and the 

anti-hapten antibody. The rationale for the coupling was 

to increase the effective size of the complex (antigen) and 

therefore, possibly increase the magnitude of the immune 

response to the complex. The presence of this carrier, 

however, would obviously result in new possibilities for 

antigenic determinants and thus, complicate the screening 

process. These complications, however, when carefully 

considered, seemed soluble, so it was decided to 

investigate both forms of the hapten. 
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Conventional Immunizations 

MoAB for theophylline-antibody complex (w/ IF3-1 subclone) 

The immunization protocol and amounts of immunogen were 

based on the previous successes with this protocol in 

developing anti-insulin and a nti-theophyl line hybridomas. 

50 ug of immunogen (the complex) referred to the amount of 

antibody in ug injected into the mice. The antibody had 

been incubated overnight with theophylline in a 2:1 molar 

ratio under the assumption that one antibody molecule can 

simultaneously bind two molecules of hapten (63). Within 72 

hours after this initial injection, both mice were dead. 

Explanations for this observation were initially difficult 

to formulate since this was the first attempt at immunizing 

for anti-complex antibody production. Initially the 

possibility was considered that the antibody-hapten complex 

had rapidly dissociated after injection and the amount of 

theophylline subsequently released was fatal to the mice. 

Using a molecular weight of 150,000 daltons for the antibody 

(88 ) and recalling that the antibody and hapten were 

incubated in a 1:2 molar ratio, respectively, the amount of 

theophylline that would have been released into the system 

upon complete dissociation of all the complex injected was 

calculated to be 0.15 ug. This amount of theopylline, 

however, was supposedly much less than the LD50 for 

theophylline (LD50 < 50 ug) in mice (25), and therefore, 
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this was considered a remote possibility. Another 

possibility considered was that the immunization, since it 

was syngeneic, had introduced a fatal autoimmune response in 

the mice. Studies, however, by Sakato and Eisen (89) and by 

Lieberman and Humphrey (59) have indicated that autoimmune 

responses with syngeneic immunizations are evoked only by 

excessively intensive immunization and even after intensive 

immunization, the response is still weak. Thus, this 

possibility was also considered remote. 

MoAb for BSA-theophylline-antibody complex (w/ IF3-1 subclone) 

The complex had been incubated prior to injection in a 

1:1 molar ratio, under the assumption that the presence of 

the BSA would sterically hinder the ability of an antibody 

molecule to simultaneously bind more than one molecule of 

conjugate (63). The decision was also made to increase the 

amount of complex initially injected from 50 to 75 ug and to 

increase the amount of complex in subsequent injections from 

75 to 100 ug. This decision was based on the reasoning that 

the magnitude of the immune response, both in the amount of 

antibody generated and in the affinity the antibody has for 

its antigen, is known to increase with increasing dosages 

of antigen (53). Obviously, this increase in the amount of 

complex (antibody) injected meant a corresponding increase 

in the amount of theophylline injected; however, even if a 
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large portion of the complex was immediately dissociating 

after injection, the theophylline, being coupled to BSA, 

would not be as pharmacologically active (63). 

The immunization protocol was successfully carried out 

as described in Section A of the Experimental Section -

Preparation of Hybridoma Lines. Five plates at 96 wells per 

plate were seeded for a total of 480 seeded wells. Of these 

480 seeded wells, 196 were growing wells, for a fusion 

efficiency of 41%. Before determining the specific fusion 

efficiency, it was decided to simplify the screening process 

by differentiating the non-producing wells from the 

producing wells. This was carried out with an ELISA using 

an enzyme-labeled xenoantibody, here goat-anti-mouse HRP, as 

the tracer as has been described previously in this text. 

Of these 196 growing wells, 170 were non-producers. This 

appears to be a rather anomalously large percentage (87%); 

however, as has been previously discussed, syngeneic 

immunizations result in very small amounts of specific 

antibody being produced. Of the remaining 26 wells, 20 

tested positive for anti-BSA activity and 6 tested weakly 

positive for anti-theophyl1ine activity. Thus, the specific 

efficiency was 0%. Table 5 summarizes the results of this 

fusion. 

The large number of antibody producing wells that 

tested positive for anti-BSA activity indicated that the 
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Table 5. Summary of Fusion Results 
for Anti-Complex Hybridomas - (IF3 
Subclone) 

Type of Immunization 

Protocol 

Form of theo in complex 

Form of Antibody in complex 

Amount of Immunogen 

Source of Lymphocytes 

Fusion Efficiency 
(Growing wells/Seeded wells) 

% Fusion Efficiency 

Specific Efficiency 
(Positive wells/Growing wells) 

% Specific Efficiency 

Syngeneic 

Conventional 

BSA-theo 

Whole IgG 

50 ug x 3 

Spleen 

196/480 

40.8 

0/196 

0.0 
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BSA-theophylllne - antibody complex could not be used 

successfully for this immunization. Therefore, it was 

decided to use a theophylline - antibody complex with an 

anti-theophyl1ine antibody, TH-172, which qualitatively 

appeared to bind theophylline with a greater affinity. This 

qualitative determination was carried out with a titered 

ELISA that has been previously described in this text. The 

rationale for this approach was that an antibody that 

strongly bound the theophylline would not rapidly release 

pharmacologically active theophylline during immunization, 

which, as previously mentioned, may have been the reason for 

the death of the mice injected with the IF3-1 subclone. 

Anti-Complex (w/ TH-172 subclone) 

For this anti-theophylline subclone, it was decided to 

use an immunization protocol that had been more successful 

in comparison to other conventional immunization protocols 

in yielding antibodies to another soluble protein, glucose 

oxidase (67). 

Two mice were immunized according to the procedure 

outlined in Section A of the Experimental Section -

Preparation of Hybridoma Lines. Both mice survived 

throughout this immunization series; however, after cutting 

open the mice to remove the spleens, it was observed that 

the spleens in both mice were greatly enlarged. Further, 

for one mouse, the spleen as well as the rest of the 
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peritoneal cavity was covered in a layer of fibrous tissue 

and a very foul odor emanated from the cavity of the mouse. 

These symptoms are indicative of peritonitis (11), and thus, 

it was initially considered that the antigen had been 

comtaminated. The antigen, however, had been filtered 

through a 0.2 um filter prior to injection. The infection 

had spread so badly throughout the cavity of this mouse that 

the spleen could not be saved. For the other mouse, the 

symptoms of infection were less pronounced and the spleen 

was removed as aseptically as possible under the prevailing 

conditions. Examination of the teased spleen cells 

underneath a microscope revealed that the spleen cells were 

greatly enlarged and further, that the viability was less 

than 16% (6 dead cells for every 1 live cell). Viability in 

a healthy spleen that has been teased well is generally > 

90% (63). Nevertheless, the fusion was carried out. Five 

plates at 96 wells per plate were seeded for a total of 480 

seeded wells. Of these 480 seeded wells, 40 were growing 

wells for a fusion efficiency of 8.3%. Obviously, this is a 

very low fusion efficiency, however, the unhealthy condition 

of the spleen cells was probably the primary cause for this 

low efficiency. Of these 40 growing wells, none tested 

positive for anti-complex activity, for a specific 

efficiency of fusion of 0%. Table 6 summarizes these 

results. 



123 

Table 6. Summary of Fusion Results for 
Anti-Complex Hybridomas - (TH-172 
Subclone) 

Type of Immunization 

Protocol 

Form of theo in complex 

Form of Antibody in complex 

Amount of Immunogen 

Source of Lymphocytes 

Fusion Efficiency 
(Growing wells/Seeded wells) 

% Fusion Efficiency 

Specific Efficiency 
(Positive wells/Growing wells) 

% Specific Efficiency 

Syngeneic 

Conventional 

Free theo 

Whole IgG 

75g x 1; 
100 ug x 3 

Spleen 

40/480 

8.3 

0/40 

0.0 
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Intrasplenic Immunizations 

The many problems encountered with the conventional 

immunization protocols led to the investigation of 

intrasplenic immunizations. With the intrasplenic route of 

injection, a locally high concentration of antigen in the 

target organ is produced with very little (10-40 ug) of 

antigen. The advantages offered by this procedure are three 

- fold (95). First, this procedure maximizes the number of 

specific B cell blasts activated in the spleen by direct 

local antigen stimulation. This direct activation results 

in the possibility of fusions in as little as 3 to 15 days 

after immunization thus greatly shortening the lag time 

required for screening of the fusion products. Second, this 

procedure minimizes the uptake and elimination of antigen in 

other parts of the body as is the problem with other routes 

of injection. This advantage was of particular interest to 

this investigation because uptake and elimination of 

antigens (opsonization and phagocytosis) has been shown to 

occur at a 1000-fold greater rate when the antigen is 

presented in the form of a complex rather than as free 

antigen (43). Thus, there was the concern that the complex 

was being eliminated in the conventional immunization 

protocols before an immune response specific for the complex 

could be mounted. Finally, this procedure uses very little 

antigen. This would make it possible to work with antigens 
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that are difficult to obtain, such as antibodies from solid 

ascites tumors or ascites fluid with low yields of specific 

antibody. The actual immunization procedure will be 

discussed first, then the results of each immunization. 

Procedure 

Initially, three mice were successfully anesthetized 

with an injection of .1 cc/10 g body weight of 1:10 (v:v) 

Nembutal (0.4 mg/ml) with 0.9% (w:v) sterile saline. 

Although this anesthetization was successful, recovery 

afterwards was slow and the mice exhibited the symptoms of 

shock. The symptoms were a rapid, shallow respiratory rate 

and a white-colored ring in the eyes. Because Balb/c mice 

are Albino, a drop in peripheral blood pressure, which 

occurs in shock, results in this white ring being formed 

(11). During the second attempt at intrasplenic 

immunization, one mouse died immediately after being 

anesthetized, the second died during the course of surgery 

and the third mouse went into shock and was slowly 

recovering before it too died. It was realized that the 

animal was recovering while still on the heating pad, but 

once removed from the pad, it died. Hypothermia, which is a 

common side effect of systemically distributed anesthetics 

such as Nembutal was blamed as the cause of death. Further, 

it was also noted that in the initial round of intrasplenic 

immunization, the heating pad had been warmed prior to 
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surgery. For the second round, however, the pad was not 

pre-warmed and thus, it was not until at the end of the 

third surgery that the pad was sufficiently warm to prevent 

hypothermia. Before any intrasplenic immunization then, the 

heating pad was pre-warmed for 20 minutes at a low setting 

and mice were kept on the heating pad under several layers 

of gauze until fully recovered. 

A second group of three mice were successfully 

anesthetized as previously described; however, as with the 

first attempt, recovery from the anesthesia was very slow 

and the mice exhibited the symptoms of shock. . Atropine 

sulfate, an anticholinergic, was administered orally by 

squirting a few drops with a syringe onto the tongues of the 

mice; however, this appeared to stabilize only one of three 

mice. Further, it was observed that mice "waiting their 

turn" for surgery became very stressed during the surgery of 

another mouse. Frequently, they became so excited that the 

Nembutal was ineffective in completely inducing and/or 

maintaining anesthesia. When in life-threatening 

circumstances, a mouse can emit sounds undetectable to the 

human ear, that warns other mice of the impending danger. 

This has the effect of exciting or stressing the mice (100). 

Thus, for the second surgery for this round of mice, it was 

decided to keep all mice out of the operating room and only 

bring in one at a time as it was to be operated on. Despite 
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these precautions, all three mice died after the second 

round of surgery. The conclusion was drawn that the 

anesthetic was simply too toxic for the mouse and the mouse 

did not have enough time to redistribute the anesthetic and 

undergo other detoxification mechanisms prior to the second 

surgery (11; 65). Thus, it was decided to use the 

inhalation anesthetic Metofane (methoxyfluorane). This 

anesthetic has the advantage of being exhaled primarily 

through the lungs and therefore, recovery from the 

anesthetic is not dependent solely upon redistribution 

within the body and other detoxification mechanisms. 

Further, because these agents are rapidly exhaled, the level 

of anesthesia is easily controlled and the depth of 

anesthesia can quickly be altered at any time (65). Six 

mice were then successfully immunized according to the 

procedure outlined in Section A of the Experimental Section 

for Preparation of Hybridoma Lines. 

Immunizations 

Because the antigen could be localized directly in the 

site of antigen production, and therefore, possibly 

circumvent the problems of antigen uptake and elimination, 

it was decided to investigate both forms of the anti-

theophylline antibody, that is, the intact (whole) IgG 

molecule and the fragmented (F(ab)2/) molecule. Further, it 
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was desired to develop an anti-complex antibody of the G 

isotype because this is the isotype produced predominantly 

in the secondary antibody response and therefore, it has a 

higher affinity for its antigen (88). Single shot 

immunizations produce primarily IgM antibodies (88: 95), 

thus two intrasplenic immunizations were performed for each 

mouse (3 mice) per group at a total of 2 groups for a total 

of 12 such immunizations. 

Anti-complex (intact IgG) 

Three mice were successfully immunized twice with this 

complex. Upon cutting open the mouse to remove the spleen, 

the same problem that had been observed for the mice 

immunized with the conventional protocol was observed here, 

but to a lesser extent. The spleens were swollen and 

and covered with a thick fibrous scar tissue. Examination 

of the teased spleen cells underneath a microscope showed 

them to be enlarged and the viability was < 16% (6 dead 

cells for every one live cell). Again, contamination of 

the antigen was not considered a possibility because the 

solution had been 0.2 vim filtered prior to injection. The 

fusions were carried out as described in Section D of the 

Experimental Section - the Preparation of Hybridoma Lines. 

On day 7 after the fusion, (after two feedings), growth 

was noted in all plates for all three fusions; however, 

isolated contamination was also noted in the plates for 
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fusion 1 and fusion 2 and all plates for these fusions were 

immediately discarded. This contamination was very 

puzzling. It had to be of investigator origin since it was 

resistant to the penicillin and streptomycin in the media 

and mice do not carry pen-strep resistant strains of 

bacteria (25). Further, it could not have been the result 

of the media itself being contaminated because such 

contamination is homogenized and therefore, it would have 

appeared equally distributed throughout all plates of all 

three fusions. Also, for the very same reason it could not 

have been the result of a contaminated pipette used to feed 

the cells because generally, when feeding the cells a single 

pipette was used to withdraw the media. For the third 

fusion, five plates at 96 wells per plate and one plate at 

45 wells were seeded, for a total of 525 seeded wells. Of 

these 525 seeded wells, 52 were growing wells for a fusion 

efficiency of 9.9%. The unhealthy condition of the spleen 

cells was probably the major cause of this low fusion 

efficiency. Of these 52 growing wells one tested positive 

for possible anti-complex activity (as monitored by 

absorbance readings at 490 nm after development of the 

plate) for a specific fusion efficiency of 1.9%. Table 7 

summarizes these results. 

Screening results indicated that the initial transfer 

of this parent well to a 24 well plate was unsuccessful; 
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Table 7. Summary of Fusion Results for 
Anti-Complex Hybridomas - (TH-172 
Subclone) 

Type of Immunization 

Protocol 

Form of theo in complex 

Form of Antibody in complex 

Amount of Immunogen 

Source of Lymphocytes 

Fusion Efficiency 
(Growing wells/Seeded wells) 

% Fusion Efficiency 

Syngeneic 

Intrasplenic 

Free theo 

Whole IgG 

35-40 ug x 2 

Spleen 

Fusion 
1 2 

Fusion 
1 2 

3 
52/525 

3 
9.9 

Specific Efficiency 
(Positive wells/Growing wells) 

% Specific Efficiency 

Fusion 
1 2 

Fusion 
1 2 

3 
1/52 

3 
1.9 
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attempts to recover this parent line by a second transfer 

were also unsuccessful. Testing of the supernatant in both 

the 96 and 24 well plates with an enzyme-labeled 

xenoantibody (here, goat-anti-mouse HRP) as a tracer 

indicated that non-producing cells had outgrown the 

producing cells. Consequently, further screening of the 

specificity of this antibody line could not be carried out. 

Anti-complex (F(ab2)') 

Three mice were successfully immunized twice with this 

complex. (Again, the solutions had been 0.2 um filtered 

prior to injection.) Upon cutting open the mice to remove 

the spleens, the problems that had been previously observed 

with the whole IgG complex were not observed to the same 

extent here. The spleens were covered in a small amount of 

scar tissue, but this was to be expected after carrying out 

two surgeries on each mouse (11). The spleens were of a 

normal size and examination of the teased cells underneath a 

microscope showed that the cells were healthy in appearance, 

although somewhat enlarged, and that viability was > 90% (9 

live cells for every 1 dead cell). 

For fusion 1, five plates at 96 wells per plate and 1 

plate at 57 wells were seeded for a total of 537 seeded 

wells. Of these 537 seeded wells, a total of 271 wells were 

growing wells for a fusion efficiency of 50.5%. Of these 

271 growing wells, four tested positive for possible anti-
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complex activity, which was a specific efficiency of fusion 

of 1.6%. One of these wells, however, was rapidly overgrown 

by non-producing cells after this initial screening. For 

fusion 2, five plates at 96 wells per plate and one plate at 

36 wells were seeded for a total of 516 seeded wells. Of 

these 516 seeded wells, 160 were growing wells for a fusion 

efficiency of 31%. Of these 160 growing wells, three tested 

positive for possible anti-complex activity which was a 

specific efficiency fusion of 1.9%. Again, one of these 

wells was rapidly overgrown by non-producing cells after 

this initial screening. Finally, for fusion 3, five plates 

at 96 wells per plate and one plate at 60 wells were seeded 

for a total of 540 seeded wells. Of these 540 seeded wells, 

66 were growing wells for a fusion efficiency of 12.2%. Of 

these 66 growing wells, one tested positive for possible 

anti-complex activity which was a specific effeciency of 

1.5%. Table 8 summarizes these results. 

The decrease in the efficiency of fusion as one 

proceeds from fusion 1 to fusion 3 is apparent. The NS-1 

myeloma cells used for these fusions grow rapidly. These 

NS-1 cells were prepared for fusion by diluting to a final 

concentration of 1 x 105 cells/ml in a 10 ml final volume; 

however, this preparation was carried out for all three 

fusions prior to beginning the first fusion. Thus, 

throughout the course of the experiments, the cells probably 
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Table 8. Summary of Fusion Results for 
Anti-Complex Hybridomas - (TH-172 
Subclone) 

Type of Immunization 

Protocol 

Form oftheo in complex 

Form of Antibody in complex 

Amount of Immunogen 

Source of Lymphocytes 

Fusion Efficiency 
(Growing wells/Seeded wells) 

% Fusion Efficiency 

6 

Syngeneic 

Intrasplenic 

Free theo 

F(ab)2' 

35-40 ug x 2 

Spleen 

Fusion 
12 3 
271W16CA /66 \ 
,'53TÂ W V575J 

Fusion 
12 3 
50.5 31.0 12.2 

Specific Efficiency 
(Positive we lis/Growing wells) 

% Specific Efficiency 

Fusion 
1 2 

(2T1) (rio) ("Is) 

Fusion 
12 3 
1.6 1.9 1.5 
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grew sufficiently so that by the time the third fusion was 

carried out, the ratio of spleen cells to myeloma cells had 

been reduced to three or four spleen cells for every one 

myeloma cell. This could have resulted in lower fusion 

efficiencies. 

Screening 

When idiotypes and anti-idiotypes are derived from the 

same species, insolubilized F(ab)2/ fragments are used as 

antigens and labelled anti-Fc xenoantibodies are used as 

tracers (103). Figure 10 is a schematic of the "pseudo-

sandwich" assay employed for the detection of this anti-

complex activity. The primary antibody, the F(ab)2' 

fragment of TH-172, was coated in a large excess (10 ug/ml). 

The hapten, theophylline, was applied in limiting (1 ug/ml) 

amounts. The secondary antibody, the possible anti-complex 

antibody, was then applied in a large excess (10-100 

ug/ml)*. Tsujisaki and co-workers (103) have extensively 

characterized this type of immunoassay for the detection of 

anti-idiotypic (anti-Id) antibodies, that is, the binding by 

monoclonal antibodies to F(ab)2' fragments and they have 

also compared it to other assays widely used to detect anti-

Id activity, such as binding assay to whole Ig of monoclonal 

antibodies, a sandwich assay that does not require F(ab)2' 

"* The secondary antibody was applied as supernatant from 
the growing flasks. Concentration of antibody in 
supernatant can range from 10 to 100 ug/ml (5; 37). 
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fragments and the RIA. They found the F(ab)2' binding assay 

to be far more sensitive then either the whole binding assay 

or the sandwich assay and in complete agreement with the 

results obtained from the RIA. Benkirane et. al. (6) 

similarily observed close correlation between the results 

for an ELISA and those for an RIA used to detect anti-

complex activity. Thus, it was decided that this assay 

would be useful for initial screenings for possible anti-

complex activity. Table 9 summarizes these results. 

For the parent lines 9E1 and 12E1, there was no 

detectable difference between the anti-complex activity and 

the anti-Id activity. That is, these lines appeared to 

react equally well with the free anti-theophy 11 ine antibody 

and the complexed anti-theophy1line antibody. An obvious 

explanation is that the antibody is competing with the 

hapten for the binding site on the anti-hapten antibody; 

however, one cannot rule out the possibility that the 

binding site for the anti-Id is far removed from the binding 

site for the hapten and thus, the anti-Id binding site would 

not be affected in any way by binding of the hapten, even if 

this binding induced a conformational change. 

For the parent lines 10H5 and 10A1, there was a 

noticeable difference between the anti-complex activity and 

the anti-Id activity. Both parent lines apparently 

preferentially reacted with the complex. There are at least 
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Anti-Complex Hybridoma Parent Lines. 

Fusion 
Parent 
Line 

Form of Ab 
in Immunogen 

0Davg Ratio 
(complex ea Ab/free Ab) 

x.s. 3D4 whole IgG .192* 

x.s. 
(1) 

9E1 

12E1 

F(ab)2' 

F(ab)2' 

1.25 

0.75 

10H5 F(ab)2' 2.17 

x.s. 
(2) 

9B2 

1C3 

F(ab)2' 

F(ab)2' 

0.18 

0.39 

i.s. 10A1 F(ab)2' 2.75 
(3) 

Blank absorbance was corrected to 0.0 OD and all OD's were 
£he average of two readings above blank. 
.- Actual OD value 

(i.s. = intrasplenic immunization). 
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two explanations for this observation. For such an antibody, 

the complete epitope may consist of determinants in the 

F(ab) region of the anti-hapten antibody and either part or 

all of the hapten itself. Absence of the hapten would, 

therefore, constitute an absence of the complete epitope, 

and the antibody would not be able to bind as strongly to 

the F(ab) region. An experiment to investigate this 

possibility would be to screen this "anti-complex" antibody 

for anti-theophylline activity. One must realize, however, 

that the antigenic environment of the hapten may be 

considerably different in its form used for screening than 

when bound by an antibody (37). Thus, this "anti-complex" 

antibody, if indeed it does require the hapten for its 

epitope, may not be able to "recognize" the hapten when it 

is in the form used for screening (i.e., a conjugate). The 

second possibility is that the hapten induces a 

conformational change in its antibody upon binding and this 

conformational change presents a "better" configuration of 

the epitope for this "anti-complex" antibody. 

Finally, the parent lines 9B2 and 1C3 exhibited a 

greater reactivity for the free F(ab)2' than for the 

complexed F(ab)2'. An obvious explanation is partial steric 

interference by the hapten; however, one again cannot rule 

out the possibility that the hapten induces a conformational 

change which alters the idiotypic determinants outside the 
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binding site. 

Observations of Intact IgG Immunizations 

In the blood of vertebrates, several activation systems 

have been identified that are essential for survival of the 

animal. One such system is the complement system. This 

system has two pathways, namely the classical pathway and 

the alternate pathway. It is a well-established fact that 

the classical complement pathway is triggered by interaction 

of the first component of this pathway, Clq, with the Fc 

receptors of immune complexes (antigen-antibody complexes) 

(57). A variety of biological manifestations accompany the 

activation of this pathway, such as the release of 

anaphylatoxins, resulting in inflammation, bronchiodilation 

and other symptoms. The cumulative effect of the actions at 

every step of this pathway is membrane lysis and 

subsequently, complete destruction of cells (88). Thus, it 

was initially suggested that the mice immunized with immune 

complexes of whole IgG and hapten may have activated the 

classical complement pathway which could explain some of the 

conditions observed in the mice (inflammation of the spleen, 

and of the internal organs for the conventional immunization 

protocols, and scar tissue, which is the end result of 

cellular destruction). Only certain classes of 

immunoglobulins, however, can fix Clq even under optimal 

conditions, and in mice, these are IgG2a and IgM (88). Both 
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subclones used, IF3-1 and IIF5-1, were of the IgG^^ subclass 

and thus, activation of the classical complement pathway was 

ruled out as a possibility. 

Originally, the activation of the alternate complement 

pathway was thought to be mediated by an antibody-

independent mechanism; however, latter work has strongly 

indicated that immune complexes can also selectively 

activate this pathway by a mechanism that bypasses binding 

of Clg. The form of the antibody which can activate this 

pathway has been hotly debated. Although workers do agree 

that whole IgG can initiate this pathway, they have offered 

conflicting evidence for the capacity of cleaved IgG (i.e., 

F(ab)2' to do so (86). Thus, activation of the alternate 

complement pathway in mice upon injection of immune 

complexes with whole IgG is a feasible explanation for the 

symptoms observed in these mice; for those mice injected 

with the F(ab)2' form of the complex, enlargement of the 

spleen cells may have been the result of the stress 

introduced into the spleen upon direct injection (11). 



Suggestions for Future Work 
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The original aim of this work was the development of a 

non-competitive immunoassay for the detection of haptens; 

however, this aim was based on the assumption that the 

development of the immunochemical reagents required to model 

such an assay would be somewhat straightforward. At first 

glance, this task did not seem too difficult. After all, 

the immunological techniques for raising monoclonal 

antibodies to almost any antigen imaginable have been well 

established. An immune complex as an antigen, however, has 

presented a formidable task. Before the analytical 

applications of such reagents can even be considered, the 

immunological considerations for their development will 

require a thorough analysis, as discussed below. 

Affinity of Anti-Hapten Antibody 

It is a well-established fact that the binding site of 

an antibody molecule is a major determinant in an anti-Id 

response. Haptens and anti-Id antibodies can compete for 

the binding site to the anti-hapten antibody (Figure 11). 

Haptens of relatively low affinity may fail to act as 

inhibitors even when present in concentrations high enough 

to saturate the sites of the anti-hapten antibody (98). 

Thus, the first consideration would be to have an anti-

hapten antibody with a sufficiently high affinity for its 

hapten. With a high affinity antibody, dissocation of the 

complex during immunization and screening may be minimized. 
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antibody to 
combining site 

idiotope 

Figure 11. Illustration of Competition Between an Anti-Id 
Antibody and a Hapten for the Binding Site of 
the Anti-hapten Antibody. (From Roitt) 
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Typically, an antibody affinity of > 108 is considered 

sufficient to prevent dissociation of the hapten from the 

antibody during immunization and during screening (36). 

Type of Immunization 

Only one type of immunization, syngeneic, was 

investigated in this study. This immunization was employed 

because evidence in the literature indicated that such 

immunizations limit the immune respone primarily to the 

F(ab)2/ region of the immunizing antibody, thus simplifying 

the screening process, both in the number of steps and in 

the manipulation of the steps themselves. Evidence also 

supports the idea, however, that sometimes syngeneic anti-Id 

antibodies are induced only after prolonged 

hyperimmunization (58; 88), and in some cases, using potent 

adjuvants (54). By the same token, induction of anti-Id 

antibodies by immunizing individuals with allogeneic 

immunoglobulins has proved relatively easy (22; 54). The 

immune response, though more varied in specificity, is 

quick, and when compared to a syngeneic immune response, 

larger in magnitude. Allogeneic immunizations also require 

less antigen than syngeneic immunizations (22 ). Thus, 

allogeneic immunizations (e.g., Balb/c to A/J strain mice) 

should be investigated. 

Immunization Protocol 
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It is interesting to note that the intrasplenic 

immunizations gave the best apparent, albeit low, specific 

efficiency of fusion. As was mentioned previously, this may 

have been the result of direct, localized antigenic 

stimulation of the B cells. More importantly, it may have 

reduced the uptake and elimination of the antigen by 

ordinary means (e.g., phagocytosis) that plague conventional 

immunization protocols. The method of intrasplenic 

immunization has been estblished rather successfully by this 

investigator and if the conditions permit, it is recommended 

as the immunization mode of choice, both for the speed which 

results can be obtained and the economical use of antigen. 

Coventional immunization protocol should not be overlooked 

however. It might be of interest to compare the results 

obtained by intrasplenic immunizations to those obtained by 

varying conventional protocols. 

Form of Complex 

As with any immunization protocol, a wide variety of 

different forms of the complex should be investigated to 

determine which gives the "best" immune response. Table 10 

lists the possible combinations to investigate. 

Use of antibody-antigen complex as an antigen 

Before the question of the existence of a 

conformational epitope on such a complex can be discussed, 

one really has to address the possibility of a complex even 
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Table 10. Forms of Complex Antigen to Investigate for 
Future Work. 

Type of Form of Form of 
Immunization Protocol Ab Ag 

Syngeneic Conv. whole free 
conj. 

i.s. F(ab)2' free 
conj. 

Allogeneic Conv. whole free 
conj. 

i.s. whole free 
conj. 

Conv. = Conventional immunization 
i.s. = intrasplenic immunization 
Conj. = Coupled to KLH or BSA 
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being used as an antigen. 

The observation that the presence of a MoAb against a 

given antigen increases the binding of another MoAb to that 

same antigen has been conducted with studies of 

histocompatibility (HLA) antigens. This phenomenon has been 

termed enhancement and the antibodies that mediate it have 

been termed enhancing antibodies. Work by Holmes and Parham 

(41) with such antigens revealed that a single antibody-

antigen complex (here, HLA-A2) had a half-life of 

approximatley 10 minutes whereas a circular complex composed 

of HLA-A2 and two anti-HLA-A2 MoAb's, each recognizing 

different antigenic determinants, had no detectable loss of 

antigen in over 100 minutes. Figure 12 is a model of this 

antibody bivalency. 

It is of interest to note in studies in which single 

antibody-antigen complexes have been used as the antigen, no 

antibodies have ever been detected that react solely with 

the immune complex. Benkirane and co-workers (6) developed 

a MoAb (MAb 515) that preferentially bound the immune 

complex hTSH-anti-hTSH (anti-hTSH was designated MAb 27). 

This MoAb, however, also bound, to a lesser extent, the 

hTSH. Thus, the exact nature of this MoAb's epitope is 

still unclear. Is its combining site composed of MAb 27 

plus hTSH or is it strictly constituted of MAb 27 which 

presents a better configuration following the binding of the 
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MoAb 2 

Figure 12. Model of Antibody Bivalency. 
(From Holmes and Parham) 
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hTSH molecule? 

Spring-Stewart and Nisonoff (98) were able to elicit 

rabbit anti-Id antibodies that were not inhibitable by the 

idiotype's respective hapten; however, they used what may be 

described as a modifed approach of antibody bivalency. 

Here, the complexes consisted of anti-p-azobenzoarsonate and 

p-azobenzoarsonate coupled to rabbit IgG. The reader will 

recall that one of the problems hpothesized in this work 

was the apparent rapid dissociation of the antigen from the 

complex after injection. Perhaps one way to increase the 

affinity of antibody for its hapten then and possibly 

circumvent this problem would be to use an antigen that 

mimics this model of antibody bivalency. Figure 13 

illustrates this possibility. 
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Figure 13. Proposed Model of Antibody Bivalency to invest
igate for Anti-Complex Hybridoma Production. 



Concluding Comments 
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The preliminary results of this work indicate that two 

antibody lines that preferentially react with the hapten-

anti-hapten complex have been generated. Nevertheless, the 

exact nature of the epitope for this recognition remains 

unclear. Is the combining site for such an "anti-complex" 

antibody composed of the anti-hapten antibody plus the 

hapten or is it strictly constituted of the anti-hapten 

antibody which presents a "better cofiguration" following 

the binding of the hapten? 

One must recall that this preferential binding was 

observed with a screening protocol limited in both its scope 

and its number of replicate measurements. Combinations of 

more rigorous screening protocols with a greater number of 

replicate measurements per protocol must be carried out 

before the conclusion drawn can be one of absolute 

certainty. 

The suggestions made for future work are not only 

numerous in themselves but also numerous in the possible 

pertubations for each suggestion. The listing of these 

numerous considerations was not meant to dissuade those 

interested from continuing the investigation of the proposed 

problem. What this discussion instead attempted to 

emphasize is that antibodies to almost any antigen can 

eventually developed through extensive manipulations of a 

variety of approaches. Thus, the success of this endeavor 
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will not be limited by the immunological methodology 

employed to develop this anti-complex antibody, but 

ultimately, by the ability to screen for it with the 

analytical methodology employed. Success in this endeavor, 

however, will open a novel approach in serum drug analysis, 

an area in which the essential criteria are specificity, 

sensitivity, and rapidity. 



Addendiun 
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As an addendum to the major project described in this 

text, seven anti-insulin hybridoma lines were partially 

characterized. Two of these lines, VB9 and IVHll, were 

anti-bovine insulin lines developed by this investigator. 

The other five lines were developed by J. A. Schroer and co

workers at the NIAID and the cell lines purchased from the 

ATCC depository. In this section, the specific issues 

concerning the development of the two anti-bovine insulin 

lines VB9 and IVHll and the partial characterization of all 

seven lines will be discussed. 

Immunization of the Mice 

Studies using monoclonal antibodies (MoAb) to define 

antigenic structures on soluble proteins only began to 

appear in the late 1970's and the early 1980's. In 1983, 

Schroer and co-workers (93) first reported that MoAb's 

against bovine and human insulin could be obtained, although 

at low specific efficiency, with a single immunization 

protocol of Balb/C mice in the rear footpads and fusion of 

lymphocytes from draining lymph nodes with the NS-1 myeloma 

line. Horejsi (45 ) and Ziegler (114) each reported six 

hybridoma cell lines secreting Moab's against porcine 

insulin, obtained by conventional immunization protocols and 

fusion of splenocytes. Borrebaeck (10) described the 

production of anti-porcine hybridomas by in vitro 

immunization of mouse splenocytes. Stuart and co-workers 
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(101) and Cianfriglia (116) and co-workers reported 

immunization protocols used to produce a high frequency of 

specific hybridomas secreting defined antibodies against 

soluble proteins. Stuart's protocol involved a lengthy 

immunization series (up to 6 months) with repeated 

intraperitoneal (i.p.) injections and one to two final 

intravenous injection(s). Cianfriglia's protocol 

demonstrated that a high specific efficiency of fusion could 

be obtained with high doses of antigen administered in a 

short period of time. 

In this work, two questions concerning the immunization 

protocol used to develop the anti-bovine insulin hybridomas 

had to be addressed. First, we wanted an immunization 

protocol that would yield a high specific efficiency of 

fusion. Second, we were concerned with the dangers of 

immunizing mice with an active hormone. All species of 

insulin and many insulin derivatives have been extensively 

studied and compared for their bioactivity. Potency has 

always correlated with an undisturbed 30 structure (93; 

112). This observation coupled with structural studies of 

species variants has shown that these insulins possess the 

same basic 3D structure with only minor changes in the side 

chains (93). Thus, we were concerned with the possibility 

that the bovine insulin could still be biologically active 

in mice. This concern was found to be supported by later 
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work of Schroer (5) in which mice to be immunized i.p. with 

multiple 50 ug doses of bovine insulin were given 0.1 ml of 

10% glucose 30 minutes prior to each injection to prevent 

hypoglycemia. 

The initially proposed immunization protocol was the 

combination of the protocols developed by Schroer (93), 

Stuart (101), and Cianfriglia (16), with modifications 

based on previous laboratory experience (63). First, the 

bovine insulin was covalently coupled to the carrier protein 

BSA, the assumption being here that the coupling of the BSA 

would sufficiently alter the 3D structure of the bovine 

insulin and therefore, reduce its possible bioactivity. 

Second, this proposed protocol would be carried out over 

six weeks and would consist of two injections, each divided 

subcutaneously (s.c.) and i.p., with the third and final 

injection administered i.v. The first dose would be 

administered on day 0 and would be emulsified 1:1 (v:v) in 

CFA, the second dose would be administered on day 14 and 

would be emulsified 1:1 (v:v) in IFA, and the third dose 

would be administered in 0.1M PBS, pH 7.4 on day 28, three 

days prior to fusion (day 31). The conjugate was to be 

delivered in 250 ug amounts (based on 250 ug of insulin for 

1 mg insulin/ml conjugate). 

Two Balb/c mice, 6 to 8 weeks old, were each immunized 

as planned with the first dose. Within 72 hours of this 
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initial injection, both mice were dead. One possible 

explanation for this result is that even when coupled to 

BSA, the bovine insulin was still weakly bioactive and with 

the large amounts of insulin administered (250 ug), the 

cellular response was sufficient to fatally lower the 

glucose levels in the mice. Two decisions were made as a 

consequence of this result. First, the amount of conjugate 

to be delivered would be lowered to 50 ug (based on 50 ug of 

insulin for 1 mg insulin/ml conjugate) since this was the 

amount of insulin successfully used by Schroer and co

workers (5; 93). Second, the immunization protocol was 

modified as described in the Experimental Section -

Preparation of Hybridomas. To investigate the possibility 

of hypoglycemia being induced in the mice after 

immunization, the blood sugar levels in the mice were 

monitored with Dextrostix (Ames Laboratories), a dip and 

read test that provides glucose measurements in whole blood 

in a single reagent strip. The normal range of glucose in 

the blood of a mouse is 80 - 140 mg/dl (63). The mice were 

sampled from the tail vein. Initially, testing was 

performed one hour after the first injection, ten hours 

after the first injection, and thereafter on a daily basis 

up to the day of the second injection. Glucose levels in 

both mice remained within the normal range at all testing 

times for this two week period. After the second injection, 
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the glucose levels were tested within one hour and again, 

they were within the normal range. At this point, the 

testing was ceased because the tails of the mice were 

becoming too badly scarred to continue. The mice were 

simply visually monitored on a daily basis up to the day of 

fusion. If indeed the earlier problem was hypoglycemia, 

then apparently, these lower dosages alleviated the problem. 

Obviously, the experiment to confirm this would be to inject 

mice with varying dosages of the conjugate (50 - 250 ug) and 

monitor the blood sugar levels after injection. 

Fusion and Subisotyping 

For the development of the anti-bovine insulin 

hybridomas, one mouse from the two immunized was selected 

for fusion. Five plates at 96 wells per plate were seeded 

for a total of 480 seeded wells. Of these 480 wells, 296 

were growing wells for a fusion efficiency of 61.7%. Of 

these 296 growing wells, 11 tested positive for anti-bovine 

insulin antibody production, which was a specific fusion 

efficiency of 3.7%. These 11 parent wells were of the IgG 

isotype, specifically the IgG1 subisotype. This predominance 

of the 6 isotype is in accordance with MoAb's developed from 

protocols involving multiple immunizations (88). Tables 11 

and 12 summarize these results. 



Table 11. Summary of Fusion Results for 
Anti-Bovine Insulin Hybridomas. 

Species of Insulin 

Amount of Immunogen 

Source of Lymphocytes 

Fusion Efficiency 
(Growing wells/Seeded wells) 

% Fusion Efficiency 

Specific Efficiency 
(Positive wells/Growing wells) 

% Specific Efficiency 

Isotype 

Subisotype 

Bovine 

50 ug x 3 

Spleen 

296/480 

61.7 

11/296 

3.7 

G M 
11 -

G1 G2a G2b G3 

11 -
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Table 12. Designation of Parent Lines from 
Anti-Bovine Insulin Fusion. 

IH2 IVB10 

IIE3 IVH11 

IIB7 VH8 

IIA8 VB9 

IIIA7 VG9 

IIIC11 
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Generally, a fusion is considered efficient if 50 -

100% of the wells seeded are growing wells (99). Thus, this 

fusion was at the lower limit of this accepted range; 

however, this was the first fusion attempted by this author. 

Further, the specific efficiency appears to have been rather 

low but a few comments must be made. For particulate 

antigens such as cell surface antigens and viruses, the 

specific efficiency can be as high as 20% (99). For soluble 

antigens, however, the specific efficiency is generally 

rather low, rarely exceeding 15% (5; 99), and specific 

efficiencies <1 are quite common (99 ). It should also be 

noted that anti-insulin producing hybridomas are relatively 

difficult to make in comparison to other protein hybridomas. 

Bender and Schroer (5) noted that in a typical fusion for 

anti-insulin hybridoma production, only 1% of the wells 

seeded yielded stable, anti-insulin producing clones. 

Occassionally, for hybridomas generated with identical 

immunization and fusion protocols, they observed that up to 

10% of the wells seeded yielded stable, anti-insulin 

producing clones. Committi et. al. (18) recently reported 

Rathjen's evaluation of immunization strategies for the 

production of anti-bovine insulin MoAb's in which various 

parameters such as dosage and route of administration (i.p. 

and s.c.) were investigated in detail. Even under optimal 

experimental conditions, he obtained very low numbers of 
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positive anti-insulin hybrids. Thus, the specific 

efficiency for this fusion was satisfactory. 

Cloning 

Limiting Dilution 

Initially, subcloning of these 11 parent lines was 

attempted by cloning by limiting dilution. The thymocytes 

(T-cells) used as feeder cells, however, have a rapid 

attrition rate, and optimal cloning conditions with such 

feeder cells exist only for two to three days after 

harvesting of these cells (63). The first attempt at 

cloning by limiting dilution was carried out with three day 

old T-cells; however, only one parent line, IIIC11, showed 

one possible subclone in its 96 well plate. The subclone 

was successfully transferred through the growth and 

maintenance series described in Section H of the 

Experimental Section - the Preparation of Hybridoma Lines. 

A second attempt was made to subclone the parent lines by 

cloning by limiting dilution. This second attempt, however, 

was carried out with five day old T-cells. The age of these 

T-cells was probably the primary reason for this second 

attempt again being unsuccessful. Subcloning on a semi

solid support (soft agar) was therefore attempted. 

Soft Agar Cloning 

During the course of attempted cloning by limiting 
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dilution, supernatants of the parent lines were screened at 

regular intervals for anti-bovine insulin activity. Several 

of these cultures became less reactive towards bovine 

insulin as indicated by reduced color development in the 

ELISA assays. The more resilient ones would be easier to 

handle and easier to clone (37). Since soft agar cloning 

can sometimes be "hard" on cell lines (37; 63), these more 

resilient parent lines were selected for this cloning. 

Table 13 summarizes the results of this cloning. 

The six subclones of VB9 and the two subclones of IVHll 

were successfully transferred through the growth and 

maintenance series described in Section H of the 

Experimental Section - Preparation of Hybridoma Lines. 

Several important points need to be made here. First, 

the positive cultures established by both cloning methods, 

ideally, not have been regarded as monoclonal. Even the 

best cloning technique cannot totally exclude the 

possibility of cross-contamination. A second cloning step 

and even a third performed at low cell density would not 

only have ensured monoclonality but also have achieved 

stability of production. Second, sometimes the parent 

cultures can remain strongly positive for long periods of 

time, yet the clones are invariably negative. Such was the 

case with the parent lines IH2 and VG9. This may have been 

the result of the cloning conditions selecting against the 
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Table 13. Summary of Soft Agar Cloning of 
Anti-Bovine Insulin Parent Lines. 

No. of No. Of ( + ) subclones 
Parent Subclones (x bovine insulin activity) 
Line 1st 2nd 1st 2nd 

cloning cloning cloning cloning 

VB9 6 - 6 -

IH2 2 4 0 0 

IVH11 2 — 2 — 

VG9 2 5 0 0 
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positive clone. If these parent lines had been of 

particular interest or if the soft agar cloning had not been 

successful for any parent line, then the best course of 

action would have been further modification of cloning 

conditions or even trying a new cloning method, for 

example, limiting dilution fractionation. Finally, it is of 

interest to note that the sole parent line to be 

successfully subcloned by limiting dilution, IIIC11, could 

not be subcloned on soft agar. Again, the conditions with 

this latter method may have worked against the cell line 

(37). 

Freezing of Clones 

The anti-bovine subclones VB9-6 and IVH11-2 developed 

by this author were initially successfully frozen in FCS 

that contained 10% (v:v) DMSO as the cryoprotective agent. 

Viability after recovery from freezing was 50 - 70% and new 

cell growth was apparent within 24 hours after recovery. 

After several passages through the freezing, thawing, and 

growing cycles, however, viability after recovery dropped 

substantially to 3 0 -40% and new cell growth was slower, 

generally not being apparent until 48 to 72 hours after 

recovery. There are at least two possible explanations for 

these observations. First, as mentioned previously, these 

lines had been subcloned only once, which conspires against 

stability (37). Second, the suggestion was made that if the 
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cell lines were experiencing osmotic shock after recovery 

from freezing (9). The freezing media was supplemented with 

45% (v:v) IDHE and the cells carried through repeated 

passages of freezing, thawing, and growing. With this 

change in freezing media, viability after recovery from 

freezing was returned to 50 - 70% and new cell growth after 

recovery was again rapid, often being observed within 24 

hours. 

It is also of interest to note that cell lines 

recovered from this media two to three times could be 

subsequently frozen in the original 90:10 media without any 

appreciable loss in viability. Since these two cell lines 

were subcloned only once, then perhaps they were cross-

contaminated with a cell line that was sensitive to the 

original 90:10 freezing media. Repeated passages through 

the freezing, thawing, and growing series may have impaired 

the viability of this alleged contaminating line, but once 

it was totally destroyed, the viability observed would be 

only that only that of the stable subclone. 

Anti-insulin hybridoma cell lines purchased from ATCC 

were successfully frozen in FCS supplemented with 10% DHSO 

(v:v) as the cryoprotective agent without any appreciable 

problems in either cell viability or rate of new cell growth 

after recovery from freezing. 
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Ascites Production 

To obtain large quantities of MoAb's for purification 

and subsequent studies, hybridoxna lines were grown in vivo 

in mice as ascitic tumors. The six subclones of the parent 

line VB9 and the two subclones of the parent line IVHll were 

screened for anti-bovine insulin activity with a titered 

ELISA previously described in this text. From this ELISA, 

the subclones VB9-6, IVH11-2, and IIIC11 were selected for 

ascites production. Table 14 summarizes the results of the 

ascites production. 

Yields of specific antibody in ascites tumors can range 

from 1 -10 mg/ml (5; 37; 44; 46; 47) and therefore, the 

yields obtained here, with one exception, although 

acceptable for subsequent studies, were on the low side of 

this normal range. Three comments must be made here. 

First, the ascites fluid of the subclone IIIC11 gradually 

lost its reactivity towards bovine insulin as indicated by 

reduced color development in the ELISA assays, and 

eventually, lost its reactivity entirely. Frozen stocks of 

the subclone were recovered to repeat the production of 

ascites; however, recovered stocks lost their ability to 

produce specific antibody while being grown in preparation 

for ascites. Since this was a cell line that had been 

subcloned only once, the line may have been cross-

contaminated with a negative variant with increased 
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Table 14. Summary of Ascites Production 
for Anti-Insulin Hybridomas. 

Cone, of 
Cell 
Line 

Cell 
Suspension 

Specific MoAb 
(mg/ml) Insulin 

IIIC11 IDME - Bovine 

VB9-6 IDME 2.27 Bovine 

VB9-6 Saline 2.23 Bovine 

VB9-6 Cell-Saline 7.20 Bovine 

IVH11-2 IDME 1.36 Bovine 

IVH11-2 Cell-Saline 2.34 Bovine 

.CE9H9 Saline 1.86 Bovine 

CC9C10 Saline 2.08 Bovine 

DB9G8 Saline 2.30 Bovine 

AE9D6 Saline 2.10 Human 

CG7C7 Saline 2.15 Human 
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malignancy that overgrew the positive cells (37; 63). If 

this cell line had been of particular importance, then the 

obvious course of action would have been to return to the 

parent stocks that had been frozen well before the culture 

became negative and attempt to subclone again. Since the 

cloning by soft agar had been successful for two other 

lines, however, this possibility was never investigated. 

Second, for VB9-6, ascites was initially raised using cells 

suspended in IDME. This supply of ascites was exhausted, 

however, and when the line was again grown as ascitic 

tumors, the cells were injected in a sterile 0.15M saline 

suspension. As expected, there was no difference in the 

amount of specific antibody in the ascites fluid produced 

from either suspension. Saline was merely chosen for its 

lower cost. Finally, for the subclones VB9-6 and IVH11-2, 

there was a large difference between the concentrations of 

specific MoAb produced by the IDME cell suspensions and by 

cell-saline suspensions. This difference was even more 

pronounced for the VB9-6 clone. This phenomenon has been 

discussed previously in this text (44). 

Radioimmunoassays 

Hybridomas that have endured prolonged propagation in 

cell culture have a tendency to have a certain amount of 

l,drift,,f often with detrimental results. Frequently, after 

an extended period of culturing, the affinity that a 
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hybridoma line has for its antigen will decrease or the line 

will lose its ability all together to produce specific 

antibodies. This phenomenon has been attributed to somatic 

mutation in the genome coding for the antibody. Sometimes, 

this can be prevented by periodically recloning the 

hybridoma line (37). The five anti-insulin hybridoma lines 

purchased from ATCC had not, to our knowledge, been recloned 

since being deposited at ATCC. Further, because it is 

desired to use these lines as well as the anti-bovine 

insulin lines established by this author for modeling of 

immunochemical behaviour, it was decided to quickly do a 

recheck of the reported affinities for the five ATCC lines 

and rough first-time estimation of the affinities of the two 

anti-bovine insulin lines. 

The affinity constant of each antibody for its 

eliciting insulin was estimated within an order of magnitude 

with the RIA described in the Experimental Section. To 

serial dilutions of an anti-insulin antibody, 100 ul of its 

iodinated insulin, diluted to give 10,000 -20,000 total cpm 

in this volume, was added. From this "total count" of 

insulin, the amount maximally bound by the antibody was 

equated to be 100% binding of the insulin by the antibody. 

The concentration of antibody that bound 50% of this equated 

amount was used to estimate the affinity constant of the 

antibody according to the following calculations (97). 
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(1.) K = [Ab-Ag]/[Ab] [Ag] 

where [Ab-Ag] is bound (B) 125I-insulin, [Ag] is free (F) 

125I-insulin, and [Ab] is the concentration of antibody 

varied for a fixed concentration of 125I-insulin. 

(2.) [Bound 125I-insulin]/[Free 125I-insulin] = .5/.5 = 1 

at the concentration of antibody which bound 50% of the 

maximum CPM. (Bound 125I-insulin = [Ab-Ag] and free 125i-

insulin = [Ag]). 

( 3.) K = 1/[Ab] 

by substitution of equation (2) into equation (1). The 

interested reader is referred to the appropriate article 

(105) for a detailed discussion outlining the theory and 

assumptions for this assay. Tables 15 and 16 and Figures 14 

through 20 summarize the results of these RIA's. From Table 

16, it can be seen that for the ATCC lines, there was 

excellent agreement between the affinity constants estimated 

from this experiment (Kest) and the affinity constants more 

rigorously determined by Schroer with Scatchard analysis 

(KQ) (93). In all cases except two, CC9C10 and CE9H9, the 

difference between Kest and KQ was less than an order of 

magnitude, indicating that these clones had not lost their 

affinities for their respective immunogens to any 

appreciable degree. For the anti-bovine insulin lines CE9H9 

and CC9C10, Kest was exactly one order of magnitude larger 
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than Kq. Schroer (93) had commented in her paper outlining 

the determination of these affinities that they could 

possibly be underestimated since serum insulin had not been 

removed from the ascites before testing. K
est was 

determined using affinity purified antibody which could 

explain the differences observed here. 

For the anti-bovine insulin lines developed by this 

investigator, IVH11-2 and VB9-6, the Kest's were within the 

range of affinities, 106 to 108 1/M seen for the ATCC lines. 

This was not unexpected as murine hybridomas to insulin 

typically fall within this range (97). 
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Table 15. Summary of Data Used to Calculate 
Kest for Anti-Insulin Hybridomas. 

[Ab] @ 
Cell 
Line Insulin CPMmax 

50% of 
CPMmax 

C(û S> M(X10 

AE9D6 Human 15,555 7777 1.5 1 

CC9C10 Bovine 9,100 4550 1.0 0.7 

CE9H9 Bovine 19,400 9700 1.0 0.7 

CG7C7 Human 3,200 1,600 3.0 2 

DB9G8 Bovine 6,100 3050 4.5 3 

IVH11-2 Bovine 6,600 3300 3.0 2 

VB9-6 Bovine 10,600 5300 .25 0.2 

CPMMAX = Maximum amount of j'-^I-insulin bound from 
a fixed amount of 125i -insulin bound by 
an anti-insulin antibody. Fixed amount 
determined by total counts tube which 
contained 100 ul of 125I-insulin diluted 
give 10,000 - 20,000 CPM in this volume. 

50% of CPMmax = .5 X CPMmax 

[Ab] conc. at 505 of CPMmax - interpolated from appropriate 
plot. 
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Table 16. Comparison of KgS^. and Kq for 
Anti~Insulin Hybridoma Lines. 

Cell 
Line Insulin 

Tf ® • ) 
Kest 

(1/M) 

K0b° 

(1/M) 

AE9D6 Bovine 1 X 108 3x 108 

CC9C10 Bovine 2 X 

CO o
 
H
 2 X 107 

CE9H9 Bovine 2 X 

CO o
 
H
 2 X 107 

CG7C7 Human 5 X 107 7 X 107 

DB9G8 Bovine 3 X 107 5 X 107 

IVH11-2 Bovine 5 X 107 -

VB9-6 Bovine 6 X 108 -

a.) Kest = (1/ [Ab]) at 50% of CPMmax 
b.) Kq = Affinities determined by 

Scatchard Analysis by Schroer 



Figure 14. Plot of Bound 125I-insulin versus 
anitbody concentration (ug/ml) for 
estimation of affinity constant 
(KeS{.). Each point represents the 
mean of 4 replicates corrected for 
for background. Background was de
termined by precipitation of an in
finite dilution of antibody (0 ug/ml) 
with the fixed concentration of its 
iodinated insulin. 
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Figure 15. Plot of Bound 125I-insulin versus 
anitbody concentration (ug/ml) for 
estimation of affinity constant 
(Kest)• Each point represents the 
mean of 4 replicates corrected for 
for background. Background was de
termined by precipitation of an in
finite dilution of antibody (0 ug/ml) 
with the fixed concentration of its 
iodinated insulin. 
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Figure 16. Plot of Bound 125I-insulin versus 
anitbody concentration (ug/ml) for 
estimation of affinity constant 
(Kest)• Each point represents the 
mean of 4 replicates corrected for 
for background. Background was de
termined by precipitation of an in
finite dilution of antibody (0 ug/ml) 
with the fixed concentration of its 
iodinated insulin. 
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Figure 17. Plot of Bound 125I-insulin versus 
anitbody concentration (ug/ml) for 
estimation of affinity constant 
(Kest). Each point represents the 
mean of 4 replicates corrected for 
for background. Background was de
termined by precipitation of an in
finite dilution of antibody (0 ug/ml) 
with the fixed concentration of its 
iodinated insulin. 
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Figure 18. Plot of Bound 125I-insulin versus 
anitbody concentration (ug/ml) for 
estimation of affinity constant 
(Kest). Each point represents the 
mean of 4 replicates corrected for 
for background. Background was de
termined by precipitation of an in
finite dilution of antibody (0 ug/ml) 
with the fixed concentration,of its 
iodinated insulin. 
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Figure 19. Plot of Bound 125I-insulin versus 
anitbody concentration (ug/ml) for 
estimation of affinity constant 
(Kest). Each point represents the 
mean of 4 replicates corrected for 
for background. Background was de
termined by precipitation of an in
finite dilution of antibody (0 ug/ml) 
with the fixed concentration of its 
iodinated insulin. 
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Figure 20. Plot of Bound 125I-insulin versus 
anitbody concentration (ug/ml) for 
estimation of affinity constant 
(Kest). Each point represents the 
mean of 4 replicates corrected for 
for background. Background was de
termined by precipitation of an in
finite dilution of antibody (0 ug/ml) 
with the fixed concentration of its 
iodinated insulin. 
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Appendix A 

Reagent Abbreviations 

HRP: Horseradish peroxidase 

OPD: orthophenylenediamine 

ATBS: 2,2'-Azino-di[3-ethyl-benzthioazoline sulfonate (6)] 

IDME: Iscove's Modified Delbecco's Medivun 

MEM: Modified Eagle's Medium 

FCS: Fetal Calf Serum 

PSG: Penicil 1 in-streptomycin-L-glutamine 

2-ME: 2-mercaptoethanol 

H: hypoxanthine (6-hydroxypurine) 

A: aminopterin (4-aminofolic acid) 

T: thymidine (thymine-2-desoxyriboside) 

TW-20: Tween-20 

DM SO: Dimethyl sulfoxide 

BSA: Bovine serum albumin 

KLH: Keyhole limpet hemocyanin 

PEG: Polyethylene glycol (MW = 3500 or 8000 as indicated) 

CFA: Complete Freund's adjuvant 

IFA: Incomplete Freund's adjuvant 

BCA: Bicinchoninic Acid 

PBS: Phosphate-buffered saline, 0.85% (w:v) NaCl 

PB: Phosphate buffer, no saline 

BBS: Borate buffered saline, 0.9% (w:v) NaCl 

DDI: Distilled, deionized water 
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Appendix A (cont'd) 

PBQ: para-benzoquinone 

SDS: Sodium dodecyl sulfate 
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Appendix B 

Immunological Media 

Reagents 

1. (lOOOx) Aminopterin (M.W 440.43) 

Dissolve 8.8 mg of Aminopterin in 1 mM NaOH and adjust the 

volume to 50 ml with 1 mM NaOH. 

(lOOx) Aminopterin - "A" 

10 ml of (lOOOx) solution diluted to 100 ml with 1 mM 

NaOH. Filter sterilize with a 0.22 um sterile filter. 

[Caution: This compound is very toxic]. 

2. (lOOx) Hypoxanthine, Thymidine - "HT" 

M.W.: H - 136.1, T - 242.2 

Dissolve 136 mg of Hypoxanthine and 38.75 mg of 

Thymidine in 20 mM NaOH and adjust the volume to 100 ml 

with 20 mM NaOH. Filter sterilize with a 0.22 um 

sterile filter. 

3. 2 Mercaptoethanol (lOOx) - "2-MEn 

M.W.: 78.1; density: 1.11 g/ml 

Dilute 35 ul of 2ME solution with nanopure water to 100 

ml. Filter sterilize with a 0.22 um sterile filter. 

4. (lOOx) 8-Azaguanine 

M.W.: 152.1 

Dissolve 152 mg of 8-azaguanine in nanopure water and 

adjust the volume to 100 ml. Filter sterilize with a 
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0.22 um sterile filter. 

5. NH4C1 

Prepare a 0.87% (w/v) NH4C1 solution and filter 

sterilize with a 0.22 um sterile filter. 

6. Polyethelene Glycol solution - "PEG" 

Dissolve 5.4 g of Polyethelene Glycol (PEG) (4000 Mr) in 

5 ml of Iscove's Modified Dulbecco's Medium (IDME) and 

0.5 ml of Dimethyl Sulfoxide (DMSO). Filter sterilize 

with a 0.22 um sterile filter. 

Media 

1. Media for myeloma (NS-1) growth - "8-AZA-media" 

10-20% FCS (v:v) 

1 ml of (lOOx) 8-Azaguanine/100 ml media 

1 ml of PSG/100 ml media 

dilute to mark with IDME 

2. IDME Fusion Media 

10-20% FCS (v:v) 

1 ml PSG/100 ml media 

dilute to mark with IDME 

3. Hybridoma Selection Media - "HAT Media" 

10-20% FCS (v:v) 

1/ml PSG/100 ml media 
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1 ml (100X) HT/lOO ml media 

1 ml (XOOx) A/100 ml media 

1 ml (lOOx) 2-ME/100 ml media 

dilute to mark with IDME 

Hybridoma Maintenance Media - "HT" Media 

10-20% FCS (v:v) 

1 ml PSG/100 ml media 

1 ml (lOOx) HT/100 ml media 

1 ml (lOOx) 2-ME/100 ml media 

dilute to mark with IDME 

Hybridoma Freezing Media 

90% FCS and 10% DMSO - "90:10" (v:v) 

45% FCS and 10% DMSO, 45% IDME - "45:10:45" (v:v:v) 

Soft Agar Cloning Media 

20% FCS (v:v) 

0.1 ml 2-ME (100x)/10 ml media 

1 ml 2.4% Agarose (autoclaved)/10 ml media 

(2.4% agarose - 2.4 g agarose/100 ml DDI water) 

Gelatinize 5 ml of this per parent line to be subcloned. 

ELISA Media 

Washing buffer - (PBS-TW/20) 

a.) PBS (2 L final volume) 

22.28 g Na2HP04 
5.60 g KH2P044 

17.55 g NaCL 
0.2 g NaN3 
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b.) 1 ml of TW/20 per 2 L of PBS (.05% (w/v)) 

pH the above to 7.4 by dropwlse addition of 5N NaOH. 

EIA Blocking Buffer 

4 g of BSA per 2 L of PBS, pH 7.4; (.2% (w:v)) 

EIA plate-coating buffer - 0.1M carbonate buffer 

5.7 g Na2C03 

12.3 g NaHC03 

Bring to a final volume of 2 L and pH to 9.35. 

Dilute 1:10 (v:v) in DDI water before using. 

RIA Media 

25% (W/V) PEG-8000 

Dissolve 50 g of PEG-8000 in 50 ml of 0.1 M PBS, pH 7.4. 

Dilute to a final volume of 100 ml with DDI water. 

RIA diluting buffer - (0.5% (w/v) BSA buffer) 

10 g of BSA for every 2 L of 0.1 M PBS, pH 7.4. 

RIA rinsing buffer - (12.5% (w/v)) PEG-8000 

Dissolve 4 g of PEG-8000 in 50 ml of 0.1 M PBS, pH 7.4 

Dilute to a final volume of 100 ml with DDI water. 
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