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ABSTRACT 

Bovine IgG occurs in two subclasses, IgGl and IgG2, 

which are shown to be distinct electrophoretically. Mono

clonal antibody IIIA8-1 was generated from a bovine IgG2 

rich preparation. The specificity of IIIA8-1, as tested in 

an enzyme linked immunosorbant assay (ELISA), was originally 

determined to be antibovine IgG2. It became apparent that 

the specificity of IIIA8-1 was' not for IgG2 since IIIA8-1 

was found to detect antigen specific immunoglobulin in 

bovine milk and colostrum, but not in serum. The IIIA8-1 

binding protein was affinity purified and partially 

characterized. The IIIA8-1 binding protein appears to be an 

immunoglobulin dimer, of the IgGl subclass, in association 

with an extra 77,000 molecular weight chain. The 77,000 

molecular weight chain is immunologically distinct from 

secretory component which is found in association with 

bovine IgA dimers and may be a modified form of lactoferrin, 

but is not identical with free lactoferrin. 
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CHAPTER 1 

INTRODUCTION 

Specific immunity in vertebrates is accomplished by 

a dual system that supports two basic defenses against 

foreign substances. Both systems are adaptive and respond 

specifically to most antigens, although one response is 

usually favored. The cellular immune response is particu

larly effective against fungi, parasites, intracellular 

viral infections, cancer cells and foreign tissue. The 

humoral response defends primarily against the extracellular 

phases' of bacterial and viral infections. 

Humoral immunity is provided by antibodies. Anti

bodies are globular proteins of a class generically termed 

immunoglobulins. Immunoglobulins are relatively abundant in 

serum and secretions and can be isolated and characterized 

by well-established methods. 

The immune system of ruminant animals has certain 

unique features among mammals. Three major.observations are 

of particular interest regarding the ruminant humoral immune 

system. Initial observations were reported by Smith and 

Little (1) in 1922. They showed that all calves deprived of 

colostrum quickly died of bacterial infections. This was a 

surprise to scientists at that time since it was widely 
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recognized that human infants deprived of colostrum did not 

die and developed without major problems when fed ruminant 

milk or milk substitutes. This was the first clue that pas

sive immunity among ruminants was different from that in 

humans. 

Secondly came a series of relate d discov eries, the 

first by Emil Smith in 1946 (2). Smith observed that bovine 

colostrum contained large amounts of an immunogl obulin which 

was shown much later by Dixon et a 1. (3) to be d erived from 

serum by a transepithelial transpo rt mec hanism. It became 

apparent that this phenomenon was unique in the late 1960 !s 

when the work of several investigators showed that this 

immunoglobulin was of the IgG class and that secretory IgA 

(slgA), the principal immunoglobulin of human and rabbit 

colostrum, was a quantitatively minor immunoglobulin 

component of bovine colostrum and milk (4-10). 

Lastly, several investigators (11-13) showed that 

ruminants possessed two extraordinarily distinct subclasses 

of immunoglobulins of the IgG class. No other mammalian 

group, except the guinea pig, possess IgG subclasses with 

such discrete physical, chemical and biological character

istics. 
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Review of Bovine Immunoglobulins 

Bovine immunoglobulins are homologous to their 

counterparts in other mammals as can be seen in gel precipi

tation assays in which heterologous antisera to bovine 

immunoglobulins cross react with the immunoglobulins of 

various other species (13). However, some of these proteins 

have exceptional physical, chemical and biological charac

teristics which are worthy of mention. The physico-chemical 

characteristics of bovine immunoglobulins are summarized in 

Table 1. 

Table 2 summarizes the average concentrations of 

bovine immunoglobulins in serum and secretions (13). Bovine 

IgGl is the immunolactoglobulin reported by Emil Smith and 

also the "fast" IgGl reported by Dixon et al. to be actively 

transferred from serum to colostrum. IgGl is the major 

immunoglobulin of colostrum and milk and of the two IgG 

subclasses IgGl comprises greater than 90% of the total IgG. 

However, in serum, IgGl and IgG2 occur in relatively equal 

amounts. The immunoelectrophoretic behaviour of IgGl and 

IgG2, showing two distinct arcs, is a characteristic feature 

of bovine immunoglobulins. The mobility of a prominent 

portion of IgG2 is "slower" (to the anode) compared to IgGl. 

The behaviour of bovine IgG's on electrophoresis is the 

basis for the early nomenclature of "fast" and "slow" IgG. 

The prominent spur in the immunoelectropherogram, produced 
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TABLE 1 

Physico-Chemical Characteristics 
of Bovine Immunoglobulins and Components 

S20,W 

M.W, a  

(xlO ) 
% CH0 b  

(W/W) References 

IgGl 6.5-7.1 146-163 2.8-3.35 14,15,16,17 

IgG2 6.6-7.1 146-150 2.6-4.12 15,16,17 

IgM 19.2-19.7 1,000 12 18,19,20 

slgA 10.8-11.0 385-430 6-10 21 

Light 
Chain 22.5-26 0.5 16,18,21,22 

Free 
Secretory 
Component 

4.0-4.2 70-96 3.1 14,21,23 

J-chain 1.56 16.5 24 

a. M.W. = molecular weight 
b. CHO = carbohydrate 
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TABLE 2 

Average Concentrations of Bovive Immunoglobulins 
in Serum and Secretions 

Concentrations are given in mg/ml 

IgGl IgG2 IgA IgM 

Serum 11.2 9.2 0.37 3.05 

Colostrum 
(whey) 46.4 2.87 5.36 6.77 

Milk 0.58 0.055 0.081 0.086 

Nasal 
Secretions 1.56 2.81 0.04 

Saliva 0.034 0.016 0.34 0.006 

Tears 0.32 0.01 2.72 0.176 

Bile 0.10 0.09 0.08 0.05 
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by precipitating antibodies in polyclonal antisera which 

recognize subclass specific determinants, is a phenomenon 

characteristic to ruminant immunoglobulins of the IgG class 

(Figure 1). The immunoelectrophoretic behaviour of other 

bovine immunoglobulins is similar to their conterparts in 

most other species. 

The behaviour of IgGl and IgG2 when subjected to 

anion exchange chromatography is consistent with the immuno

electrophoretic behaviour of these proteins. In general, 

bovine IgGl and IgG2 behave quite differently on ion ex

change chromatography. The majority of IgG2 behaves as a 

more basic subpopulation than IgGl. It has been shown that 

fragments of the Fc portion of IgGl are especially acidic 

(25), possibly explaining the acidic nature of the IgGl 

subclass. IgG2 elutes in the unbound fraction of a DEAE 

column at 0.01M phosphate often in an uncontaminated or only 

slightly contaminated form. In contrast, IgGl, which is 

eluted at higher ionic strength, almost always contains some 

IgG2, which has overlapping charge characteristics (10). 

Larson and Gillespie (26) performed studies in which 

synthetic rates of proteins in the bovine mammary gland were 

measured. They concluded that the immunoglobulins in cows 

milk (mainly IgGl) were either synthesized locally at a rate 

lower than that of milk specific proteins, at a different 

place than milk specific proteins or were derived from 



Figure 1. 

7 

Immunoelectrophoretic banding patterns for bovine 
IgG. Well 1 contains bovine IgG. Trough A 
contains rabbit antibovine whole serum. The 
anode is located at the top of the page. The 
arrow indicates the IgG1 spur. From ref. 67. 
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serum. This prompted Dixon et al. (3) to use iodinated 

gammmaglobulin which was administered intravenously to 

demonstrate that "fast" gammaglobulin (IgGl) was selectively 

concentrated in colostrum. They also suggested that the 

mammary alveolar epithelial cells were involved. Later, 

specific binding of IgGl to mammary epithelial cells was 

shown. Selection takes place at the acinar cell membrane 

which contains binding sites (receptors) for IgGl and IgG2 

(27,28). The receptors are Fc specific (27,29). The 

relative number of IgGl to IgG2 receptors is comparable 

during the non-lactating (dry) period (28) which is 

consistant with the lack of selective transport during this 

period (30). However, the number of IgGl receptors drasti

cally increases during colostrum formation which correlates 

with the selective transfer of IgGl (28). The IgGl recep

tors have been shown to have binding affinities as high as 

10^ (28). Also, recent immunohistochemical studies on 

IgGl transport suggest a vesicular mechanism within the 

cytosol rather than lateral transport through tight 

junctions (13). 

Newby and Bourne (31) performed experiments where 

changes in specific activity of IgGl were.calculated and 

they concluded that almost 100% of colost.ral IgGl was serum 

derived. Sasaki et al. (32) reached similar conclusions 

using data on the accumulation of IgGl in the mammary gland 
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and the corresponding serum depletion of IgGl. Although 

IgGl in milk is mainly serum derived, some local synthesis 

of IgGl can be shown. Chang et al. (33) demonstrated IgGl 

plaque-forming cells in milk and they suggest that the local 

population of IgGl-producing cells may result from distal 

site antigenic stimulation in the gut. 

Bovine IgA appears to occur in serum predominantly 

in the dimeric form (10,34) and IgA isolated from exocrine 

secretions occurs mainly as slgA (13). However, slgA can be 

detected in cow serum near parturition (35). Newby and 

Bourne (31) observed that more than 50% of the IgA in bovine 

milk was serum derived. This observation is consistent with 

serum depletion of IgA during periods of high milk output 

(36). IgA transport in ruminants, and other mammals, in

volves a unique complexing of dimeric IgA with secretory 

component on epithelial cells followed by vesicular transfer 

(37-40). This transport mechanism is operative for dimeric 

IgA produced by local plasma cells as well as for serum IgA 

dimers (13). It is of interest that an inverse correlation 

exists between secretions rich in IgGl and those rich in IgA 

and the number of receptors for each on the surface of 

epithelial cells. It has been suggested that perhaps there 

is competition for the vesicular secretion mechanism (13). 

Bovine IgM isolated from colostrum and serum has 

been characterized by several investigators (18-20). Seto 
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et al. (41) observed IgM-secretory component complexes in 

bovine serum. Pentameric IgM can form complexes with 

secretory component in. vitro (13). IgM appears in 

bovine secretions and considering its ability to specifi

cally complex with secretory component it has been argued 

that a transport mechanism similar to that of IgA is in

volved in the transfer of IgM by glandular epithelia (42). 

Newby and Bourne (31) presented evidence that less than 50% 

of the IgM in bovine milk was serum derived. 

A reaginic antibody, possibly the homolog of IgE in 

humans, was first described in cattle in 1971 (43,44). This 

reagin is antigenically distinct from IgG, IgA and IgM and 

elutes at the leading edge of the "IgG" fraction during size 

exclusion chromatography (13). Nielson (45) reported data 

which implied that this reagin can to bind rat mast cells in 

a manner similar to human IgE. Unlike human colostrum, 

bovine colostrum is rich in this IgE-like reagin (44) and it 

is effectively transferred to the neonate (46). It appears 

that this reagin in colostrum is serum derived (13). 

The Immune System of the Bovine Mammary Gland 

Insight into the immunological role of the mammary 

gland has been offered by various studies on the specificity 

of colostral IgA antibodies and also the timely transport of 

IgGl and the equally well-timed absorption mechanism of the 

newborn (47-49). Collectivley, these studies have shown 
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evidence for the following arguments. IgG antibodies are a 

compilation of the immunological experience of the mother 

and are passed to the bloodstream of the suckling newborn in 

the first 24 hours. This is to presumably provide the new

born with the same protection as the mother. Within a few 

hours after birth, IgGl transport is drastically shut down. 

This corresponds with a return to normal of maternal serum 

IgGl levels and a closure of the neonatal gut for absorption 

of colostral immunoglobulins. Serum derived IgA antibodies 

are specific for pathogens found in the gut of the mother 

and are presumed to provide passive immunity to the gut of 

the newborn. IgA antibodies transferred to the newborn 

become relatively more important as IgG levels in milk 

decrease. 

The concept that the mammary gland is primarily an 

export organ is supported by the above data. The gland's 

immunological export products appear to be of three general 

types (49). 1) IgGl for short-term transfer of maternal 

serum antibodies to the serum of the newborn. 2) IgA for 

short-term transfer of antibodies to neonatal serum which is 

specific for pathogens of the mammary gland and after ab

sorption can be transported into other secretions. 3) 

Long-term protection by IgA antibodies which are not 
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absorbed and are meant to provide protection in the gut of 

the newborn. 

Protection in the mammary gland itself appears to be 

mediated by IgG2 (49). This observation is based on the 

appearance of IgG2 in the milk of mastitic glands. Under 

these conditions, IgG2 levels are much higher than would be 

expected as a result of serum transduction during inflam

mation. The elevated levels of IgG2 also correspond to the 

peak of leukocytosis which occurs in mastitic glands. IgG2 

has also been observed to be especially cytophilic for 

bovine neutrophils, which are the main phagocytic cells in 

milk from inflamed glands (50,51). When IgG2 is bound to 

antigen, it can trigger the neutrophil to undergo the series 

of oxidative reactions characteristic to activated phago

cytes. Therefore, protection in the mammmary gland is 

accomplished by an effector system similar to acute inflam-

atory reactions throughout the body. 

Intent of Study 

Our laboratory has developed several monoclonal 

antibodies to the bovine immunoglobulin classes, subclasses 

and components. These antibodies have been used to detect 

immunoglobulins in various samples, milk and colostrum being 

of particular interest. Monoclonal antibody IIIA8-1 was de

veloped by immunizing mice with a bovine IgG2 preparation. 

IIIA8-1 was initially determined to be specific for bovine 
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IgG2 because of reactivity to our IgG2 preparation and not 

to IgGl, IgA or IgM preparations. However, in using IIIA8-1 

to analyze various bovine samples, it became increasingly 

apparent that IIIA8-1 was not IgG2 specific. Using an 

antigen specific assay, IIIA8-1 was observed to recognize 

specific antibodies in milk and colostrum but not in serum. 

This is inconsistent with reported concentrations of IgGl 

and IgG2 in serum, colostrum and milk (see Table 2). The 

objective of this project was to isolate and perform prelim-

nary characterization studies on the IIIA8-1 binding 

protein. 



CHAPTER 2 

MATERIALS AND METHODS 

Various specific antibodies were used in this 

project. The majority of these antibodies were generated in 

our laboratory and are not commercially available. A list 

of the antibodies used in the study and their working 

dilutions is presented in Table 3. 

Bovine Immunoglobulin Preparations 

The original bovine immunoglobulin (IgGl, IgG2, IgA, 

IgM) preparations were provided by Dr. W.A. Fleenor. Later 

samples of bovine IgGl and IgG2 were initially prepared by 

the method of Butler (13) and were further purified by 

affinity chromatography on a IIID12-5 (monoclonal antibovine 

IgGl) column. Preparations of slgA were made from bile and 

also colostral whey samples. Bile samples were diluted with 

phosphate buffered saline (PBS = 0.01 M phosphate and 0.15 M 

sodium chloride) and the immunoglobulin portion precipitated 

with 50% saturated ammonium sulphate. The precipitate was 

sedimented by centrifugation at 10,000 rpm for thirty 

minutes and then resuspended in PBS. The solution was 

dialyzed extensively against PBS at 4°G. The sample was 

then subjected to extensive size exclusion chromatography on 

a Sephadex G-200 (Pharmacia) column and assayed by 
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TABLE 3 

Antibodies and Working Dilutions Used in the Project 

Working 
Antibody Dilution 

IIIA8-1 1 100,000 

IIIA8-1-HRP 1 1000 

Monoclonal antibovine IgGl (IIID12-5) 1 50,000 

IIID12-5-HRP 1 2000 

Monoclonal antibovine IgG2* 1 10,000 

Monoclonal antibovine IgM (IC11-2) 1 50,000 

Monoclonal antibovine L.C. a  (IVH1-1) 1 50,000 

Monoclonal antibovine L.C. (IIIH9-1) 1 10,000 

Monoclonal antibovine S.C. b  (IIB12-9) 1 20,000 

Monoclonal antibovine S.C. (IIB12-2) 1 10,000 

Polyclonal Rb c  antibovine IgG** 1 2000 

Polyclonal Rb antibovine IgA** 1 1000 

Polyclonal Gt^ antibovine IgG 1 500 

Polyclonal Rb antigoat Ig e-HRP 1 2000 

Polyclonal Gt antirabbit Ig-HRP*** 1 4000 

Polyclonal Gt antimouse Ig-HRP*** 1 3000 

* Kindly furnished by Dr. A.J. Guidry 
** Pelfreez 

*** American Qualex International Inc. 
a) L.C. = light chain b) S.C. = secretory component 
c) Rb = rabbit d) Gt = goat 
e) Ig = immunoglobulin 
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Ouchterlony diffusion. Colostral whey samples were diluted 

1:2 with 5X PBS and slgA was separated by affinity chromato

graphy with a IIB12-9 (monoclonal antibovine secretory 

component) column. The use of jacalin to affinity isolate 

bovine IgA is discussed in Appendix A. 

Preparation of Monoclonal Antibodies 

Hybridomas were prepared by a modified method of Oi 

and Herzenberg (52). BALB/c mice were immunized 

subcutaneously (SC), intramuscularly (IM), and intraperi-

toneally (IP) with antigen suspended in Freund's complete 

adjuvant. Two to four weeks after the primary immunization 

the mice were boosted SC, IM, and IP with antigen suspended 

in Freund's incomplete adjuvant. After an additional two to 

four weeks, the mice were boosted again intravenously (IV) 

with antigen suspended in sterile 0.9% saline. Three days 

after the IV boost, the mice were sacrificed and their 

spleens removed aseptically. 

The spleen was gently teased to a single cell sus

pension. The spleen cells were then fused with NS-1 myeloma 

cells, which lack hypoxanthine-guanine phosphoribosyl 

transferase (HGPRT). The cells were fused in a 5:1 spleen 

to myeloma cell ratio with 35% PEG 1000. The fused cells 

were suspended in 1% hypoxanthine, aminopterin, thymidine 

(100X) with 20% fetal calf serm (FCS), 1% 2-mercaptoethanol 

(2-ME,100X), and 1% pen-strep glutamine (PSG) in IDME (HAT 
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media) and transfered to 96 well tissue culture plates, one 

drop per well. HAT media selects for hybrids by blocking 

the d£ novo nucleic acid synthesis pathway with the folic 

acid antagonist, aminopterin. NS-1 myeloma cells are unable 

to produce nucleic acid precursors by the salvage pathway 

and will die in HAT media. Non-fused spleen cells will not 

grow iji vitro and will also die. However, successful 

hybrids are able to produce nucleic acid precursors by the 

salvage pathway, substrates for which are the hypoxanthine 

and thymidine in the HAT media. The plates were incubated 

at 37°C in 5% CO2 and the cells were fed every two to 

three days by the addition of one drop of HAT media per 

well. 

After about two weeks of growing time visual 

colonies were usually established. Initial screening, by 

enzyme linked immunosorbant assay (ELISA), for specific 

antibody was performed at this time. Specific antibody 

producing colonies were transferred to 24 well tissue 

culture plates after approximately three weeks of growing 

time. The cells were then fed with 1% hypoxanthine and 

thymidine (100X), 15% FCS, 1% 2-ME and 1% PSG in IDME (HT 

media) The addition of aminopterin to the growth media is 

unneccesary at this time since all non-fused myeloma cells 

should be dead. When the cultures reached a cell density of 

5 3 
2-4 x 10 cells/ml they were transferred to 25 cm tissue 
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culture flasks and gradually taken off HT media with 15% 

FCS, 1% 2-ME and 1% PSG in IDME (15% FCS media). After 

establishment in flasks, cultures were diluted to 1 x 10"* 

cells/ml every two to three days. 

As soon as the positive cultures were growing well, 

the cells were cloned by limiting dilution. In cloning by 

limiting dilution, cells are distributed over a number of 

wells at a dilution so that some wells should no show 

cellular growth. Viable cells were counted and distributed 

in 96 well tissue culture plates at a rate of 1 cell per 

well in 20% FCS media. The use of feeder cells (ie. 

£ 

5 x 10 thymocytes/ml) is essential. After clones were 

visible as single colonies they were assayed for specific 

antibody by ELISA. Positive clones were moved to 24 well 

tissue culture plates and fed with 15% FCS media. When 

clones reached an adequate cell density (2-4 x 10^ cells/ml) 

3 
they were transferred to 25 cm tissue culture flasks. The 

clones were also characterized and subisotyped in an ELISA 

in order to determine the specificity and subclass of the 

specific antibody which was being produced. Characteriza

tion of the monoclonal antibovine antibodies used in this 

study is presented in Appendix B. Cells can be frozen at 

-70°C at this time in 90% FCS-10% dimethyl sulfoxide at a 

density of 1 x 10^ cells/ml. Monoclonal antibodies were 

named by their original parent well and clone numbers. For 



example, IIIA8-1 originated from fusion plate III, row A, 

column 8 and is clone 1. 

It is advantageous to induce ascitic tumors with 

stable hybridoma clones in order to produce a large amount 

of monoclonal antibody. BALB/c mice were primed with 0.5 

of 2,6,10,14-tetramethyl-pentadecane (Sigma) IP one to two 

weeks before 1-2 x 10^ hybridoma cells were injected IP. 

The tumor became apparent after two to three weeks. The 

mice were drained at this time and again every two to thre 

days. The collected ascitic fluid was centrifuged at 1500 

rpm for fifteen minutes in order to remove cells. The 

resultant supernatant contains the monoclonal antibody in 

high concentrations. The ascitic fluid was stored in ali-

quots at -70°C. A working dilution of the ascites was 

determined by titration in ELISA. 

Affinity Chromatography 

Affinity columns were prepared by coupling the 

monoclonal antibodies of interest (IIID12-5, IIIA8-1, 

IIB12-9) to Affi-gel 10 (Biorad), a preactivated, 

self-coupling support, by the method described in the Bior 

catalog (1985). An alternative coupling method which re

sults in improved antibody activity was developed and is 

presented in Appendix C. The columns were equilibriated 

with 5X PBS and stored at 4°C in 5X PBS with 0.1% sodium 

azide. The columns were prepared for chromatography by 
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washing alternatively with 5X PBS and 1.0 M acetic acid with 

0.85% sodium chloride until twenty column volumes of each 

buffer were used. The column was then washed with 5X PBS 

until the effluent, directly from the column, is free of 

residual, non-coupled protein (less than 0.01 absorbance at 

280 nm). After the buffer drained from the column the 

sample was applied and allowed to drain through the column. 

The column was washed again with 5X PBS until the effluent 

was free of protein as de sc ribed above. The bound protein 

was eluted by adding two C O  lumn volumes of 1. 0 M ac etic acid 

with 0.85% sodium chlorid e. The effluent was colle cted into 

a flask containing solid Tr is base (Sigma). Two co lumn 

volumes of 5X PBS was the n immediately added to the column 

followed by four column v ol umes of 0.85% sodi um chl oride. 

The effluent was collecte d in the same flask. The elution 

procedure was repeated to a ssure that all the bound protein 

had been eluted from the C O  lumn. The effluen t was adjusted 

to pH 8.0 and dialyzed at 4 °C against PBS, pH 8.0-8 .5. 

The protein solution was concentrated in an Amicon 

concentrator using membranes with a 30,000 molecular weight 

cutoff (PM-30 or YM-30 - Amicon). 

Preparation of Monoclonal Antibody-Enzyme Con lugates 

Monoclonal antibody-horseradish peroxidase (HRP) 

conjugates were produced by a modified method of Nakane and 

Kawaoi (53). Mouse ascites, which contained the monoclonal 
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antibody of interest (ie. IIID12-5 or IIIA8-1) was precipi

tated with 50% saturated ammonium sulphate. The precipitate 

was sedimented by centrifugation at 10,000 rpm for thirty 

minutes. The precipitate was resuspended in 10 mM sodium 

carbonate buffer, pH 9.5 and dialyzed extensively at 4°C 

against the same buffer. IgG concentrations were determined 

by absorbance at 280 nm using E28O = 14.9. HRP (2.5 mg) 

was dissolved in 0.5 ml of freshly made 300 mM sodium 

the HRP were 

-fluoro-2,4-di-

solution was mixed 

The carbohydrates 

aldehyde and 

ium periodate (in 

rty minutes at room 

ethylene glycol (in 

for one hour at 

dialyzed at 4°C 

sodium carbonate, 

lution) was added 

three hours at 

room temperature. Coupling takes place by the formation of 

Schiff's bases between the aldehyde groups an the HRP and 

the free, non-protonated amino groups on the IgG. The 

Schiff's bases are stabilized, via reduction, by the addi

bicarbonate, pH 8.1. The amino groups of 

irreversibly blocked with 0.05 ml of 1% 1 

chlorobenzene (in absolute ethanol). The 

gently for one hour at room temperature, 

of the HRP are then oxidized, to produce 

carboxyl groups, with 0.5 ml of 60 mM sod 

distilled water) and mixed gently for thi 

temperature. Fifty microliters of 1.6 M 

distilled water) was then added and mixed 

room temperature. The activated HRP was 

against three one liter changes of 10 mM 

pH 9.5. IgG (2.5 mg from the prepared so 

to the activated HRP and mixed gently for 
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tion of 2.5 mg sodium borohydride and incubation at 4°C for 

three to eighteen hours. The conjugate was dialyzed against 

PBS and if a precipitate formed, it was removed by centrifu-

gation. The conjugate was made for use in ELISA and 

therefore needs no further purification. A working dilution 

of the conjugate was determined by titration in an ELISA. 

Indirect Non-Competitive ELISA 

ribed the use and 

This method is used for 

ty. The assay entails 

priate number of wells 

(EIA) microtiter plate 

non-covalent adsorption 

c wells. The antigen 

0.5 M carbonate buffer 

er aliquots, into the 

te was incubated over-

three times with 

pH 8.2. The test anti

body was diluted in PBS-Tween and incubated one to two hours 

with the immobilized antigen at room temperature. The plate 

was washed again as described above. The plate was then 

incubated for one hour with enzyme (HRP) labeled antiimmuno

globulin which had been diluted in PBS-Tween (dilutions of 

the antibodies used in the ELISA tests are summarized in 

Yolken and Leister (54) desc 

advantage of this method of ELISA. 

the determination of antibody activi 

immobilizing the antigen to an appro 

in a polystyrene enzyme immunoassay 

(Dynatech). This is accomplished by 

of the protein antigen to the plasti 

was diluted to 5-10 micrograms/ml in 

pH 9.6, and pipeted, in 100 microlit 

wells of the EIA plate. The EIA pla 

night at 4°C. The plate was washed 

PBS-Tween (PBS with 0.5% Tween 20), 



23 

Table 3). The enzyme labeled antiimmunoglobulin binds to 

the test antibody which has bound to the antigen. After the 

plate was washed, enzyme activity was revealed by incubation 

with 0.001 M 2,2'-azino-di- (3-ethylbenzothiazoline-

6-sulfonate) (ABTS) (Sigma) in 0.01 M citrate, pH 4.2, to 

which had been added 10 microliters of 30% hydrogen peroxide 

per 10 ml of ABTS solution. The HRP acts on the peroxide 

substrate and, in turn, causes the ABTS to change color. 

Positive wells are indicated by a color change from a pale 

green to a dark green. The plates were read spectrophoto-

metrically on a microtiter plate reader (Flow Labs) at 

405nm. The indirect non-competitive ELISA was used to 

determine the reactivity of IIIA8-1 to different bovine 

immunoglobulin classes and subclasses, reactivity of 

different antibovine immunoglobulin antibodies to the 

IIIA8-1 binding protein, and also reactivity of IIIA8-1 to 

bovine lactoferrin (Sigma). The assay is illustrated with a 

non-immunoglobulin antigen in Figure 2 and with an immuno

globulin antigen in Figure 3. 

Antigen Specific ELISA 

An antigen specific ELISA was developed in order to 

detect antigen specific antibodies in various bovine 

samples. The assay is a modification of the indirect 



Figure 2. Indirect non-competitive ELISA with a non-
immunoglobulin antigen. O = antigen, 
^ = test antibody and = enzyme labeled 
antiimmunoglobulin. 
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Figure 3. Indirect non-competitive ELISA with an immuno
globulin antigen. -< = antigen,  ̂  = test 
antibody and u*-< = enzyme labeled antiimmunoglob
ulin. 
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non-competitive ELISA. Vaccines to several bovine bacterial 

and viral pathogens are centrifuged at 1500 rpm for 15 min

utes to remove the sediment. The supernatant was diluted in 

0.5 M carbonate buffer, pH 9.6 and used to coat the wells of 

an EIA plate (Dynatech) overnight at 4°C. The optimal 

dilutions of the vaccines were determined by titration in 

an ELISA using positive antisera, from adult cows for 

detection. Dilutions of the vaccines are summarized in 

Table 4. The immobilized vaccines were incubated for two 

hours with the test samples serially diluted (starting at 

1:5) in PBS-Tween. If specific antibodies for a vaccince 

were present in the sample they will bind to that vaccine 

immobilized on the EIA plate. The specific antibody was 

detected by incubation for one hour with goat antibovine IgG 

antibody diluted in PBS-Tween. The goat antibody was in 

turn detected by incubation for one hour with an antigoat 

IgG antibody-HRP conjugate (American Qualex) which had been 

diluted in PBS- Tween. Between each incubation plates were 

washed three times with PBS-Tween. The enzyme activity was 

revealed by incubation with ABTS-H2O2 as described 

earlier. The antigen specific assay is illustrated in 

Figure 4. 

Sandwich ELISA 

A sandwich ELISA was developed in order to determine 

if the IIIA8-1 binding protein, when bound to IIIA8-1, can 
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TABLE 4 

Working Dilutions of Bovine Vaccines for 
Antigen Specific ELISA 

Working 
Vaccine Dilution 

E. coli 1 200 

S. dublin 1 1000 

C. chauvoei 1 200 

C. perfringens 1 1000 

B. abortus 1 1000 

H. somnus 1 1000 

IBR/BVD/PI3 1 400 
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Figure 4. Antigen specific ELISA. O = antigen, 
•< = bovine test antibody, = goat anti-
bovine IgG and u>-< = enzyme labeled antigoat 
immunoglobulin. 
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also be recognized by other antibovine immunoglobulin 

antibodies. The assay consisted of coating the wells of an 

EIA plate (Dynatech) with IIIA8-1 diluted to 5 micrograms/ml 

in 0.5 M carbonate buffer, pH 9.6. The immobilized IIIA8-1 

was incubated for one hour with affinity purified IIIA8-1 

binding protein diluted to 5 micrograms/ml in PBS-Tween. 

The immobilized IIIA8-1 acts as a capture antibody and will 

bind to the IIIA8-1 binding protein causing the binding 

protein to become immobilized also. The IIIA8-1-IIIA8-1 

binding protein complex was then incubated for one hour with 

various antibovine antibodies diluted in PBS-Tween. Mouse 

monoclonal antibodies used in this step were conjugated to 

HRP. Non-mouse antibodies used in this step (ie. goat or 

rabbit) were detected in an additional one hour incubation 

with antigoat or antirabbit IgG antibodies conjugated to HRP 

and diluted in PBS-Tween. Between each incubation, plates 

were washed three times with PBS-Tween. The enzyme activity 

was revealed as described previously. The sandwich assay 

using a mouse secondary antibody is illustrated in Figure 5 

and using a non-mouse secondary antibody in Figure 6. 

.Competitive Binding ELISA 

A competitive binding ELISA was performed in order 

to determine how effectively free bovine lactoferrin (Sigma) 

inhibited the binding of IIIA8-1 to the IIIA8-1 binding 
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Figure 5. Sandwich ELISA using a mouse secondary antibody. 
"K a IIIA8-1, O « IIIA8-1 binding protein and 
u*-< = enzyme labeled mouse antibovine immunoglob

ulin . 
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Figure 6. Sandwich ELISA with a non-mouse secondary anti
body. -< = IIIA8-1, O = IIIA8-1 binding 
protein, = secondary antibody (goat or 

rabbit antibovine immunoglobulin) and 
= enzyme labeled antigoat or antirabbit 

immunoglobulin. 
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protein as compared to the inhibition caused by free IIIA8-1 

binding protein. Affinity purified IIIA8-1 binding protein 

was diluted to 5 micrograms/ml and used to coat an EIA plate 

(Dynatech) at 4°C overnight. The immobilized IIIA8-1 

binding protein was then incubated for one hour with IIIA8-1 

mixed with various concentrations of free lactoferrin or 

affinity purified IIIA8-1 binding protein diluted in 

PBS-Tween. The bound IIIA8-1 was detected after a one hour 

incubation with goat antimouse immunoglobulin conjugated to 

HRP diluted in PBS-Tween. Between each incubation, the 

plate was washed four times with PBS-Tween. The enzyme 

activity was revealed as described earlier. The competitive 

binding assay is illustrated in Figure 7. The plate was 

read on a microtiter plate reader (Flow Labs) at 405 nm. 

The percent inhibition was calculated by Equation 1. 

Equation 1: %I = (Abs.O - Abs.T / Abs.O) x 100% 

Where Abs.O -- absorbance with no competitive inhibitor added 

and Abs.T = absorbance with the test concentration of com

petitive inhibitor added. The inhibition curves were 

generated by plotting the % inhibition vs. concentration of 

free competitive inhibitor in moles/liter. 
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dh 3, 

Figure 7. Competitive binding ELISA. ® = IIIA8-1 
binding protein, "< = IIIA8-1, O = competi
tive inhibitor (IIIA8-1 binding protein or 
lactoferrin) and w-< = enzyme labeled antimouse 
immunoglobulin. The IIIA8-1 which binds to the 
competitive inhibitor is washed from the well and 
hence, the conjugate does not bind to the free 
complex. 
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Size-Exclusion Chromatography 

Size-exclusion chromatography was performed on a 

Sephacryl S-300 superfine (Pharmacia) column. The column 

was equilibriated with PBS. Samples were eluted with PBS 

and collected in 0.5 ml fractions. The progress of the 

column was monitored by absorbance at 280 nm. The collected 

fractions were assayed for IIIA8-1 or IIID12-5 (monoclonal 

antibovine IgGl) reactivity by ELISA. Molecular weights of 

the sample peaks were estimated from a standard linear plot 

generated from plotting the log of the molecular weights of 

high molecular weight size-exclusion standards (Pharmacia) 

vs. the elution time of each standard. 

SDS-Polyacrylamide Gel Electrophoresis 

Sodium dodecyl sulphate-polyacrylamide gel electro

phoresis (SDS-PAGE) gels were prepared by the discontinuous 

buffer method of Laemmli (55). A .10%, 0.75 mm resolving gel 

in Tris-HCl buffer with ImM dithiothreitol (DTT) (Sigma) at 

pH 8.8 was used with a 3% stacking gel in Tris-HCl buffer 

with 1 mM DTT at pH 6.8. The solubilizing _s^lution for the 

protein samples consisted of Tris-HCl buffer, pH 6.8 with 4% 

SDS, 2% glycerol, 1% of a 0.02% bromphenol blue solution and 

0.2 M DTT. The protein samples were diluted 1:2 in solubi-

lizing solution and boiled for ten minutes in order to 

reduce the samples. The samples were then applied to the 

gel and stacked for one hour at a constant current of 15 
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milliamps. The current was then increased to 25 milliamps 

and the gel was run for an additional one and a half to two 

hours. The running buffer consisted of a Tris-HCl buffer 

with 2.9% glycine, 0.1% SDS and 1 mM DTT. The gels were 

then stained with Coomassie G-250 by the method of Blakesly 

and Boezi (56) for three to twelve hours. Relative 

mobilities were calculated by dividing the mobility of each 

band by the length of the gel. Molecular weights of the 

sample bands were estimated from a standard linear plot 

generated from plotting the log of the molecular weights of 

low molecular weight electrophoresis standards (Pharmacia) 

vs. the relative mobility of each standard. 



CHAPTER 3 

DATA AND RESULTS 

Our ongoing studies of bovine immunology have led to 

the development of monoclonal antibodies to various bovine 

immunoglobulin classes, subclasses and components (ie. light 

chain, secretory component). We desired a monoclonal anti

body specific for bovine IgG2 to use to detect antigen 

specific IgG2 in different samples. Monoclonal antibody 

IIIA8-1 was generated from a BALB/c mouse immunized with an 

IgG2 preparation given to us, along with IgGl, IgA and IgM 

preparations, by Dr. W.A. Fleenor, IIIA8-1 was determined 

to be IgG2 specific by an indirect non-competitive ELISA. 

In this assay IIIA8-1 reacted with the original IgG2 

preparation and not with the original IgGl, IgA or IgM prep

arations . 

Activity of IIIA8-1 in an Antigen Specific ELISA 

IIIA8-1 was used in an antigen specific ELISA to 

detect specific antibody to several bovine pathogens. 

Bovine serum, milk and colostrum samples were tested. The 

results are presented in Table 5. 

IIIA8-1 was found to detect specific antibody 

in milk and colostrum samples, but not in serum samples. 

These data are inconsistant with reported concentrations of 

36 
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TABLE 5 

Detection of Antigen Specific Antibodies in 
Various Bovine Samples Using IIIA8-1 as the 

Secondary Antibody in an Antigen Specific ELISA 

The reactivity scale is based on absorbance at 405 nm with 
+ = weak reactivity (2 x background absorbance) to ++++ = 
very strong reactivity (5 or more x background absorbance), 
- = no reactivity (less than 2 x background absorbance). 

Antigen Serum Milk Colostrum 

E. coli +++ ++++ 

S. dublin +++ ++++ 

C. chauvoei +++ ++++ 

C. perfrinaens +++ ++++ 

B. abortus +++ ++++ 

H. somnus +++ ++++ 

IBR/BVD/PI- + ++ 

Im 
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IgGl and IgG2 in the body fluids which were tested (see 

Table 2). IgGl and IgG2 are found in approximately equal 

amounts in serum and IgGl is several times more prominent 

than IgG2 in milk and colostrum. It became apparent from 

the results of the antigen specific assay that IIIA8-1 was 

not detecting bovine IgG2 in the test samples. However, the 

IIIA8-1 binding protein did appear to be an immunoglobulin 

because it binds specifically to antigen. 

Physico-Chemical Characteristics 
of the IIIA8-1 Binding Protein 

The immunoglobulins in bovine milk, colostrum and 

serum samples were precipitated with 50% saturated ammonium 

sulphate. The precipitate was resuspended and dialyzed 

against 0.01M PBS. The immunoglobulin solutions were tested 

for IIIA8-1 reactivity in an indirect non-competitive ELISA. 

IIIA8-1 activity was found in the ammonium sulphate precipi

tates of milk and colostrum, but not of serum. This 

indicates that the IIIA8-1 binding protein coprecipitates 

with the immunoglobulin fraction of bovine milk and colo

strum when placed in 50% ammonium sulphate. 

Bovine colostral whey was subjected to separation on 

DEAE chromatography in order to obtain IgGl and IgG2 rich 

fractions. The fractions were tested in an indirect non

competitive ELISA in order to determine which fractions 

contained IIIA8-1 reactivity. The IIIA8-1 binding protein 
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was detected in the IgG2 rich fraction, but not in the IgGl 

rich fraction. Hence, the IIIA8-1 binding protein behaves 

on DEAE like bovine IgG2. 

Determination of the Class and Subclass 
of the IIIA8-1 Binding Protein 

IIIA8-1 was coupled to Affi-gel 10 (Biorad) in order 

to affinity purify the IIIA8-1 binding protein. The 

affinity purified protein was used in a sandwich ELISA. The 

secondary antibodies used were goat antibovine IgG, rabbit 

antibovine IgG, rabbit antibovine IgA, monoclonal a.ntibovine 

IgGl (IIID12-5) and IIIA8-1. The results are presented in 

Table 6. 

The protein captured by the IIIA8-1 coat in the 

sandwich ELISA was also recognized by both the rabbit and 

goat antibovine IgG's, the monoclonal antibovine IgGl and 

also IIIA8-1. This indicates that the IIIA8-1 binding 

protein is immunologically similar to bovine IgG, in 

particular IgGl, and not to bovine IgA. The data also 

indicate that the IIIA8-1 binding protein contains at least 

two binding sites for IIIA8-1 since there is positive 

reactivity for IIIA8-1 in the sandwich assay. 

The affinity purified IIIA8-1 binding protein was 

also tested in an indirect non-competitive ELISA for 

reactivity to several antibovine antibodies with known 

specificities. Antibodies with specificities to bovine IgG, 
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TABLE 6 

Reactivity of Several Antibovine Antibodies 
to Captured Affinity Purified IIIA8-1 Binding Protein 

in a Sandwich ELISA 

The reactivity scale is based on absorbance at 405 nm with 
+ = weak reactivity (2 x background absorbance) to ++++ = 
very strong reactivity (5 or more x background absorbance), 
- = no reactivity (less than 2 x background absorbance). 

Secondary antibody Reactivity 

Rabbit antibovine IgG +++ 

Goat antibovine IgG ++ 

Rabbit antibovine IgA 

Monoclonal antibovine IgGl-HRP +++ 

IIIA8-1-HRP ++++ 
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IgGl, IgG2, IgA, IgM, light chain, and secretory component 

were used. The results are presented in Table 7. Positive 

reactions were obtained with antibovine IgG, IgGl and light 

chain. Therefore, the IIIA8-1 binding protein contains IgGl 

and light chain determinants. 

Determination of the Molecular Weight 
of the IIIA8-1 Binding Protein 

The immunoglobulin fraction of colostral whey was 

precipitated with 50% saturated ammonium sulphate. The 

precipitate was resuspended and dialyzed against 0.01M PBS. 

The solution was subjected to size exclusion chromatography 

on a Sephacryl S300 superfine column (Pharmacia) and 0.5 ml 

fractions were collected. The fractions were analyzed by an 

indirect non-competitive ELISA for antibovine IgGl and 

IIIA8-1 activity. The activity was monitored by absorbance 

at 405nm/490nm on a microtiter plate reader (Flow Labs). 

The activity was plotted against the fraction number as 

shown in Figure 8. IIIA8-1 activity was found in two peaks 

corresponding to molecular weights of greater than 800,000 

and approximately 400,000. Antibovine IgGl activity was 

also found in these regions in addition to the expected 

large peak at a molecular weight of approximately 150,000. 

The affinity purified IIIA8-1 binding protein was 

also analyzed by size exclusion chromatography on a 

Sephacryl S300 superfine column. The column was monitored 



TABLE 7 

Reactivity of the IIIA8-1 Binding Protein 
to Antibovine Antibodies with Known Specificities 

The reactivity scale is based on absorbance at 405 nm with 
+ = weak reactivity (2 x background absorbance) to ++++ = 
very strong reactivity (5 or more x background absorbance), 
- = no reactivity (less than 2 x background absorbance). 

Test Antibody Reactivity 

IIIA8-1 +++ 

Rabbit antibovine IgG ++ 

Goat antibovine IgG +++ 

Monoclonal antibovine IgGl +++ 

Monoclonal antibovine IgG2 

Rabbit antibovine IgA 

Monoclonal antibovine IgM 

Monoclonal antibovine light chain ++ 

Monoclonal antibovine secretory component 



43 

1.6—i 

1.4-

150K 
•- Antl-bov lgQ1 activity 

— IIIA8-1 activity 

E 
c 
O 1,2-
0) 

E 
c 
io o 

1.0-

0.8-a> 
o 
c 
CQ 

•£ 0.6—} 
O 
« 

< 
0.4H 

0.2-

400K 

>800K 

i / 

I 
10 20 30 40 SO 

Fraction number 

i 
60 70 

T 
80 90 

Figure 8. Activity of IIIA8-1 and IIID12-5 (monoclonal 
antibovine IgGl) on size exclusion fractions of a 
colostrum sample. The molecular weight standards 
(Pharmacia) are A = aldolase (MW = 158,000), 
C = catalase (MW = 232,000), F = ferritin 
(MW = 440,000), T =» thyroglobulin (MW = 669,000), 
and B = blue dextran (MW = 2,000,000). 
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by absorbance at 280nm. The chromatogram is shown in Figure 

9. The affinity purified protein exhibitied two large peaks 

at molecular weights of greater than 800,000 and approxi

mately 400,000 and also a small peak at approximately 

80,000. 

Further molecular weight analysis was performed on 

the affinity purified IIIA8-1 binding protein by SDS-PAGE 

under reducing conditions with DTT. The affinity purified 

protein was compared to bovine IgG, IgA and bovine lactofer-

rin (Sigma). The gel is pictured in Figure 10. Three bands 

were observed for the IIIA8-1 binding protein at molecular 

weights of 77,000, 52,500, and 25,500. The 52,500 and 

25,500 molecular weight bands correspond to the heavy and 

light chain bands of bovine IgG and IgA. Bovine colostral 

lactoferrin runs at a molecular weight of 72,000, which is 

similar to the published value. 

From the combined molecular weight analyses, it 

appears that the IIIA8-1 binding protein has a molecular 

weight of approximately 400,000 and also occurs as 

aggregates. The molecular weight of approximately 400,000 

could be attributed to an IgGl dimer in association with an 

extra peptide chain with a molecular weight of approximately 

77,000. 
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Figure 9. Elution profile of a size exclusion separation of 
of affinity purified IIIA8-1 binding protein. 
Molecular weight standards (Pharmacia) are 
A = aldolase (MW = 158,000), C = catalase 
(MW = 232,000), F = ferritin (MW = 440,000), 
T = thyroglobulin (MW = 669,000) and B = blue 
dextran (MW = 2,000,000). 
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Figure 10. SDS-PAGE analysis of the IIIA8-1 binding protein. Lane 1 = low molecular 
weight standards (Pharmacia), lane 2 =affinity purified IIIA8-1 binding 
protein, lane 3 = bovine colostral sigA, lane 4 = bovine IgG1, 
lane 5 =bovine colostral lactoferrin (Sigma), lane 6 =bovine colostral 
sigA and lane 7 = bovine colostral whey. 
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Cross Reactivity of IIIA8-1 with Lactoferrin 

An indirect non-competitive ELISA was performed in 

which various antibovine antibodies were tested against a 

bovine colostral lactoferrin (Sigma) coat. The data are 

summarized in Table 8. The lactoferrin was slightly contam

inated with bovine IgGl as is evidenced by a low reactivity 

with a monoclonal antibovine IgGl. IIIA8-1 reacted strongly 

with the free lactoferrin. This cross reactivity of IIIA8-1 

could indicate that the 77,000 molecular weight peptide 

chain of the IIIA8-1 binding protein is a modified form of 

lactoferrin (molecular weight 72,000) and therefore, IIIA8-1 

also binds to free lactoferrin. 

A competitive binding ELISA was performed in which 

lactoferrin and the IIIA8-1 binding protein were compared in 

their ability to inhibit the binding of IIIA8-1 to a IIIA8-1 

binding protein coat. The inhibition curves are shown in 

Figure 11. The IIIA8-1 binding protein inhibits the binding 

of IIIA8-1 to the IIIA8-1 binding protein coat much more 

effectively than lactoferrin. The IIIA8-1 binding protein 

has a maximum inhibition of 90% where lactoferrin has a max

imum inhibition of 60%. It can be seen on the inhibition 

curves that it takes a lactoferrin concentration of 

3.8 x 10~® M in order to inhibit 50% whereas a IIIA8-1 

—8 
binding protein concentration of only 1 x 10" M inhibits 

at the same level. This indicates that the epitopes that 
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TABLE 8 

Reactivity of Several Antibovine Antibodies 
to Bovine Colostral Lactoferrin 

The reactivity scale is based on absorbance at 405 nm with 
+ = weak reactivity (2 x background absorbance) to ++++ = 
very strong reactivity (5 or more x background absorbance), 
- = no reactivity (less than 2 x background absorbance). 

Test antibody Reactivity 

IIIA8-1 +++ 

Rabbit antibovine IgG +/-

Monoclonal antibovine IgGl +/-

Monoclonal antibovine IgG2 -

Rabbit antibovine IgA -
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Figure 11. Competitive inhibition curves of free lacto-
ferrin • • and free IIIA8-1 binding protein 
> O competing with immobilized IIIA8-1 binding 
protein for free IIIA8-1. Each data point 
represents the average from triplicate assays. 
The standard error for each point was less than 
or equal to +/- 1%. 
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IIIA8-1 recognizes on the IIIA8-1 binding protein and on 

lactoferrin are not identical. However, this does not 

entirely rule out the possibility that the 77,000 molecular 

weight chain of the IIIA8-1 binding protein is a modified 

form of lactoferrin. It is possible that IIIA8-1 is spe

cific for an epitope created by the modification of the 

lactoferrin portion of IIIA8-1 binding protein, however 

IIIA8-1 can also react less effectively with the same, 

unmodified portion of free lactoferrin. Also, IIIA8-1 could 

be specific for an epitope created by a conformational 

change in the lactoferrin upon binding to the IgGl dimer 

which would also account for decreased specificity for free 

lactoferrin. However, the coss reactivity could also be 

fortuitous, caused by a similar epitope found on the 77,000 

molecular weight chain of the IIIA8-1 binding protein and 

lactoferrin. 

Summary 

Monoclonal antibody IIIA8-1 was generated from a 

BALB/c mouse immunized with a bovine IgG2 preparation. 

However, IIIA8-1 was determined not to be specific for IgG2. 

Instead, IIIA8-1 recognizes a unique protein complex in 

bovine milk and colostrum. The complex behaves like bovine 

IgG2 when subjected to DEAE chromatography and hence contam

inates IgG2 preparations from milk and colostrum. The 

IIIA8-1 binding protein complex is antigen specific and 
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chain and an extra 77,000 molecular weight chain. The 

complex appears to exist as an immunoglobulin dimer in 

association with an additional 77,000 molecular weight 

chain, which gives the complex an approximate molecular 

weight of 400,000. However, higher molecular weight 

aggregates have also been detected. The immunoglobulin of 

this complex was determined to be of the IgGl subclass. The 

77,000 molecular weight chain was also shown to be immuno

logically distinct from secretory component which is 

associated with bovine IgA. IIIA8-1 also cross reacts with 

bovine lactoferrin (72,000 molecular weight) and hence, the 

77,000 molecular weight chain of the IIIA8-1 binding protein 

may possibly be a modified form of lactoferrin. 



CHAPTER 4 

DISCUSSION 

We have identified a unique bovine protein complex 

which appears to consist of an IgGl dimer in association 

with an extra 77,000 molecular weight peptide chain. The 

77,000 molecular weight chain is immunologically similar to 

bovine lactoferrin. This raises questions as to whether an 

immunoglobulin-lactoferrin complex is biologically signifi

cant, a physical phenomenon or a laboratory artifact. 

Although the nature of the bonds holding the complex to

gether have not been identified, the complexes are not 

likely an arbitrary "sticking" of lactoferrin to IgGl 

dimers. As discussed in chapter 3, the complex has been 

identified on size exclusion chromatography of the immuno

globulin fraction of colostral whey. In addition, the 

complex has been affinity isolated from colostral whey. 

During the affinity isolation process, the molecule is 

subjected to harsh conditions which one would expect to 

interrupt weak interactions between molecules. After elu-

tion from the affini.ty column, the IIIA8-1 binding protein 

remains as a complex. These observations imply that the 

complex is found naturally in bovine colostrum and that the 



53 

IgGl dimer and the 77,000 molecular weight chain are asso

ciated strongly. Therefore, it appears that the complex is 

not due to the "sticking" of lactoferrin to IgGl dimers 

under laboratory conditions. 

Bovine IgGl and IgG2 predominantly occur as monomers 

in all body fluids in which they have been studied (10,15, 

17). However, IgGl and IgG2 dimers and higher polymers are 

observed in both serum and secretions (58,59). These higher 

IgG polymers appear spontaneously in preparations of the 

monomeric form (13). It has been shown that the aggregation 

of IgGl is concentration dependent with a self-association 

3 
equilibrium constant of 1.6 x 10 for colostral IgG and 

5.3 x 10 4  for serum IgGl (60). The self-aggregation of 

IgGl can be prevented by removal of the Fc fragment. Hence, 

the appearance of polymers of IgGl is attributed to self-

association through the Fc portion of the molecule. 

Evidence for the presence of J-chain in bovine IgG dimers 

has not been shown (13). 

Lactoferrin is an iron binding protein which is 

found in tears, colostrum and milk. One molecule of 

lactoferrin can bind two molecules of iron strongly. When 

not fully saturated with iron, lactoferrin has been shown to 

inhibit the growth of a variety of bacteria which require 

iron for their growth (61). Lactoferrin is therefore a 

nonspecific antimicrobial agent. Lactoferrin occurs in low 
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concentrations in bovine colostrum (2-5 rag/ml) and milk 

(0.1-0.5 mg/ml) (62), which is in contrast to much higher 

concentrations found in other animal species. However, the 

concentration of lactoferrin in bovine milk increases 

significantly during inflammation and/or infection of the 

lactating gland (62). 

It is of interest that in 1973 Butler reported the 

occurance of a bovine IgG2-lactoferrin complex in bovine 

colostral and milk whey (57). We found no IgG2 in the 

complex recognized by IIIA8-1. However, it is highly 

probable that the IgG2-lactoferrin complex reported by 

Butler is in fact the same complex recognized by IIIA8-1. 

Butler's conclusion was based on reactivity, in Ouchterlony, 

of polyclonal rabbit antisera specific for bovine IgGl, 

IgG2, and lactoferrin to DEAE chromatography fractions of 

bovine milk or colostral whey. The antibovine IgG2 antisera 

was produced from IgG2 isolated by DEAE chromatography. Our 

results have shown that the IgG2 rich fraction from DEAE 

chromatography also contains the IIIA8-1 binding protein, 

which is a bovine IgGl-lactoferrin complex. Hence, Butler's 

antibovine IgG2 polyclonal antisera most problably also 

contained antibodies to the IgGl-lactoferrin complex. He 

rendered his antibovine IgG2 antisera specific by passing 

the antisera over an affinity column coupled with bovine 

r 



55 

IgGl (isolated from the bound fraction on DEAE chromato

graphy). We have observed that IIIA8-1 does not bind to the 

IgGl rich fraction from DEAE chromatography. Hence, 

Butler's antibovine IgG2 antisera probably still contained 

antibodies to the IgGl-lactoferrin complex found in the IgG2 

preparation. Therefore, Butler determined that the immuno

globulin in the lactoferrin complex was IgG2 assuming that 

he had IgG2 specific antisera. The immunoglobulin-

lactoferrin complex identified by Butler also eluted from 

DEAE in the unbound fraction, typical of bovine IgG2 and 

also the IIIA8-1 binding protein. 

If the protein complex identified by IIIA8-1 is 

biologically significant, what roles does it play in the 

bovine immune system, and what is the purpose of the 77,000 

molecular weight chain in the complex? Currently, one might 

suggest two posibilities. First, if the 77,000 molecular 

weight chain is a modified form of lactoferrin, the complex 

may work synergistically against iron dependent bacterial 

infections. And secondly, the 77,000 molecular weight 

chain may play a role in the transferrence of IgGl from the 

serum into the colostrum similar to the role secretory 

component plays in the secretion of IgA. 

Bullen et al. (61) have reported that a specific 

antibody plus lactoferrin act synergistically to produce a 

powerful antimicrobial system. The antibody was thought to 
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interfere with the synthesis of enterochelin while lacto-

ferrin would maintain a very low free iron concentration 

which would deprive the iron dependent bacteria of a 

valuable nutrient. It has been reported that specific 

antibody, of the IgG class, to E. coli. an iron dependent 

bacteria, occurs in normal bovine colostrum (63,64). These 

studies also showed a synergistic bacteriostatic effect of 

IgG and lactoferrin in bacterial infections. The conclu

sions were made from studies in which IgGl and lactoferrin 

were added separately and together to bacterial suspensions. 

The IgGl-lactoferrin complex identified by IIIA8-1 could 

therefore be a highly effective way of insuring that 

specific antibody and lactoferrin are in proximity during a 

bacterial infection. The formation of the complex may be a 

highly specialized way of producing the optimum anti

microbial effect. Targeting of defense mechanisms is well 

known for other responses. For example, the targeting of 

phagocytes through Fc receptors on their cell surface which 

can bind to immunoglobulin bound to antigen. Phagocytes can 

also be targeted by the activation of complement which 

releases factors which are chemotactic to phagocytic cells. 

The 77,000 molecular weight chain could act as the 

IgGl receptor on the surface of mammary acinar epithelial 

cells and be involved in the specific transfer of IgGl from 

serum to colostrum. As stated earlier, there is evidence 
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that IgGl transport involves a vesicular mechanism within 

the cytosol of the acinar epithelial cells. This transport 

mechanism is analogous to the transport of IgA into secre

tions. Secretory component is found as a receptor on the 

surface of epithelial cells and binds to dimeric IgA (38). 

The complex is endocytosed and transferred through the 

cytoplasm in a vesicle. As the complex is secreted into the 

lumen, secretory component is cleaved enzymatically to 

release slgA at the lumenal surface (40). 

IgGl receptors on the surface of mammary epithelial 

cells have been well documented (27-29), but they have not, 

as of yet, been well characterized. Since the IgGl-

lactoferrin complex described here bears remarkable 

similarity to slgA (the molecule exists as a dimer in 

association with an extra peptide chain) it is possible that 

a similar transport mechanism is involved and the extra 

peptide chain found in association with the immunoglobulin 

dimer is a form of the IgGl receptor. However, not all of 

the IgGl in colostrum of milk is found in the dimeric form 

or in association with the 77,000 molecular weight chain. 

Therefore, dissociation of the 77,000 molecular weight chain 

from the complex may occur after transport. IgGl has been 

shown to have an equilibrium between the monomer and dimer 

form (60) and hence, after release of the 77,000 molecular 

weight chain the dimer would be free to revert to the 
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monomer form. Butler (57) reported a low molecular weight 

form of lactoferrin in bovine colostral and milk wheys. 

This may suggest that if the 77,000 molecular weight peptide 

chain is a modified form of lactoferrin, it may be degraded 

during or after dissociation from the complex after trans

port into the lumen. 

The immunoglobulin complex identified by monoclonal 

antibody IIIA8-1 could be a significant finding in the area 

of bovine immunology. In the bovine species, passive 

transfer of immunity in newborn calves is of paramount 

importance, since little to no placental transfer of immuno

globulins occurs. The selective transport of IgGl into 

colostrum, which occurs shortly before birth, appears to be 

a mechanism developed to insure transfer of immunity to the 

newborn calf. If IIIA8-1 does, in fact, recognize a portion 

of the IgGl receptor it would be a valuable tool in studying 

the exact mechanism of this selective transfer. When 

newborn calves are deprived of colostrum they die quickly. 

The infections they die of are quite often caused by enteric 

bacteria, typically coli. The IIIA8-1 binding protein 

complex could be a method of targeting lactoferrin to these 

organisms. Lactoferrin in conjunction with immunoglobulin 

is very effective in controlling these infections. There

fore, the IIIA8-1 binding protein complex could also be a 

highly specialized method of transfering immune factors to 



the newborn. Hence, further study of this protein could 

yeild some important insights into the study of ruminant 

immunology. 



APPENDIX A 

THE USE OF JACALIN TO PURIFY BOVINE IgA 

Jacalin is a lectin obtained from the seeds of 

jackfruit and binds to D-galactose. Jacalin appears to bind 

human serum IgA and colostral secretory IgA selectively and 

has been used to isolate human IgA (65). It has also been 

suggested that jacalin can be used to remove IgA which 

contaminates IgG preparations. The binding of jacalin to 

human IgA is likely related to the oligosaccharide sequence 

on human immunoglobulin molecules. Human IgM does not 

contain D-galactose. Human IgG does contain D-galactose as 

does human IgA. However, in human IgA, the D-galactose is 

the terminal sugar. Whereas, in human IgG, N-acetyl-

neuraminic acid is the terminal sugar (66). 

Jacalin coupled to an affinity support is commer

cially available (Pierce). Bovine colostrum diluted 1:2 in 

PBS was applied to a jacalin affinity column in order to 

purify bovine IgA. The jacalin binding protein was eluted 

with 0.1 M melabiose which is a specific jacalin binding 

sugar and will compete with the bound protein. The affinity 

chromatogram of the jacalin binding protein is shown in 

Figure 12. The eluted protein was dialyzed against PBS, 

pH 7.5. The jacalin binding protein was analyzed in an 
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Sample 
Application 0.1 M Meliblose 

ELUTION VOLUME 

Figure 12. Chromatogram of a colostrum sample applied to a 
jacalin affinity column. 
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indirect non-competitive ELISA in order to determine the 

reactivity of several antibovine antibodies to the isolated 

protein. The results are presented in Table 9. The 

proteins eluted from the jacalin column consisted of IgA, 

IgGl and IgG2. Hence, the use of jacalin is not an 

effective method to affinity isolate bovine IgA. 
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TABLE 9 

Binding of Antibovine Antibodies to Jacalin Binding Protein 

The reactivity scale is based on absorbance at 405 nm with 
+ = weak reactivity (2 x background absorbance) to ++++ = 
very strong reactivity (5 or more x background absorbance), 
- = no reactivity (less than 2 x background absorbance). 

Test Antibody Reactivity 

Rabbit antibovine IgA ++++ 

Monoclonal antibovine secretory component +++ 

Goat antibovine IgG ++ 

Monoclonal antibovine IgGl ++ 

Monoclonal antibovine IgG2 + 

Monoclonal antibovine IgM -

Monoclonal antibovine light chain +++ 



APPENDIX B 

CHARACTERIZATION OF MONOCLONAL ANTIBOVINE ANTIBODIES 

Monoclonal antibovine antibodies IIID12-5 (anti-

bovine IgGl) and IVH1-1 (antibovine light chain) have been 

characterized previously by our laboratory (67). Other 

monoclonal antibovine antibodies were characterized by 

reactivity in indirect non-competitive and sandwich ELISA 

systems. The results are listed in Table 10. 

Monoclonal antibovine light chain (IIIH9-1) was 

generated from a BALB/c mouse immunized with a bovine 

slgA preparation. The specificity of IIIH9-1 was determined 

in an indirect non-competitive ELISA in which bovine IgGl, 

IgG2, slgA and IgM were used as antigen coats in individual 

assays. IIIH9-1 was observed to react with all of the 

bovine immunoglobulin coats. This type of reactivity could 

be explained if the specificity of IIIH9-1 was bovine light 

chain. To confirm this suspicion, IIIH9-1 was tested in an 

non-competitive ELISA with a bovine light chain preparation, 

prepared from bovine IgG by the method of Stanworth and 

Turner (68), used as the antigen coat. IIIH9-1 had positive 

reactivity to the bovine light chain preparation and was 

determined to be specific for bovine light chain. 

Monoclonal antibody IC11-2 (antibovine IgM) was 

generated from a BALB/c mouse immunized with a bovine IgM 
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TABLE 10 

Specificities of Monoclonal Antibovine Antibodies. 

The reactivity scale is based on absorbance at 405 nm with 
+ = weak reactivity (2 x background absorbance) to ++++ = 
very strong reactivity (5 or more x background absorbance), 
- = no reactivity (less than 2 x background absorbance), 
n.t. = not tested. mlgA = monomeric IgA. L.C. = light 
chain. 

Monoclonal 
Antibody IgGl IgG2 slgA mlgA IgM Free L.C. 

IIID12-5 

IVH1-1 

IIIH9-1 

IC11-2 

IIB12-2 

IIB12-9 

++++ 

++++ 

++++ 

++++ 

++++ 

++++ 

++++ 

++++ 

++++ 

n.t. 

n.t. 

n.t. 

n.t. 

++++ 

++++ 

++++ 

n.t. 

++++ 

++++ 

n.t. 

n.t. 

n.t. 
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preparation. The specificity of IC11-2 was determined in an 

indirect non-competitve ELISA similar to the assay performed 

on IIIH9-1. IC11-2 was found to react with the bovine IgM 

preparation used as an antigen coat and not with bovine 

IgGl, IgG2 or slgA antigen coats. Hence, IC11-2 was 

determined to be specific for bovine IgM. 

The monoclonal antibovine secretory component 

antibodies, IIB12-2 and IIB12-9, were generated from a 

BALB/c mouse immunized with bovine slgA,prepared from bovine 

bile as described in Chapter 2. Their specificity was 

determined by a series of indirect non-competitive ELISA's. 

Originally, they were tested in a similar assay as the other 

monoclonal antibovine antibodies. IIB12-2 and IIB12-9 were 

observed to react only with a slgA antigen coat. IIB12-2 

and IIB12-9 were later tested in an indirect non-competitive 

ELISA using monomeric IgA (the preparation was provided by 

Dr. A.J. Guidry), not associated with secretory component, 

as an antigen coat. IIB12-2 and IIB12-9 were found not to 

react with monomeric IgA and hence, their specificity was 

determined to be for bovine secretory component. 

All of the monoclonal antibovine antibodies were 

subisotyped using a sandwich ELISA system. Polyclonal goat 

antimouse antibody was used as the capture antibody coat. 

Supernatant from the monoclonal antibody cell cultures were 

diluted 1:2 in PBS-Tween and incubated with the immobilized 
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capture antibody. The secondary antibodies used were rabbit 

polyclonal antimouse subisotype antibodies. The plates were 

developed with goat antirabbit immunoglobulin conjugated to 

HRP. The results are listed in Table 11. All of the mono

clonal antibovine antibodies used were of the IgG class. 
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TABLE 11 

Subistotypes of Monoclonal Antibovine Antibodies 

The reactivity scale is based on absorbance at 405 nm with 
+ = weak reactivity (2 x background absorbance) to ++++ = 
very strong reactivity (5 or more x background absorbance), 
- = no reactivity (less than 2 x backgorund absorbance). 

Monoclonal 
Antibody IgGl IgG2a IgG2b IgG3 IgA IgM 

IIID12-5 +++ -

IVH1-1 - +++ 

IIIH9-1 +++ -

ICll-2 +++ -

IIB12-2 +++ -

IIB12-9 +++ 



APPENDIX C 

AN ALTERNATIVE METHOD OF COUPLING 
MONOCLONAL ANTIBODIES TO AFFINITY SUPPORTS WHICH RESULTS IN 

IMPROVED ANTIBODY ACTIVITY 

Affi-Gel 10 (Biorad) is a self coupling activated 

support which contains N-hydroxysuccinimide esters attached 

to a crosslinked agarose gel bead support. Coupling of 

antibodies to Affi-Gel 10 occurs through the amino groups on 

the antibody. A common problem of coupling monoclonal anti

bodies to Affi-Gel 10 is that a severe loss of activity 

occurs. This is presumably because coupling occurs at a 

primary amine which is in proximity to the antigen bind

ing site of the antibody. Thus, if the antibody is 

coupled at the binding site it cannot bind its antigen. 

Some monoclonal antibodies, when coupled to Affi-Gel 10, 

sustain a substantial loss in activity which makes affinity 

purification of their specific antigens a long and tedious 

process. Other monoclonal antibodies, however, do not 

sustain as significant a loss of activity which is probably 

due to less reactive amino groups at the antigen binding 

site. This problem of loss of activity is not significantly 

observed with polyclonal antisera which is most likely due 

to the variety of antibodies found in the antisera and 

differences in the reactivity of the amino groups in their 

69 
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binding sites. We have developed a method in which mono

clonal antibodies are coupled to an affinity support with an 

increase in antibody activity 

It appeared to be advantageous to avoid coupling 

monoclonal antibodies to affinity supports through amino 

groups. Therefore, we decided to try coupling through 

carboxyl groups on the protein. Affi-Gel 102 (Biorad) is an 

affinity support which contains an amino fuctional group 

coupled to crosslinked agarose through a 6-atom spacer arm. 

It is used to couple ligands which contain a carboxyl group 

using l-ethyl-3-(3dimethylaminopropyl) carbodiimide hydro

chloride (EDAC) reagent. The reaction involves two 

simultaneous steps: 1) the activation of carboxyl groups on 

the ligand by the EDAC reagent and 2) the displacement by 

the nulceophile (R-NI^) which releases the EDAC reagent as 

a soluble urea derivative. The problem with directly 

coupling a monoclonal antibody to Affi-Gel 102 is that since 

the reactions of the two steps occur simultaneously 

crosslinking of antibody molecules through their own amino 

and carboxyl groups can occur. Therefore, the amino groups 

on the antibody molecule had to be reversibly blocked. 

This would allow the antibody to couple only to the amino 

groups on the Affi-Gel 102 support and after coupling 

occured, the blocked amino groups on the antibody could be 

unblocked. The blocked amino groups have to be stable at pH 
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4.7-5.0, the pH at which the EDAC reaction takes place. 

Also, unblocking of the amino groups must be acheived by a 

gentle means to avoid denaturing the antibody. Braunitzer 

et al. (69) described a method in which amino groups on 

protein were reversibly blocked with tetrafluorosuccinic 

anhydride (K & K Labs). The blocked groups were stable in 

acid pH and were unblocked by raising the pH to 8.0. This 

method seemed ideal for the blocking of amino groups on 

antibody molecules before coupling to Affi-Gel 102. 

Monoclonal antibody IIIA8-1 sustained a significant 

loss of activity when coupled to Affi-Gel 10. Therefore, we 

coupled IIIA8-1 to Affi-Gel 102. IIIA8-1 was precipitated 

with 50% ammonium sulphate and dialyzed extensively against 

PBS, pH 6.5. The concentration of the IIIA8-1 solution was 

determined by absorbance at 280 nm, using E 2 q q  = 1.49. 

The amino groups on IIIA8-1 were blocked with tetrafluoro-

succinic anhydride by the method of Braunitzer (69). The 

blocked protein was dialyzed against PBS, pH 6.5 and then 

coupled to Affi-Gel 102 by the method described in the 

Biorad catolog. After coupling was completed, the column 

was washed extensively with PBS, pH 8.0, in order to unblock 

the amino groups. IIIA8-1 coupled with approximately a 77% 

coupling efficiency to Affi-Gel 102 as compared to approxi

mately 98% efficiency to Affi-Gel 10. However, when 

Affi-Gel 10 and Affi-Gel 102 columns coupled with an equal 
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amount of IIIA8-1 were compared, a ten-fold increase in 

yield of IIIA8-1 binding protein was obtained from the 

Affi-Gel 102 column as compared to the Affi-Gel 10 column. 

Therefore, even though the coupling efficiency is slightly 

decreased when coupling blocked IIIA8-1 to Affi-Gel 102 a 

ten-fold increase in activity is obtained. The results of 

the comparision of the two columns are presented in Table 

12. 
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TABLE 12 

Comparision of IIIA8-1 Coupled to 
Affi-Gel 10 and Affi-Gel 102 

Amount of Total Yield 
Affinity IIIA8-1 Coupling of IIIA8-1 
Support Coupled Efficiency 3  Binding Protein 

Affi-Gel 10 20 mg 98 % 0.4 mg 

Affi-Gel 102 20 mg 77 % 4.0 mg 

a. As determined by total protein determination before and 
after coupling. 
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