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ABSTRACT 

Soluble antigens were extracted from Brucella abortus  

strain 544/W using a number of chemical agents. Sodium 

dodecyl sulphate (SDS) extracts contained several antigenic 

components which were precipitated by pooled sera from 

infected but not vaccinated cattle. This extract was 

used in solid phase immunofluorescence and passive haem-

agglutination systems to ascertain whether differentiation 

between characterised bovine sera from infected and 

vaccinated animals was possible. These experiments 

gave accurate identification of the infection status 

of animals in 95% of sera tested. A similar level of 

discrimination between these two groups was not possible 

using bacterial tube agglutination tests, particularly 

in the case of animals immunised with strain 19 vaccine. 

The relationship between the antigenic components reactive 

in these diagnostic systems and those producing lines 

in immunoprecipitation techniques was investigated and 

purification of selected precipitable components attempted 

by several biochemical and immunological methods. Further 

studies on affinity purified antigen preparations led 

to identification of a non-precipitable component present 

in both crude and 'purified' preparations, which was 

responsible for serological discrimination between infected 

and vaccinated cattle in both the diagnostic systems 

developed. 



The physicochemical nature of the non-precipitable component, 

'purified' precipitable antigen preparations and the 

crude SDS extract of strain 544/W was studied. The 

location within the intact bacterial cell of antigens 

characterised in this study was identified. 

The distribution of selected precipitable and non-precipi-

table antigens amongst representative virulent and vaccine 

strains of Br. abortus was investigated. 

The relationship between selected antigens and those 

described by other authors are discussed and possible 

mechanisms underlying their differential reactivity 

with bovine sera from infected and vaccinated animals 

are proposed. 
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CHAPTER 1. INTRODUCTION 

1.1 Historical background  

During the second half of the 19th century abortion 

in cattle was becoming increasingLcommon, particularly 

in countries which were developing their dairy industries 

to cope with expanding populations. A committee appointed 

by the Highland and Agricultural Society of Scotland 

to investigate this condition, soon proved its 'active' 

transmission between animals and the causative agent 

of transmissible abortion was then demonstrated by Bang 

and Stribolt in Denmark. The role of 'Bangs bacillus' 

(1897) as the causative organism in bovine contagious 

abortion was confirmed by Preisz (1903) and Nowak (1908) 

on the Continent, by McFadyean and Stockman (1909) in 

England and by MacNeal and Kerr (1910) in America. 

In the last two decades of the nineteenth century another 

disease, known variously as Mediterranean fever, Malta 

fever, Rock fever or Undulant fever was responsible 

for a high incidence of morbidity and considerable mortality 

amongst the British army and navy personnel in Malta 

and also amongst the island's civilian population. 

The cause of this disease was elucidated in 1886 when 

David Bruce, a British Army doctor, detected small cocci 

in post-mortem spleen preparations from fatal cases 
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and in 1887 isolated the organism, which was then designated 

Micrococcus-melitensis. 

In 1904 the Royal Society appointed a Mediterranean 

Fever Commission to investigate the prevalance of the 

disease amongst British forces in Malta and in the following 

years Zammit and Horrocks demonstrated independently 

that Micrococcus-melitensis was carried by goats on 

the island and present in their milk. The Mediterranean 

Fever Commission therefore recommended prohibition of 

consumption of goats milk and its products amongst British 

servicemen. This action resulted in a fall in the incidence 

of the disease from 916 cases with 23 deaths in 1905 

to 21 cases with 1 death in 1907, compared to 663 cases 

with 83 deaths and 714 cases with 78 deaths for the 

same period amongst the civilian population who continued 

to consume untreated goats milk products. 

Demonstration of the close cultural and antigenic relation-

ship between Micrococcus melitensis and Bang's bacillus 

by Alice Evans in 1918 led Meyer and Shaw to name these 

organisms after Bruce, under the genus Brucella, the 

species responsible for disease in goats being designated 

Brucella-melitensis and the species which caused abortion 

in cattle, Brucella_abortus. Both species were also 

able to infect man causing the disease known as 'undulant 

fever' (Bevan 1921 - 22). 
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1.2. Brucellosis-Eradication_Schemes-in_Great_Britain 

Brucellosis eradication schemes in Great Britain commenced 

in 1905 when a departmental committee was set up by 

the Board of Agriculture and Fisheries to investigate 

various aspects of the disease. Experimental work carried 

out by this committee resulted in publication of 3 reports 

(1909, 1910, 1913) which suggested methods for diagnosis 

of brucellosis and recommended control measures to prevent 

spread of the disease. The Epizootic Abortion Order 

of 1920 enforced similar measures and in 1933 the Brucellosis 

Committee of the Agricultural Research Council began 

eradication trials using the bacterial tube agglutination 

test with slaughter of reactors. 

Immunisation against the disease was initiated in 1905 

by inoculation of non-pregnant cattle with low doses 

of virulent smooth cultures of Br—abortus. The use 

of this vaccine was not permitted in brucella-free or 

tuberculin-tested herds however, and all pregnant cows 

were immunised with a vaccine containing heat killed 

cells of the same type. These early vaccines afforded 

only limited protection and their use was discontinued 

with the introduction in 1940 of strain 19 vaccine, 

a low virulence strain developed in America in the late 

1930's (Section 1.4.) . 
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In 1942, the Ministry of Agriculture established a free 

diagnostic service for brucellosis with strain 19 vaccina-

tion of non-infected cattle. Routine vaccination of 

all calves with strain 19 was introduced in 1944. 

Compulsory eradication was commenced with the Brucellosis, 

Eradication Scheme and Area Eradication Schemes of 1972 

and in 1977 immunisation of non-infected adult cattle 

with strain 45/20 (Section 1.4.) was introduced in herds 

where infected animals had been serologically identified 

and removed. 

1.3. Current_Eradication_Schemes_for_bovine_brucellosis 

Several countries other than Great Britain have also 

introduced eradication schemes for bovine brucellosis. 

Denmark actually achieved eradication in 1957, the same 

year that Canada introduced a national eradication scheme. 

The United States of America began eradication programmes 

in the 1930's, but did not adopt a national scheme until 

1947. Australia, France and the Republic of Ireland 

all adopted eradication schemes in 1966 followed by 

Mexico and New Zealand in 1971 (Crawford and Hidalgo, 

1977). 

Eradication schemes have been adopted by these countries 

mainly for economic reasons. Considerable financial 
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loss is attributable to brucellosis in any country where 

beef or dairy farming or their allied industries are 

economically important. These financial losses result 

from loss of calves by abortion, lowered milk production, 

replacement costs for slaughtered cattle and infertility 

of animals due to inapparent infection with the disease. 

Brucellosis eradication also has an important public 

health aspect. The disease is readily transmissible 

from infected cattle to man and so represents a classical 

zoonosis. Groups particularly at risk from direct infection 

are farmers, agricultural workers and their families, 

employees in slaughter houses, meat processing, leather 

and other allied industries and veterinary surgeons. 

People living in rural areas are at risk from indirect 

infection by consumption of untreated milk or dairy 

products. 

Current eradication schemes in other countries operate 

on a similar basis of vaccination followed by 'test 

and slaughter', to that employed in Great Britain. 

The success of this type of scheme depends on effective 

vaccines and reliable diagnostic tests. These parameters 

will therefore be considered separately. 

1.4. Vaccination.. against_bovine_brucellosis 

Two types of vaccine designated strain 19 and strain 
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45/20 are currently employed by countries adopting eradica-

tion schemes. 

Strain 19 was developed in the late 1930's in America 

as a strain of reduced virulence which produced good 

immunity in calves when injected as a living vaccine. 

This vaccine strain was adopted for use in Britain in 

1940. Research carried out into the stability of strain 

19 vaccine and the degree and duration of immunity produced 

in calves showed that the strain did not revert to a 

more virulent form and that a single dose of vaccine 

in calves protected them over a period of five lactations 

with no necessity for re-vaccination (Wilson-Taylor 

and McDiarmid, 1949). More recent work has shown that 

only 70% protection is afforded by this vaccine; however 

when most of the female cattle in a heavily infected 

area are vaccinated, the prevalance of brucellosis is 

greatly reduced (Alton, 1978). Furthermore bacteriologi- 

cally demonstrable infections with low virulence organisms 

do occasionally become established as a result of strain 

19 vaccination (WHO Report, 1971; Diaz et al., 1979). 

Strain 45/20 vaccine was developed by McEwen and Roberts 

(1936), though the strain was obtained originally by 

passage in guinea pigs of strain 45, derived from bovine 

material prior to 1922. After a series of trials in 



21 

guinea pigs (McEwen and Priestley, 1938) and in heifers 

(McEwen, 1940b), 45/20 was selected on the basis of 

its favourable residual virulence, its immunogenicity 

and its roughness with consequent inability to produce 

agglutinins. Subsequently it was issued in Great Britain 

by the Ministry of Agriculture as its No. 2 Br. abortus  

vaccine, No. 1 being strain 19. As with other living 

brucella vaccines, strain 45/20 caused abortions when 

inoculated into pregnant cattle but in this instance 

a change also occured in the character of the organism, 

fully virulent bacteria being recovered from the cyetic 

products (McEwen, 1940a). These undesirable character- 

istics were confirmed by Edwards et al.(1945) and Wilson Taylor 

and McDiarmid (1949) who showed that this strain could 

rapidly revert to a fully virulent form during passage 

in pregnant cows. The use of strain 45/20 as a living 

vaccine was therefore discontinued. 

In 1955, McEwen and Samuel produced evidence that killed 

strain 45/20 in water:oil adjuvant conferred good immunity 

in guinea pigs. This was confirmed by McDiarmid and 

Sutherland (1957) and in 1962, McDiarmid reported that 

such a vaccine produced immunity in cattle comparable 

with that conferred by strain 19. 

In France, Goret et al.(1962) used strain 45/20 vaccines 

in the field. These authors detected no rise in serum 
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agglutination titres of cattle after vaccination but 

showed that considerable protection had been afforded. 

In Holland, towards the end of the Dutch eradication 

scheme, several thousand cattle were vaccinated with 

a killed 45/20 adjuvant vaccine. Roerink (1966) described 

the development, manufacture and characteristics of 

this vaccine which can be used safely on cattle at any 

age regardless of the stage of pregnancy. Two doses 

of vaccine are required and cattle must be at least 

six months old when first vaccinated to obtain maximum 

protection. Persistant local swellings often develop 

at the inoculation site, especially after the second 

dose of vaccine; these lesions vary greatly in size 

but generally are not unacceptable (Alton, 1978). 

1.5. Diagnostic_tests_for_bovine_brucellosis 

Serological tests for discrimination between infected 

and non-infected or vaccinated cattle employed in brucellosis 

eradication schemes, include the buffered antigen agglutina- 

tion test (Rose-Bengal Plate Test - RBPT: Rose and 

Roepke, 1957; Morgan et al., 1969; Nicoletti, 1969; 

Davies, 1971), the bacterial tube agglutination test 

(serum agglutination test - SAT: Alton et al., 1975) 

the complement fixation test (CFT: McKinnon, 1963; 

McPherson, 1974) and the Coombs antiglobulin test (Coombs, 
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1945; Cunningham, 1968). All these systems involve 

the use of fixed intact Br—abortus cells. 

Examination of bovine sera by several authors has suggested 

that these different test systems exhibit differing 

sensitivities to the various classes of antibodies in 

bovine sera. Allan et al.(1976) and Patterson et al.(1976) 

fractionated bovine sera from infected and strain 19 

vaccinated animals to show that agglutination reactions 

were largely dependent on IgM. The results of the former 

authors showed that both the SAT and RBPT were ten times 

more sensitive to IgM antibodies than to either IgG1  

or IgG2, (the two major subclasses of IgG) a phenomenon 

previously indicated by the work of Kulshrestha et al.(1973) 

and Levieux (1974). Rice and Boyes (1971) used similar 

fractionation methods to demonstrate that both IgM and 

IgG2  were responsible for SAT reactions, an observation 

later confirmed by Diaz and Levieux (1972). 

Studies by Beh, (1973, 1974) have indicated that IgM, 

IgG1  and IgG2  are all reactive in the RBPT, whilst Corbel 

has reported that IgG1  is the only immunoglobulin reactive 

in this system (Corbel, 1972a, b, 1973a; Wood and Corbel, 

1973). 

Complement fixation tests should be more sensitive to 

IgM than IgG. Complement fixing activity has been shown 
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in bovine IgGI(Curtain, 1971; Cho and Ingram, 1972) 

though Allan et al.(1976) demonstrated that purified 

bovine IgM fixed complement twice as efficiently as 

bovine IgG, on a weight for weight basis. The results 

of other authors have shown that the CFT detects both 

IgM and IgG1, but not IgG2  (Patterson et al., 1976; 

Corbel, 1972b; Beh, 1973). 

Coombs antiglobulin tests detect all classes of antibody, 

including 'incomplete' antibodies not reactive in aggluti-

nation or complement fixation systems (Cunningham, 1977). 

These antibody classes include IgG1  and IgG2  (Diaz and 

Levieux, 1972; Cunningham, 1977). 

The foregoing discussion suggests that although various 

authors consider that current serological tests show 

differential sensitivity with antibody of certain immuno-

globulin classes or subclasses, they all seem to detect 

specific antibody from each of the major immunoglobulin 

classes. These tests should therefore discriminate 

between sera from infected and non-infected or vaccinated 

cattle by quantitative differences in total specific 

antibody rather than qualitative differences in particular 

classes of specific antibodies between the two states. 

Though the predominant antibody produced after vaccination 

is IgM whereas the predominant antibody produced following 

natural infection is IgG (Rose and Amerault, 1964; 
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Rose et al., 1964; Rose and Roepke, 1964; Rice et 

al., 1966b; Elberg, 1973; Beh, 1974; Jones, 1977), 

both IgM and IgG have been detected in sera from chronically 

infected animals (Rice and Boyes, 1971). Furthermore, 

high levels of both IgM and IgG have been demonstrated 

in bovine sera following vaccination with strain 19 

Br. abortus (Cunningham, 1968; Alton, 1978) 

1.6. The_effect_of-antibodies-.produced_in_response 

to_immunisation on_diagnostic_tests 

Immunisation of cattle with strain 19 vaccine results 

in production of antibodies which are reactive in serological 

tests (Corbel, 1972b; Nicoletti et al., 1978a, b; 

Diaz et al., 1979). These antibodies are less persistant 

if the vaccine is given before the animal reaches the 

age of puberty, though vaccination of very young calves 

is ineffective due to the effect of maternal antibody 

levels (Alton, 1978). In practice, vaccination is generally 

restricted to animals aged between 3 and 8 months. 

Vaccination with strain 19 at this age can still result 

in significantly high levels of serum IgM and IgG however, 

which may be more reactive in some diagnostic tests 

than others (Cunningham, 1968). Both the SAT and CFT 

may remain positive for a considerable period of time 

after vaccination. Alton (1978) noted that sera from 

calves vaccinated with strain 19 at six months of age 
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often gave positive SAT results for up to eighteen months, 

whereas the CFT titre had returned to normal in the 

majority of cases six months after vaccination. In 

a small proportion of these animals (less than 1%) however, 

persistant positive CFT reactions resulted from strain 

19 vaccination. 

The serological response to vaccination with strain 

45/20 is limited (Roerink, 1966; Corbel, 1972a, b). 

There is very little response to either dose of vaccine 

but though production of agglutinating antibody is generally 

minimal, a few animals may show borderline positive 

reactions in the RBP and SAT for up to four months 

after the second inoculation. The effect of strain 

45/20 vaccination on CFT titres is more pronounced and 

a small proportion of vaccinated cattle give positive 

results for 12 - 15 months (Roerink, 1966; de Keyser 

and Florent, 1967; Alton, 1978). CFT reactions after 

45/20 vaccination in cattle previously vaccinated with 

strain 19 are even more frequent and more prolonged 

(Morgan and McDiamid, 1968; Waghela and Philpott, 1976). 

1.7. The_need-for_improved_diagnostic_tests.for-bovine 

brucellosis  

Immunisation of cattle with either strain 19 or 45/20 

vaccines causes production of antibodies which may give 
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positive reactions in currently employed serological 

tests for considerable periods of time. Under current 

eradication schemes, many of these animals would be 

classified as infected reactors and slaughtered, adding 

to the pre-existing financial loss to farmers due to 

brucellosis. Chappel et al. (1978) assessed the number 

of false positive and negative reactions shown by the 

SAT and CFT with 1887 RBPT positive bovine sera from 

infected and non-infected animals vaccinated with strain 

19 as calves. These authors estimated that the SAT 

showed 35% false positive and 5% false negative results 

and the CFT 5 - 12% false negatives, depending on whether 

cold or warm fixation was employed. A combination of 

both SAT and CFT on sera resulted in an estimated false 

positive rate of 2% and false negative rate of 9%. 

This high level of false negatives is even more disturbing 

than the number of false positives, as failure in detection 

of an infected cow in a herd could result in that animal 

spreading its infection throughout the herd. 

1.8. Development-.of_improved.diagnostic-tests_for_bovine 

brucellosis  

A great deal of research has been performed in attempting 

to improve this clearly unsatisfactory situation. One 

approach to the problem, namely the study of immunoglo-

bulins produced by cattle in response to natural infection 
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with brucellosis and vaccination against the disease, 

has led to development of "supplemental tests" such 

as the heat inactivation, the 2-mercaptoethanol and 

the rivanol test. These tests remove IgM from serum 

by various means and measure only the activity of specific 

IgG. However, as previously discussed (Section 1.5.) 

both IgG and IgM may be present in sera from infected 

and vaccinated cattle, so these systems do not offer 

any real advantage over currently employed diagnostic 

tests. 

A second approach has been the incorporation of intact 

fixed Brucella cells into new diagnostic systems which 

enable accurate assay of individual classes of reactive 

antibody with high sensitivity. These systems include 

indirect immunofluorescence tests (Edwards et al., 1970; 

Henderson et al., 1976) and the Mixed Reverse Passive 

Haemagglutination test (Coombs et al., 1978) which although 

developed for use with human sera could also be employed 

for assay of bovine sera. However, none of these systems 

offer any advantages over existing tests in discrimination 

between infected and vaccinated bovine sera for the 

same reasons as "supplemental tests" and they have not 

therefore been adopted for routine use. 

A third approach for improvement of serological diagnosis 

of brucellosis is the study of the brucella cell itself 
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for the presence of antigenic components which are reactive 

with antibodies present in sera from infected but not 

vaccinated animals. Incorporation of such antigenic 

components into a suitable serological test system might 

enable reliable discrimination between the bovine response 

to infection with brucellosis and vaccination against 

the disease. Unfortunately, few authors have adopted 

this approach. Most studies have involved either incorp-

oration of immunologically ill-defined "antigenic extracts" 

into existing diagnostic systems, comparisons between 

antigenic extracts of various Brucella strains, or examina-

tion of cell extracts for antigenic components reactive 

with infected bovine sera or hyperimmune rabbit antisera. 

1.8.1. Incorporation_of-"antigenic-extracts°.of_Brucella 

into_ existing_diagnostic_systems. 

Improvement of differential diagnosis of bovine brucellosis 

by this approach has been attempted using several types 

of antigen preparation. Saline washes, ultrasonicates 

and freeze press (pressure cell) extracts of cells have 

been utilised in CFT systems (Myers et al., 1972), for 

passive haemagglutination (Kulshrestha and Ramachandran, 

1971; Diaz et al., 1967; Corbel and Day, 1973) and 

in a latex agglutination test (Fleck and Evenchik, 1962). 

The Brucella antigen most widely applied to existing 

diagnostic systems has been lipopolysaccharide (Kulshrestha 
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and Ramachandran, 1971; Corbel and Day, 1973; Jones, 

1974; Carlsson et al., 1976; Placket et al., 1976; 

Lamb et al., 1979). No significant improvement in discrim- 

ination between sera from infected and vaccinated cattle 

has been achieved with any of these extracts compared 

with existing tests utilising intact Brucella cells. 

The reason for this was that the somatic lipopolysaccharide 

complex of Brucella which was a significant component 

of most of the other extracts described (Jones and Berman, 

1976) is the major reactive antigen of the intact bacterial 

cell operative in serological tests currently employed 

for diagnosis of bovine brucellosis. (Diaz et al., 

1968b; Diaz and Levieux, 1972). 

1.8.2. Early..comparisons_between..antigens._of..various 

Brucella_ strains 

Initial studies of the antigens of different Brucellae  

also involved lipopolysaccharide components. Wilson 

and Miles (1932) showed that the serological difference 

between smooth strains of Br.-abortus, Br—melitensis 

and Br.-suis was due to the quantitative distribution 

between the three species of two common surface antigens, 

the A antigen which predominated in abortus strains and 

the M antigen which predominated in melitensis strains. 

Br._suis contained intermediate amounts of both antigens. 

Neither antigen was detectable in rough Brucella strains. 
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The presence of these A and M determinants on a single 

complex molecule (an amino polyhydroxy sugar or "AP" 

substance), in phenol extracts of Br._melitensis was 

actually demonstrated by Miles and Pirie (1939 a - e). 

Further comparisons between antigens from different 

Brucella species were performed by Olitzki and Gurevitch 

(1933) and Renoux and Mahaffey (1955). Olitzki and 

Sulitzeanu (1957, 1958) later demonstrated between 6 

and 9 precipitation lines by gel diffusion of ultrasonic 

extracts of Br._melitensis and Br.-suis against antisera 

from rabbit hyperimmunised with acetone killed bacteria. 

These authors were unable to obtain lines with ultrasoni-

cated Br.-abortus cells. 

1.8.3. Antigens_of_Bruceila..reactive..with_sera_from 

infected_ cattle. 

The earliest suggestion that differences might exist 

in the bovine serological response between infection 

with brucellosis and vaccination against the disease 

was by Bruce and Jones (1958). These authors used a 

modified gel diffusion technique (Mansi, 1957) to test 

several different extracts from Br._melitensis, Br. .......~ 

abortus and Br.-suis against sera from animals which 

had been naturally infected or experimentally inoculated 

with various strains of these three Brucella species. 

Extracts from Br._melitensis produced visible precipi- 
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tation lines with sera from infected animals, but not 

with sera from cattle which had been inoculated with 

strain 19 Br._abortus vaccine, although some of these 

sera gave high titres in bacterial agglutination tests. 

Extracts from other Brucella species did not produce 

visible precipitation lines. The authors suggested 

that the presence of these precipitation lines with 

a serum sample might therefore have been indicative 

of infection with brucellosis, rather than vaccination 

against the disease. They did not however, attempt 

to explain why this differential reactivity should occur. 

The presence of specific antigenic components in virulent 

but not vaccine strains of Br—abortus was first suggested 

by Nagy (1967), who was also one of the first authors 

to prepare antigens from Br—abortus which showed diffusion 

properties in agar gel comparable with those from Br. 

melitensis. Other authors preferred to use Br.-melitensis 

extracts as these had been shown to contain antigens 

which diffused more readily in gels than similar prepara-

tions from Br.--abortus (Bruce and Jones, 1958; Redfearn, 

1960) yet produced similar precipitation lines with 

all anti-smooth Brucella sera (Diaz and Jones, 1973; 

Iannelli and Diaz, 1977). Nagy demonstrated by gel 

diffusion of bovine sera from animals hyperimmunised 

with living smooth bacteria, the presence of an antigen 

in virulent Biotypes, 1, 2, 4 and 5 Br—abortus which 
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was absent in the vaccine strain 19. He concluded that 

as these four virulent biotypes accounted for over 98% 

of field infections of cattle in Great Britain, purifica-

tion of this antigen could aid serological diagnosis 

of bovine brucellosis. Nagy did however stress the 

limitations of sensitivity of the precipitation reaction 

in agar gel, acknowledging the fact that his failure 

to detect this antigen in strain 19 bacteria could have 

been due to low concentrations of the component rather 

than its complete absence in the vaccine strain. 

Further evidence for the presence of a component in 

virulent Br.-abortus strains which was absent from the 

smooth vaccine strain was provided by the work of Hatten 

and Brodeur (1978), who demonstrated by polyacrylamide 

gel isoelectric focussing experiments a protein which 

was present in sonicates of virulent biotypes 1,5 and 

7 but absent in strain 19 preparations. 

Examination of the bovine response to brucella antigens 

during infection with brucellosis was performed by Hinsdill 

and Berman (1967). These authors used immunoelectro-

phoresis for demonstration of antigens present in sonicates 

and phenol extracts of Br_abortus which were reactive 

with precipitating antibodies present in a pool of bovine 

serum from 6 artificially infected cattle. They identified 

between five and nine different antigenic components 



34 

in these extracts, similar numbers to those described 

by other investigators working on Brucellae at that 

time (Olitzki, 1959; 	Barber et al., 1961; 	Parnas et 

al., 1961; 	Baughn and Freeman, 1966; Diaz and Chordi, 

1966; Diaz, Jones and Wilson, 1967). One of these 

antigens did not migrate towards the anode or cathode 

but formed a strong line close to the sample well. 

Hinsdill and Berman identified this antigen, component 

IX, as a cell surface component, as the line was not 

obtained in immunoelectrophoresis of extracts against 

the pooled infected bovine serum after it had been absorbed 

with intact smooth brucella cells. This antigen was 

therefore similar to the A and M antigen of Brucella. 

The relationship between precipitation lines present 

in agar gels, antigenic components responsible for agglu-

tination reactions with whole cells, and the A and M 

lipopolysaccharide antigen of Brucella was first shown 

by Diaz et al., (1967, 1968a, b). Leong et al. (1968) 

then demonstrated that the A and M antigen was also 

responsible for endotoxic activity, suggesting that 

the materials studied by Wilson and Miles (1932), Bruce 

and Jones (1958), Foster and Ribi (1962) and Baker and 

Wilson (1965a, b) might all be similar. Diaz et al.(1968b) 

demonstrated that the A and M antigens of both Br.-abortus 

and Br.-melitensis were situated at the cell surface 

on a single antigenic complex, in different proportions 
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depending upon the species and biotype, and that this 

component was a lipopolysaccharide protein complex of 

high molecular weight that diffused poorly through agar 

gel. The A and M antigen complex was not present on 

rough strains of the organism. 

These authors also demonstrated several other antigenic 

components of the Brucella cell. One of these, which 

they designated Component 1, appeared to be associated 

with the bacterial cell wall, but did not seem to play 

any role in agglutination reactions. Component 1, which 

was present on both smooth and rough strains of Brucella 

as a polysaccharide protein complex devoid of lipid, 

was immunologically identical in both Br.-melitensis 

and Br.-abortus strains. Both the A and M antigen complex 

and component 1 migrated towards the cathode under the 

electrophoresis conditions used by these authors. Extracts 

of Br._melitensis contained two additional components 

designated 2 and 3 (Diaz et al., 1968b), which were 

demonstrable by precipitation lines present on the anode 

side of the well in immunoelectrophoresis plates. Diaz 

suggested that these were protein components present 

as internal antigens in several species of smooth and 

rough Brucellae. 

Diaz and Jones (1973) originally identified the A and 

M antigen (A + M antigen) as the component responsible 
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for cross reactivity between Brucella and Yersinia-entero- 

colitica, type IX (Ahvonen et al., 1969; Corbel and 

Cullen, 1970; Diaz and Dorronsoro, 1971; Hurvel, 1973; 

Hurvel and Lindberg, 1973, Marx et al., 1975). However, 

Diaz and Bosseray (1974) later suggested that the antigen 

originally designated component 1 (Diaz et al., 1968b) 

and later polysaccharide B (Diaz and Levieux, 1972) 

was actually responsible for this phenomenon. 

The presence of the A + M antigen in smooth strains 

and its apparent absence in rough strains of Brucella 

prompted Iannelli et al.(1976) to incorporate it into 

a single radial immunodiffusion test (Mancini et al., 

1965) for identification of sera from cattle infected 

with virulent smooth Brucella. Unfortunately, these 

authors later discovered that sera from cattle vaccinated 

with the rough strain 45/20 Br—abortus also contained 

detectable levels of antibody against the A + M antigen 

(Iannelli and Diaz, 1977) confirming the earlier observa-

tion of Diaz and Jones (1973) and Jones et al.(1973). 

The presence of this antibody in these sera suggested 

that either the rough organism contained smooth polysacc- 

haride in quantities too small for 	detection by present 

extraction methods, but sufficient to provoke antibody 

production in animals, or a very low rough to smooth 

phase mutation rate occurred during culture of strain 

45/20 for vaccine production resulting in the presence 
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of few smooth organisms in the killed vaccine (Diaz 

and Jones, 1973). 

The lack of suitability of the A + M antigen for brucellosis 

diagnosis led Diaz and his colleagues to re-examine 

other antigens present in the brucella cell for applica-

bility in a diagnostic system. His group had previously 

shown that the polysaccharide B (poly B) antigen, though 

playing no role in agglutination tests for brucellosis 

(Diaz et al., 1968b), appeared to provoke specific antibody 

production in infected but not in vaccinated cattle 

(Diaz and Levieux, 1972). The poly B antigen therefore 

had a distinct diagnostic advantage over the A + M antigen 

as sera from cattle vaccinated with smooth strain 19 

Br._abortus contained antibodies against the latter 

antigen for varying periods of time after vaccination 

(WHO report, 1971; Diaz et al., 1979). Diaz and his 

colleagues therefore used polysaccharide B antigen for 

development of a further single radial immunodiffusion 

test (Mancini et al., 1965) for differentiating between 

infected and vaccinated cattle (Diaz et al., 1979). 

The results of comparative tests on more than 1,000 

sera from infected, vaccinated and non-infected, non-

vaccinated cattle using this method in conjunction with 

RBPT and CFT (Diaz et al., 1979) indicated that the 

single radial immunodiffusion test using this antigen 

was however excessively undersensitive. 
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Diaz and his colleagues also used polysaccharide from 

rough strain 45/20 Br.-abortus in an immunodiffusion 

test for identification of cattle immunised with strain 

45/20 vaccine. (Diaz and Jones, 1973; Iannelli and 

Diaz, 1977). This antigen was used by Miller and Kelly 

(1976) in a complement fixation test for detection of 

bovine sera from animals vaccinated with strain 45/20. 

This test enabled further investigation of sera giving 

borderline positive titres in the normal CFT for brucellosis, 

to ascertain whether the positive reaction was due to 

early infection with the disease or the result of residual 

reactivity which sometimes persists in the sera of strain 

45/20 vaccinated cattle (vide Section 1.6). 

1.8.4. āntigens_of_Brucella.-reactive_with_hyperimmune 

rabbit_ antisera 

A systematic study of the soluble antigens of the genus 

Brucella was attempted by Freeman, McGhee and Baughn 

(1970). These authors used sonic extracts of Br._abortus, 

Br.-melitensis and Br.-suis in immunoelectrophoresis ter.. 
experiments with hyperimmune rabbit antisera raised 

against intact smooth cells of each species to demonstrate 

a total of 6 'major' and 7 'minor' precipitating antigens. 

The relationship between these antigens and those shown 

by other groups was not discussed by these authors except 

in the case of 'major' antigens 5 and 6 which they suggested 
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might be similar to the A and M antigen complex described 

by Wilson and Miles (1932) and Miles and Pirie (1939 

a - e). Further studies on these Brucella antigens 

were described in later papers by these authors (McGhee 

and Freeman, 1970a, b). 

1.8.5. Relationship_between_antigens_of_Br._abortus 

reactive_ with_sera_from_infected_cattle_and_those_identi- 

fied_by_hyperimmune_rabbit_antisera. 
' 	 r 

Further characterisation studies of Br._abortus antigens 

were performed by Stemshorn and Nielsen (1977). These 

authors examined sonicated extracts of smooth virulent 

strain A/73, smooth vaccine strain 19 and rough vaccine 

strain 45/20 Br._abortus by immunoelectrophoresis against 

hyperimmune rabbit antisera against strain 19 organisms, 

a pool of serum from 10 naturally infected cattle and 

a number of individual (SAT positive) sera from cattle 

naturally infected with brucellosis. 

Immunoelectrophoresis tests on sonicates of strain A/73 

and 45/20 against hyperimmune rabbit antisera produced 

at least six precipitation lines in positions very similar 

to those described by Freeman et al.(1970). Immunoelectro-

phoresis of strain A/73 sonicate against the pool of 

bovine serum produced a single precipitation line, which 

was also present with up to 2 others in tests against 
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certain individual bovine sera. All these lines appeared 

on the anode side of the sample well. The single precipi-

tation line, which appeared in a similar position to 

components A, C and E of Freeman et al.(1970) was obtained 

with sonicates of all three strains studied. The physico- 

chemical properties of the component forming this line 
wgs 

led Stemshorn and Nielsen to suggest that itLsimilar 

to antigen E of Baughn and Freeman (1966). This component 

represents a new type of Brucella antigen as it was 

present beneath the cell surface in virulent and both 

smooth and rough vaccine strains of Br—abortus. It 

is unlikely, therefore, to be identical with the antigen 

previously described by Nagy (1967) or Hatten and Brodeur 

(1978) but may be similar to components VII or VIII 

described by Hinsdill and Berman (1967) or one of the 

protein antigens shown by Corbel (1972a) or Diaz et 

al.(1976). Unlike previous authors Stemshorn and Nielsen 

did investigate whether this antigen was precipitated 

by sera from individual infected cattle, but only four 

out of twenty two sera produced a precipitation line 

in immunoelectrophoresis tests. However, the lack of 

visible lines with the other infected sera may have 

been due to the low level of sensitivity of the technique 

rather than absence of specific antibodies in these 

sera. 
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1.8.6. Purification of antigens of Br. abortus reactive  

with sera from infected cattle. 

Schurig et al. (1978) examined a number of non-polysacc-

haride antigens present in a protein rich preparation 

from sonicated strain 45/20 cells by immunoelectrophoresis 

against sera from individual cattle with brucellosis. 

These sera precipitated a total of seven lines, of which 

three (lines A2, A3 and A4) closely resembled those 

obtained by Stemshorn and Nielsen (1977). The position 

of line A2 also approximated well with that of the single 

line obtained by Stemshorn and Nielsen with bovine sera 

from individual infected animals and component E of 

Freeman et al. (1970). The component forming line A2 

shared several properties with the component E-type 

antigen of McGhee and Freeman and Stemshorn and Nielsen 

thus providing additional evidence for a similarity 

between these antigens. 

Schurig and his colleagues also tested their antigen 

preparation in immunoelectrophoresis experiments against 

a considerable number of bovine sera from infected and 

vaccinated animals. Precipitation lines A2, A3 and 

A4 were obtained more frequently with sera from actively 

infected cattle than from calves vaccinated with strain 

19, particularly when the latter sera had been taken 

from vaccinated calves more than three months after 
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inoculation. Schurig and his co-workers attempted physico- 

chemical purification of these antigenic components, 

but none of the methods employed enabled purification 

of sufficient quantities for further characterisation 

or evaluation in diagnostic systems. The authors therefore 

raised monospecific antisera against six of the antigenic 

components by hyperimmunisation of mice and rabbits 

with precipitation lines cut from immunoelectrophoresis 

gels. The monospecific antibodies were then coupled 

to cyanogen bromide activated Sepharose and employed 

in affinity chromatography for isolation of each specific 

antigenic component from the crude sonicate. Unfortunately, 

they succeeded in isolating only minute quantities of 

two antigens by this technique, which were insufficient 

for further studies. 

1.9. Aims_of_Study 

This review of research in the field of serodiagnosis 

of bovine brucellosis has shown that though a tremendous 

amount of information has been accumulated on the immuno-

genic components of the Brucella cell and the bovine 

serological response to both infection with brucellosis 

and vaccination against the disease, no significant 

improvement in diagnostic methods has been achieved. 
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The development of sensitive systems for brucellosis 

diagnosis which can reliably distinguish between infected 

and vaccinated cattle would be of considerable economic 

importance, particularly in reducing the numbers of 

animals unnecessarily slaughtered under current eradica-

tion schemes. 

This study was undertaken firstly to re-examine certain 

extracts of Br.-abortus for the presence of precipitating 

antigens which react selectively with sera from infected 

cattle and secondly to purify selected antigenic components 

by physicochemical or immunological techniques. The 

suitability of these antigens for use in diagnostic 

test systems was established with characterised bovine 

sera from infected and strain 19 or 45/20 vaccinated 

animals. The relationship between antigenic components 

exhibiting differential reactivity in these test systems 

and those responsible for the selective precipitating 

activity with sera from infected cattle was studied 

and physicochemical characterisation and localisation 

of purified antigens within the bacterial cell were 

performed. In addition the distribution of these antigens 

amongst virulent and vaccine strains of Br—abortus 

was examined. 
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CHAPTER-2. MATERIALS-AND-METHODS  

2.1. CULTURE AND-HARVEST-OF-BR.-ABORTUS 

Freeze dried cultures of Br.-abortus, strain 544/W were 

obtained from Dr. J. Keppie, Microbiological Research 

Establishment, Porton Down. After reconstitution in 

nutrient broth, organisms were cultured on serum dextrose 

agar supplemented with 500 ug/ml w/v erythritol (Pearce 

et al, 1962). Serum dextrose agar consisted of 5% v/v 

inactivated horse serum No. 5 (Wellcome Reagents) and 

1% w/v glucose in 4% w/v blood agar base (Oxoid Limited). 

Plates were incubated for 3 days at 37°C in an atmosphere 

containing 10% CO2. Colony types were checked for identity, 

microscopically by Gram's stain and modified Ziehl-Neilsen 

strain for acid fastness and serologically by reaction 

with Br. abortus agglutinating serum (Wellcome Reagents). 

Groups of colonies which had been positively identified 

as Br. abortus were passaged to erythritol supplemented 

serum dextrose agar plates. These plates were incubated 

for 5 days at 37°C in an atmosphere containing 10% CO2. 

Plates which were visually free of contaminating colonies 

were harvested by washing off all surface growth in 

sterile saline with the aid of a sterile glass spreader. 

This brucella suspension was centrifuged and the saline 
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supernatant removed and tested by immunoelectrophoresis 

(Section 3.2.1.) 

2.2. EXTRACTION-OF-BR. ABORTUS  

Aliquots of bacteria were extracted by the following 

methods: 

2.2.1. Trichloroacetic-acid-.TCA): Polysaccharide 

somatic antigens were extracted with TCA by the method 

of Boivin and Mesrobeanu (1935), with the modifications 

of Baker (1965). Bacteria (20% w/v) were treated with 

aqueous 0.5M TCA for 3 hours at 4°C. The supernatant 

extract was then dialysed and somatic antigens precipitated 

with cold ethanol. This polysaccharide was redissolved 

in a small volume of 0.15M phosphate buffered saline 

pH 7.5, divided into 200 ul aliquots and stored at - 

20°C. 

2.2.2. Hot Phenol: Lipopolysaccharide antigens were 

extracted with hot phenol by the method of Westphal 

et al. (1952) with the modifications of Redfearn (1960) 

and Baker and Wilson (1965b). Acetone dried bacteria 

(6% w/v) were treated with 45% aqueous phenol at 65°C 

for 10 minutes. Lipopolysaccharide antigens were selectively 

precipitated from the phenol phase of the extract with 

cold methanol-sodium acetate reagent, redissolved in 
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a small volume of distilled water, divided into 200 

pl aliquots and stored at -20°C. 

2.2.3. Aqueous Ether: Samples of Br.-abortus strain 

544/W were extracted using a modification of the aqueous 

ether method of Foster and Ribi (1962), originally described 

by Ribi et al., (1959). Bacteria (20% v/v) were extracted 

with 66% diethyl ether in sterile saline for one minute 

at room temperature and overnight at 4°C. The aqueous 

phase was then withdrawn, aerated to remove ether and 

centrifuged for 30 minutes at 5500 x g. The supernatant 

was divided into 200 plaliquots and stored at -20°C. 

2.2.4. Sodium_dodecyl_sulphate..(SDS): Samples of Br. 

abortus strain 544/W were extracted by a modification 

of the method of Keppie et al., (1971). Bacteria (10% 

v/v) were extracted with 0.5% w/v SDS for 45 hours at 

4°C. in sterile 0.15M phosphate buffered saline pH 7.5 

(PBS). Samples were then centrifuged to precipitate 

bacterial cells, and the supernatants removed, divided 

into 200 pl aliquots and stored at -20°C. 

2.2.5. Examination-of-extracted-cells: Bacterial cells 

extracted by each method were centrifuged and their 

packed cell volume measured. Smears of each sample 

were stained by the modified Ziehl Nielsen and Grams 

method and examined microscopically. 
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2.3. BOVINE SERUM SAMPLES 

Ninety-two sequential serum samples taken from a total 

of six cows (1 - 6) were used in this study. Details 

of the history of each cow are summarised. 

No. 1 - Vaccinated with second injection (of two) of 

dead rough strain 45/20 Br. abortus (Duphavac - Philips 

Duphar) on day 1. 

No. 2 - Vaccinated with smooth attenuated living Br. 

abortus (strain 19 - MAF & F) on day 1. 

No. 3 - Vaccinated with second injection of dead rough 

strain 45/20 Br. abortus (Duphavac - Philips Duphar) 

on day 1. 

Serum samples were taken on days 1, 16, 30, 43, 52, 

71, 86, 99, 128, 140, 168, 209 and 231. 

No. 4 - Vaccinated with strain 19 as a calf but subse-

quently became infected with Br. abortus. Serum samples 

taken from 3 days after producing infected calf on days 

3, 6, 11, 20, 25, 33, 40, 45, 56, 69, 76, 83, 90, 97 

and 222. 

No. 5 - Vaccinated with strain 19 as a calf. This animal 

was kept in contact with No. 4. Serological tests on 

serum samples from No. 5 became positive 40 days after 
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No. 4 had calved, indicating that she had become infected 

with brucellosis. No. 5 calved 35 days after No. 4 

but produced a non-infected calf. Serum samples from 

this animal were taken from day 5 after calving on days 

5, 10, 21, 34, 41, 48, 55, 63. This animal therefore 

represents an acute brucellosis infection. 

No. 6 - Vaccinated with strain 19 as a calf but subse-

quently became infected with Br. abortus. This animal 

represented a chronic infection and serum samples were 

taken on days 8, 13, 22, 28, 35, 42, 49, 57, 64, 72, 

91, 98, 105, 112, 127, 134, 147, 157, 164, 198, 204, 

219, 231, 240, 246, 252, 262, 291, 345, 359, 457, 604 

of the experiment. 

Pools of vaccinated and infected bovine sera were prepared 

from individual bleeds taken from animals No. 2 and 

6 respectively. The bacterial tube agglutination test 

(serum agglutination test - SAT) titres of serum samples 

included in the pools from No. 2 ranged from 1:640 to 

1:5120 and from No. 6 ranged from 1:1280 to 1:5120. 

A pool of serum from non-infected, non-vaccinated cattle 

was also prepared. 

2.4. GEL PRECIPITATION TECHNIQUES  

2.4.1. Ouchterlony Double Diffusion:  Double immuno-

diffusion was performed on clean glass plates pre-coated 
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with 0.1% agar, by the method of Ouchterlony (1948) 

in 1% purified agar (Oxoid Limited) in 0.05M veronal 

buffer pH 8.6. Each plate was examined for the presence 

of precipitation lines after 48 hours incubation at 

4°C. If necessary,plates were washed in several changes 

of saline, dried down under lint-free filter paper and 

stained using 0.2% Coomassie brilliant blue in 50% aqueous 

methanol containing 10% acetic acid. 

2.4.2. Immunoelectrophoresis..(IE): Immunoelectrophoresis 

was performed in 1% purified agar (Oxoid Limited) in 

0.05M veronal buffer pH 8.6 by a modification of the 

original method of Grabar and Williams (1953) and Scheidegger 

(1955). On each plate, an extra well was cut and filled 

with 10 p1 of normal human serum stained with bromophenol 

blue. The rate of migration of the stained albumin 

in this preparation acted as a marker for standardisation 

of electrophoresis time. 

After electrophoresis, the agar was removed from troughs 

and they were filled with appropriate antiserum. Plates 

were incubated at 4°C for 48 hours then examined and 

processed in the same manner as immunodiffusion plates. 

2.4.3. Two_dimensional_Immunoelectrophoresis_.(Laurells  

crossed /E): Two dimensional Immunoelectrophoresis 
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(2D-IE) was performed by modifications of the method 

of Weeke (1973). 5 mis of molten 1% agarose in 0.05M 

veronal buffer pH 8.6 -was spread evenly over the surface 

of a 76 x 38 mm pre-coated plate and allowed to solidify. 

Wells were then cut in the gel and filled with the material 

to be electrophoresed (Figure 2.A (i)). Plates were 

electrophoresed in the first dimension until the bromo-

phenol blue stained albumin had moved 20 mm. from its 

source. The plates were then removed from the electro-

phoresis tank and a section of the gel removed (Figure 

2.A. (ii) . 

FIGURE 2A: PROCEDURE FOR TWO.- DIMENSIONAL IMMUNOELECT-

-ROPHORESIS  

(i) 
OBromophenol blue =- albumin 
marker Electrophoresis in 

+ first dimension. 

 

("s\  „)" 

Wells containing 
antigen preparation 

   

    

    

    

Section of gel removed 

and replaced with ref-

-erence gel containing 

antiserum 
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FIGURE 2A (continued)  

Electrophoresis in 

second dimension 

O 
1% gel preheated to 56°C and containing the required 

concentration of antiserum was poured onto the glass 

plate over this area and allowed to set. The plate 

was then electrophoresed for a further period in the 

second dimension at 90°  to the direction of the first 

run (Figure 2.A. (iii)) to allow formation of precipi-

tation peaks. After electrophoresis was complete the 

plate was washed in saline, dried and stained. 

Preliminary 2D-IE experiments performed with a number 

of different agaroses showed that Sigma Type 1 Agarose 

(low EEO) enabled maximum economy in use of antiserum 

whilst producing large precipitation peaks. 

A standard procedure for 2D-IE was therefore adopted 

using 1% Sigma agarose of this type in 0.05M Veronal 

buffer, pH 8.6 for first dimension separation and the 

same gel containing 12.5% pooled bovine infected serum 

for electrophoresis in the second dimension. 



OBromophenol blue - albumin 
marker 

(i) 

X 

Y 	I 	Z 
o 	a 
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2.4.4. Two-Dimensional-IE-Using_an_Intermediate-Gel: 

Intermediate gel 2D-IE was performed using the technique 

of Axelson (1973). Plates were prepared with 1% Sigma 

agarose in 0.05M Veronal buffer pH 8.6 and electrophoresis 

of samples in the first dimension was performed as described 

in the previous section. A section of gel, marked X 

in Figure 2.B. (ii), was removed from the plate and 

agarose containing reference antiserum poured into this 

area. 

FIGURE 2B: PROCEDURE FOR INTERMEDIATE GEL TWO - DIMENSIONAL 

IMMUNOELECTROPHORESIS  

Wells containing 
antigen preparation 

Electrophoresis in 

first dimension 

Sections of gel removed 

and replaced with refer-

ence gel and 

intermediate gels 
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FIGURE 2B (continued)  

0 

Electrophoresis in 

second dimension 

After this had set sections Y and Z were removed in 

turn and replaced by agarose containing test antiserum 

and normal species serum (at identical concentration) 

respectively (Figure 2.B. (ii)). The plate was electropho-

resed in the second dimension for 24 hours to allow 

formation of precipitation peaks showing immunological 

identity between antibodies present in the test and 

reference antisera and then processed as in previous 

sections. 

2.5. BACTERIAL..TUBE_AGGLUTINATION._TEST 

Bacterial tube agglutination tests were performed by 

the method of Alton, Jones and Pietz (1975) using Br. 

abortus stained suspension (Wellcome Reagents). Control 

titrations of characterised brucella positive and negative 

bovine sera were included in every series of tests. 

The end point titre was taken as the dilution of serum 

in the last tube showing a positive reaction. 
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2.6. HAEMAGGLUTINATION_ TESTS 

2.6.1. Fractionatson-.of.-bovine_sera: The immunoglobulin 

fraction was separated from the following bovine sera 

using rivanol and ammonium sulphate (Schultze and Heremans, 

1966). 

a) A pool of serum containing serial bleeds from an 

animal chronically infected with brucellosis.(No. 6 ). 

b) A pool of serum containing serial bleeds from an 

animal immunised with Br.-abortus strain 19 vaccine.(No. 2 ). 

c) A pool of serum from a group of non infected, non 

vaccinated animals. 

Each preparation was divided into aliquots and stored 

at -20°C. 

2.6.2. Fixation_of..Red_Blood_Cetls: Preliminary experi-

ments were performed comparing formaldehyde, pyruvic 

aldehyde and a combination of pyruvic aldehyde and formal-

dehyde as fixation agents for sheep and turkey red blood 

cells prior to sensitisation with brucella antigen or 

pooled immunoglobulins from brucella infected and vaccinated 

cattle. Sensitised cells fixed with each agent were 

tested as appropriate for haemagglutination with pools 

of infected and vaccinated bovine serum or SDS extract 
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of Br.-abortus strain 544/W. The stability of fixed 

sensitised red cells exhibiting optimal specificity 

and sensitivity was assessed by storage in diluent at 

4°C for six months. 

Red cells from fresh blood were washed 3 times in isotonic 

saline and resuspended as an 8% v/v suspension in 0.15M 

phosphate buffered saline (PBS) pH 7.2. An equal volume 

of 3% pyruvic aldehyde in the same buffer was added 

and the suspension was mixed gently for 18 hours at 

room temperature. The suspension was centrifuged and 

the cells were washed 3 times in isotonic saline. The 

cells were again resuspended as an 8% v/v suspension 

in 0.15M PBS pH 7.2 and an equal volume of 3% formaldehyde 

in the same buffer was added. After gentle mixing for 

18 hours at room temperature (20°C), the cells were 

removed by centrifugation, washed 3 times in saline 

and stored as a 10% v/v suspension in saline contain-

ing 0.1% sodium azide. 

2.6.3. Sensitisation_ of_fixed_red.blood_cells_(RBCs)..  

The required volume of 10% v/v fixed red cells was washed 

twice with 0.15M PBS pH 6.4 and resuspended as a 4% 

v/v suspension in the same buffer. An equal volume 

of 1/10,000 tannic acid (Evans Medical) in 0.15M PBS 

pH 6.4 was added and the suspension was mixed gently 

at 37°C for 20 minutes. The suspension was then centri- 
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fuged and the red cells were washed once in 0.15M PBS 

pH 6.4 before being resuspended in the same buffer as 

a 4% v/v concentration. The required concentration(s) 

of material for sensitisation in 0.15M PBS pH 6.4, was 

added to an equal volume of 4% v/v red cell suspension 

and mixed gently at 37°C for 30 minutes. After centri-

fugation the sensitised red cells were washed once in 

0.15M PBS pH 7.2 and resuspended as 1% v/v in this buffer 

containing 1.5% normal rabbit serum (NRS) (absorbed 

with 10% fixed RBCs from the appropriate species) and 

0.1% sodium azide. 

2.6.4. Haemagglutination-Tests. Haemagglutination 

(HA) tests were performed in Cooke (Dynatech Labs.) 

microtitre plates with either 'V' or 'U' shaped wells. 

Standard diluent for HA tests consisted of 0.15M PBS 

pH 7.2 containing 1.5% NRS and 0.1% sodium azide. All 

NRS was absorbed with 10% appropriate fixed red blood 

cells prior to use. Material under investigation was 

titrated by doubling or four fold dilutions in standard 

diluent using microdiluters (Dynatech Labs.). An equal 

volume of a 1% suspension of appropriately sensitised 

red blood cells was added to each well and control unsensi-

tised cells were added to a duplicate of the initial 

dilution of each sample. Plates were agitated to ensure 

thorough mixing of the contents of each well and allowed 

to stand on a level surface at room temperature for 
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12 - 18 hours. Haemagglutination end point titres were 

recorded for each titration and plates were photographed. 

2.7. IMMUNOFLUORESCENCE-TESTS 

Sepharose CL4B (Pharmacia (U.K.) Ltd.) was activated 

with cyanogen bromide, sodium metaperiodate and benzo-

quinone, coupled to appropriate antigen and blocked 

or inactivated using the methods of Raybould and Chantler 

(1979a). (See Appendix). Immunofluorescent tests and 

assessment of fluorescence emission by antigen coupled 

Sepharose beads after staining were also performed by 

the methods previously described. (Raybould and Chantler, 

1979a, b - see Appendix). 

2.8. AFFINITY-CHROMATOGRAPHY 

2.8.1. Preparation_of_Immunoadsorbents. Sepharose 

CL4B immunoadsorbents were prepared using sodium metaperi-

odate by the method of Wilson and Nakane (1976) as modified 

by Raybould and Chantler (1979a). Sepharose CL4B (Pharmacia 

(U.K.) Limited) was washed on a Buchner funnel with 

distilled water, activated with aqueous sodium metaperi-

odate at room temperature for 18 hours then coupled 

to appropriate antigen or antibody preparations. Coupled 

Sepharose was finally washed extensively with O.O1M 

PBS pH 7.5. 
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2.8.2. Use-of-Immunoadsorbents. For purification procedures 

involving elution with sodium thiocyanate, the immunoad-

sorbent was poured into a column over an equal volume 

of Sephadex G-25 medium. In this way, eluted material 

was separated from the eluent sodium thiocyanate by 

the molecular sieve effect of the Sephadex thus avoiding 

extensive dialysis and exposure to potentially denaturing 

conditions. In all other cases, columns of Sepharose 

immunoadsorbent alone were used. 

2.9. ELECTRON-MICROSCOPY 

2.9.1. Examination_of_SDS_Extracts_by_negative_staining: 

400 mesh celloidin coated copper grids were placed on 

drops of each sample for examination and left for 30 

- 60 seconds. Grids were then removed, blotted dry 

and placed on a drop of either 2.5% ammonium molybdate 

pH 6.0 or 5% phosphotungstic acid pH 6.0 (PTA) for 30 

- 60 seconds. Finally, grids were blotted dry and examined 

in a Philips EM 300 or 301 electron microscope. 

2.9.2. Examination_of..ultrathin_sections..of..Br.-abortus 

cells. Br.-abortus strain 544/W was cultured on erythritol 

supplemented serum dextrose agar plates. Freshly harvested 

cells were washed once in saline, fixed overnight in 

2.5% glutaraldehyde buffered with 0.05M sodium cacodylate 

pH 7.2 containing 0.05M calcium chloride and 0.05M sodium 
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chloride, and embedded in Araldite. 70 nm sections 

were then cut on an LKB Ultratome, mounted on 400 mesh 

nickel grids and stained with saturated alcoholic uranyl 

acetate and Reynolds lead citrate for 15 minutes each. 

Sections were examined in a Philips EM 300 or 301 electron 

microscope. 

2.9.3. Immunoelectron-Microscopic_for..localisation-of  

purified..antigens-within-Br.-abortus_cells 

Processing and immunochemical staining of bacteria were 

performed by a modification of the method of Short and 

Walker (1975) . 

Processirag.of_Bacteria. Br._abortus strain 544/W was 

cultured and fixed by the methods described in Section 

2.9.2. and embedded in glycol methacrylate. 70 nm sections 

were then cut on an LKB Ultratome and mounted on 400 

mesh nickel grids. 

Immunochemical_Staining. Grids were immersed in small 

amounts of the staining solutions and after exposure 

to each were washed in tris buffered saline (5.0 M-tris 

buffer adjusted to pH 7.6 with 1M HCl and then diluted 

1 in 10 with physiological saline). All staining solutions 

were diluted with tris buffered saline containing 0.1% 

gelatin. Prepared grids were washed in distilled water 
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for 1 minute followed by incubation in a 1 in 10 dilution 

of appropriate normal species serum to prevent non-specific 

staining. Grids were then incubated at room temperature 

in drops of rabbit or bovine antisera, diluted 1 in 

10 or 1 in 100, for 60 minutes, followed by peroxidase 

labelled sheep anti-rabbit or rabbit anti-bovine immuno-

globulin conjugates, diluted 1 in 10, for 15 minutes. 

Grids were then transferred to a solution of the substrate 

for 5 minutes. The peroxidase substrate used was hydrogen 

peroxide (BDH) with the chromogen 3,3-diaminobenzidine 

tetrahydrochloride (DAB:Koch-Light). The reaction mixture 

which was prepared immediately before use consisted 

of 22 mg of DAB in 40 mis of 0.5M tris buffer, pH 7.6 

+ 3 mis of 0.3% H2O2.  After this treatment the grids 

were thoroughly washed in distilled water, allowed to 

air dry and placed in osmium tetroxide vapour for 60 

minutes in a sealed petri dish. Sections were examined 

in a Philips EM 300 or 301 electron microscope. 

Control preparations were also stained, in which normal 

species serum was substituted for the intermediary rabbit 

or bovine antiserum. 
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CHAPTER-. 3.--COMPARISON-OF-.ANTIGENS-PRESENT-IN_BR.- _ABORTUS  

STRAIN_ 544/W-.EXTRACTS-PREPARED_BY-DIFFERENT_METHODS  

Many methods are available for extraction of antigens 

from Gram-negative bacteria. In this study, antigens 

extracted by selected methods from a virulent strain 

of Br.-abortus were assessed for reactivity in immuno-

electrophoresis tests against bovine sera from infected, 

vaccinated and non-infected, non-vaccinated (brucella 

negative) animals. 

3.1. Experimental._ design 

Extracts of Br.-abortus strain 544/W were prepared by 

the following methods: 

(a) Trichtoroacetic acid (Baker, 1965) 

(b) Hot phenol (Baker and Wilson, 1965 b) 

(c) Aqueous ether (Foster and Ribi, 1962) 

(d) Sodium dodecylsulphate (Keppie et al, 1971) 

Bacterial packed cell volumes were determined before 

and after each extraction. Smears of bacteria after 

extraction were stained by the modified Ziehl-Nielsen 

and Grams method and examined microscopically. The 

extract preparations were tested by immunoelectrophoresis 

(I.E.) against pools of bovine serum from infected, 
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vaccinated and brucella negative animals and several 

individual sera from infected cattle. 

3.2. Experimental data and results  

3.2.1. Activity of Br. abortus extracts in immunoelectro-

phoresis (I.E.). Table 3.A. shows the number of precipi-

tation lines produced with each extract of Br. abortus  

against the three pools of bovine serum. Aqueous ether 

and sodium dodecyl sulphate (SDS) extracts gave the 

greatest number of precipitation lines with pooled bovine 

serum from infected animals which included all the precipi-

tation lines produced by other extracts. The positions 

of the lines were similar with both extracts and were 

designated a, 	y, S, and c respectively depending 

on their distance from the anode (Figure 3.A). No precipi-

tation lines were visible with pooled sera from vaccinated 

or brucella negative cattle. These extracts were further 

tested against several individual infected bovine sera. 

Many of these sera gave the y precipitation line, and 

a few also produced a precipitation line similar to 

the S line. 

3.2.2. Examination of extracted bacteria. Stained 

smears of extracted bacteria showed disintegration of 

cells following all treatments except saline and SDS. 

These latter procedures caused no apparent change in 

gross morphology. Bacteria were still gram-negative 



Table 3A : 

ACTIVITY OF BR. ABORTUS EXTRACTS IN IMMUNOELECTROPHORESIS 

AND OUCHTERLONY GEL DIFFUSION  

Extraction 

Method Precipitation lines obtained with pooled serum from: 

Pre-extraction 

saline wash 

Trichloroacetic 

acid (TCA) 

Hot phenol 

Aqueous ether 

Sodium dodecyl 

sulphate (SDS) 

Infected 

cattle 

Vaccinated 

cattle 

Brucella-negative 

cattle 

0 

	

1 	(faint) 

	

1-2 	(faint) 

	

5 	(strong) 

	

5 	(strong) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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FIGURE 3A : 

IMMUNOELECTROPHORESIS OF SDS EXTRACT OF  

BR. ABORTUS STRAIN 544/w 
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6 	€ ō p a 

Well-strain 544/W SDS extract. 

Trough-infected bovine serum pool. 
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and slightly acid fast, though the degree of acid fastness 

had been considerably reduced by SDS treatment. These 

observations suggest that SDS may produce a 'cleaner' 

extract than aqueous ether, containing less intracellular 

material from disrupted cells. 

3.3. Significance of results obtained with SDS extract. 

Since SDS extracts of Br. abortus strain 544/w contain 

antigenic components which produce up to 5 discrete 

precipitation lines in I.E. against pooled serum from 

infected cattle but none against pooled serum from vaccinated 

or brucella negative animals, this might provide a basis 

for discriminating between these groups of animals. 

However, although gel techniques allow qualitative demon-

stration of separate antigen:antibody reactions, they 

are highly insensitive. The absence of precipitation 

lines with vaccinated bovine sera could therefore be 

due to insufficient levels of specific antibody rather 

than complete lack of antibody against these antigens. 

Evaluation of the SDS extract in more sensitive systems 

was therefore considered to be necessary before any 

definite conclusions could be drawn of the potential 

diagnostic application of this apparent differential 

reactivity. 
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3.4. Summary 

Evaluation of several extracts of Br.-abortus strain 

544/W by immunoelectrophoresis showed that a sodium 

dodecyl sulphate extract produced up to five precipi-

tation lines with infected bovine sera but none with 

sera from non-infected or vaccinated cattle. This extrac-

tion method caused minimal changes in cellular morphology, 

suggesting that the extract may contain low levels of 

intracellular components. 
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CHAPTER.-4. EVALUATION-OF-CRUDE.. STRAIN_544/W-SDS-EXTRACT 

IN-QUANTITATIVE.SYSTEMS_FOR_SEROLOGICAL_DIFFERENTIATION  

BETWEEN.. INFECTED._ AND-VACCINATED-CATTLE.  

Data derived from gel diffusion experiments had shown 

differences in reactivity between sera from infected 

and vaccinated cattle with crude SDS extracts of Br. 
MEMMIIMI 

abortus strain 544/W. The possibility of utilising 

this apparent serological difference was investigated 

by employing SDS extract as target antigen on solid 

phases in suitable diagnostic systems. 

4.1. Immunofluorescence_using_antigen_coupled_Sepharose 

beads 

Antigens coupled to cyanogen bromide activated Sepharose 

beads have been used by several authors as insoluble 

substrates for quantitative immunofluorescence techniques 

(Van Dalen et al, 1973; Capel, 1974; Knapp and Ploem, 

1974). Quantitative measurement of fluorescence emission 

of beads after staining enables good differentiation 

between specific and background fluorescence, but discrim-

ination is not possible by visual assessment alone due 

to the relative insensitivity of the eye to small differences 

in intensity of a single colour. The extent of non-

specific binding of test samples to beads may vary with 
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the activation procedure employed and the choice of 

agent used for blocking or inactivation of residual 

reactive sites after coupling. 

These parameters have been investigated using a model 

system in which a defined antigen, human IgG, was coupled 

to cross-linked Sepharose 4B and evaluated in direct 

immunofluorescence tests. (Raybould and Chantler, 1979a). 

These studies indicated that sodium metaperiodate activated 

Sepharose CL4B beads coupled to human IgG enabled good 

quantitative differentiation between positive and negative 

reactions, regardless of the blocking agent employed. 

Visual assessment of positive and negative reactions 

was only possible, however, using coupled beads which 

had been blocked with rhodamine labelled bovine serum 

albumin prior to borohydride reduction. 

The possibility of using strain 544/W SDS extract coupled 

Sepharose CL4B beads in an indirect immunofluorescence 

system for differentiation between sera from infected 

and vaccinated cattle was therefore investigated. 

4.1.1. Experimental_Design  

Strain 544/W SDS extract was coupled to Sepharose CL4B 

activated by three different procedures. Coupled beads 

were blocked with various chemical agents and dried 
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onto gelatin coated multispot slides. Bead preparations 

were treated with dilutions of pooled bovine sera from 

infected, vaccinated and brucella negative animals followed 

by fluorescein labelled anti-bovine immunoglobulin conjugate. 

The fluorescence emission of individual beads was assessed 
anA 

visually Lby quantitative measurement. Full details 

of all these procedures are referred to in Section 2.7. 

Ninety two characterised bovine sera from infected and 

vaccinated animals were screened by quantitative and 

visual immunofluorescence using selected antigen coupled 

beads and by bacterial tube agglutination. The degree 

of correlation between results obtained in each system 

was assessed. 

4.1.2. Experimental Data and Results  

Activation and blocking procedures: Sepharose beads 

activated by cyanogen bromide, benzoquinone and sodium 

metaperiodate were coupled to SDS extract and blocked 

with either lysine or aminobutyric acid. The mean fluo-

rescence emission of each bead preparation stained in 

four separate experiments by the indirect technique 

using infected and non-infected bovine intermediary 

sera at a dilution of 1 in 16 are shown in Figure 4.A. 

These data indicate that metaperiodate activated beads, 

provided they are reduced with sodium borohydride after 

coupling, gave maximum contrast between positive and 
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FIGURE.. 4A: 

COMPARISON-OF-COUPLING-PROCEDURES•. AND_ BLOCKING-REAGENTS 

ON. REACTIVITY,- OF SDS - EXTRACT- COUPLED-- SEPIiAROSE- BEADS IN  

INDIRECT-IMMUNOFLUORESCENCE 

50 

0 
N 

"30 
I -- 
N z 
W 
F- z 
U20  
z w 
U 
W 
ce 
0 
J 
u_10 

7/71 	77A 
L 	A 	L 	A 	L 	A 	NoBH4  

CYANOGEN BROMIDE BENZOQUINONE SODIUM METAPERIODATE 

Each reading is the mean of 4 experiments using infected 

(n) and brucella negative (I) bovine sera. 

Blocking procedures: 

L - Lysine 

A - Aminobu{'yric acid 

NaBH4  - Sodium borohydride 
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negative samples. The choice of blocking agent did 

not significantly affect the fluorescence intensity 

obtained with positive or negative sera. These results 

are analogous to those obtained in the direct immunofluo-

rescence system using human IgG as antigen. 

Reproducibility-of_coupling-and._staining_procedures: 

Three batches of sodium metaperiodate activated beads 

were coupled to SDS extract and tested on different 

occasions with a pool of infected or non-infected bovine 

sera followed by anti-bovine immunoglobulin conjugate. 

The data in Figure 4.B. shows that good reproducibility 

was obtained with different batches of antigen coupled 

beads. Similar reproducibility was obtained in tests 

performed on the same batch of beads on different occasions. 

Use_of_Rhodamine-BSA_counterstained_ beads- in _ immuno-  

fluorescence-tests: Immunofluorescent staining of brucella 

antigen coupled beads enabled excellent quantitative 

differentiation between sera from infected and non-infected 

cattle by photometry but residual levels of fluorescence 

with non-infected sera made visual discrimination between 

positive and negative results difficult, a situation 

analogous to that observed with human IgG-Sepharose 

beads. Since rhodamine-BSA (rhod-BSA) blocked IgG-beads 

had greatly facilitated visual interpretation of results 

in the direct system, SDS extract-coupled Sepharose 
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FIGURE 4B: 

REPRODUCIBILITY OF SODIUM METAPERIODATE COUPLING PROCEDURE 

10 	 40 	 160 
	

640 ;  
DILUTION OF TEST SERUM 

Staining was performed on separate occasions with different 
batches of antigen coupled Sepharose beads. 

Solid line - infected bovine serum. 
Broken line - non-infected bovine serum. 

O s  01 .6, - different antigen-bead preparations 

Results expressed as mean ± 1 S.D. 
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CL4B beads were similarly treated with rhod-BSA. When 

these beads were subsequently stained, positive reactions 

were unaffected (whether measured photometrically or 

by eye) but non-specific reactions gave a reddish-orange 

fluorescence that was easily distinguished by eye from 

the bright yellow-green colour of specific staining 

(Plate 4.A.). 

Brucella antigen coupled beads used in preceding experi-

ments were prepared with SDS extract at an arbitrary 

dilution of 1 in 4. The optimal level of antigen for 

coupling was determined by reacting aliquots of activated 

Sepharose CL4B with a range of dilutions of this extract. 

An aliquot of each coupled Sepharose preparation was 

treated with rhod-BSA. Preparations of unblocked (Ag-

Seph) and blocked (Ag-Seph/R) beads were evaluated by 

chessboard titrations of intermediary bovine sera and 

conjugate. Fluorescence emission of Ag-Seph beads was 

• quantitated photometrically whilst Ag-Seph/R beads were 

assessed visually. The results in Table 4.A. show 

that SDS extract diluted 1 in 50 coupled to both Ag-

Seph and Ag-Seph/R beads gave the maximum differences 

between bovine sera from infected and vaccinated animals. 

Optimum discrimination was obtained using intermediary 

bovine sera at dilutions of 1 in 160 and 1 in 640 and 

conjugate diluted 1 in 20. 



PLATE 4A: 

INDIRECT IMMUNOFLUORESCENCE TESTS _PERFORMED _ON Ag-SEPH _ AND _ Ag~SEPH/R BEADS 

WITH - ~i) _ INFECTED AND - .(ii) - STRAIN _19 _VACCINATED - BOVINE - SERUM 

Ag-Seph Ag-Seph/R 

( i ) ( i ) 

(ii) (ii) 



TABLE 4A: 
CHESSBOARD-TITRATIONS.OF.SODIUM_METAPERIODATE;ACTIVATED SEPHAROSE 

BEADS. COUPLED. TO..THREE.CONCENTRATIONS. OF.STRAIN.544/W EXTRACT 

Dilution of 

544/W Extract 

coupled to beads 

1:10 1:50 1:250 

Conjugate Serum FLUORESCENCE INTENSITY AND COLOUR WITH 

Dilution Dilution INF VAC INF VAC 	
1 	

INF VAC 

1:40 43.1 + 7.0 (+) 41.2 + 5.3 tr 15.2 + 3.1 tr 

1:20 1:160 32.3 + 2.4 - 31.4 + 1.9 - 9.7 + 1.5 - 

1:640 10.8 + 1.1 - 7.8 + 0.8 - 4.7 tr 0.7 - 

r 

1:40 20.3 + 7.9 (+) 15.0 + 4.3 tr 11.8 + 2.9 - 

1:40 1:160 18.6 + 2.1 - 14.7 + 1.9 - 8.3 + 1.0 - 

1:640 9.1 + 1.3 -- 8.4 (+) 0.8 - 6.3 tr 0.7 - 

1:40 8.8 + 4.5 tr 8.1! 	+ 4.8 - 7.0 (+) 2.4 - 

1:80 1:160 10.3 + 2.1 - 10.51 	+ 1.8 - 5.8 tr 1.1 -- 

1:640 NT NT NT NT NT NT 

Quantitative fluorescence readings were performed on Ag-Septi beads. 

Visual assessments of fluorescence intensity were performed on Ag-Seph/R beads 

INF - Infected bovine serum pool 

VAC - Vaccinated bovine serum pool 

Bead colour - + = strong 

(+) = weak 	green fluorescence 

tr = trace 

- = red fluorescence 
NT - not tested. 
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The stability of Ag-Seph and Ag-Seph/R beads as suspen-

sions and on slides was good. No loss in activity was 

detected with either type of bead suspension in PBS 

after storage at 4°C for 12 months. Beads dried onto 

gelatin coated multispot slides were stable on storage 

at -20°C for 1 month when placed in sealed plastic bags 

with silica gel. 

Comparison of a single dilution Immunofluorescence test 

using antigen coupled-Sepharose beads with bacterial  

tube agglutination for detection of bovine brucellosis. 

Ninty-two characterised bovine sera taken from six animals 

at different intervals after infection or vaccination 

were coded and tested by quantitative immunofluorescence 

on Ag-Seph beads and by bacterial tube agglutination. 

The results in Figure 4.C. show that good differentiation 

of bovine sera into two groups was obtained with the 

immunofluorescence system. Fluorescence emission readings 

were consistantly low with sera from vaccinated animals 

whereas these samples were distributed throughout the 

titre range in bacterial tube agglutination tests showing 

lack of correlation between the two test systems. 

Correlation between quantitative and visual assessment  

of fluorescence emission: Ag-Seph and Ag-Seph/R beads 

were stained by the indirect technique with the ninety- 
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Figure 4C : 

DIFFERENTIATION BETWEEN INFECTED AND VACCINATED  

CATTLE BY THE BACTERIAL TUBE AGGLUTINATION TEST  

(S.A.T.) AND QUANTITATIVE IMMUNOFLUORESCENCE  

30 

z 
H 

20 cn  
zkt 

H 

z 
H 

10 W 
U 
U) 

0 
.a 

X Serum from infected animal. 

• Serum from vaccinated animal. 

Sera were screened by immunofluorescence 

at a dilution of 1/500. 
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two coded bovine sera. Fluorescence emission of Ag-

Seph beads was quantitated photometrically and Ag-Seph/R 

beads were assessed visually. Comparison of quantitative 

and qualitative results in Figure 4.D. shows excellent 

agreement between the two types of beads in different-

iating between sera from infected and vaccinated animals, 

confirming the results obtained with serum pools. Thirty 

seven out of thirty eight samples (97%) from vaccinated 

animals showed no detectable green fluorescence on the 

rhodamine-BSA blocked beads whereas 47 out of 50 samples 

(94%) from infected animals gave unmistakable positive 

staining. 

4.1.3. Summary 

Analogous results were obtained with human IgG or brucella 

antigen coupled Sepharose beads in direct and indirect 

immunofluorescence systems. Maximum quantitative differences 

between positive and negative reactions, with excellent 

reproducibility, were obtained with cross-linked Sepharose 

4B beads coupled to either antigen after activation 

with sodium metaperiodate, regardless of the choice 

of blocking agent. Satisfactory visual interpretation 

of results could be achieved only by the use of antigen 

coupled beads blocked with rhodamine labelled BSA (rhod-

BSA). 



Figure 4D : 

CORRELATION BETWEEN QUANTITATIVE AND VISUAL  

ASSESSMENT OF FLUORESCENCE IN THE DIFFERENTIATION 

OF INFECTED FROM VACCINATED CATTLE  

SERUM FROM 
X INFECTED ANIMAL 

SERUM FROM 
VACCINATED ANIMAL 

NEGATIVE 	TRACE 	POSITIVE 
VISUAL INTERPRETATION 

Visual assessment was performed on Rhodamine-BSA 

blocked Sepharose beads, quantitative tests on 

unblocked beads. All sera were tested at a 

dilution of 1:500 
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Conventional bacterial tube agglutination tests did 

not differentiate between bovine sera from actively 

infected animals and those recently vaccinated with 

smooth strain 19 or rough strain 45/20. Quantitative 

immunofluorescence tests using strain 544/W SDS extract 

coupled Sepharose beads and qualitative tests using 

similar beads blocked with rhod-BSA however, distinguished 

between these two groups in 95% of sera tested. 

4.2. Haemagglutination. testsusing-red. blood., cells 

sensitised_with_strain_544/W_SDS.extract  

The immunofluorescence system using antigen coupled 

Sepharose beads suffers from several disadvantages as 

a diagnostic procedure. Both preparation of antigen-

beads attached to multispot slides and performance of 

the indirect immunofluorescence test are time consuming. 

Specialised equipment is required for quantitation of 

fluorescence emission from individual beads and even 

visual assessment of results requires some form of fluo-

rescence microscope. 

The use of SDS extract in an alternative, simpler diagnostic 

procedure was investigated. Passive haemagglutination 

(HA) was selected for this investigation as preparation 

of antigen sensitised red blood cells is a relatively 

rapid procedure and data obtained in other HA systems 
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has shown that sensitised red cells exhibit excellent 

stability. Performance of the HA test is extremely 

simple and rapid and several automated systems are available 

for titration of samples and addition of reagents to 

microtitre plates. Finally, results of HA tests may 

be assessed visually without the need for any additional 

equipment. 

4.2.1. Experimental_design  

Preliminary experiments were performed to investigate 

the suitability of turkey and sheep red blood cells 

(SRBCs) fixed with formaldehyde, pyruvic aldehyde or 

a combination of formaldehyde and pyruvic aldehyde in 

a passive haemagglutination system for brucellosis diagnosis. 

The optimum sensitising dilution of SDS extract for 

red cells exhibiting maximum sensitivity and specificity 

and most suitable type of microtitre plates were determined. 

Ninety characterised bovine serum samples previously 

examined in bacterial tube agglutination and immuno-

fluorescence systems were tested for reactivity in the 

optimised haemagglutination system. Correlation between 

results obtained in each of these systems was assessed. 
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4.2.2. Experimental data and Results 

Optimisation of HA systems: Preliminary experiments, 

performed to determine the most suitable species of 

red blood cell and fixation agent indicated that sheep 

red blood cells (SRBCs) fixed with pyruvic aldehyde 

and formaldehyde exhibited optimum settling characteris-

tics in this system. Samples of these red cells were 

treated with tannic acid and sensitised with a range 

of dilutions of SDS extract. HA tests in microtitre 

'U' well plates on these sensitised cells against titra-

tions of pooled bovine sera from infected, vaccinated 

and non-infected, non-vaccinated animals indicated that 

sensitisation with a 1 in 1000 dilution of extract produced 

SRBCs which formed the clearest positive and negative 

reactions whilst exhibiting maximum sensitivity and 

specificity. 

Though good negative 'buttons' of settled cells were 

obtained in microtitre 'U' wells with the non-infected, 

non-vaccinated bovine serum pool using these sensitised 

cells, a considerable improvement was obtained when 

tests were performed in 'V' well plates as shown in 

Plate 4.B. All subsequent tests were therefore performed 

in 'V' well plates. 

Suspensions of sensitised SRBCs were extremely stable; 

there was no loss in specificity or sensitivity after 

storage at 4°C for 12 months. 
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Plate 4B : 

COMPARISON OF 'V' AND 'U' WELL MICROTITRE 

PLATES IN HAEMAGGLUTINATION ASSAY 

Titre 	"V" well 
	

"U" well 

1 

2 

4 

8 

16 

32 

64 

128 

256 

512 

1024 

No serum. 

• 

I V N I V N 

Test sera were from infected (I), strain 19 

vaccinated (V) and brucella negative (N) pools. 
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Application of HA system to diagnosis of bovine brucellosis  

The ninty-two coded bovine serum samples previously 

examined by immunofluorescence and bacterial tube agglu-

tination were tested in the HA system. These results 

showed a similar lack of correlation between HA and 

bacterial tube agglutination as previously seen with 

quantitative immunofluorescence. However, a similar 

level of discrimination between bovine sera from infected 

and vaccinated animals was obtained with HA as with 

both quantitative and qualitative immunofluorescence 

systems. Sera from cattle vaccinated with strain 19 

Br. abortus exhibited consistantly higher results in 

the HA system than in qualitative immurfluorescence 

(Figure 4.E.). 

Individual bovine sera taken at different intervals 

after infection or vaccination were tested by HA and 

the end point titres compared with results of qualitative 

immunofluorescence and bacterial tube agglutination 

tests. Table 4.B. shows that no clear relationship 

exists between results obtained in immunofluorescence 

or HA and the time after exposure of the animal to infec-

tion or vaccination. Results obtained in these systems 

are independent of bacterial agglutination titres, which 

follow a similar response curve in both infected and 

vaccinated cattle. Once antibody production has been 
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FIGURE-4E: 

CORRELATION-BETWEEN-PASSIVE-HAEMAGGLUTINATION-TITRE  

AND-VISUAL-ASSESSMENT-OF-FLUORESCENCE-IN-SEROLOGICAL 

DIFFERENTIATION-OF-INFECTED-FROM-VACCINATED-CATTLE  
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Visual assessment was performed on Rhodamine-BSA blocked 
beads stained with sera at a dilution of 1 in 500 
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TABLE.4B: VISUAL.FLUORESCENCE,.HAEMAGGLUTINATION-AND.. BACTERIAL..  TUBE..  AGGLUTINATION-TESTS-ON..SELECTED 
MfAt2BLEE69 FROM. INFECTED-ANd-VAddI1 ATED- CATTLE 

Animal 
Status VACC-INATED 

- 
INFECTED  

---- - 	__. 
Animal 
Reference 1 2 3 4 5 6 

Day No. Vis HA SAT Vis HA SAT Vis HA SAT Vis HA SAT Vis HA SAT Vis HA SAT 
FA FA FA FA FA FA 

1 - <5 80 - <5 20 - <5 80 - <5 40 

14 - <5 40 - 1280 160 - 20 80 + 1280 1280 - 20 80 

28 - <5 40 - 320 2560 - <5 40 + 5120 1280 - 20 80 + 5120 320 

34 + 1280 1280 - 20 80 

40 + 1280 1280 - 80 160 

44 - <5 40 - 80 1280 - <5 80 + 1280 640 - 80 160 

52 ! 	t <5 20 - 80 5120 - <5 160 + 5120 1280 + 5120 640 + 5120 160 

70 - <5 80 - 80 1280 - <5 40 + 1280 160 + 5120 1280 + 5120 320 

76 + 5120 160 + 5120 160 

83 + 1280 160 + 5120 80 

88 - <5 40 - 20 1280 - <5 40 + 5120 160 + 1280 80 

101 - <5 20 - 20 1280 - <5 40 + 1280 80 + 5120 40 + 20480 320 

128 - <5 40 - 20 1280 - <5 160 + 20480 320 

143 - <5 10 - 20 640 - <5 80 + 20480 320 

169 - <5 20 - 20 640 + <5 40 

210 - <5 20 - 20 640 ± <5 80 + 20480 80 + 5120 320 

Vis FA = qualitative, visual fluorescence assessment at 1:500 dilution of bovine serum 
HA = Haemagglutination titre 
SAT = Bacterial tube agglutination titre 
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initiated, an agglutination response against the intact 

Br.-abortus cell was rapidly established in both groups, 

remaining throughout the course of bleeds. In contrast, 

positive immunofluorescence and HA results were obtained 

with sera from infected animals as soon as an antibody 

response against whole bacterial cells was detectable, 

but were absent with sera from vaccinated cattle despite 

the presence of high bacterial agglutination titres. 

Effect_of_2-mercaptoethanol_on_HA_titres_of_selected 

bovine-sera: The differences between results obtained 

with systems utilising SDS extract and intact Br._..abortus 

cells could be due to many causes. Immunofluorescence 

and HA systems may involve similar antigens of Br._ 

abortus to those operative in bacterial tube agglutination 

but detect different classes of antibody; alternatively 

different antigens from those reactive in bacterial 

agglutination tests may be involved. 

The sensitivity of bacterial tube agglutination tests 

to different antibody classes in infected and vaccinated 

animals was discussed in Section 1.5. In order to investi-

gate the influence of antibody class in the HA system, 

selected sera taken at various time intervals were treated 

with 2-mercaptoethanol prior to titration. 
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The results in Table 4.C. show that pre-treatment with 

2-mercaptoethanol resulted in a significant drop in 

HA titre only with sera from vaccinated cattle indicating 

that the HA activity in these sera was predominantly 

due to IgM antibody, whilst in sera from infected animals 

it was predominantly due to IgG antibody. These data 

show that the HA activity of bovine sera from infected 

and vaccinated animals against SDS extract sensitised 

SRBCs was due to the same antibody classes that are 

reputed to be responsible for bacterial tube agglutination 

reactions in these two groups of animals (Rice et al. 

1966b; Beh, 1974). These observations exclude the 

possibility that discrepant results obtained with HA 

and bacterial tube agglutination are due to differential 

sensitivities to different antibody classes alone and 

support the involvement of other discriminatory factors. 

4.2.3. Summary 

Similar levels of discrimination between bovine sera 

from infected and vaccinated animals were obtained using 

strain 544/W SDS extract sensitised SRBCs in a haemagglu-

tination system to those observed in the immunofluores-

cence systems whereas agreement between results of haem-

agglutination and bacterial tube agglutination tests 

was poor. The divergent results obtained with systems 

utilising SDS extract and intact Br.-abortus cells were 
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TABLE.. 4C: 

THE EFFECT OF. 2-MERCAPTOETHANOL.- TREATMENT ON THE-PASSIVE 

HAEMAGGLUTINATION.  TITRE- OF.. SERA.. FROM.. INFECTED  

AND.. VACCINATED.. CATTLE 

ANIMAL/STATUS/DAY 
PASSIVE HA TITRE 

UNTREATED CONTROL 2-ME TREATED 

1/S19 VAC/16 320 < 5 

2/S19 VAC/30 80 <,5 

2/S19 VAC/43 40 < 5 

3/45/20 VAC/16 20 < 5 

4/AC. INF/6 320 320 

4/AC. INF/11 1280 640 

4/AC. INF/20 320 320 

5/AC. INF/16 320 320 

5/AC. INF/36 5120 5120 

6/CHRONIC 5120 5120 

6/CHRONIC 20480 20480 

6/CHRONIC 5120 5120 

VAC = Vaccinated 

INF = Infected 

AC. INF = Acute infection 

CHRONIC = Chronic reactor 
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not due to differences in their sensitivity to different 

antibody classes but appeared to be due to the reacti-

vity of different target antigens. 
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CHAPTER-5. ANTIGENIC-ANALYSIS-OF-CRUDE-STRAIN-544/W 

SDS.EXTRACT-AND-PURIFICATION OF- SELECTED_ COMPONENTS 

In the previous chapter, discrimination between sera 

from infected and vaccinated cattle was obtained in 

both indirect immunofluorescence and passive HA tests 

using strain 544/W SDS extract bound to Sepharose beads 

and sheep red blood cells respectively. Similar discrim-

ination was not observed with bacterial tube agglutination 

tests. Identification and purification of the antigenic 

component(s) responsible for this differential reactivity 

might further improve this discrimination. The following 

experiments were designed to establish the pattern of 

reactivity of antigens present in whole extracts, and 

to isolate separate antigens. 

5.1. Antigenic_components_in.strain.544/W_SDS_extract 

Immunoelectrophoresis tests on strain 544/W SDS extract 

against pooled infected bovine serum (Chapter 3) produced 

5 discrete precipitation lines, of which three were 

present on the anode side of the sample well. Further 

studies of these antigenic components were performed 

by two dimensional immunoelectrophoresis (2D-IE) of 

SDS extract into gels containing either antiserum from 

rabbits hyperimmunised with this extract or pooled infected 
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bovine serum. These tests indicated that at least eight 

immunogenic components were present in SDS extract (Plate 

5.A.) of which only three, designated a, a and y, 

stimulated sufficient precipitating antibody in infected 

cattle for production of visible peaks (Plate 5.B.). 

No peaks were visible after 2D-IE of the extract into 

gels containing pooled vaccinated bovine serum. 

These observations suggested that one or more of these 

three antigens might be responsible for the improved 

differentiation between infected and vaccinated bovine 

sera obtained in fluorescent antibody or passive HA 

systems. Purification of these antigens from SDS extract 

was attempted by gel filtration, isoelectric focussing 

and affinity chromatography. 

5.2. Development_of_assays.for_antigen-detection._during 

purification ( See Sections 2.4.and 2.6.) 

Fractions obtained during purification were assayed 

for the presence of antigenic components by an HA assay 

in which sheep red blood cells (SRBCs) were sensitised 

with immunoglobulins from infected bovine sera (SRBC 

- INF). Control SRBCs were sensitised with immunoglo-

bulins from a strain 19 vaccinated cow (SRBC -VAC). 

Preliminary experiments indicated that the optimum sensiti-

sation level of pooled immunoglobulins from an infected 
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Plate 5A : 

TWO DIMENSIONAL IMMUNOELECTROPHORESIS (2D-IE)  

OF STRAIN 544/W SDS EXTRACT AGAINST HYPERIMMUNE 

RABBIT ANTISERUM 

e 

+/- first dimension run. 

(D/6 second dimension run. 

Well-strain 544/W SDS extract. 

Reference gels contained 12.5% pooled serum from 

hyperimmunised rabbits 1,2 and 34Section 5.5.1.) 
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Plate 5B : 

TWO DIMENSIONAL IMMUNOELECTROPHORESIS (2D-IE) 

OF STRAIN 544/W SDS EXTRACT AGAINST INFECTED  

BOVINE SERUM POOL 

I 

0 

+/- first dimension run. 

®/6 second dimension run. 

Well-strain 544/W SDS extract. 

Reference gel contained 12.5% pooled infected 

bovine serum. 
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cow was 60 ug/ml. SRBCs sensitised with immunoglobulins 

from a strain 19 vaccinated cow failed to agglutinate 

in similar tests against SDS extract, regardless of 

the immunoglobulin concentration used for sensitisation. 

The presence of bovine immunoglobulin on the surface 

of these sensitised cells was demonstrated by their 

agglutination with rabbit anti bovine serum (Miles Labora-

tories Ltd). SRBCs were therefore sensitised with these 

immunoglobulins at a concentration of 60 ug/ml. 

As crude extracts of Br. abortus contained SDS, the 

effect of this detergent on agglutination and settling 

patterns of sensitised SRBCs was investigated. Aqueous 

SDS solutions were titrated from 0.5% w/v, (the concentra-

tion present in crude SDS extracts) and tested for haem-

agglutination against several batches of sensitised 

and unsensitised SRBCs. All samples of SRBCs were agglu-

tinated by SDS concentration greater than 0.0125%, or 

a dilution of 1 in 40 of a crude SDS extract. In view 

of this, HA titres obtained with brucella antigen prepara-

tions against SRBCs-INF were only considered positive 

at dilutions greater than 1 in 40. 

In addition to the above HA assay, test fractions from 

strain 544/W SDS extract were also examined by 2D-IE 

against pooled infected bovine serum. 
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5.3 Separation-of_antigenic-components-from_strain 

544/W-SDS-extract-by-gel_filtration  

Separation and purification of the a, 0 and y antigens 

of Br.-abortus was attempted initially on the basis 

of differences in their molecular size. 

5.3.1. Experimental-design 

500 ul aliquots of SDS extract were applied to 10 ml 
columns (30 x 0.6 cm) of selected grades of Sephadex 

or cross-linked Sepharose (Pharmacia (G.B.) Limited) 

and washed through with 0.O1M phosphate buffered saline 

(PBS) pH 7.6. Fractions from each column were monitored 

using a Uvicord flow cell and chart recorder (LRB Instru-

ments Limited) and collected on a Gilson Microcol TDC 

80 fraction collector (Anachem Limited). 

Individual fractions from each column were titrated 

by four-fold dilutions in Microtitre plates (Dynatech 

Laboratories Limited) and tested for haemagglutination 

activity against SRBCs-INF. Selected fractions were 

also tested against SRBCs-VAC. Reactive fractions were 

used for sensitisation of SRBCs (SRBC-Ag) or coupled 

to Sepharose CL4B beads (Seph-Ag) and tested by haemagglu-

tination or indirect immunofluorescence with bovine 

sera from infected and vaccinated animals. Selected 

fractions were pooled and tested by 2D-IE against pooled 

infected bovine serum. 
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5.3.2. Experimental-data-and-Results 

Elution profiles for each column are shown in Figure 

5.A. Two major peaks of material absorbing light of 

wavelength 256 nm were obtained in each case though 

the higher concentration of material shifted from the 

first, void volume peak to the second peak as grades 

of gel which fractionated at higher molecular weight 

ranges were employed. Fractionations through the higher 

grades of Sephadex and Sepharose gels produced a third 

low, broad peak between the two major peaks. 

An unusual effect noted during these experiments was 

the progressive decrease in the height of peaks obtained 	

t.3 
from fractionations through increasing grades of Sephadex, 

in spite of the fact that samples containing similar 

amounts of material were applied to each column. It 

was discovered however, that the Uvicord detector unit 

was failing and this was corrected prior to fractionations 

through Sepharose gels. 

Figure 5.A. also shows that the major proportion of antigenic 

components in strain 544/W SDS extract exhibiting haemagglu-

tination activity with SRBCs-INF were excluded from 

the gel matrix of Sephadex grades G-25, G-50, G-75, 

G-100 and G-150 and Sepharose CL6B and were present 
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FIGURE . SA: 

ELUTION . PROFILES .. AND .-HAEMAGGLUTINATION ACTIVI1'Y - OF - STRAIN 

544/W. SDS EXTRACT THROUGH ~ SEPHADEX - AND - SEPHAROSE - COLUMNS 
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in the higher molecular weight material from each of 

these columns. No haemagglutination activity was observed 

with SRBCs-VAC. Material recovered from the Sepharose 

CL2B column contained considerably lower HA activity 

than material recovered from other columns. 

Individual fractions from the Sephadex G-100 column 

were coupled to activated Sepharose CL4B beads (Seph-

Ag) and tested by indirect immunofluorescence using 

pooled infected and vaccinated bovine sera as the inter-

mediary layer. Differential reactivity in this system 

was only found with higher molecular weight fractions, 

confirming the results obtained with haemagglutination 

(Figure 5.B.). 

Sephadex G-100 fractions containing maximum HA reacti-

vity were used to sensitise SRBCs (SRBC-Ag), which were 

tested for haemagglutination with dilutions of pooled 

bovine sera from infected and vaccinated animals to 

ascertain whether improved discrimination was obtained 

with these cells compared to SRBCs sensitised with crude 

SDS extract. No improvement was observed. 

Analysis of this high molecular weight material from 

G-100 Sephadex by 2D-IE showed the presence of a, S and 

y antigens, indicating that separation of these antigens 

had not been achieved (Plate 5.C.). 
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FIGURE.. 5B: 

ACTIVITY-OF_FRACTIONS. FROM.. SEPHADEX.-G-100_COLUMN 

IN-IMMUNOFLUORESCENCE-TEST 

F RACT ION NUMBER 

Sepharose beads coupled to fractions were stained with 
1:160 dilution of bovine serum followed by 1:20 dilution 
of conjugate. 

• S- pooled infected bovine serum 
0.--o - pooled non-infected bovine serum 

Results expressed as mean ± 1 S.D. 
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PLATE 5C: 

TWO DIMENSIONAL IMMUNOELECTROPHORETIC ANALYSIS OF HIGH 

MOLECULAR WEIGHT PEAK (PEAK 1) FROM.SEPHADEX G-100 

FRACTIONATION OF CRUDE SDS EXTRACT. 

Well 1 - high molecular weight peak (Peak 1) from G-

100 Sephadex column. 

Well 2 - crude SDS extract. 

Reference gels contained 12.5% infected bovine serum 

pool. 
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Fractionation of SDS extract through Sephadex G-200 

did result in separation of antigenic components, as 

assayed by haemagglutination against SRBCs-INF, into 

two peaks (Figure 5.A.). 2D-IE examination of these 

two peaks against pooled infected bovine serum showed 

that peak 1 contained a, 0 and y antigens, whereas 

peak 2 contained only a single antigen. Immunodiffusion 

tests with hyperimmune rabbit antisera against the S 

and y antigens (Section 5.5.1.) identified this antigen 

as y antigen. The activity of the y antigen purified 

by this method was tested in a passive haemagglutination 

system using tanned SRBCs sensitised with a range of 

dilutions of the second peak from the Sephadex G-200 

column (denoted G-200/P2). No activity was found however, 

when these cells were tested against titrations of pooled 

infected and vaccinated bovine sera. These experiments 

indicated that fractionation of crude SDS extract through 

Sephadex G-200 enabled purification of y antigen but 

not other precipitating antigens. SRBCs sensitised 

with this y antigen were not however reactive in HA 

tests on bovine sera. 

5.3.3. Summary 

Gel filtration experiments indicated that separation 

of antigenic material exhibiting high differential haem-

agglutination activity with SRBCs-INF and SRBCs-VAC 

was possible using several grades of Sephadex gel. 
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SRBCs sensitised with this semi-purified antigenic material 

did not enable improved discrimination between bovine 

sera from infected and vaccinated animals compared to 

cells sensitised with crude SDS extract. 2D-IE experi- 

ments on this material showed that it contained a, 0  and 

y antigens. Fractionation of crude SDS extract 

through Sephadex G-200 enabled separation of y antigen 

from other precipitating antigens. SRBCs sensitised 

with this y antigen were not, however, reactive in HA 

tests on bovine sera. 

5.4. Separation_of_antigenic_Components_from.strain 

544/W_SDS_ Extract_by_Isoelectric_Focussing 

Purification of individual antigenic components from 

strain 544/W SDS extract was attempted on the basis 

of differences in their molecular charge. 

5.4.1. Experimental_design 

Two preparative isoelectric focussing runs were performed. 

An initial column was run using a wide range pH gradient 

(pH 3 - 12) to ascertain the pH at which antigenic components 

focussed. A second column was then run using a narrow 

range pH gradient (pH 3 - 6) to maximise the resolution 

of focussed components. Each column was run using a 

1 ml sample of strain 544/w SDS extract dispersed in 
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a 0 - 46% sucrose gradient containing 1% 'Ampholine' 

carrier ampholytes (LKB Instruments Ltd.) in a 110 ml 

'Ampholine' electrofocussing column (LKB 8101 : LKB 

Instruments Ltd.). Electrofocussing was performed at 

2 - 3 W until a stable current was observed. The focussed 

gradient was then emptied from the column and fractions 

collected. Each fraction was immediately assayed for 

0D256 or  0D280,  pH and haemagglutination activity against 

SRBCs-INF. Fractions exhibiting high haemagglutination 

activity were used for sensitisation of SRBCs (SRBC-

Ag) for haemagglutination tests on infected and vaccinated 

bovine sera. Selected fractions were also tested by 

2D-IE and immunodiffusion against pooled infected bovine 

serum. 

5.4.2. Experimental_data_and_Results 

In the wide pH range column, the majority of material 

exhibiting haemagglutination activity with SRBCs-INF 

focussed between pH 3 and 6, with a peak of reactivity 

of pH 4.4. Optical density readings of these fractions 

however, suggested the presence of only low concentrations 

of protein. 2D-IE tests on reactive fractions from 

this column failed to produce precipitation peaks, preventing 

identification of the antigenic components present in 

this material. 
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Figure 5.C. shows that in the narrow pH range column, 

the fraction containing maximum haemagglutination activity 

with SRBCs-INF and an OD256 peak focussed at pH 4.4. 

A haemagglutination end point titre of > 1 in 5 million 

was obtained compared with 1 in 20,480 for crude SDS 

extract but the high activity in this peak was unstable. 

Selected fractions which had focussed in the pH range 

3.8 - 4.8 were nevertheless used to sensitise tanned 

SRBCs (SRBC-Ag). Each sample of SRBC-Ag was then tested 

against dilutions of pooled infected and strain 19 vaccinated 

bovine sera. Results of these tests are shown in Table 

5.A. In spite of the loss in haemagglutination activity 

against SRBCs-INF, SRBCs sensitised with the fraction 

focussing at pH 4.4 (F.46), and to a lesser extent at 

pH 4.2 (F41), showed marginally lower reactivity against 

S19 vaccinated serum than control SDS extract sensi-

tised SRBCs, with no reduction in titre against infected 

serum. Forty-fold higher concentrations of electro-

focussed material were necessary for cell sensitisation 

than were used routinely for crude SDS extract sensitised 

SRBCs. Gel diffusion and 2D-IE tests on this electro-

focussed material produced no precipitation lines thus 

failing to identify which antigenic components were 

present. 

In view of the failure of isoelectric focussing to separate 

the antigens in strain 544/W SDS extract into more than 



FIGURE-5C: 
ISOELECTRIC.- FOCUSSING - PROFILES_ OF CRUDE.- EXTRACT.- FOR-- TRANSMISSION,  

PH.- AND.- HAEMAGGLUTINATION..ACTIVITY.- AGAINST.- SRBCS-NF. 
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TABLE.. 5A: 

HAEMAGGLUTINATION-TESTSSUSING- SRBCS SENSITISED.. WITH- SELECTED FRACTIONS 

FROM-NARROW-PH-RANGE-ISOELECTRIC-FOCUSSING-COLUMN 

FRACTION NO. 30 41 46 52 62 86 Strain 544/W 

SDS EXTRACT 

SENSITISING 

DILUTIONS 

PASSIVE HAEMAGGLUTINATION TITRE WITH 

_ 

INF. VAC. INF. VAC. INF. VAC. INF. VAC. INF. VAC. INF. VAC. INF. VAC. 

1:10 10240 320 10240 320 10240 160 10240 160 2560 160 2560 160 NT NT 

1:50 5120 80 10240 160 10240 80 5120 80 80 80 80 80 NT NT 

1:250 •80 80 5120 160 5120 80 80 80 80 80 80 80 NT 
t 

NT 

1:1000 20 80 80 80 80 80 80 80 80 80 80 80 NT NT 

1:2000 NT NT NT NT NT NT NT NT NT NT NT NT 10240 

A 

320 

INF - Infected bovine serum pool 

VAC - Strain 19 vaccinated bovine serum pool 

NT - Not tested 
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one major peak and the instability of the antigenic 

material present in that peak this technique was not 

pursued as a purification method. 

5.4.3. Summary 

Isoelectric focussing of strain 544/W SDS extract enabled 

purification of material with an isoelectric point between 

pH 4.2 and 4.5, which had a haemagglutination titre 

against SRBCs-INF some 260 times greater than crude 

SDS extract. SRBCs sensitised with these fractions 

gave marginally improved discrimination between infected 

and vaccinated bovine serum pools compared with crude 

extract sensitised cells, but considerably more antigenic 

material was required for sensitisation. In addition, 

semi-purified antigen prepared in this way was extremely 

unstable. Isoelectric focussing was not therefore considered 

to be a practical procedure for purification of antigens 

from SDS extract. 

5.5. Separation_of_antigenic_components_from_strain 

544/W_SDS_ extract _by_affinity_chromatography  

Purification of individual antigenic components from 

strain 544/w SDS extract was attempted on the basis 

of differences in their specific binding with precipi-

tating antibodies present in pooled infected bovine 
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serum or experimentally produced rabbit antisera. 

5.5.1. Preparation of rabbit antisera against indivi-

dual antigenic components  

Several authors have used antigen-antibody precipitation 

lines produced in gel diffusion for producing specific 

antisera (Capron et al, 1968, 1970; Caldwell et al, 

1975; Vestergaard, 1975; Vestergaard and Norrild, 

1978). Selected antisera have then been employed in 

affinity chromatography for purification of homologous 

antigens (Bout et al, 1974; Caldwell and Cuo, 1977; 

Schurig et al, 1978). The possibility of using this 

approach for raising antisera against antigens present 

in strain 544/W SDS extract was investigated. 

Preparation of Immunogen: Precipitation peaks obtained 

by 2D-IE of strain 544/W SDS extract were not always 

visible prior to staining of gels, thus excluding their 

use for immunisation of rabbits. Precipitation lines 

obtained by immunodiffusion were visible without staining 

but were very close together making accurate dissec-

tion of a single line from the gel difficult. The system 

was therefore modified using troughs 10 mm apart rather 

than wells. Incubation of these plates for 3 days at 

4°C produced 2 clearly separated precipitation lines 

which were designated B and C. Plates were washed for 
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24 hours in several changes of saline prior to dissection 

of precipitation lines. 

Immunisation_of.Rabbits: Three groups of three rabbits 

were used for immunisation; details of the immunisation 

schedule are shown in Table 5.B. Each antigen emulsion 

was prepared immediately prior to use through a sterile 

barrel connector placed between two sterile 5 ml syringes. 

Processing-and_Evaluation_of_āntisera: In all cases 

bulked antisera from individual rabbits were kept separate. 

Each antiserum was tested for specificity against SDS 

extract by ID. Antisera from rabbits in groups B and 

C were also tested for precipitating reactivity against 

normal bovine serum. 

Results showed that rabbits Al, A2 and A3 had produced 

a broad spectrum response against several antigens present 

in SDS extract. 

Antisera from rabbits B4, B5 and B6 gave single precipi-

tation lines in immunodiffusion against SDS extract 

which showed complete identity with each other and with 

precipitation line B formed between pooled infected 

bovine serum and SDS extract. Anti-bovine immunoglobulin 

activity was present in all three antisera. 

No reactivity was detectable in antisera from rabbits 

C7 or C8. Antiserum from rabbit C9 gave a single, faint 



Table 5B : 

SCHEDULE FOR IMMUNISATION OF RABBITS WITH GEL 

PRECIPITATION LINES  

Group 	Rabbit No. 	Antigen preparation: 

A 	1,2 & 3 	O.75m1 diluted crude SDS extract 

emulsified with 2.25m1s Freunds 

Complete Adjuvant (FCA). 

B 	4,5 & 6 

C 	7,8 & 9 

Six precipitation lines B (=0.75m1) 

emulsified with 2.25m1s FCA. 

Six precipitation lines C (=0.75m1) 

emulsified with 2.25mls FCA. 

Schedule 

Day 	Immunization  

	

0 	Preimmunization bleed from each rabbit. 

	

1 	injection 1 	O.5mis of appropriate antigen emulsion 

injected intramusculerly into each hind 

leg. 

	

7 	injection 2 	As for injection 1. 

	

14 	Test bleed each rabbit. 

	

21 	injection 3 	As for injection 1. 

	

30 	Test bleed each rabbit. 

	

32 	Bleed out group A rabbits Al,A2 & A3. 

	

37 	injection 4 	As for injection 1 for groups B & C-rabbits 

B4, B5, B6, C7, C8 & C9. 

	

44 	Test bleed each remaining rabbit. 

	

48 	Bleed out rabbits B4, B5, B6 & C9. 

	

55 	injection 5 	Rabbits C7 & C8 : 0.75m1s of appropriate 

antigen emulsion injected intramusculerly 

into each hind leg. 

	

69 	Test bleed rabbits C7 & C8. 

	

76 	Bleed out rabbits C7 & C8. 

111 
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precipitation line in immunodiffusion against SDS extract 

which showed complete identity with precipitation line 

C formed between pooled infected bovine serum and SDS 

extract. Owing to the very low potency of this antiserum, 

the immunoglobulin fraction was separated in order to 

concentrate the antibody activity. The resultant globulin 

preparation (15.3 mg per ml) gave a much stronger precipi-

tation line in immunodiffusion tests against SDS extracts. 

Anti bovine immunoglobulin activity was present in both 

the whole antiserum and derived immunoglobulin prepara-

tion. 

Rabbit antisera were titrated by the bacterial tube 

agglutination test against Br.-abortus strain 99 suspension 

(Br.__abortus stained suspension, batch K6203 - Wellcome 

Reagents). Antisera from rabbits Al, A2 and A3 gave 

high titres whilst antisera from rabbits immunised with 

precipitation lines showed minimal reactivity in this 

system (Table 5C.). 

Removal_of_anti-bovine. immunoglobulin_activity_from 

rabbit.antisera_B4,_B5,_B6_and_C9_by_affinity_chroma- 

tography: Since anti-bovine immunoglobulin activity 

in rabbit antisera B4, B5, B6 and C9 interfered in 2D-

IE intermediate gel techniques, the activity was removed 

by absorption through columns containing Sepharose CL4B 

- normal bovine serum (Seph-NBS) immunoadsorbent. Two 



TABLE 5C: 

BACTERIAL-TUBE-AGGLUTINATION-TESTS-ON-HYPERIMMUNISED-RABBIT-ANTISERA 

Serum 

Dilution 

20 40 80 160 320 640 1280 2560 5120 10240 20480 Neg. 

Control 

Rabbit 

Ref: 

Al +++ +++ +++ +++ +++ ++ ++ + - - - - 
A2 +++ +++ +++ +++ +++ +++ +++ ++ ++ ± - - 

A3 +++ +++ +++ +++ +++ +++ +++ ++ - - - - 

B 4 +++ - - - - - - - - - _ _ 

B5 ++ + - - - - - - - _ _ _ 

B6 -  - - - - - - - - - - 
- 

C9 - 

pr.abortus 

- - - - - - - - - - - 

Agglutin- 

ating serum. +++ +++ +++ +++ +++ +++ ++ ++ ++ + - - 

Br. abortus, 

agglutin- 

ting serum*. +++ +++ +++ +++ ++ - - - - - - _ 

Br. abortus  agglutinating serum (ZMO1) - Wellcome Reagents Ltd. 

* absorbed with Br. melitensis  
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columns of Seph-NBS were prepared; antisera B4, B5, 

and B6 were absorbed on one column and C9 globulins 

on the second column in order to exclude any risk of 

cross-contamination between the antisera. After each 

run, adsorbed anti-bovine antibody was eluted from both 

columns with 2M sodium thiocyanate. 

5.5.2. Evaluation .of-- absorbed-- rabbit_antisera 

Absorbed samples of B4, B5 and B6 antisera and C9 globulins 

were tested in 2D-IE using an intermediate gel technique 

(Section 2.4.4.) to identify their specificity. Prelim-

inary experiments showed that the optimum concentrations 

of rabbit antiserum in intermediate gels required for 

satisfactory resolution of precipitation peaks were 

10% B4, B5 and B6 whole antisera and 30% C9 globulins. 

The results of 2D-IE tests are shown in Plate 5.D. A 

reduction in the size of a single peak and extension 

of the precipitation line forming that peak into the 

intermediate gel indicates that the intermediate and 

reference gels contain antibody of identical specificity 

against the antigen responsible for that peak. Antiserum 

from rabbits B4, B5 and B6 appeared to be completely 

specific to the [3 peak whereas C9 globulin was reactive 

only with the y peak. 
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PLATE 5D: 

TWO DIMENSIONAL IMMUNOELECTROPHORETIC. ANALYSIS. OF 

ANTISERA FROM RABBITS HYPERIMMUNISED WITH INDIVIDUAL 

PRECIPITATION LINES 

a 

c 
	

d 

0 

e 	f 

o 	E~ 
All wells contained strain 544/W SDS extract. 

Reference gels contained 12.5% infected bovine serum 

pool. 

Intermediate gels contained rabbit immunoglobulins as 

follows: 

(a) 10% 

(b) and 

(c) 10% 
(d) 10% 

(e) 30% 

B4 

(f) Normal rabbit serum 

B5 
B6 

C9 
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5.5.3. Purification of 0.  and y..antigenic components  

from. strain 544/W. SDS extracts using immunoadsorbents  

prepared from rabbit. antisera 

Solid phase immunoadsorbents were prepared from hyper-

immune rabbit antisera against the B and y antigens. 

Preparation_of_Immunoadsorbents: The immunoglobulin 

fraction was separated from rabbit antisera B4, B5 and 

B6. Aliquots of unabsorbed globulins from these rabbits 

and C9 were mixed with 20g each of sodium metaperiodate 

activated Sepharose CL4B at concentrations of 5 mg protein 

per g. gel. The actual amounts of protein coupled to 

each Sepharose sample were 4.8, 4.6, 4.9 and 4.7 mg 

per g.gel for B4, B5, B6 and C9 respectively. Following 

coupling and reduction with sodium borohydride, each 

gel was washed with PBS and poured into a 30 x 1.6 cm 

column over 25 mis of Sephadex G-25 medium grade. Each 

column was washed with PBS, 10 mis of 2M sodium thio-

cyanate for removal of any loosely bound protein and 

then extensively with PBS. 

āpplication_and_elution_of_samples: Samples of SDS 

extract (500 ul) were applied to each column and washed 

through with PBS. Fractions were collected until all 

material absorbing light at a wavelength of 256 nm. 

had been washed through. Adsorbed material from each 

column was then eluted with 6 mis of 2M sodium thiocyanate 
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followed by extensive washing with PBS. Fractions were 

again collected until the peak eluted with thiocyanate 

had been recovered. Similar elution profiles were obtained 

with all columns, an example of which is shown in Figure 

5.D. This profile shows that some fractionation of non-

adsorbed components of the SDS extract occurred during 

passage through the column,presumably due to the molecular 

sieve effect of the Sephadex G-25. This portion of 

the profile closely resembles the elution profile obtained 

from fractionation of this extract through G-25 Sephadex 

(Section 5.3.2.). The peak of purified antigen which 

was obtained following elution of the immunoadsorbent 

was also separated from its eluent by passage through 

the Sephadex. 

5.5.4. Characterisation_of_affinity_purified_antigenic  

components 

Fractions from each column forming effluent (wash) and 

eluant peaks were pooled, concentrated to 500 pl and 

tested for haemagglutination against SRBCs-INF and 2D-

IE using intermediate gels containing the appropriate 

rabbit antiserum used for preparation of the immunoad-

sorbent column. 
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FIGURE 5D: 

TYPICAL. ELUTION. PROFILE-OF CRUDE- 544/W.. SDS EXTRACT-WHEN ._ PASSED.. THROUGH 
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The results of haemagglutination tests on effluent and 

eluate from each column are shown in Table 5.D. The 

eluate from each column exhibited high haemagglutination 

activity with SRBC-INF indicating purification of immuno-

logically reactive antigenic components from the crude 

SDS extract. Low haemagglutination titres were also 

obtained with the effluents from each column, indicating 

the presence of some unbound antigen. 

Plate 5.E. shows the results of 2D-IE tests on eluates 

from each immunoadsorbent column. The eluate from the 

B4 globulin column gave a single peak in 2D-IE which 

was continuous from the reference gel containing pooled 

infected bovine serum through the intermediate gel containing 

B4 globulin. The y peak also appears to tail from the 

reference gel into the intermediate gel. However, this 

effect was most probably due to diffusion of low concen-

trations of antibody from the reference gel into the 

intermediate gel during the second dimension run. 

Two-dimensional-IE tests on the eluate from the B6 globulin 

column produced two peaks (Plate 5.E.) one in the reference 

gel and one in the intermediate gel. Though these peaks 

appeared at virtually equal distances from the origin 

well in the first dimension, indicating that they were 

produced by a antigen, there was no interconnecting 
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TABLE-5D: 

HAEMAGGLUTINATION-ACTIVITY-IN-WASHES-AND-ELUATES 

FROM_SEPHAROSE-IMMUNOADSORBENT COLUMNS 

Immunoadsorbent 

Column 

HA titre against SRBC-INF 

Wash (effluent) eluate 

B4 globulin 20 5120 

B5 globulin 20 20480 

B6 globulin 5 20480 

C9 globulin 80 20480 

T 

Strain 544/W 

SDS extract 81920 

Control 
4 
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PLATE 5E: 

TWO DIMENSIONAL. IMMUNOELECTROPHORETIC ANALYSIS OF 

AFFINITY_PURIFIED.ANTIGEN.PREPARATIONS FROM 

STRAIN_ 544/W. SDS.. EXTRACT 

a' 
	

b 

e 	 f 

cs 

Wells contained eluates from the following columns: 

(1)- B4 globulin, (3) - B5 globulin, (4) - B6 globulin, 

(5) - C9 globulin. 

Wells (2) and (6) contained crude SDS extract 

All reference gels contained 12.5% infected bovine serum 

pool. 

Intermediate gels contained rabbit immunoglobulins as 

follows: 	(a) and (b) - 10% B4; 	(c) - 10% B5; 	(d) 

- 10% B6; 	(e) and (f) - 30% C9. 
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line between them. This observation suggests that material 

eluted from the B6 column had been precipitated by rabbit 

antibody in the intermediate gel (B6 antiserum) which 

had a different specificity from the bovine antibody 

in the reference gel. The presence of antibodies in 

these two sera with differing specificites against 0 

antigen might be explained in the following way. It 

is probable that components present in the SDS extract 

would contain additional immunogenic sites to those 

present on the same components in situ in the intact 

organism. Anti 0 antibody in bovine serum should be 

directed against sites on bacterial cell components 

exposed during active infection. Anti S antibody in 

rabbit antiserum was produced by immunisation of SDS 

extracted 0  antigen complexed with bovine antibody as 

a precipitation line.. In this form, a large proportion 

of the antigenic sites against which bovine antibody 

was directed would already be blocked by bovine antibody 

and other immunogenic sites would stimulate the rabbit 

immune system. It seems likely, therefore, that 0 antigen 

would present different immunogenic sites in the two 

situations, which could result in production of antibodies 

which although directed against the same component (carrier) 

would be specific to different antigenic sites (haptens). 

In this way, S antigen which was not precipitated in 

2D-IE by rabbit antibody in the intermediate gel could 

continue electrophoretic migration into the reference 

gel, where precipitation by bovine antibody would occur, 
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resulting in production of 2 precipitation peaks similar 

to those in Plate 5.E. 

2D-IE tests on the eluate from the Sepharose-B5 globulin 

column showed a single peak which was continuous from 

the reference gel into the intermediate gel. The eluate 

from the C9 globulin Sepharose column also produced 

a single peak which was continuous from the reference 

gel into the intermediate gel. These observations indicate 

that in each of these cases specific precipitation had 

occurred between a single antigenic component eluted 

from the appropriate immunoadsorbent column and rabbit 

antibody of a single antigenic specificity, which was 

immunologically identical with the respective bovine 

antibody. 

These results suggest that B4, B5 and B6 antisera were 

all specific for $ antigen, though they contained anti-

bodies specific to different immunogenic sites. Antiserum 

from rabbit B5 appeared to contain sub-demonstrable 

levels of antibody against additional immunogenic sites 

and high levels of antibody (immunologically identical 

with the bovine antibody) against the native $ antigen 

sites. B5 and C9 globulin immunoadsorbent columns were 

therefore used for purification of subsequent batches 

of $ and y antigens from strain 544/W SDS extract. 



5.5.5. Summary 

Hyperimmunisation of rabbits with individual precipi-

tation lines obtained in gel diffusion between strain 

544/W SDS extract and pooled infected bovine serum produced 

antisera against the antigenic components forming these 

lines. Affinity chromatography using Sepharose immuno-

adsorbents prepared with immunoglobulin preparations 

from selected rabbit antisera enabled purification of 

antigenic components from crude SDS extract which exhibited 

high haemagglutination activity with SRBC-INF and showed 

the characteristics of S and y antigens in immunopre-

cipitation procedures. 

124 
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CHAPTER-6. RELATIONSHIP-- BETWEEN_PRECIPITATING-ANTIGENS  

OF_STRAIN-544/W-SDS-EXTRACT_AND_THOSE-REACTIVE_IN_IMMUNO-  

FLUORESCENCE-.AND_PASSIVE..HAEMAGGLUTINATION-SYSTEMS 

Results in previous sections have shown that incorporation 

of strain 544/w SDS extract into either immunofluorescence 

or HA systems enabled differentiation between bovine 

sera from infected and vaccinated animals. Affinity 

chromatography of this extract through selected immunoad-

sorbents produced two preparations, each containing 

a single antigen precipitated by the pool of infected 

bovine serum,designated 0  and y. Both these preparations 

agglutinated SRBCs sensitised with immunoglobulins from 

infected cattle (SRBCs-INF) but not SRBCs sensitised 

with immunoglobulins from vaccinated animals (SRBCs-

VAC), indicating that both the 0  and y antigens may 

have been associated with the discriminatory activity 

of the immunofluorescence and HA systems. Experiments 

were undertaken to confirm whether this was so or whether 

additional antigenic components were involved. 

Experimental_ design 

SRBCs were sensitised with affinity purified 0  and y 

antigens and with crude stain 544/W SDS extract and 

tested for HA reactivity with infected and vaccinated 
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bovine serum pools and rabbit antisera against 0 and 

y precipitation lines. Identity between precipitating 

antibodies against a and y antigens and those responsible 
for HA reactivity against SRBCs sensitised with affinity 

purified 0  and y preparations was investigated by passing 

aliquots of the infected bovine serum pool through affinity 

purified 0 and y antigen-Sepharose immunoadsorbent columns. 

Washes and eluates from each column were tested for 

HA reactivity against SRBCs sensitised with affinity 

purified antigens and crude SDS extract and by inter-

mediate gel 2D-IE against SDS extract. 

In addition, affinity purified 0 and y preparations 

were passed through C9 (anti y) and B5 (anti-s) antibody-
Sepharose columns respectively, to confirm the specificity 

of these immunoadsorbents. The washes and eluates were 

tested for HA activity against SRBCs-INF and by 2D-IE 

against the infected bovine serum pool. Samples of 

crude SDS extract were passed through control columns 

containing non-activated Sepharose gel or activated 

Sepharose CL4B coupled to non-immune rabbit immunoglobu-

lins and washes and eluates similarly tested. 

Finally, 92 characterised bovine sera were examined 

in qualitative immunofluorescence and HA systems using 
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Sepharose beads or SRBCs coupled with affinity purified 

$ and y antigen preparations and crude SDS extract. 

6.1 Haemagglutination tests with affinity purified 

antigens  

SRBCs sensitised with affinity purified a and y antigen 
preparations and crude SDS extract were tested for HA 

activity against dilutions of infected and vaccinated 

bovine serum pools and B5 and C9 rabbit antisera. The 

results in Table 6.A. show that identical end point 

titres were obtained with each sample against S, y or 

crude SDS extract sensitised SRBCs. Minimal titres 

were observed with B5 and C9 antisera, even against 

SRBCs sensitised with the homologous antigen. 

These preliminary observations suggested that insigni-

ficant levels of 5 and y antigens were present on SRBCs 

and hence these antigens did not play a major role in 

the serological discrimination observed. The contribution 

of 5 and y antigens in the diagnostic systems developed 

in this study was investigated. 
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TABLE 6A: 

HAEMAGGLUTINATION-STUDIES •.USING-SRBCS_ SENSITISED•-WITH 

AFFINITY-PURIFIED--8 AND• y.. ANTIGEN-PREPARATIONS  

AND-CRUDE_SDS_ EXTRACT 

Antiserum 

HA titre against SRBCs sensitised with: 

8 antigen y antigen 544/W 

extract 

No antigen 

Infected 

bovine serum 

pool 

20480 20480 20480 < 5 

Vaccinated 

bovine serum 

pool 

80 80 80 < 5 

B5 antiserum 40 40 40 < 5 

C9 antiserum 5 5 5 < 5 

Non-immune 	• 

rabbit serum 

< 5 < 5 < 5 < 5 
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6.2. Investigation of the relationship between (3 and  

y antigens and the passive haemagglutination and immuno-

fluorescence reactivity of crude SDS extract.  

Association between precipitating antibodies against 

a and y antigens and those responsible for HA reacti- 

vity was investigated by 2D-IE tests on aliquots of 

the infected bovine serum pool after removal of the 

HA antibody activity by appropriate absorption. Exhaus- 

tive absorption of samples with affinity purified $ 

and y antigen sensitised SRBCs was not practical due 

to the large volume of cells required. However, close 

similarities between previous results obtained in HA 

and immunofluorescence systems suggested that similar 

antigens might be operative. Absorption of serum with 

affinity purified (3 and y antigen-coupled Sepharose 

was therefore performed as this method enabled simple 

preparation of sufficient concentration of absorbed 

antibody for subsequent 2D-IE tests (which was not practical 

using sensitised SRBCs) and also allowed analysis of 

eluted antibody for reactivity. 

Aliquots of the infected bovine serum pool were passed 

through immunoadsorbent columns of Sepharose CL4B coupled 

to affinity purified 13 or y antigen preparations. The 

results of HA, immunofluorescence and 2D-IE tests on 

washes and eluates from each column are shown in Table 



TABLE •. 6B: 

ACTIVITY.- OF. INFECTED.- BOVINE.. SERUM.- IN..  HAEMAGGTJUTINAPION, .. IMMUNOFLUORESCENCE. AND  

TWO-DIMENSIONAL..IMMUNOELECTROPHORESIS-FOLLOWING.. PASSAGE. THROUGH.. S-AND•-y-SEPHAROSE. COLUMNS 

s 

Test system 

- 
gnd point titre : 

Unabsorbed 

serum 

B-column 

wash 

0-column 

eluate 

y-column 

wash 

y-column 

eluate 

Passive-HA 

SRBC-8 10240* < 10 2560 2560 2560 

10240 < 10 2560 2560 2560 

SRBC-y 10240 < 10 2560 2560 2560 

10240 tr 10 2560 2560 2560 
SRBC-crude extract 10240 tr 10 2560 2560 2560 

10240 tr 10 2560 2560 2560 

VISUAL . IMMUNO- 

FLUORESCENCE 

Seph-B 20480* 5 1280 5120 1280 

81920 20 1280 5120 80 
Seph-y 81920 5 1280 5120 1280 

81920 5 320 5120 320 
Seph-crude extract 81920 20 320 320 320 

81920 20 1280 5120 320 

544/W organisms 20480 20 1280 20480 1280 
S19 organisms 1280 20 320 5120 320 

2D-IE Peaks 
i 

a 	0 y a 	0 y NONE a 	0 y NONE 

* Results of two independent experiments 
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6.B. and Plate 6.A. Absorption of infected bovine serum 

through the $ antigen-Sepharose column removed all HA 

and immunofluorescence activity but did not affect its 

ability to precipitate a, $ or y antigens. The eluate 

from this column, however, contained high HA and immuno-

fluorescence activity but no precipitating activity. 

Absorption of serum through the y antigen-Sepharose 

column removed over 50% of HA and immunofluorescence 

activity with no effect on precipitating ability, whilst 

the eluate showed no precipitating activity but contained 

similar HA and immunofluorescence activity to the eluate 

from the 5 antigen-Sepharose column. These results 

showed a lack of association between the antibodies 

reactive with precipitable antigens and those responsible 

for HA or immunofluorescence reactivity, confirming 

that activity in the latter tests was due to the presence 

of additional antigenic material in affinity purified 

$ and y antigen preparations, which was not precipitated 

by specific antibody in agarose gel. The bovine antibodies 

purified on these immunoadsorbent columns, which exhibited 

high reactivity against this additional antigenic material 

in HA and immunofluorescence systems but failed to produce 

precipitation lines in 2D-IE, were designated "anti 

component X" antibodies. 

6.3. Examination of antigen preparations for the presence  

of an additional antigenic component  

The presence of an additional antigen specifically bound 



O 

132 

PLATE 6A: 

TWO DIMENSIONAL IMMUNOELECTROPHORESIS TESTS 

USING WASHES AND. ELUATES FROM THE R_ AND .y_ANTIGEN 

IMMUNOADSORBENT COLUMNS IN INTERMEDIATE GELS 

Wells - strain 544/W SDS extract. 

Reference gels - 12.5% infected bovine serum pool. 

	

Intermediate gels - i 	20% eluate from $ column 

	

ii 	20% normal bovine serum 

	

iii 	20% wash from $ colum. 

Wells - strain 544/W SDS extract 

Reference gels - 12.5% infected bovine serum pool. 

	

Intermediate gels - i 	20% eluate from y column 

	

ii 	20% normal bovine serum 

	

iii 	20% wash from ¥ column 
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by both the B5 and C9 Sepharose immunoadsorbents was 

investigated by passage of 0 and y antigen preparations 

through their heterologous antibody-immunoabsorbent 

column. Both washes and eluates were tested by HA and 

2D-IE. The results in Figure 6.A. show that most of 

the HA activity from the original SDS extract was bound 

by both B5 and C9 immunoabsorbent columns. Slight HA 

reactivity washed through these columns was probably 

due to overloading with sample. No peaks were obtained 

in 2D-IE tests on washes or eluates. 

These results indicate that the component from strain 

544/W SDS extract responsible for discrimination between 

pools of bovine sera from infected and vaccinated animals 

by HA and immunofluorescence was bound reversibly by 

both B5 and C9 immunoabsorbent columns and was therefore 

present in both affinity purified $ and y antigen prepara-

tions. This component was designated antigen X. 

6.4. Investigation_of_the_mechanism_of_binding.of_antigen 

X. by_immunoadsorbent_columns 

Since the component responsible for HA activity adsorbed 

equally to B5 and C9 antibody-Sepharose columns, attempts 

were made to determine whether the interaction was due 

to immunological or non-immunological binding. Immuno- 
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logical binding might have been due to the presence 

of 'non-specific' antibodies in B5 and C9 antisera; 

non-immunological binding to direct adsorption of this 

antigen by Sepharose gel. 

Control columns were prepared with non-immune rabbit 

immunoglobulin coupled to activated Sepharose CL4B and 

with unactivated non-coupled Sepharose CL4B overlayed 

on Sephadex G-25. Passage of strain 544/W SDS extract 

through these columns showed that similar amounts of 

HA reactive material (antigen-X) were bound and eluted 

with sodium thiocyanate to that obtained from the B5 

and C9 immunoadsorbent columns. Precipitating antigens 

were not bound by these columns. 

These results indicate that antigen X was bound by non-

immunological means directly by Sepharose CL4B. Elution 

of this antigen from the gel matrix by 2M sodium thiocyanate 

suggests that binding may have been due to ionic attraction. 

6.5. Involvement_of_āntigen-X_in_HA_and_immunofluores- 

cence_screening.-tests 

The foregoing results indicate that discrimination between 

infected and vaccinated bovine serum pools in the HA 

and immunofluorescence systems was not due to a, B or 

y antigens, but to another component in the SDS extract, 
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designated antigen-X, which was also present in affinity 

purified f3 and y antigen preparations. 

Demonstration of antigen X in crude SDS extract or affinity 

purified preparations was not possible by immunoprecipi-

tation in gel. However this component did appear to 

bind preferentially to tanned SRBCs and exhibit differential 

reactivity with sera from infected and vaccinated cattle. 

The specificity of this reaction between antibody in 

infected bovine serum and a component from the SDS extract 

bound to the surface of SRBCs, rather than with a red 

cell surface antigen, was investigated. Selected dilutions 

of pooled bovine sera from infected and vaccinated animals 

were incubated with titrations of crude SDS extract 

prior to addition of antigen sensitised SRBCs. Preincubation 

of extract dilutions down to 1 in 1600 with the infected 

bovine serum pool at its HA end point titre caused complete 

inhibition of HA reactivity. Similar inhibition was 

obtained by preincubation of a 1 in 40 dilution of the 

vaccinated bovine serum pool with extract dilutions 

down to 1 in 25600, providing further confirmation of 

the specificity of reactivity in the HA system. 

The data given in Tables 6.A and 6.B suggest that both 

activated Sepharose beads and tanned SRBCs preferentially 

bound antigen X from crude extract or affinity purified 

SDS antigen preparations. The following experiment 
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was designed to ascertain whether this preferential 

coupling actually did occur. The 92 characterised bovine 

sera previously screened in Section 4.1.2. were tested 

by both HA and qualitative immunofluorescence using 

'target' substrates sensitised with affinity purified 

S and y antigen preparations and crude SDS extract. 

Figure 6.B shows that very similar results were obtained 

irrespective of the antigen preparation used for sensiti-

sation or coupling. This confirms the major involvement 

of antigen X in the discriminatory ability of these 

systems. 

6.6. Summary 

The antigen in strain 544/W SDS extract responsible 

for discrimination between sera from infected and vaccinated 

cattle by immunofluorescence and haemagglutination was 

shown to be different from the a, 0 and y antigens. 

The additional antigen(s), designated X, bound reversibly 

to Sepharose CL4B and was therefore present in affinity 

purified S and y antigen preparations. Antigen X was 

not precipitated by specific antibody in 2D-IE, but 

appeared to bind preferentially to activated Sepharose 

and tanned SRBCs, in which form it exhibited high differen- 

tial reactivity with bovine sera in immunofluoresence 

and HA systems. 
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CHAPTER_7.  PHYSICOCHEMICAL_CHARACTERISATION_AND_CELLULAR 

LOCALISATION_OF-ANTIGENS.IN_STRAIN_544/W_SDS_EXTRACTS.  

Limited information about the physicochemical character 

and cellular locality of antigens on intact bacteria 

was obtained from earlier studies of SDS extracts. 

Gel filtration experiments indicated that all these 

antigens were of high molecular weight whilst isoelectric 

focussing and affinity chromatography experiments showed 

that antigen X had an isoelectric point at pH 4.4 and 

preferentially adsorbed to Sepharose gel. Immunofluores-

cence tests using affinity purified bovine antibodies 

against precipitable antigens and those responsible 

for reactivity in the HA system (Section 6.2.) provided 

evidence that antigen X may be situated on the bacterial 

cell surface, while a, S and ¥ antigens are present 

beneath the surface of the intact cell. 

In this Section, more detailed characterisation studies 

were undertaken. 

7.1. Physicochemical_characterisation-of_materia1_in 

strain_544/W_SDS_extract: 

Preliminary studies were performed to confirm the molecular 

size of components present in strain 544/W SDS extract 

and to ascertain their chemical composition. 
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Ultracentrifugation: The sedimentation characteristics 

of strain 544/W SDS extract were examined in a Spinco 

Model E analytical ultracentrifuge (Beckmann Instruments) 

by centrifugation at 50,740 rpm in an analytical cell 

coupled through a Schlieren refractive-index optical 

system to an automatic camera. Photographs of the Schlieren 

sedimentation pattern of the sample, taken at 2 minute 

intervals are shown in Plate 7.A. The material initially 

sedimented as a single sharp peak which rapidly spread, 

resulting in loss of identify after 8 - 10 minutes. 

A sedimentation coefficient for this material of 24.7 

(x 10-13) Svedberg units was calculated from this data 

(without correction for concentration and viscosity) 

confirming the large molecular size indicated by earlier 

gel filtration studies. An approximate average molecular 

weight of 1 x 106  was estimated from this result using 

a Haissall plot (J. Raper - personal communication). 

Absorption spectrum: The absorption spectrum of strain 

544/W SDS extract was measured in a Unicam SP1800 UV 

spectrophotometer connected to an AR25 linear recorder 

(Pye-Unicam Ltd.). Figure 7.A. shows that absorption 

peaks were present at wavelengths of 205 and 265 nm 

though some absorption also occurred at 280 nm. Absorp- 

tion at wavelengths of 205 and 280 nm strongly suggests 

that this preparation contained protein, whilst an 0D260/0D280 



PLATE 7A: 

SEDIMENTATION PATTERN. OF STRAIN 544/W SDS EXTRACT_ IN 

ANALYTICAL ULTRACENTRIFUGE 

Photographs were taken at 2 minute intervals through a Schlieren refractive-index optical 

system. 
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FIGURE 7A: 

ABSORPTION--SPECTRUM- OF-STRAIN- 544/.W.-SDS -- EXTRACT 
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Strain 544/W SDS extract was diluted 1:10 with PBS pH 
7.6 and scanned against a PBS blank containing 0.05% 
w/v SDS. 
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ratio of 1.18 may also indicate the presence of nucleic 

acid. 

Polyacrylamide_gel_electrophoresis_(PAGE).: Samples 

of strain 544/W SDS extract and stained albumin markers 

were electrophoresed into 3% polyacrylamide gels prepared 

in 0.O1M veronal buffer pH 8.6 (to ensure migration 

of components towards the anodic pole of the gel). 

Completed gels containing each of the samples were stained 

for: 

a) protein using 0.2% Coomassie brilliant blue in 50% 

aqueous ethanol containing 10% acetic acid; 

b) carbohydrate using the Periodic-Acid-Schiff procedure 

of Clarke (1964) modified by Zacharius et al.(1969); 

c) lipid using 0.1% Sudan black in 60% ethanol containing 

6% sodium hydroxide. 

Examination of gels showed that material which stained 

for protein and carbohydrate had remained at the cathode 

pole of the gel and failed to migrate any significant 

distance towards the anode, in spite of the fact that 

stained albumin markers had migrated to the anode pole 

of their gels. 

Gels stained for lipid appeared to have become dehy-

drated during de-staining, possibly due to the effect 
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of the ethanol and had become shrunken and distorted 

with the result that stained bands were not detectable. 

7.2. Comparison_between_crude_strain_544/W-SDS_extract 

and_affinity_purified_antigen_preparations. 

The absorption spectrum and PAGE of strain 544/W SDS 

extract had indicated the presence of protein in this 

preparation. Lowry protein estimations (Lowry et al., 

1951) on this extract and affinity purified $, ¥ and 

X antigen preparations showed that they contained concen-

trations of 1600, 300, 200 and 400 pg/ml respectively. 

Electron_Microscopy: 400 mesh celloidin coated copper 

grids of crude SDS extract and affinity purified $, 

y and X antigens were prepared. Each grid was negatively 

stained with either 2.5% ammonium molybdate or 5% phospho-

tungstic acid and examined in a Philips EM 300 or 301 

transmission electron microscope. Plates 7.B. (i - 

v) show photographs of the material present in each 

preparation. Crude SDS extract contained, in addition 

to large amounts of irregular sized amorphous debris, 

many globular structures about 25 nm in diameter with 

a few up to 100 nm diameter, and a high concentration 

of rod like structures 25 - 45 nm in length by approxi-

mately 9 nm thick. 



(i) Strain 544/W SDS extract. Negative staining with 
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PLATE 7B: 

ELECTRON MICROGRAPHS OF CRUDE EXTRACT AND 

AFFINITY PURIFIED ANTIGEN PREPARATIONS 

ammonium molybdate. Magnification x 114,000 

(ii) Affinity purified s antigen preparation. Negative 

staining with ammonium molybdate. Magnification x 114,000  
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PLATE 7B (CONT'D): 

ELECTRON MICROGRAPHS_OF CRUDE EXTRACT AND 

AFFINITY PURIFIED ANTIGEN. PREPARATIONS 

(iii) Affinity purified y antigen. preparation. Negative 

staining with ammonium molybdate. Magnification x 114,000 

(iv) Affinity purified. antigen X preparation. Negative 

staining with ammonium molybdate. Magnification x_20,000 
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PLATE 7B .(CONT'D): 

ELECTRON MICROGRAPHS.OF CRUDE EXTRACT. AND 

AFFINITY. PURIFIED. ANTIGEN PREPARATIONS 

(v) Control - Phosphotungstic acid alone. Magnification 

x 20,000 
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The s antigen preparation contained predominantly spherical 

structures, 20 - 35 nm diameter and occasional larger 

spherical globules 50 -120 nm diameter with a few rod-

shaped structures of similar dimensions to those present 

in crude extract. 

The y antigen preparation contained material of similar 

morphology to the 6 preparation but the relative concen-

tration of each component was reversed. In this prepara-

tion, many rod-shaped structures, 30 - 100 nm x 10 nm 

were present but only a few amorphous globules 20 - 

35 nm in diameter were visible. 

The antigen X preparation contained no visible material. 

This result was obtained consistently,regardless of 

the concentration of antigen on the grid, the concentra-

tion of ammonium molybdate or phosphotungstic acid employed 

or the time allowed for staining. This observation 

suggests that purified antigen X may have been soluble 

and free from contaminating material, thus providing 

insufficient contrast for visualisation in the electron 

microscope. 

Affinity purified antigen preparations contained very 

little amorphous debris of the type present in the crude 

SDS extract. 
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7.3. Biochemical_ nature_ of_antigen_X 

Samples of antigen X, affinity purified using Sepharose 

CL4B, were subjected to a variety of physical or chemical 

treatments and then tested for HA activity against SRBCs-

INF. Controls were performed in the absence of antigen 

to determine the effect of added agents on HA patterns 

of sensitised SRBCs. The effect of different buffers 

and temperature alone on the HA activity of antigen 

X was also ascertained. 

Temperature: Aliquots of antigen X were incubated in 

water baths at temperatures of 56°C for 60 minutes and 

92°C for 30 minutes. 

Enzyme_Treatment: Antigen X samples diluted 1 in 20 

with appropriate buffer, were incubated for 4 hours 

with 1 mg/ml solutions of each of the enzymes in Table 

7.A. All enzyme reactions were performed according 

to the Worthington Assay procedure described in the 

Worthington Enzymes Manual (Millepore UK Limited, 1978). 

Each enzyme was independently checked for activity using 

the recommended substrate. 

Chemical_Agents: Aliquots of antigen X, diluted 1 in 

20 in PBS pH 7.2 were incubated for 4 hours at 20°C 

in: 
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25 mM Sodium metaperiodate (Le Bouvier, 1969) 

5% Trichloroacetic acid (Roodyn and Mandel, 1960). 

The results in Table 7.A. show that antigen X controls 

exhibited no loss in activity. None of the agents employed 

had a significant effect on the HA patterns of SRBCs-

INF alone. 

Maximum reduction in the HA titre of antigen X were 

caused by heating at 92°C for 30 minutes, trypsin and 

trichloroacetic acid treatment, all of which suggest 

the presence of protein in antigen X. The lesser effects 

of lipase and sodium metaperiodate also suggest some 

involvement of lipid and carbohydrate though the small 

reduction in HA titre caused by metaperiodate might 

have been due to its oxidative effect on protein rather 

than carbohydrate. Nucleases caused no reduction in 

the HA activity of antigen X, excluding any involvement 

of DNA or RNA in its antigenicity. 

These data support a chemical structure for antigen 

X in which protein is largely responsible for antigeni-

city. Lipid and possibly carbohydrate may also play 

some minor role in antigenicity or in the conformational 

structure of the molecule. 



151 

TABLE-7A: 

EFFECT. OF. SELECTED.. PHYSICAL.. AND CHEMICAL-AGENTS.. ON 

THE -HAEMAGGLUTINATION-ACTIVITY-OF-ANTIGEN X  

Treatment 

, 

Buffer Temperature 

(°C) 

HA titre 

(-2  log) 

Temperature control 1 7.2 20 15 

Temperature control 2 7.2 37 15 

Buffer control 5.0 37 15 

Heat 	(60 mins.) 7.2 56 15 

Heat 	(30 mins.) 7.2 92 9 

DNA ase 5.0 25 15 

RNA ase 5.0 37 15 

Trypsin 8.1 25 9 

Pronase 7.4 37 15 

Hyaluronidase 5.3 37 15 

Neuraminidase 5.0 37 15 

a amylase 7.0 20 15 

0 amylase 5.0 20 15 

Lysozyme 7.0 25 15 

Lipase 7.2 25 13 

Phopholipase 7.4 25 15 

Sodium metaperiodate 7.2 20 13 

Sodium metaperiodate 

control 

7.2 20 5 

Trichloroacetic acid 7.2 20 9 

Trichloroacetic acid 

control 
7.2 20 9 

1 
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7.4. Cellular_localisation-of-antigens_in_strain_544/W 

SDS_extract_ by_ Immunoelectronmicroscopy 

Br—abortus strain 544/W was fixed in gluteraldehyde. 

Embedding was performed in Araldite for ultrastructural 

examination of cells and in glycol methacrylate for 

antigen localisation by immunoelectron microscopy. 

Ultrathin (70 nm) sections of appropriately embedded 

bacterial cells were cut on an LRB Ultratome, mounted 

on 400 mesh nickel grids and stained either with saturated 

alcoholic uranyl acetate and Reynolds lead citrate or 

by an indirect immunoenzyme technique with infected 

and non-infected bovine sera, immunoglobulins from hyper-

immune rabbit antisera against 0 and y antigens and 

affinity purified bovine antibody against antigen X, 

(Section 6.2.) followed by appropriate peroxidase labelled 

anti-species immunoglobulin conjugates. The distribution 

of enzyme label was visualised by treating preparations 

with hydrogen peroxide and the chromogen 3,3-diaminobenzi-

dine tetrahydrochloride (DAB). In the presence of enzyme, 

a brown insoluble reaction product is deposited at the 

site of the peroxidase-antibody:antigen complex. Exposure 

of this product to osmium tetroxide vapour renders it 

electron dense, thus enabling localisation of the reaction 

product and the site of antigen:antibody interaction 

within the bacterial cell section. 
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Ultrathin sections of Br._abortus cells, embedded in 

Araldite and stained with uranyl acetate and lead citrate 

are shown in Plate 7.C. (i). The ultrastructure of 

these cells, particularly in the cell wall region, is 

clearly visible and shows many of the features described 

by Dubray and Plommet (1975). The cellular cytoplasm 

is enclosed by a cytoplasmic membrane which is visible 

in some cells in this plate as a typical trilaminar 

structure of two electron dense and one electron trans-

parent layer. The cell itself is bounded by an outer 

envelope which also clearly exhibits a three layered 

structure. Between these two membranes are two further 

concentric regions. Inside the cell envelope and closely 

associated with its structure lies a narrow dense stratum 

composed of peptidoglycan (also called murein or muco-

peptide). Between this layer and the cytoplasmic membrane 

is a periplasmic space, the thickness of which depends 

on the growth rate of the cells (Dubray and Plommet, 

1975) . 

Ultrathin sections of Brucella embedded in glycol meth-

acrylate and stained with pooled non-infected bovine 

serum by the indirect technique are shown in Plate 7.C. 

(ii). Similar cell wall structures are visible in this 

preparation to those described in Plate 7.C. (i) though 

some shrinkage of the bacterial protoplast has occurred 

with the cells embedded in glycol methacrylate. No 
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PLATE 7C: 

IMMUNOELECTRON MICROSCOPICAL-LOCALISATION 

OF ANTIGENS. IN. THE-BRUCELLA_CELL 

(i) Ultrathin sections_of.Br.abortus_strain_544/W.stained 

with uranyl_acetate and-lead_citrate. _Magnification.x_86,000 
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(ii) Ultrathin sections_of Br._abortus_strain 544/W.stained 

with 1:100 dilution_of brucella negative serum pool by the  

indirect.immunoperoxidase.technique. .Magnification x 32,000 
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heavy, electron dense staining is present, indicating 

the absence from this serum of specific antibody against 

cellular components of Brucella. A similar result was 

obtained in control preparations stained with normal 

rabbit serum by the indirect technique. 

Plate 7.C. (iii) shows ultrathin sections of brucella 

cells stained by the same technique with pooled infected 

bovine serum. Heavy staining of the cell envelope with 

electron dense material is present in this preparation. 

This type of staining is absent in other regions of 

the cell wall and cytoplasm indicating that infected 

bovine serum contains antibodies against only the outer 

membrane components of the brucella cell wall. 

Similar staining patterns were observed in preparations 

treated with immunoglobulins from hyperimmune rabbit 

antisera B5 and C9 against 0  and y antigens and affinity 

purified bovine antibody against antigen X (Plate 7.C. 

(iv) , (v) and (vi)) . A much lower density of staining 

was present, however, in preparations stained with anti 

Y immunoglobulins from rabbit C9 antiserum (Plate 7.C. 

(v)). 

These observations indicate that the S, ¥ and X antigens 

of strain 544/W SDS extract are situated in the outer 

envelope of the Br—abortus cell wall, together with 
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PLATE - 7C .. ~CON .~D) : 

IMMUNOELECTRON -MICROSCOPICAL - LOCALISATION 

OF - ANTIGENS .. IN . THE - BRUCELLA- CELL 

(iii) Ultrathin - sect i ons . of -Br • . abortus - strain - 544/W- stained 

with - l:lOO -dilution -o f - brucella - infected - bovine - serum- pool 

by - indirect - immunoperoxi dase . technique. - -Magnification - x 

30,000 

(iv ) Ultrathin _sections . of _Br. _abortus _stra i n _544/ W_stained 

wi th . 1: 10 .. dilu tion . of .. B5 . immunoglobulins . ~anti _ a. ant igen) 
by tbe . direct - immunoperox i dase - technique • . Magnification 

x - 32,OOO. 
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PLATE-7C--1CONT!D): 

IMMUNOELECTRON MICROSCOPICAL_LOCALISATION-OF 

ANTIGENS_IN.THE_BRUCELLA_CELL 

(v) Ultrathin.sections.of.Br._abortus.strain_544/W.stained 

with.1:10-dilution-of-C9-immunoglobulins-.(anti_y.antigen) 

by. the indirect immunoperoxidase.technique.. Magnification  

x_32,000 

(vi) Ultrathin-sections-of.Br._abortus-strain 544/W.stained 

with_1:10 dilution of_affinity_purified.bovine..anti_X_antibody 

by the.indirect-immunoperoxidase_technique._ Magnification 

x 32,000 
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all other antigens which are reactive with antibodies 

in the infected bovine serum pool. 

Experiments in Section 6.2. showed that intact, fixed 

brucella cells were stained in immunofluorescence tests 

by affinity purified bovine antibody against antigen 
X but not by absorbed bovine serum containing precipi-

tating antibody against 0 and y antigens. Staining 

patterns of ultrathin sections of brucella cells with 

bovine anti-X antibody confirms that this component 

is situated on the cell envelope. Similar localisation 

of staining for 0 and y antigens indicates that they 

are also situated within this membrane but beneath the 

cell surface in a position where, in the intact cell, 

they are inaccessible to fluorochrome labelled antibody. 

Absolute localisation of these three antigens within 

the cell envelope appears to be beyond the level of 

resolution possible by electron microscopy with the 

immunoperoxidase technique. Thus, while antigen X may 

represent one of the lipoprotein or lipoprotein-sugar 

molecules envisaged by Costerton et al0(1974) and Dubray 

and Plommet (1975) on the exterior of the brucella cell 

envelope, the 0  and y antigens may represent proteins 

or polysaccharide-protein complexes described by these 

authors in the inner, peptidoglycan side of this membrane. 

7.5. Summary 

SDS extracts of Br.abortus strain 544/W contained high 
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molecular weight protein associated with polysaccharide 

and possibly nucleic acid. The S and y antigen prepara- 

tions contained protein with a molecular weight greater 

than 1 x 105  and included spherical and rod-shaped structures 

with dimensions between 10 and 100 nm. All the antigenic 

material in these preparations was localised in the 

cell envelope below its external surface. 

Antigen X contained protein which was largely responsible 

for its antigenicity, in association with lipid and 

possibly carbohydrate. This material had a molecular 

weight in the range 1 x 105  - 1 x 106, but had no defined 

structure when examined by electron microscopy. Enzyme 

labelled immunoelectron microscopic studies indicated 

that antigen X was situated on the exterior of the bacterial 

cell envelope. 



160 

CHAPTER-8: EXAMINATION_OF..VACCINE-STRAINS..AND_VIRULENT 

BIOTYPES-OF_BR.-ABORTUS..FOR_THE..PRESENCE_OF_ANTIGENS  

CHARACTERISED_IN_THIS-STUDY  

Data obtained in previous sections indicated that an 

SDS extract of Br. abortus,  strain 544/W contained a 

non-precipitable component designated antigen X which 

when bound to SRBCs or activated Sepharose beads enabled 

discrimination between sera from infected and vaccinated 

cattle by haemagglutination or immunofluorescence tests. 

This SDS extract also contained many other immunogenic 

components of which at least 3 (a, 0 and y antigens) 

were precipitable in gel by specific antibody in serum 

pools from infected but not vaccinated cattle. 

No data is available on the distribution of these antigens 

amongst other biotypes of Br._abortus. This information 

is desirable firstly to ascertain the practical value 

of these antigens in any serological test for field 

cases of brucellosis and secondly to establish whether 

the difference in serological response between infected 

and vaccinated cattle against these antigens is due 

to differential distribution of antigens between virulent 

and avirulent vaccine strains of Br.__abortus or to 

a differential host response to similar antigens present 

on both virulent and vaccine strains. 



Experimental design 

Representative virulent and vaccine strains of biotypes, 

1, 2, 3, 4, 5, 6, 7 and 9 Br. abortus were obtained 

from NCTC Colindale and Culture Collection, Wellcome 

Research Laboratories, Beckenham. 10% suspensions of 

each culture from erythritol supplemented serum dextrose 

agar were extracted with 0.5% SDS under identical condi-

tions to those employed for strain 544/w SDS extract 

(Sections 2.1. and 2.2.). SDS extracts of each biotype 

were examined for the presence of antigen X by haemagglu-

tination against SRBCs sensitised with affinity purified 

bovine anti X antibody (Section 6.2. - SRBCs-anti X 

Ab), and $ and y antigens by immunoprecipitation in gel 

against the infected bovine serum pool and B5 and C9 

rabbit antisera. 

Antigens present in vaccine strains were studied for 

similarities to those in strain 544/w SDS extract. 

8.1. Distribution of antigen X amongst representative 

strains of Br. abortus, biotypes 1 - 9 

Preliminary tests were performed to confirm the specifi-

city of HA tests with SRBCs sensitised with bovine immuno-

globulins against components in SDS extracts of Br. 

abortus (Table 8.A.). The presence of immunoglobulins 

on the surface of SRBCs-INF, SRBCs-VAC and control SRBCs 
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TABLE 8A: 
DISTRIBUTION.-OF_ANTIGEN..X_IN-SDS-EXTRACTS-OF.-REPRESENTATIVE.-STRAINS-OF 

BIOTYPES-1_-._7_AND-9.-OF-BR.-ABORTUS  

Biotype   Source 

HA titre (-2  log) against SRBCs sensitised with 
immunoglobulins from:- 

Bovine* Infected 
Bovine 
Serum 

Strain 19 
Vaccinated 
Bovine 
Serum 

Non- 
immune 
Bovine 
Serum 

Non-
immun 
Rabbi 
Serum 

1 WRL 544/W 19 21 

I--
1A

 A
A

A
A

A
A

A
 
A

A
 A

A
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< 1 < 1 
1 NCTC 8038 19 19 < 1 < 1 

(Strain 19) 
1 NCTC 7471 19 
1 CVL WEYBRIDGE 17 

(Strain 99) 
2 NCTC 10501 17 
2 NCTC 10096 17 
3 NCTC 10502 23 N.T. N.T. N.T. 
4 NCTC 5059 19 
5 NCTC 10504 25 
6 NCTC 10505 23 
7 NCTC 10506 21 
9 NCTC 10507 17 

WRL STRAIN 45/20 5 5 1 1 

' 	Sheep anti bovine 
immunoglobulin 
serum 

N.T. 11 9 9 1 

* Affinity purified see Section 6.2.2. 
N.T. - Not tested 

t 

r 
o, 
N 
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sensitised with non-immune bovine or rabbit immunoglobulin 

was demonstrated by their specific haemagglutination 

activity with anti-bovine immunoglobulin serum. SDS 

extracts of Br. abortus showed high HA titres against 

SRBCs-anti X Ab and SRBCs-INF but negligible reactivity 

against SRBCs-VAC or Control SRBCs. 

The results of HA tests on SDS extracts of Br. abortus  

biotypes 1 - 9 are also shown in Table 8.A. These data 

indicate that high concentrations of antigen X were 

present in SDS extracts of all the Br. abortus strains 

examined except strain 45/20 which contained only low 

levels of this antigen. 

8.2. Distribution of antigens precipitated by the infected  

bovine serum pool amongst representative strains of  

Br. abortus biotypes 1 -9  

SDS extracts of Br. abortus biotypes 1 - 9 were tested 

by 2D-IE with the infected bovine serum pool and by 

immunodiffusion with this serum pool and rabbit antisera 

against the S and y antigens. The results of 2D-IE 

tests on extracts are shown in Plate 8.A. and summarised 

in Table 8.B. Precipitation peaks were obtained with 

SDS extracts of most strains tested, often in similar 

positions to the $ or y peaks formed by strain 544/W 

SDS extract. Identity between the antigens forming 
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PLATE. 8A: 

DISTRIBUTION_ OF PRECIPITATING .-ANTIGENS _IN SDS 

EXTRACTS OF REPRESENTATIVE. STRAINS.. FROM 

BIOTYPES 1--.7-AND 9 BR, ABORTUS 

I 

*4111111111111111111111111111 

  

0 	0 
Biotype 1 
	

Biotype 1 
	

Biotype 1 
Strain 544/W 

	
NCTC 8038 
	

NCTC 7471 

(strain 19) 

a 

Biotype 2 
	

Biotype 2 
	

Biotype 3 
NCTC 10501 
	

NCTC 10096 
	

NCTC 10502 

41110** 

Biotype 4 
	

Biotype 5 
	

Biotype 6 
NCTC 5059 
	

NCTC 10504 
	

NCTC 10505 

.r 

o ~ ~ 
Biotype 7 
	

Biotype 9 
	

Strain 45/20 
NCTC 10506 
	

NCTC 10507 
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TABLE.. 8B: 

SUMMARY OF-PRECIPITATING_ANTIGENS-IN-SDS-EXTRACTS 

OF-REPRESENTATIVE-STRAINS-OF BIOTYPES-1-7 AND  

9 OF-BR.-ABORTUS 

TYōtype Source 
2D-IE* 

Immunodiffusion* with : 

INF* B5 C9 

1 WRL 544/W 3 3 - 5 + + 

1 NCTC 8038 1- 2 1- 2 + - 
(Strain 19) 

1 NCTC 7471 2 1 - 2 + - 

1 CVL WEYBRIDGE NONE NONE - - 
(STRAIN 99) 

2 NCTC 10501 3 3 - 4 + + 

2 NCTC 10096 1- 2 1- 2 - + 

3 NCTC 10502 NONE 1 - 2 + - 

4 NCTC 5059 2 	(Diffuse) 2 	(Diffuse) - - 

5 NCTC 10504 2 	(Diffuse), 2 	(Diffuse) - - 

6 NCTC 10505 NONE 1 - 2 + - 

7 NCTC 10506 1 	(Diffuse) 1 - 2 + - 

9 NCTC 10507 1 	(Diffuse) 1 - 2 + - 

WRL STRAIN 45/20 2 - 3 3 - 4 + + 

* Number of precipitation peaks or lines obtained with 

pooled infected bovine serum. 
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these peaks and the $ and y antigens was investigated 

by immunodiffusion tests on SDS extracts against the 

infected bovine serum pool and B5 and C9 rabbit antisera. 

The results of several tests are summarised in Table 

8.B. Extracts of all strains except strain 99 produced 

at least one precipitation line with the infected bovine 

serum pool. The $ antigen was demonstrated in extracts 

of 3 out of 4 strains of biotype 1, 1 out of 2 strains 

of biotype 2 and in representative strains from biotypes 

3, 6, 7 and 9. The y antigen was demonstrated in only 

1 out of 4 strains of biotype 1 (strain 544/W) and both 

strains of biotype 2 examined. The vaccine strain 45/20 

contained both $ and y  antigens at concentrations readily 

demonstrable by 2D-IE whilst only $ antigen was detectable 

in strain 19 extract. Some discrepancies between results 

of 2D-IE and immunodiffusion tests were observed. NCTC 

strain numbers 10502 and 10505 produced lines in immuno-

diffusion tests but failed to give any peaks in 2D-IE. 

Certain strains (NCTC numbers 5059, 10504, 10506 and 

10507) produced diffuse precipitates in 2D-IE which 

did not correlate with the presence of specific precipi-

tation lines in immunodiffusion. This observation may 

have been due to sub-optimal concentrations of reactants 

in the case of NCTC strain numbers 10506 and 10507 as 

clear discrete $ precipitation lines were present in 

immunodiffusion tests on these extracts. In the case 

of NCTC strain numbers 5059 and 10504 these diffuse 
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lines appear to have been due to precipitation of antigens 

other than the a and y antigens. 

8.3. Comparison between properties of antigen X present 

in vaccine strains 19 and 45/20 and virulent strain  

544/W Br. abortus. 

Further studies were performed on SDS extracts of vaccine 

strains 19 and 45/20 to ascertain whether antigen X 

from smooth and rough vaccine strains was similar to 

that present in strain 544/w SDS extract. Similarities 

in molecular size and reactivity were investigated by 

passage of aliquots of each extract through Sephadex 

G-200 followed by assessment of the HA reactivity of 

fractionated material against SRBCs-INF. Similarities 

in adsorptive properties were investigated by passage 

of aliquots of each extract through B5 and C9 Sepharose 

immunoadsorbent columns followed by similar HA tests 

on washes and eluates from each column. 

Sephadex G-200 Fractionations: Figure 8.A. shows that 

similar elution profiles were obtained from all three 

fractionations, though considerably more low molecular 

weight material was present in strain 19 and 45/20 SDS 

extracts than in strain 544/W extract. 
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FIGURE--8A: 

ELUTION-PROFILES-.AND--HAEMAGGLUTINATION-ACTIVITY 

OF-BR.-ABORTUS-SDS--EXTRACT..FRACTIONS  

FOLLOWING-. SEPHADEX- G-200--CHROMATOGRAPHY 
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Distribution of HA activity between peaks was similar 

for strain 544/W and strain 45/20 extracts, though only 

minimal levels of activity were present in the latter 

case. Reduced HA activity was also recovered from the 

strain 19 extract fractionation, most of which was present 

in the high molecular weight material. 

Sepharose adsorption: The results in Table 8.C. show 

that high levels of antigen X were reversibly bound 

from strain 19 and 544/W SDS extracts by both Sepharose 

columns indicating that the antigen present in strain 

19 extract had similar binding characteristics to that 

in strain 544/W extract. Similar binding characteristics 

were also observed with the antigen X from strain 45/20 

SDS extract, though lower concentrations of material 

were recovered from this preparation, confirming the 

low levels of antigen X previously demonstrated in this 

strain of Br. abortus. 

8.4. Summary 

The distribution of selected antigens and their similarity 

amongst representative strains of Br. abortus biotypes 

1 - 9 was investigated by haemagglutination, reactivity 

in gel precipitation techniques and column chromatography. 

Antigen X was present in high concentrations in SDS 

extracts of all smooth strains examined, but in low 
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TABLE 8C:  

HAEMAGGLUTINATION. ACTIVITY- IN ELUATES FOLLOWING PASSAGE 

OF--STRAINS-19,-.45/20_AND-544/W-SDS..EXTRACTS  

THROUGH-B5-AND C9-IMMUNOADSORBENT-COLUMNS  

. 

Sample 

, 

HA titre against SRBCs-INF 

Strain-19 

B5 eluate 20480 

C9 eluate 81920 

Strain-45/20 

B5 eluate 320 

C9 eluate 1280 

Strain_544/W 

B5 eluate 20480 

C9 eluate 20480 
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concentrations in the rough strain 45/20 extract. Antigen 

X derived from strain 45/20 and 544/W extracts exhibited 

similar molecular weight distributions, whereas antigen 

X from strain 19 occurred as a more homogeneous high 

molecular weight fraction. 

8 antigen was demonstrable in 8 out of 12 smooth strains 

of Br. abortus, but y antigen was detected in only 3 

of these strains. Vaccine strain 19 extract contained 

8 antigen but no detectable y antigen whilst both these 

antigens were present in rough strain 45/20 at slightly 

lower concentrations than in strain 544/W extract. 
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CHAPTER 9 DISCUSSION 

9.1. New methods for serodiagnosis of bovine brucellosis  

Several different approaches have been adopted in the 

search for methods enabling improved serological discrim-

ination between cattle infected with brucellosis and 

those vaccinated against the disease. Some authors 

have studied differences between the type of antibody 

produced by animals in response to infection and vaccina-

tion (Rice et al., 1966a, b; Cunningham, 1968; Rice 

and Boyes, 1971; Beh, 1974) whilst others have examined 

the chemical structure of cell walls of virulent and 

avirulent (Kellerman et al., 1970) or smooth and rough 

(Moreno et al., 1979) strains of Br. abortus for differ-

ences which might subsequently be correlated with antibody 

of differing specificity. Other groups have studied 

the serological reactivity of antigenic components extracted 

from Br. abortus with various types of antisera raised 

in rabbits (Wilson and Miles, 1932; Diaz et al., 1968b; 

Freeman et al., 1970; Renoux et al., 1976) or cattle 

(Bruce and Jones, 1958; Hinsdill and Berman, 1967; Nagy, 

1967; Corbel, 1973b; Diaz and Jones, 1973; Ianelli 

et al., 1976, Ianelli and Diaz, 1977; Stemshorn and 

Nielsen, 1977, Schurig et al., 1978; Renoux, 1980). 

A number of these antigenic components have been evaluated 

for their ability to aid differential diagnosis in serolo- 
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gical systems (Fleck and Evenchik, 1962; Kulshrestha 

and Ramachandran, 1971; Myers et al., 1972; Corbel, 

1973b; Corbel and Day, 1973; Diaz and Jones, 1973, Carlsson 

et al., 1976; Diaz et al., 1976; Ianelli et al., 1976; 

Miller and Kelly, 1976; Plackett et al., 1976; Ianelli 

and Diaz, 1977; Byrd et al., 1979; Diaz et al., 1979; 

Lamb et al., 1979). However, no significant improvement 

over currently employed diagnostic tests has been achieved 

to date. 

In this study a different approach was adopted. Pooled 

sera from naturally infected and vaccinated cattle were 

used to identify antigenic components in extracts of 

a representative virulent strain of Br. abortus,which 

could be specifically precipitated in gel by bovine 

sera from infected animals alone. Pools of sera from 

different animals were employed for initial experiments 

so that high concentrations of antibody of a particular 

specificity present in only one serum sample would be 

diluted out by other samples. In this way only antibody 

of similar specificity occurring in several samples 

would be present in the pool at concentrations suffi-

ciently high for precipitation of antigen in gel and 

would be representative of the 'normal' bovine serological 

response to brucellosis infection or vaccination. This 

approach differed from that one employed by Schurig 

et al. (1978) who used individual bleeds from different 
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animals in separate tests for demonstration of precipi-

table antigens. 

9.2. Precipitating antigens in crude extracts of Br.  

abortus strain 544/W 

Preliminary gel precipitation studies showed that aqueous 

ether and sodium dodecyl sulphate (SDS) extracts of 

Br. abortus, strain 544/W contained the maximum number 

of antigenic components precipitated by infected but 

not vaccinated bovine sera. Ultrasonicates of Brucella  

cells were not included in this study as earlier experi-

ments had indicated that variation between batches was 

high, an observation confirmed by Schurig et al. (1978). 

Two of the components precipitated by infected bovine 

sera were readily identified by the position of precipi-

tation lines c and S on the cathode side of the well 

in immunoelectrophoresis (IE) as the A + M and Poly-

saccharide B antigens of Brucella. These antigens have 

been extensively studied and evaluated in diagnostic 

test systems for bovine brucellosis by Diaz and his 

colleagues. (Diaz et al., 1968b; Leong et al., 1970; 

Diaz and Jones, 1973; Ianelli et al., 1976; Ianelli 

and Diaz, 1977; Diaz et al., 1979). The A + M antigen 

was probably responsible for the precipitation lines 

produced by hot phenol and trichloroacetic acid extracts 
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and the polysaccharide B antigen for the second line 

obtained with the hot phenol extract of Br. abortus  

(Diaz et al., 1979). The precipitation lines present 

on the anode side of the sample well were designated 

a, 8 and y. The symbols a, 8, y, d and a were selected 

to avoid confusion with antigenic components and precipi-

tation lines described by other authors. 

9.3. Improved serological differentiation between infected 

and vaccinated cattle by systems utilising crude strain  

544/W SDS extract.  

Development of the indirect immunofluorescence system 

using strain 544/W SDS extract coupled to sodium metaperi-

odate activated Sepharose beads resulted in a simple 

qualitative test for bovine brucellosis. The results 

of single dilution screening tests on characterised 

bovine sera indicated that 94% of sera from infected 

cattle gave obvious positive fluorescence, whilst 97% 

of sera from cattle vaccinated with either strain 19 

or 45/20 gave unmistakable negative results. These 

figures are a considerable improvement on the diagnostic 

efficiency of bacterial tube agglutination (serum agglu-

tination test - SAT) and complement fixation tests (CFT). 

Chappel et al., (1978) estimated a 5% false positive 

and 35% false negative rate with the SAT and a 5 - 12% 

false negative rate with the CFT. Even a combination 



176 

of these tests, both of which require titrations of 

sera, resulted in a false positive rate of 2% and false 

negative rate of 9%, which is only just comparable with 

the figures for the single dilution qualitative immuno-

fluorescence test. The main disadvantage with the immuno-

fluorescence test was the number of technical manipula-

tions and time involved in preparation of antigen beads 

adherent to slides. In view of this, a simpler and 

more rapid system namely passive haemagglutination (HA) 

was investigated. 

Similar differentiation of characterised bovine sera 

into two groups was achieved with the HA system, though 

certain sera from strain 19 vaccinated cattle gave compara- 

tively high HA titres. Nevertheless, the level of discrim- 

ination achieved was clearly better than that possible 

with the SAT. The class of antibody reactive in the 

HA system was examined in selected sera from infected 

and vaccinated animals. The results showed that HA 

activity was predominantly due to IgM in sera from vaccinated 

animals and IgG in sera from infected animals, confirming 

previously reported observations, (Rose et al., 1964; 

Rose and Roepke, 1964; Rose and Amerault, 1964, Rice 

et al., 1966b; Elberg, 1973, Beh, 1974; Jones, 1977). 

Thus both IgG and IgM were responsible for reactivity 

in the HA system, as with serological tests currently 

employed for brucellosis diagnosis (Rice and Boyes, 
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1971, Allan et al., 1976; Paterson et al., 1976). 

The differing results obtained between the HA or immuno-

fluorescence systems and the SAT were therefore more 

likely to be due to the involvement of different reactive 

antigens of the Brucella cell in the different systems. 

Diaz and his colleagues have demonstrated that the anti-

genic component which plays the major role in the Rose 

Bengal Plate test (RBPT), SAT, CFT and Coombs test is 

the '0' somatic lipopolysaccharide (A + M) complex (Diaz 

et al., 1979). Since the component responsible for 

reactivity in the HA and immunofluorescence systems 

was clearly distinct from this antigen, its purification 

from crude strain 544/W SDS extract was attempted. 

9.4. Antigenic analysis of crude strain 544/W SDS extract 

and purification of selected components  

Three precipitation peaks were obtained in two dimensional 

immunoelectrophoresis (2D-IE) of strain 544/W SDS extract 

against the infected bovine serum pool. The antigens 

forming these peaks were not the only components present 

however, as 2D-IE tests against antisera from rabbits 

hyperimmunised with this extract indicated the presence 

of at least 8 separate immunogens, a similar number 

to those present in Hughes-press extracts (Smith et 

al., 1962), phenol extracts (Hinsdill and Berman, 1967) 

and sonicates of Brucella (Baughn and Freeman, 1966; 
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Hinsdill and Berman, 1967; Freeman et al., 1970; Stemshorn 

and Nielsen, 1977; Schurig et al., 1978). 

The presence of antigenic components at various stages 

of purification was assayed by two methods, a rapid, 

quantitative HA system for identification of fractions 

containing differential reactivity against bovine immuno-

globulins coupled to SRBCs and a 2D-IE system for qualita-

tive identification of the components responsible for 

reactivity. The HA system utilised SRBCs sensitised 

with immunoglobulins from (i) the infected bovine serum 

pool (SRBCs-INF) and (ii) the vaccinated bovine serum 

pool (SRBCs-VAC). Fractions exhibiting reactivity with 

the former but not the latter sensitised cells were 

tested by 2D-IE against the infected bovine serum pool. 

The infected bovine serum pool was employed rather than 

hyperimmune rabbit antiserum as these assays were intended 

for detection of antigens reactive with antibody from 

infected cattle rather than merely immunogenic components. 

Initial attempts at antigen purification from strain 

544/W SDS extract involved gel filtration through different 

grades of Sephadex and Sepharose. Fractionation of 

the extract through all grades of gel produced two major 

peaks of light absorbing material. All HA reactivity 

was excluded from the matrix of gels up to G-150 and 

was present in the first peak of higher molecular weight 



179 

material. HA reactivity was only partially excluded 

from G-200 however, and was present in both peaks. 

Fractionation of the extract through Sepharose gels 

resulted in considerable loss of HA reactivity. It 

was thought that this effect may have been due to adsorp- 

tion of antigenic components to the gel matrix, or possibly 

denaturation of antigen during passage through the column. 

Similar losses of high molecular weight antigenic compo- 

nents during fractionation through Sepharose were observed 

by McGhee and Freeman (1970a). These authors obtained 

very similar elution profiles through Sephadex G-150, 

G-200 and Sepharose with ultrasonicated extracts of 

Brucella cells to those obtained in this study. The 

first high molecular weight material and second broad peaks 

in their Sephadex elution profiles were, however, consider- 

ably larger, indicating that ultrasonicated extracts 

contained much more material of molecular weight in 

the range 1 x 105  - 1 x 106  than SDS extract. Confirma- 

tion of the presence of high concentrations of material 

in this molecular weight range in Brucella extracts 

was provided by Myers et al.(1972) and Stemshorn and 

Nielsen (1977) who also obtained peaks of increased 

size in similar elution profiles from fractionations 

of ultrasonicated extracts through G-100 and G-200 Sephadex. 

Gel precipitation tests on material in the two major 

peaks from the Sephadex G-200 fractionations indicated 
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that both peaks contained y antigen, but R  antigen was 

present in only the first peak. This observation suggested 

that y antigen might be the component reactive in HA 

systems, as the presence of y antigen in both peaks 

correlated with HA activity against SRBCs-INF. Gel 

filtration through G-200 Sephadex appeared to be a rapid 

method for purification of this antigen from crude SDS 

extract, but the HA reactivity of purified material 

was extremely unstable . Despite this rapid loss of 

HA reactivity, y antigen was still precipitated in gel 

diffusion tests. 

Molecular weights estimated from gel filtration data 

for the 8 and y antigens, assuming these components 

were globular proteins, were greater than 400,000 for 

$ and between 190,000 and 400,000 for y. The a antigen 

was not detected in fractions from any column apart 

from the void volume of Sephadex G-100, therefore a 

molecular weight of 150,000 or above was estimated for 

this antigen. 

Few authors have examined Brucella extracts by isoelectric 

focussing (IEF). Jones et al.(1973) compared the allergens 

from rough and smooth strains of Br. melitensis by examina-

tion of at least 20 protein bands which focussed in 

saline extracts of these organisms. Hatten and Brodeur 

(1978) demonstrated the presence of a component which 

focussed between pH 6 and 6.5, in certain virulent biotypes 
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of Br.-abortus that was absent in the strain 19 vaccine 

organism. 

In this study, SRBCs sensitised with antigenic material 

isolated by isoelectric focussing marginally improved 

passive HA discrimination between infected and vaccinated 

bovine serum pools compared to SRBCs sensitised with 

crude SDS extract. However, this activity was extremely 

unstable and gel precipitation tests failed to identify 

which antigens were present in this preparation. 

The ineffectiveness of conventional physicochemical 

techniques for separation of stable antigenic components 

in Brucella extracts was also noted by McGhee and Freeman 

(1970a, b) and Schurig et al.(1978). The latter group 

therefore attempted affinity chromatography purification 

of components using hyperimmune rabbit antisera raised 

against single precipitation lines from gels. A similar 

approach was independently used in this study. 

Early problems were encountered with low responses in 

some rabbits (rabbits C7 and C8) and apparent polyspecific 

responses in others (rabbit B6). The rabbit antisera 

gave very low SAT titres yet produced strong precipitation 

lines in gel tests, suggesting that the fi and y antigens 

used for immunisation were either absent,or present 

in extremely low concentration on the surface of intact 

Brucella cells. The SAT titres of antisera raised against 
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crude SDS extract were very high, indicating the presence 

of the A + M antigen complex in this extract. 

Immunoadsorbents for affinity chromatography were prepared 

with selected antisera using sodium metaperiodate activated 

Sepharose CL4B, as this type of antigen coupled gel has 

been shown to possess higher specificity of binding 

than those prepared using cyanogen bromide activated 

Sepharose 4B (Raybould and Chantler, 1979a, b). 

9.5. Relationship between precipitating antigens and 

those reactive in immunofluorescence and passive haemagglu-

tination systems. 

Affinity purified preparations containing 5 and y antigens 

from B5 and C9 immunoadsorbent columns exhibited high 

HA reactivity against SRBCs-INF and produced their charac-

teristic precipitation peaks in 2D-IE. However, data 

obtained from absorption experiments in conjunction 

with haemagglutination, immunofluorescence and 2D-IE 

tests (Section 6.2.), indicated that the material respon-

sible for differential HA and immunofluorescence reacti-

vity with bovine sera was different from the components 

which formed the 8  and  Y  precipitation peaks. The presence 

of this additional component(s), designated antigen 
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X, in affinity purified 0 and y antigen preparations 

was shown to be due to its reversible non-immunological 

binding to Sepharose CL4B. Elution of antigen X from 

the gel by sodium thiocyanate accounted for its presence, 

in addition to the respective precipitating antigen, 

in 0  and y preparations. These observations may explain 

the anomalous results obtained earlier in 2D-IE and 

haemagglutination or agglutination tests on rabbit antisera 

raised against these precipitation lines (Sections 5.5.1. 

and 6.1.). The reactivity in these antisera was obviously 

specific for the antigen forming the precipitation line 

used for immunisation. The low levels of HA reactivity 

in both antisera against SRBCs sensitised with crude 

extract or affinity purified antigen preparations may 

have been due to either low cross-reactivity between 

fi or y and X antigens, or to the presence of low levels 

of antibody against antigen X. 

9.6. Characterisation of selected antigens in strain 

544/W SDS extract 

Examination of the physicochemical nature of the various 

preparations showed that strain 544/W SDS extract contained 

predominantly high molecular weight protein associated 

with carbohydrate and possibly nucleic acid. The 0 

and y antigen preparations contained protein with a 

molecular weight greater than 1 x 105, which under examina- 
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tion in the electron microscope contained predominantly 

spherical or rod-shaped structures respectively with 

dimensions between 10 and 100 nm. The crude SDS extract 

contained both types of structure and much amorphous 

debris. It is tempting to suggest that the presence 

of two morphologically distinct types of structure in 

0 and y antigen preparations may reflect the presence 

of two immunologically distinct antigens indicated by 

gel diffusion tests. This possibility will be discussed 

at a later point. Antigen X contained protein in associa-

tion with lipid and possibly carbohydrate. This material 

had a molecular weight in the range 1 x 105  - 1 x 106  

but had no defined structure when examined by electron 

microscopy - it is conceivable that a pure soluble component 

might not provide sufficient contrast for visualisation, 

even after negative staining. 

Electron microscope studies of ultrathin sections of 

Br. abortus cells have shown that the cell walls share 

a similar basic structure with other gram negative bacteria 

(Costerton et al., 1974). Slight differences do exist, 

however, (De Petris et al., 1964; Karlsbad et al., 

1964; Dubray, 1972). The three layered cytoplasmic 

membrane is surrounded by a periplasmic space which 

is itself bounded by a dense stratum of peptidoglycan 

(mucopeptide or murein). The thickness of the periplasmic 

space depends on the growth phase of the bacteria. 
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During rapid growth, it is absent and a direct link 

appears to exist between the peptidoglycan and the cyto-

plasmic membrane. The peptidoglycan is bounded by a 

trilaminar outer membrane or cell envelope with which 

it is closely associated (Dubray and Plommet 1975). 

These structures were clearly visible in the control 

electron micrographs of ultrathin section of Br. abortus  

strain 544/W. Sections stained with infected bovine 

serum, immunoglobulins from rabbit antisera against 

a and i antigens (B5 and C9) or affinity purified bovine 
antibody against antigen X, by the indirect immunoenzyme 

technique, all showed staining of the cell envelope. 

Preparations stained by the same technique with non-

immune bovine or rabbit antisera showed no staining 

of this or any other region of the cell. It was concluded 

that the dense staining of the cell envelope by these 

antisera indicated that the a, $ and y and X antigens 

were all situated within this membrane. Component X 

appears to represent one of the lipoprotein or lipoprotein-

sugar molecules situated on the exterior surface of 

the cell envelope whilst the a, $ and y antigens might 

identify with proteins or polysaccharide-protein complexes 

present on the inner, peptidoglycan side of this membrane 

(Costerton et al., 1974, Dubray and Plommet, 1975). 
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9.7. Presence of characterised antigens in virulent 

and vaccine strains of Br. abortus 

Virulent strains of Br. abortus biotypes 1 - 7 and 9 

all contained antigen X though precipitating antigens 

were less widely distributed, (3 antigen being detected 

in more cases (biotypes 1, 2, 3, 6, 7 and 9) than y 

antigen (biotypes 1 and 2). Vaccine strains 19 and 

45/20 extracts both contained antigen X, the smooth 

strain 19 SDS extract at similar concentrations to strain 

544/W SDS extract, but rough strain 45/20 extract at 

extremely low concentrations. Both vaccine strains 

contained demonstrable S antigen, but - antigen was 

detected in strain 45/20 alone. 

The presence of high concentrations of antigen X in 

all smooth Brucella strains examined but only low concen-

tration in rough strain 45/20 suggests that this antigen 

may be associated with the smooth phase of the organism. 

A similar association with smoothness cannot be envisaged 

for either the (3 or y antigens due to their distribution 

amongst both smooth and rough strains. The absence 

of detectable y antigen in strain 19 Br. abortus may 

however suggest an association of this antigen with 

virulence, similar perhaps to the components demonstrated 

by Nagy (1967) and Hatten and Brodeur (1978). 
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It is strange that 0  and y antigens were not detected 

in Biotypes 4 and 5, as Nagy obtained at least 4 precipi-

tation lines in immunodiffusion tests on extracts from 

these biotypes with bovine sera from animals infected 

with both homologous and heterologous Br. abortus strains. 

It is unlikely that the differing methods of extraction 

could be responsible as SDS extraction of several other 

strains produced antigens which were precipitable in 

gel. 0  and y antigens may have been present in these 

biotypes however, but at concentrations too low for 

formation of visible precipitation lines. 

Precipitation lines were not obtained with extracts 

of strain 99 Br. abortus, yet this international reference 

strain should contain representative antigens from all 

Br. abortus strains. Clearly this organism does not 

contain similar concentrations of 0  and - antigens to 

strain 544/W, which is the biotype 1 reference strain. 

This failure to obtain precipitation lines may have 

been the result of sub-optimal concentrations of antigens 

in the test systems employed. Detailed analysis of 

the antigens present in strain 99 has not been performed, 

so direct comparisons are not possible. 

The absence of a line characteristic of the A + M antigen 

in gel diffusion tests is not surprisingr despite its 

presence in early immunoelectrophoresis experiments, 
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as though this antigen is normally present in Brucella 

extracts, it diffuses poorly in gel due to its large 

molecular size (Nagy, 1967; Diaz et al., 1968b; Diaz 

and Dorronsoro, 1971; Corbel, 1972a, 1976). 

In this study, three antigenic components have been 

purified by affinity chromatography from the heterogenous 

mixture of immunogens present in SDS extracts of Br. 

abortus, strain 544/W. All these components exhibited 

some degree of differential reactivity with bovine sera 

from infected and vaccinated animals. The 0  and y antigens 

were precipitated by many infected bovine sera but not 

by vaccinated bovine sera. The other antigen designated 

component X was non-precipitable, but was reactive in 

binding assays with specific antibody present at signifi-

cantly higher levels in sera from infected cattle than 

in those from animals immunised with either strain 19 

or 45/20 vaccines. 

9.8. Identity of the a and y antigens  

Initial consideration of the foregoing data might suggest 

that the $ and y antigens are similar to either the 

A + M or polysaccharide B antigens described by Diaz 

and his colleagues (Diaz and Dorronsoro 1971; Diaz and 

Levieux, 1972; Diaz and Bosseray, 1974; Diaz et al., 

1979). However, localisation of the $ and y antigens 
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below the cell surface and their consequent lack of 

involvement in bacterial agglutination reactions (Section 

5.5.1. and 6.2), the presence of these antigens in rough 

strain 45/20 bacteria and the simultaneous demonstration 

in IE of the a and y antigen precipitation lines on 
the opposite side of the sample well to the A + M and 

polysaccharide B antigen lines discounts any possible 

association between them. 

The 0 and i antigens may be related to other components 

described by these authors. Components 2 and 3, demon-

strable by IE of aqueous ether extracts of Br. abortus  

(Diaz et al., 1968b), formed precipitation lines in 

similar positions to the y and $ lines respectively 

(Section 3.2.1.). Furthermore,electron micrographs 

of aqueous ether extracts of Brucella (Dubray and Plommet, 

1975) showed structures closely resembling those present 

in affinity purified 0  and y antigen preparations (Plate 

7.B. (ii) and (iii)), providing additional evidence 

for a similarity between components 2 and 3 and these 

antigens. 

Only one precipitation line (Component VII) was obtained 

in a position similar to those of the a and y antigens 
in IE tests on phenol extracts of Brucella by Hinsdill 

and Berman (1967). Electron micrographs of phenol extracts 

of Brucella (Dubray and Plommet, 1975) showed material 

resembling the rod shaped structures present in electron 

microscope preparations of affinity purified - antigen, 
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suggesting that component VII of Hinsdill and Berman 

may have been the same as the y antigen. 

In view of these observations it is tempting to suggest 

that differences in morphology between the f3 and y antigen 

preparations in the electron microscope may reflect 

differences in their antigenic specificity as defined 

by the position of their precipitation lines in IE. 

McGhee and Freeman (1970b) however, obtained several 

major precipitation lines by IE of phenol extracts of 

Brucella, of which three (designated A, C and E) were 

present in similar positions relative to the sample 

well to those produced by the a and y antigens. This 

observation suggests that phenol extracts of Brucella  

may contain similar antigens to those precipitable by 

infected bovine serum from SDS and aqueous ether extracts 

and that differences in morphological appearance of 

structures visible in electron micrographs of affinity 

purified S and y antigen preparations do not therefore 

reflect their differing antigenic specificity. 

The position of the - precipitation line in immunoelectro-

phoresis was similar to line E of McGhee and Freeman, 

(1970b), though physicochemical data presented by these 

authors suggested that their antigen might more closely 

resemble the (3 antigen. Stemshorn and Nielsen (1977) 

demonstrated the presence of an antigen Ea in ultrasoni- 
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cates of both virulent and vaccine strains 19 and 45/20 

Br. abortus, indicating that this antigen might also 

be identical to the B antigen. These authors tentatively 

identified their antigen with antigen E of McGhee and 

Freeman, on evidence which included its gel filtration 

properties. However, closer examination of these data 

indicated a considerable difference in molecular weight 

between these two components. In view of these observa-

tions and the different extraction methods employed, 

it is difficult to establish the relationship between 

the $ and - antigens and those described by these groups. 

Tentative identification of precipitable antigenic components 

described in this study with those of other authors 

has been attempted, principally on the basis of IE data, 

in Table 9.A. 

9.9. Differential reactivity of $ and y antigens with 

bovine sera 

The presence of anti 13. and anti y antibody in sera from 

certain infected cattle but not those vaccinated with 

either strain 19 or 45/20 may be due partly to quanti-

tative differences in distribution of these antigens 

between virulent and vaccine strains of Br. abortus  

and partly to differences in their kinetics of exposure 

to the host immune system. 
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TABLE 9 A TENTATIVE IDENTIFICATION OF PRECIPITABLE ANTIGENIC COMPONENTS DESCRIBED IN THIS STUDY 

WITH THOSE OF OTHER AUTHORS 

ANTIGENIC 
COMPONENT 

DESIGNATION METHOD OF 
EXTRACTION 

BASIS FOR 
IDENTIFICATION 

REFERENCE BRUCELLA 
SPECIES 

a ANTIGEN E 
COMPONENT VIII 
ANTIGEN E 
ANTIGEN E 
NONE 
A 2 

ULTRASONICATE 
ULTRASONICATE 
ULTRASONICATE 
ULTRASONICATE 
ULTRASONICATE 
ULTRASONICATE 

IE 
IE 
IE 
IE 
IE 
IE 

Baughn and Freeman, 1966 
Hinsdill and Berman, 1967 
Freeman et al., 1970 

S 
A 

MAS 
S 
A 

A (R) 

McGhee and Freeman, 1970 a, b 
Stemshom and Nielsen, 1977 
Schurig et al., 1978 

(3  ANTIGEN C 
COMPONENT 3 
ANTIGEN C 
ANTIGEN C 
ANTIGEN Ea 
A 3 

ULTRASONICATE 
AQUEOUS ETHER 
ULTRASONICATE 
ULTRASONICATE 
ULTRASONICATE 
ULTRASONICATE m

  m
  m

  m
  m

  m
  

Baughn and Freeman, 1966 
Diaz et al., 1968 b 

S 
M 

MAS 
S 
A 

A (R) 

Freeman et al., 1970 
McGhee and Freeman, 1970 a, b 
Stemshom and Nielsen, 1977 
Schurig et al., 1978 

y ANTIGEN A 
COMPONENT VII 
COMPONENT VII 
IE 
COMPONENT 2 
ANTIGEN A 
ANTIGEN A 
NONE 
ANTIGEN C 
A 4 

ULTRASONICATE 
ULTRASONICATE 
PHENOL 
COLD ACETONE 
AQUEOUS ETHER 
ULTRASONICATE 
ULTRASONICATE 
ULTRASONICATE 
ULTRASONICATE 
ULTRASONICATE 

IE 
IE 
IE 
ID 
IE 
IE 
IE 
IE 

PAGE-IEF 
IE 

Baughn and Freeman, 1966 
Hinsdill and Berman, 1967 

" 	" 	" 	" 
Nagy, 1967 
Diaz et al., 1968 b 

S 
A 
A 
A 
M 

MAS 
S 
A 
A 

A (R) 

Freeman at al., 1970 
McGhee and Freeman, 1970 a, b 
Stemshom and Nielsen, 1977 
Hatten and Brodeur, 1978 
Schurig et al., 1978 

E A and M 

S 

S 

A and M 

NONE 
ANTIGEN 6 or 7 
COMPONENT IX 
COMPONENT IX 

I or M 
A+M 
A+M 
A+M 
ANTIGEN 6 or 7 
ANTIGEN 6 or 7 

WHOLE CELLS 

AQUEOUS EXTRACT 
OF DISRUPTED CELLS 
AQUEOUS EXTRACT 
OF DISRUPTED CELLS 
VARIOUS 

TCA 
ULTRASONICATE 
ULTRASONICATE 
PHENOL 

COLD ACETONE 
AQUEOUS ETHER 
PHENOL 
TCA 
ULTRASONICATE 
ULTRASONICATE 

ABSORPTION 
OF ANTISERA 
TUBE 
PRECIPITATION 
TUBE 
PRECIPITATION 
TUBE 
PRECIPITATION 

ID 
IE 
IE 

ABSORPTION 
OF ANTISERA 

ID 
IE 
IE 
IE 
IE 
IE 

Wilson and Miles, 1932 	- 

Huston et al., 1934 

MAS 

M 

A 

M 

M 
S 
A 
A 

A 
'A,M 
A,M 
A, M 
MAS 

S 

Hershey et al., 1935 

Miles and Pirie, 1939 b 

Bruce and Jones, 1958 
Baughn and Freeman, 1966 
Hinsdill and Berman, 1967 

" 	" 	" 	" 

Nagy, 1967 
Diaz etal.,1968h 

" 	" 	" 

Freeman et al., 1970 
McGhee and Freeman, 1970 a, b 

b NONE 
ANTIGEN I 
COMPONENT I 

OR II} 
POLYSACCHARIDE B 
POLYSACCHARIDE B 
POLYSACCHARIDE B 
ANTIGEN I 
ANTIGEN I 

TCA 
ULTRASONICATE 
ULTRASONICATE 
PHENOL 
AQUEOUS ETHER 
PHENOL 
TCA 
ULTRASONICATE 
ULTRASONICATE 

ID 
IE 
IE 
IE 
IE 
IE 
IE 
IE 
IE 

Bruce and Jones, 1958 
Baughn and Freeman, 1966 
Hinsdill and Berman, 1967 

Diaz et al., 1968 b 

M 
S 
A 
A 

A, M 
A, M 
A, M 
MAS 

S 

" 	" 

Freeman et al., 1970 
McGhee and Freeman, 1970 a, b 

ID 
IE 	ABBREVIATIONS 
PAGE AS BEFORE 
IEF 

M - Br. melitensis 
A • Br. abortus 

S 	- Br. suis 
A (R) - Br. abortus, rough phase 
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Data presented in this study have demonstrated the presence 

of high concentrations of both these antigens beneath 

the external surface of the cell envelope in certain 

virulent biotypes of the organism. The rough vaccine 

strain 45/20 contains lower concentrations of both a and 

y antigens, whilst in smooth vaccine strain 19, low 

concentrations of 0  antigen alone are detectable. 

After inoculation of an animal with either a virulent 

or vaccine strain of Brucella, exposure of intact bacterial 

cells to the host immune system would be followed by 

phagocytosis. Due to the lower ability of strain 19 

to survive intracellularly compared with virulent strains 

(Smith and Fitzgeorge, 1964) and the fact that strain 

45/20 is injected as a dead vaccine, destruction of 

vaccine organisms would soon occur followed by rapid 

removal of antigenic stimuli. This would result in 

limited exposure of surface and subsurface antigens 

to the host immune system. Virulent strains of Brucella, 

which have a higher capacity for intracellular survival 

(Smith and Fitzgeorge, 1964) would survive for many 

generations, with lysis of senescent cells providing 

a continual stimulus of surface and subsurface antigens. 

These mechanisms, in conjunction with the different 

concentrations of $ and y antigens present in virulent 

and vaccine strains could result in production of much 

higher concentrations of specific antibody in infected 

than in vaccinated animals. 
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9.10. Identity of antigen X 

Antigen X appears to be a new type of antigen of Br. 

abortus which has not previously been described. The 

probable reason for this failure of detection by other 

authors is the fact that they have demonstrated the 

presence of antigenic components in Brucella extracts 

either by immunoprecipitation (Baughn and Freeman, 1966; 

Diaz et al., 1968b; Hinsdill and Berman, 1967; Freeman 

et al., 1970; Stemshorn and Nielson, 1977; Schurig 

et al., 1978), or by purely physicochemical means (Kellerman 

et al., 1970; Hatten and Brodeur, 1978; Moreno et al., 

1979). Some groups have assayed brucella extracts for 

differential reactivity with infected and vaccinated 

bovine sera by incorporation into existing serological 

systems including passive HA (Kulshrestha and Ramachandran, 

1971; Corbel and Day, 1973; Carlsson et al., 1976; 

Plackett et al., 1976; Saunders and Clinard, 1976; 

Renoux, 1980). The failure of these authors to obtain 

similar differential reactivity to that observed in 

this study suggests that their extracts either did not 

contain immunologically reactive antigen X, the presence 

of this antigen was masked by the reactivity of other 

antigens, or different pretreatment of red blood cells 

prior to sensitisation may have resulted in their surfaces 

being less amenable to binding of X. 
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Antigen X shares certain characteristics with both the 

immunogenic high molecular weight material purified 

from SDS extracts of Br. abortus strain 544/W by Ellwood 

et al. (1967) and the A + M antigen, notably the inability 

to produce a visible precipitation line in gel. However, 

differences in OD260/0D280  ratios and biochemical nature 

between the former material and antigen X suggest that 

these components are unlikely to be identical. Any 

relationship between the A + M complex and antigen X 

may be discounted due to the differences in discriminatory 

activity of these two antigens in bacterial agglutination 

and immunofluorescence or HA systems. 

Antigen X did not form a precipitation line in gel tests 

with infected bovine serum or hyperimmune rabbit antiserum 

against strain 544/W SDS extract, in spite of its extremely 

high activity in passive haemagglutination systems. 

Several authors have reported that the presence of SDS 

in antigenic extracts may cause denaturation of proteins 

(Helenius and Simons, 1975; Bjerrum, 1977) or prevent 

immunological reaction with specific antibody (Crumpton 

and Parkhouse, 1972; Qualtiere et al., 1977, Dimitriadis, 

1979). It is unlikely that this phenomenon was respon-

sible for the failure of X to form precipitation lines 

in gel as the presence of detergent neither interfered 

significantly with HA reactivity of this antigen nor 

prevented precipitation of a, 8,y, d or c antigen lines. 
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It is equally unlikely that the failure of X to precipi-

tate was due to poor diffusion resulting from its large 

molecular size as the S antigen, which also had a large 

molecular size, produced clear lines in gel precipi-

tation tests. 

It is possible that the absence of precipitation lines 

with antigen X might have been due to low antigen valency, 

as visible precipitation by bovine IgG would be unlikely 

if this were the case. Precipitation by pentavalent 

IgM would be possible, but the HA reactivity against 

X in infected bovine serum has previously been shown 

to be IgG antibody (Section 4.2.2.). A low valency 

would not necessarily prevent reactivity in passive 

HA systems; concentration of IgG molecules from infected 

bovine serum onto the SRBC surface in SRBCs-INF would 

enable effective haemagglutination with even bivalent 

antigen, and a similar concentration of low valency 

antigen on SRBCs-Ag would enable haemagglutination by 

bivalent antibody in bovine serum. In this way, antigen 

X could exhibit passive HA reactivity while being incapable 

of precipitation in gel. 

Data obtained in Section 6.2. (Tables 6.A and 6.B.) 

indicated that both activated Sepharose beads and tanned 

SRBCs preferentially bound antigen X from crude SDS 

extract or affinity purified 13 and y antigen preparations. 
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This antigen must therefore have been responsible for 

the discriminatory activity of crude extract and affinity 

"purified" 5  and y antigen preparations in both immuno- 

fluorescence and HA systems. Efficient coupling of 

this antigen to these solid phases is an interesting 

phenomenon, as none of the other antigens precipitated 

by pooled infected bovine serum appeared to be bound. 

The mechanism of antigen binding by tanned, fixed SRBCs 

has not been elucidated. However, the reaction involved 

in coupling to sodium metaperiodate activated Sepharose 

gels has been shown by Sanderson and Wilson (1971). 

Aldehyde groups created by oxidation of sugar sub-units 

of the agarose gel bind to amino groups present on the 

antigen molecule. Thus, a high concentration of amino 

groups on antigen X might encourage preferential binding 

by activated Sepharose. The presence of amino groups 

might also be responsible for reversible adsorption 

of this antigen to non-activated Sepharose, as all Sepharose 

gels contain a small number of charged groups which 

could cause adsorption of basic proteins (Pharmacia 

Fine Chemicals, 1979). Isoelectric focussing at pH 

4.4 indeed suggests this nature for antigen X. 

9.11. Differential reactivity of Antigen X with bovine  

sera 

Data in Section 8.1. shows that though SDS extracts 

of rough strain 45/20 contained extremely low levels 
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of X, smooth strain 19 extracts contained concentrations 

similar to those present in virulent Br. abortus. In 

spite of this observation, sera from cattle immunised 

with strain 19 vaccine still exhibited considerably 

lower reactivity against this antigen than those from 

infected animals (Figure 6.B.). The differential reacti- 

vity of bovine sera from infected and strain 19 vaccinated 

animals against antigen X did not therefore appear to 

be the result of quantitative differences in its distri- 

bution between vaccine and virulent strains of Br. abortus, 

though differences may exist in the concentration of 

this antigen on the surface of strains 19 and 544/W 

cells. Data obtained in Section 6.2. (Table 6.B.) showed 

that immunofluorescent staining was present at 

lower titres of affinity purified bovine anti X 

antibody with intact strain 19 cells than with strain 

544/W cells. However, the differences in concentration 

of X suggested by these data are not alone considered 

sufficient to account for the differential reactivity 

of sera from infected and vaccinated cattle. 

The presence of specific antibody against antigen X 

in different immunoglobulin classes in these two groups 

was not responsible for these differences in reactivity. 

Although reactivity in this HA system was present predom-

inantly in the IgG in sera from infected animals but 
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in the IgM in sera from vaccinated animals both immuno-

globulin classes were equally reactive. 

It appears therefore that the differing levels of antibody 

against antigen X in sera from infected and vaccinated 

cattle must be due solely to differences in the kinetics 

of exposure of this antigen to the host immune system 

between these two states. It has previously been noted 

that immunisation of animals with either vaccine strain 

results in rapid phagocytosis and destruction of bacteria 

compared to the situation in active infection. 

It is conceivable that despite the presence of high 

levels of X in the strain 19 organism, phagocytosis 

followed by intracellular degradation rapidly and effec-

tively removes this immunogen from the circulation. 

Strain 45/20 contains extremely low concentrations of 

antigen X, which may even be non-immunogenic in heat-

killed organisms (Section 7.3.). 

These factors could be responsible for the low levels 

of anti X antibody detected in cattle following adminis-

tration of either strain 19 or 45/20 vaccine. 

The virulence of Br. abortus strains has been shown 

to parallel their capacity for intracellular survival 

and multiplication within bovine phagocytic cells (Smith 

and Fitzgeorge, 1964; Frost et al., 1972). Thus, after 

initial invasion of the host by virulent Brucellae, 
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repeated stimulation of the immune system occurs due 

to continual release of actively growing organisms resulting 

from death and lysis of phagocytic cells in the blood, 

lymphatic system and target organs. Repeated stimulation 

of this type with immunogenic material should result 

in production of high concentrations of antibody against 

cell surface components including antigen X. 

The presence of differing levels of anti X antibody 

due to these mechanisms, could enable discrimination 

by immunofluorescence and HA systems between sera from 

cattle immunised with either strain 19 or 45/20 vaccines 

and those infected with brucellosis. 

A similar level of discrimination is not possible by 

bacterial tube agglutination tests. Agglutination systems 

involving intact Brucella cells depend on antibody against 

the lipopolysaccharide somatic antigen (Smooth-LPS complex 

- Diaz et al., 1968b; Diaz and Levieux, 1972) which 

is present in equally high concentration on the surface 

of all smooth strains of Brucella (Diaz et al., 1968b). 

A similar differential response in infected and vaccinated 

cattle to that observed against X might therefore be 

expected against this antigen. Such a response does 

not appear to occur, possibly due to differences in 

immunogenicity between the smooth LPS complex and antigen 

X. Alternatively similarities between brucella LPS 
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and LPS from other commonly encountered Gram negative 

bacteria (Jones and Berman, 1976; Lamb et al., 1979) 

may result in increased production by vaccinated cattle 

of cross-reacting antibody (Eisen et al., 1969) which 

is reactive in serological tests dependent on this antigen. 

Differential reactivity against antigen X in sera from 

infected and vaccinated cattle might not be demonstrable 

by diagnostic tests utilising intact Brucella cells, 

as this antigen:antibody system could be overshadowed 

by the dominant A + M antigen:antibody system. 
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The use of Sepharose beads in the defined antigen substrate sphere (DASS) immuno-
fluorescent system has been restricted by the need for sophisticated equipment for 
fluorescence quantitation since reliable subjective reading is not possible. This paper 
describes a method for visual assessment of results in this system. Antigen is coupled to 
sodium metaperiodate activated cross-linked Sepharose 4B beads and blocked with 
rhodamine-BSA prior to reduction. This procedure eliminates the use of the hazardous 
cyanogen bromide activation process and is potentially suitable for use in both direct 
systems for evaluation of specificity and potency of fluorescent conjugates and in indirect 
systems for serological screening of sera for specific antibody. 

INTRODUCTION 

Several authors have used antigen coupled to cyanogen bromide (CNBr) 
activated Sepharose beads as insoluble substrates for quantitative immuno-
fluorescence techniques (Van Dalen et al., 1973; Capel, 1974; Knapp and 
Ploem, 1974). Quantitative measurement of fluorescence emission enables 
good differentiation between the activity of different conjugates even at low 
fluorescence levels. Hence the fluorescence resulting from non-immunologi-
cal binding of conjugate to beads, inherent in this system, can be readily dis-
tinguished from specific activity. This discrimination is not possible by visual 
assessment alone. The extent of non-specific binding may vary with the 
activation procedure used to couple antigen to beads and the choice of agent 
used for blocking or inactivation of residual reactive sites after coupling. 
Although a variety of agents have been used to reduce this non-specific bind-
ing, there is little agreement upon the most effective procedure (Van Dalen 
et al., 1973; Deelder and Ploem, 1974; Knapp and Ploem, 1974; Streefkerk 
et al., 1975b). 

The present work reports an investigation of these variables, in which 
human IgG was coupled to cross-linked Sepharose 4B activated by 3 differ-
ent chemical methods and evaluated in direct immunofluorescence tests. The 
blocking efficacy of acidic, basic and neutral agents and rhodamine labelled 
albumin on staining obtained with heterologous conjugates was compared. 
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MATERIALS AND METHODS 

Sepharose CL4B (Pharmacia U.K. Ltd.) was washed exhaustively with 
distilled water and then activated by the following methods. 

Cyanogen bromide (CNBr) activation 
A modification of the method of Porath et al. (1973) was used. Sepharose 

was suspended in 0.5 M phosphate buffer pH 11.9 at a concentration of 
1.2 g wet weight gel/ml buffer. The suspension was chilled and an aqueous 
solution of CNBr (100 mg/ml) was added to give a final concentration of 
26 mg CNBr/g of Sepharose. The solution was stirred in an ice bath for 
12 min, during which time the temperature was maintained below 10°C. All 
manipulations were performed in a fume cupboard. The activated gel was 
then washed repeatedly with ice-cold distilled water, sucked dry and added 
to the antigen dissolved in 0.2 M citrate buffer pH 6.5. 

Sodium metaperiodate (Na104 ) activation 
A modification of previously described methods was used (Sanderson and 

Wilson, 1971; Wilson and Nakane, 1976). Sepharose was suspended in 100 
mg/ml aqueous sodium metaperiodate at a concentration of 500 mg wet 
weight gel/ml solution and mixed gently at room temperature for 2-4 h. 
The gel was then washed with 10% aqueous ethanediol (5 ml/g of gel), fol-
lowed by 0.1 M carbonate/bicarbonate buffer pH 9.5. The activated gel was 
sucked dry and then added to the antigen dissolved in 0.1 M carbonate/ 
bicarbonate buffer pH 9.5. Following antigen coupling alone or after block-
ing, reduction of unreacted aldehyde groups was performed by gentle mixing 
in 1 mg/ml sodium borohydride in 0.01 M phosphate-buffered saline pH 7.2 
for 2 h at room temperature. 

Benzoquinone activation 
A modification of the method of Brandt et al. (1975) was used. Sepharose 

was washed with 0.1 M phosphate buffer pH 8.0, sucked dry and then added 
to the same buffer containing 20% ethanol and 50 mM benzoquinone to give 
a concentration of 250 mg wet weight gel/ml. The suspension was mixed 
gently at room temperature for 2 h and then washed sequentially with 20% 
ethanol, distilled water, 1 M NaCl and distilled water. The activated gel was 
sucked dry and added to the antigen dissolved in 0.1 M carbonate/bicarbonate 
buffer pH 8.0. 

Coupling procedure 
Purified human IgG (2 mg/ml) was prepared in appropriate coupling 

buffers. One gram of activated gel was added to 10 ml of IgG solution. Each 
suspension was mixed gently for 18 h at 4°C followed by appropriate buffer 
washes. Aliquots of each preparation were then blocked. 
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Blocking and inactivation procedures 
Aliquots of beads were blocked using the following agents: 
(i) Aminobutyric acid. Inactivation was performed at 37°C for 18 h in a 

solution of 0.5 M 4-amino-N-butyric acid (BDH, Poole, U.K.) in 0.05 M car-
bonate/bicarbonate buffer, pH 10.0 (Streefkerk et al., 1975b). 

(ii) Lysine. Inactivation was performed for 18 h at room temperature in a 
solution of 2 M L-lysine monohydrochloride in 0.1 M carbonate/bicarbonate 
buffer pH 9.0 (Van Dalen et al., 1973). 

(iii) Ethanolamine. Inactivation was performed at room temperature for 
18 h in 1 M ethanolamine in 0.05 carbonate/bicarbonate buffer pH 10.0 
(Deelder and Ploem, 1974; Knapp et al., 1975). 

(iv) Rhodamine labelled bovine serum albumin (Rhod-BSA). Sodium 
metaperiodate activated beads coupled to IgG were blocked with rhodamine-
BSA by mixing for 18 h at room temperature followed by reduction with 
sodium borohydride. Tests were also performed in which rhodamine-BSA 
was added to the conjugate diluent rather than coupled directly to the beads. 

Staining procedure 
Immunospecific fluorescein labelled sheep anti-human IgG, IgM, IgA, 

fibrinogen and C3 conjugates and fluorescein labelled rabbit anti-Salmonella 
polyvalent conjugates (Wellcome Reagents Ltd.) were used throughout this 
study. 

Antigen substrates were prepared by spreading 5 pl of 1% bead suspension 
in water evenly over each spot of gelatin coated multispot slides (C.A. 
Hendley and Co., Essex) and allowed to dry for 2 h at room temperature 
(Streefkerk et al., 1975a). Twenty microlitres of conjugate dilutions were 
placed on each spot. The slides were incubated at room temperature for 
30 min, washed in several changes of PBS and finally rinsed in distilled 
water. Slides were mounted in carbonate/bicarbonate-buffered glycerol prior 
to quantitative or visual assessment. 

Quantitation of fluorescence emission 
A Leitz incident light Ortholux microscope with a HBO 200 mercury 

lamp, exciter filters 2 X KP 490, barrier filter 515 and 25 X objective was 
used throughout this study. Quantitation was performed using a modifica-
tion of the fibre optic system described by Taylor and Heimer (1974). The 
equipment consisted of 10 X eyepiece fitted centrally with a circular fibre 
optic probe. A flexible fibre optic connected the ocular probe to a photo-
multiplier fitted with a correction filter (100% transmission at 550 nm) and 
sliding shutter. This in turn was connected to a digital reading photometer. A 
slide of uranyl glass (25 mm X 75 mm) etched centrally to enable focussing 
was used as the reference standard. 

Measurements were performed as follows. The ocular with fibre optic 
probe was fitted in one arm of the binocular head, a second eyepiece with 
centralised graticule was placed in the other. The equipment was calibrated 
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for day-to-day variation by use of the standard reference slide. The focus was 
adjusted on the etched area of the slide, the photomultiplier shutter was 
opened and emission recorded. The sensitivity of the photometer was 
adjusted to give a standard reading on each day of operation. Ten readings at 
different parts of the slide were recorded and the mean calculated. Variation 
in readings was less than 1%. The reference slide was replaced by the speci-
men multispot slide. Single beads were centralised with the aid of the grati-
cule eyepiece so that the fibre optic probe was positioned at the centre of 
the bead. The focus was adjusted until the periphery of each bead was 
clearly defined. The photomultiplier shutter was opened, the fluorescence 
emission was recorded and calculated as a percentage of the standard. In this 
way fluorescence emission was recorded over a circular area of 20 µm diam-
eter in the central region of the bead. A minimum of 5 beads were recorded 
and the mean calculated for each set of results. 

EXPERIMENTAL DATA AND RESULTS 

Preliminary experiments were performed in which IgG-Sepharose beads 
were treated with serial dilutions of sheep anti-human IgG, IgM, IgA, C3, 
fibrinogen and rabbit anti-Salmonella conjugates. The results in Fig. 1 show 
good quantitative differences between conjugates but preparations treated 
with unrelated conjugates at 1/20 dilution showed weak but definite fluores-
cence when examined visually. 

The effect of the 3 activation procedures on fluorescence emission of 
individual beads was examined by staining preparations with anti-human IgG 

1 2 3 4 5 6 7 8 9 
CONJUGATE DILUTION (10 z Log2) 

Fig. 1. Fluorescence emission of Sepharose-IgG beads stained with related and unrelated 
conjugates. ♦ 	A, FITC-anti-human IgG; o 	o, FITC-anti-human IgA; ❑ 	o, 
FITC-anti-human IgM; • 	•, FITC-anti-Salmonella polyvalent. 
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conjugate at 1/20 dilution. The fluorescence emission and diameter of each 
bead was recorded. Fig. 2 shows the distribution of fluorescence intensity 
with varying bead size. The intensity of fluorescence was independent of 
bead diameter with sodium metaperiodate and benzoquinone activated beads 
although the level of fluorescence was greater with the former. Cyanogen 
bromide activated beads, though exhibiting high fluorescence intensities, 
showed greater variation. 
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TABLE 1 
THE EFFECT OF RHODAMINE-BSA ON PHOTOMETRIC (QUANTITATIVE) AND VISUAL (QUALITATIVE) ASSESSMENT OF 
FLUORESCENCE 
Sepharose-IgG beads were reduced with borohydride with or without prior treatment with rhodamine-BSA. Staining was performed 
with related and unrelated conjugates diluted in PBS alone or PBS containing rhodamine-BSA. Visual assessments were made by two 
individuals. Fluorescence emission expressed as mean ± 1 S.D. 

Inactivation 
treatment 

Conjugate 
diluent 

Assessment Conjugate and dilutions 

Sheap anti-human IgG Rabbit anti-Salmonella polyvalent 

1/20 1/80 1/320 1/20 1/80 1/320 

Rhodamine-BSA PBS Quantitative 86.1 ± 2.7 31.8 ± 1.4 8.0 ± 0.9 4.4 ± 0.5 3.5 ± 0.2 3.1 ± 0.6 
+ borohydride Visual +++ Green ++ Green + Green + Red/Orange + Red + Red 

PBS + Quantitative 90.5 ± 2.7 32.1 ± 2.5 11.9 ± 0.8 5.4 ± 0.7 3.7 ± 0.6 4.5 ± 0.3 
Rhod-BSA Visual +++ Green  ++ Green + Green + Orange + Red + Red 

Borohydride PBS Quantitative 90 	± 4.3 25.6 ± 1.6 6.9 ± 0.4 2.8 ± 0.6 0.8 ± 0.2 0.4 ± 0.02 
alone Visual +++ Green  ++ Green + Green ± Green Tr. Green -/Tr. Green 

PBS + Quantitative 82.8 ± 5.5 18.8 ± 1.0 7.4 ± 0.7 1.9 ± 0.4 1.0 ± 0.1 0.6 ± 0.1 
Rhod-BSA Visual +++ Green  ++ Green + Green Tr. Green Tr. Green/ - 

Orange 
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Activated beads coupled with human IgG were blocked with lysine, 
aminobutyric acid, ethanolamine or with a combination of aminobutyric 
acid and lysine. Staining was performed with anti-human IgG, anti-human 
IgA and anti-Salmonella conjugates at 1/20 dilution. The mean values ob-
tained from two coupling experiments are shown in Fig. 3. These results con-
firm that the intensity of staining with anti-IgG conjugate was greatest fol-
lowing cyanogen bromide and sodium metaperiodate activation and there 
was little significant difference in staining of beads treated with any of the 
blocking agents. Reduction of sodium metaperiodate activated beads after 
blocking was found to be essential for satisfactory results; if this step was 
omitted a dramatic diminution of specific staining was observed (Fig. 4). 

Staining with unrelated conjugates gave low levels of fluorescence, again 
unaffected by any of the blocking agents used. Quantitative differentiation 
by photometry was quite satisfactory under these circumstances but residual 
levels of non-specific fluorescence made visual discrimination of positive and 
negative results difficult. To overcome this problem, periodate activated 
Sepharose-IgG beads were treated with rhodamine labelled bovine serum 
albumin (rhodamine-BSA) prior to borohydride reduction. When these beads 
were subsequently stained, positive reactions were unaffected (whether mea-
sured photometrically or by eye), but non-specific staining by unrelated con-
jugates yielded a reddish-orange fluorescence that was easily distinguished 
by eye from the bright yellow-green results of specific staining. This easy 
visual discrimination could only be achieved by rhodamine-BSA coupled to 
the beads before reduction; use of rhodamine-BSA in the diluent at the time 
of test was ineffective (Table 1). 

DISCUSSION 

The defined antigen substrate spheres (DASS) system has been extensively 
used both in direct evaluation of conjugates (Van Dalen et al., 1973; Scales 
et al., 1975; Bloemen et al., 1976) and in indirect fluorescent antibody tests 
for serodiagnosis of parasitic infections (Deelder and Ploem, 1974, 1975). 
Optimum conditions for cyanogen bromide activation of Sepharose 4B have 
been defined to allow either penetration of antigen throughout the bead 
matrix (Van Dalen et al., 1973; Deelder and Ploem, 1974; Streefkerk et al., 
1975b) or localisation of antigen at the bead surface (Capel, 1974; Knapp 
and Ploem, 1974; Lasch et al., 1975). Quantitative data reported in these 
systems has been impressive, but in our experience, variation in bead staining 
occurs with cyanogen bromide activated Sepharose 4B beads and reliable 
subjective assessment of fluorescence (Capel, 1974) has not been possible. 

Cross-linked Sepharose 4B has been used exclusively in our study as varia-
tion in staining has been found to be lower than with Sepharose 4B. This 
may be due to the reduced number of potentially reactive groups present in 
the matrix of cross-linked Sepharose 4B compared to non-cross-linked 4B, 
which could facilitate localisation of antigen at the bead surface rather than 
allow variable penetration within the bead matrix. The observation that 
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fluorescence intensity is independent of the bead diameter, regardless of the 
activation method employed, would support this view. Comparison of the 3 
activation methods indicated that sodium metaperiodate was the method of 
choice; activation was rapid, simple, reproducible and safe. Both metaperio-
date and benzoquinone activated beads gave more uniform staining than 
those treated with cyanogen bromide. The measured level of fluorescence 
was higher with periodate than with benzoquinone activated beads but this 
difference was not detectable upon visual assessment. Unstained benzoqui-
none beads were brown, which though advantageous in an immunofluores-
cence system, would preclude their use with peroxidase labelled conjugates 
(Streefkerk et al., 1975a). 

The importance of sodium borohydride reduction following metaperio-
date activation is strikingly illustrated in Fig. 4. Chemical reduction is essen-
tial for stabilisation of the bond between IgG and the bead matrix. Coupling 
IgG to metaperiodate activated Sepharose involves chemical linkage of amine 
groups on the IgG molecule to newly formed aldehyde groups on the bead, 
resulting in unstable carbinolamines (Sanderson and Wilson, 1971). Reduc-
tion with sodium borohydride not only reduces any remaining reactive 
aldehyde groups on the bead but also reduces unstable carbinolamines to 
more stable alkylamines. Thus failure to perform reduction of coupled meta-
periodate beads would leave an unstable IgG-Sepharose complex which could 
easily break down resulting in loss of IgG from the bead. 

It has been suggested that suitable blocking agents and optimal conditions 
for the immunological reaction could be selected to give satisfactory dis-
crimination between positive and negative reactions (Streefkerk et al., 
1975a, b). In our study, however, the choice of blocking agent did not sig-
nificantly affect non-immunological binding of conjugate to beads when 
objective measurements were made by a quantitative method. Similarly, 
visual assessment remained unimproved by agents other than rhodamine-BSA. 
The evidence therefore suggests that non-immunological binding of conju-
gates is due to some process other than ionic attraction or residual chemical 
reactivity of the activated carrier. 

When rhodamine-BSA was coupled to IgG beads prior to reduction, visual 
discrimination of specific and non-specific staining was readily achieved. It 
must be emphasised that chemical binding of rhodamine-BSA is essential to 
this improved performance; simple addition of rhodamine-BSA in the conju-
gate diluent is not satisfactory. A similar improvement in visual differentia-
tion of positive from negative reactivity has been shown using rhodamine-
BSA blocked Sepharose beads in an indirect staining system (Raybould and 
Chantler, in preparation). 
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The ability to differentiate cattle infected with brucellosis from animals vaccinated 
against the disease is of considerable economic advantage in countries adopting eradica-
tion schemes. Current serological tests such as bacterial tube agglutination do not readily 
distinguish cattle in this way. 

An immunofluorescent procedure was investigated in an attempt to overcome this 
problem. Antigenic extracts of Brucella abortus strain 544/W were coupled to sodium 
metaperiodate oxidised Sepharose CL4B beads. Following coupling, the beads were 
chemically reduced or blocked with rhodamine labelled BSA prior to reduction. Charac-
terised bovine serum samples were tested by indirect immunofluorescence on both types 
of bead and by standard bacterial tube agglutination. 

Serological discrimination between infected and vaccinated cattle was achieved by 
fluorescence quantitation using unblocked beads and by visual determination of colour 
using rhodamine-albumin blocked beads. Bacterial tube agglutination failed to distinguish 
between the two groups of sera. 

INTRODUCTION 

Several authors have used antigen coupled to cyanogen bromide activated 
Sepharose beads as the substrate for the serological diagnosis of infection in 
quantitative immunofluorescent tests (Deelder and Ploem, 1974, 1975). 
These procedures are not amenable to subjective assessment of activity and 
necessitate the use of equipment capable of measuring fluorescence emission. 
Physical linkage of rhodamine labelled bovine serum albumin to sodium 
metaperiodate activated crosslinked Sepharose 4B beads (CL4B) to which 
human IgG is coupled, enables visual differentiation of reactive and non-
reactive samples in direct fluorescence tests, thereby eliminating the need for 
expensive quantitation equipment (Raybould and Chantler, 1979). 

This work was undertaken to investigate whether antigen beads prepared 
in a similar manner could be used in an indirect immunofluorescent system. 
Serological diagnosis of bovine brucellosis presents a particular problem as 
the commonly employed bacterial tube agglutination test consistently fails 
to differentiate recently vaccinated animals from those with early infection 
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even on the basis of a differential titre (Allan et al., 1976; Chappel et al., 
1978a, b). In this study extracts of Brucella abortus strain 544/W were 
coupled to sodium metaperiodate activated Sepharose CL4B beads and used 
to screen serum samples taken from uninfected, infected and recently 
vaccinated cattle by indirect immunofluorescence. Results of these tests 
were compared with bacterial tube agglutination titres performed on the 
same sera. 

MATERIALS AND METHODS 

Preparation of antigenic extracts 

Brucella abortus strain 544/W was seeded onto serum dextrose agar plates 
containing 500 pg/ml erythritol (Pearce et al., 1962) and incubated at 37'C 
in an atmosphere containing 5% CO2  for 5 days. The bacteria were harvested 
in saline, centrifuged and resuspended to 20% v/v in 0.01 M phosphate 
buffered saline, pH 7.5 (PBS). Bacterial extracts were prepared by a modifi-
cation of the method of Keppie et al. (1971). One-twentieth volume of 10% 
w/v sodium dodecyl sulphate (SDS) was added to 1 volume of 20% v/v bac-
terial suspension in PBS (0.5% SDS in suspension). The suspension was 
agitated gently at 4'C for 24 h and then centrifuged to sediment the bac-
terial cells. The supernatant extract was removed, divided into aliquots and 
stored at —20'C for use in subsequent tests. 

SDS extracts of Br. abortus strain 544/W were examined by immunoelec-
trophoresis and two dimensional immunoelectrophoresis according to Weeke 
(1973), using 1% agarose in 0.05 M veronal buffer pH 8.6 and a pool of 
bovine sera either from animals infected with brucellosis or from animals 
vaccinated with strain 19 of 45/20. 

Preparation of Brucella extract-Sepharose CL4B beads 

Sepharose CL4B beads were chemically activated with sodium metaper-
iodate as previously described (Raybould and Chantler, 1979). Extract com-
ponents were coupled to the beads by adding one gram (wet weight) of 
activated Sepharose beads to 10 ml of extract in buffer followed by rotation 
at room temperature for 18 h. Samples of antigen-coupled beads were either 
blocked with rhodamine labelled BSA prior to reduction with sodium boro-
hydride (Ag Seph/R) or reduced immediately after coupling (Ag Seph). 

Immunofluorescent tests 

Multispot slides (C.A. Hendley and Co., Essex) were precoated with 
antigen-coupled beads and used in indirect immunofluorescence tests. 
Twenty microlitres of test serum dilution was applied to each antigen spot 
and the slides were incubated in a moist chamber for 30 min at room tem- 
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perature. After washing in 3 changes of PBS, pH 7.5, the slides were drained 
and 20 pl of fluorescein labelled anti bovine immunoglobulin (Wellcome 
Reagents Ltd.) diluted 1 : 20 in PBS was applied. Following a further 
incubation, the slides were washed in PBS, rinsed in distilled water and 
mounted in bicarbonate buffered glycerol mountant. Quantitative assess-
ment of fluorescence was performed using a fibre optic probe attached to an 
incident light Leitz Ortholux microscope (Taylor and Heimer, 1974; Ray-
bould and Chantler, 1979). Qualitative assessments were made on randomly 
coded samples by two individuals. 

Tube agglutination tests 

Tube agglutination tests were performed by the method of Alton et al. 
(1975) using Br. abortus stained suspension (Wellcome Reagents Ltd.). End-
point titres for 50% agglutination were ascertained avoiding the need for 
scoring the degree of reaction. 

Serum samples 

Eighty-eight sequential serum samples taken from a total of six cows 
(1-6) were used. Details of the history of each cow are summarised: 

No. 1. Vaccinated with `Duphavac' (dead rough strain 45/20) on day 1. 
No. 2. Vaccinated with strain 19 (smooth attenuated living strain) on day 1. 
No. 3. Vaccinated with `Duphavac' on day 1. 
No. 4. Vaccinated with strain 19 as a calf but subsequently infected with 
Br. abortus. Serum samples taken from day of producing infected calf. 
No. 5. Vaccinated with strain 19 as a calf but became infected with Br. 
abortus during the course of the experiments (acute infection). 
No. 6. Vaccinated with strain 19 as a calf but subsequently became 
infected with Br. abortus (chronic infection). 

Pools of vaccinated and infected sera were prepared from individual bleeds 
taken from animals No. 2 and No. 6 respectively. A pool of serum from non-
infected, non-vaccinated cattle was also prepared. 

RESULTS 

Immunoelectrophoresis of Brucella extracts 

SDS extracts of Br. abortus strain 544/W, examined by immunoelectro-
phoresis and two dimensional immunoelectrophoresis, demonstrated up to 
6 components reactive with pooled sera from cattle infected with brucellosis, 
but none with pooled samples from animals vaccinated with strains 19 or 
45/20. 
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Comparison of Ag Seph/R and Ag Seph beads in indirect immunofluores-
cence tests 

Untreated (Ag Seph) and rhodamine-BSA blocked antigen beads (Ag 
Seph/R) were initially tested by indirect immunofluorescence using serial 
dilutions of intermediary pooled sera from infected, vaccinated and Brucella 
negative animals. The intensity of fluorescence emission was measured and 
the results of visual assessment of fluorescence were recorded. 

The results of the quantitative tests (Fig. 1) show a significant difference 
in reactivity between pooled sera from infected, non-infected and vaccinated 
animals irrespective of the type of antigen bead used. In contrast, the data in 
Table 1 indicate that visual differentiation between the serum pools is only 
satisfactory with rhodamine-BSA blocked antigen beads. Visual differentiation 
between infected and negative samples was possible with serum dilutions of 
1 in 40; sera from infected and vaccinated animals, however, could only be 
differentiated with confidence at dilutions greater than 1 in 160. 

In subsequent tests, 88 serum samples taken from animals 1-6 were 
screened at dilutions of 1 : 200 and 1 : 500 by quantitative immunofluores-
cence on Ag Seph beads and by qualitative immunofluorescence on Ag 
Seph/R beads. All samples were randomly coded; subjective fluorescence 
assessment was performed by two individuals. There was total agreement 

-I 	I 	I 	1 
1/10 	1/40 	1/160 	1/640 

DILUTION OF TEST SERUM 

Fig. 1. Fluorescence quantitation of Brucella antigen-coupled Sepharose beads treated 
with pooled infected, vaccinated and negative sera in indirect immunofluorescence tests. 
Each point is the mean of 5 readings taken from separate beads. S.D. = <7%. Closed sym-
bols = Ag Seph beads; open symbols = Ag Seph/R beads. Circles, infected bovine serum 
pool; triangles, vaccinated bovine serum pool; squares, negative bovine serum pool. 



FL
U

O
R

E
S

C
E

N
C

E
 I

N
T

E
N

S
IT

Y
 (
%

 S
T

A
N

D
A

R
D

)  

20 

10 

x  SERUM FROM 	 IOW 
INFECTED ANIMAL 

• SERUM FROM 	 X VACCINATED ANIMAL 
x 

XXx 

•::s• 	.Sc 

Iwo 

A 

A 

41 

TABLE 1 

VISUAL INTERPRETATION OF UNTREATED BRUCELLA ANTIGEN BEADS AND 
ANTIGEN BEADS TREATED WITH RHODAMINE-BSA IN INDIRECT IMMUNO-
FLUORESCENCE TEST 

Bead 
preparation 

Dilution of test serum Category 
of serum 
sample 1/10 1/40 1/160 1/640 

Brucella + + + + Infected 
antigen + (+) (+) Tr Vaccinated 

(+) (+) Tr — Negative 
Brucella + + + + Infected 
antigen + + (+) — — Vaccinated 
Rhodamine- Tr — — — Negative 
BSA 

Tr, Trace 
(+), Weak 1 Green fluorescence 
+, Strong 
—, Red fluorescence 

NEGATIVE 	TRACE 	POSITIVE 
VISUAL INTERPRETATION 

Fig. 2. Correlation between quantitative and visual assessment of fluorescence in the 
differentiation of infected from vaccinated cattle. Visual assessment was performed on 
Rhodamine-BSA blocked Sepharose beads, quantitative tests on unblocked beads. All sera 
were tested at a dilution of 1 : 500. 
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between individuals. The data in Fig. 2 show good agreement between the 
two methods in the differentiation of sera from infected and vaccinated 
animals thus confirming the preliminary results obtained with serum pools. 
Of 38 samples from vaccinated animals, 37 (97%) showed no detectable 
green fluorescence on the rhodamine-BSA blocked beads, whereas 47 of 50 
samples (94%) from infected animals gave unmistakable positive staining. 
Similar results were obtained when these sera were screened at a dilution of 
1 : 200. 

Differential screening by immunofluorescence and bacterial tube agglutina-
tion of sera taken from infected and vaccinated animals 

All serum samples were titrated in the bacterial tube agglutination test and 
the results were compared with the quantitative fluorescence data (Fig. 3). 
Fluorescence readings were consistently low with sera from vaccinated 
animals whereas these samples were distributed randomly throughout the 
titre range in agglutination tests, emphasising the lack of correlation between 
these two test procedures. 

The results of qualitative fluorescence and bacterial tube agglutination on 

Fig. 3. Differentiation between infected and vaccinated cattle by the bacterial serum 
agglutination test (S.A.T.) and quantitative immunofluorescence. Cross, serum from 
infected animal; dot, serum from vaccinated animal. Sera were screened by immuno-
fluorescence at a dilution of 1/500. 



TABLE 2 
COMPARISON OF RESULTS OF VISUAL FLUORESCENCE AND SERUM AGGLUTINATION TESTS ON SERIAL BLEEDS 
FROM INFECTED AND VACCINATED CATTLE 

Animal 	Vaccinated 	 Infected 
status 

1 	 2 	 3 	 4 	 5 	 6 
Animal 
reference 

Day no. 	Vis. 	SAT 	Vis. 	SAT 	Vis. 	SAT 	Vis. 	SAT 	Vis. 	SAT 	Vis. 	SAT 
FA 	 FA 	 FA 	 FA 	 FA 	 FA 

1 — 80 — 	20 — 80 — 40 
14 — 40 — 	160 — 80 + 1280 — 80 
28 — 40 — 	2560 — 40 + 1280 — 80 + 320 
34 + 1280 — 80 
40 + 1280 — 160 
44 — 40 — 	1280 — 80 + 640 — 160 
52 ± 20 — 	5120 — 160 + 1280 + 640 + 160 
70 — 80 — 	1280 — 40 + 160 + 1280 + 320 
76 + 160 + 160 
83 + 160 + 80 
88 — 40 — 	1280 — 40 + 160 + 80 

101 — 20 — 	1280 — 40 + 80 + 40 + 320 
128 — 40 — 	1280 — 160 + 320 
143 — 10 — 	640 — 80 + 320 
169 — 20 — 	640 + 40 
210 — 20 — 	640 ± 80 + 80 + 320 

SAT = Bacterial serum agglutination test. 
Vis. Fa = qualitative, visual fluorescence assessment. 

w 
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individual sera taken at different intervals are summarised in Table 2. This 
shows firstly that qualitative fluorescence also readily distinguishes infected 
from vaccinated animals in the majority of cases whereas bacterial tube 
agglutination tests fail to do so; secondly, positive fluorescence staining is 
not dependent upon the bacterial agglutination titre; and thirdly that despite 
the presence of an agglutination response soon after vaccination or infection, 
the serological response operative in the immunofluorescence tests is absent 
in vaccinated animals for at least 7 months after vaccination. 

DISCUSSION 

Quantitative differentiation between sera from infected and non-infected 
individuals has been obtained by immunofluorescence (Deelder and Ploem, 
1974, 1975) with antigen coupled to cyanogen bromide activated Sepharose 
4B in the diagnosis of Schistosoma mansoni and Fasciola hepatica infections. 
However, sodium metaperiodate activated crosslinked Sepharose 4B has 
several advantages over cyanogen bromide activated non-crosslinked Sepha-
rose 4B in quantitative fluorescence tests (Raybould and Chantler, 1978). In 
addition, treatment of these beads with rhodamine labelled BSA prior to 
reduction allows visual assessment of activity thereby eliminating the need 
for quantitation in direct staining procedures (Raybould and Chantler, 
1979). This study indicates that metaperiodate activated crosslinked Sepha-
rose beads have similar advantages in an indirect immunofluorescent system. 
Brucella antigen coupled beads can be used satisfactorily in quantitative 
fluorescence and, when blocked with rhodamine-BSA, allow qualitative 
interpretation of specific fluorescence. 

Conventional bacterial tube agglutination tests did not differentiate 
between sera from actively infected animals and those recently vaccinated 
with smooth strain 19 or rough strain 45/20. However, quantitative immuno-
fluorescence tests using antigen beads and qualitative tests using rhodamine-
BSA treated antigen beads distinguished between these two groups in 95% of 
sera tested. 

These conflicting results may be due to quantitative or qualitative differ-
ences in the serological response in infected and vaccinated cattle. 

Quantitative differences in total antibody response might be anticipated in 
infected and vaccinated animals due to differences in the kinetics of antigen 
exposure to the host's immune system. However, our results indicate that 
agglutination titres do follow a similar response curve in both groups of 
cattle. Once antibody production has been initiated, an agglutination 
response against the whole Br. abortus cell was rapidly established in both 
groups, remaining throughout the course of bleeds. In contrast, positive 
immunofluorescence results were obtained with sera from infected animals 
as soon as an antibody response against whole Brucella cells was detectable, 
but was absent with sera from vaccinated cattle, despite the presence of high 
agglutination titres. 
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These observations support the possibility of a qualitative difference in 
antibody response between infected and vaccinated cattle. Two alternative 
mechanisms are conceivable: firstly, similar antigens on both virulent 
Brucella strains and non-virulent vaccine strains might preferentially stimu-
late different classes of antibody. Alternatively, a number of different anti-
genic components may be involved which, by virtue of differences in 
distribution in different species of Brucella, may give rise to differential anti-
body synthesis. 

Specific antibody of IgM class is reported to be particularly effective in 
bacterial agglutination tests (Allan et al., 1976). The conflicting results 
obtained with immunofluorescence and bacterial agglutination tests in this 
study are unlikely to be due to this factor since immunofluorescence tests per-
formed with polyspecific conjugates should detect all types of antibody, yet 
it is this technique which gives negative results with sera from vaccinated 
cattle. Our data supports the view that different antigen : antibody systems 
are responsible for the divergent results obtained. At least two antigen : anti-
body systems are implicated; one involving antigens present on the intact 
Brucella cell and another involving a component or components of the 
Brucella cell not accessible on the intact cell but extractable by detergent. 
Bacterial agglutination tests would be expected to detect a serological 
response against the former. 

The detergent extraction procedure employed may release immunogenic 
components from the cell, all of which become coupled to activated Sepha-
rose; or alternatively, the extraction procedure may release many compo-
nents, some of which are selectively coupled to activated Sepharose. 

It is conceivable that antigenic components analogous to those extractable 
by detergent are less accessible, present in smaller amounts or are qualita-
tively different in vaccine and virulent strains. This could result in a selective 
or more efficient stimulation of antibodies against `extractable' antigens in 
active infection with brucellosis than following vaccination with strain 19 or 
45/20, and would offer an explanation for the discrepant results obtained 
with fluorescent antibody and bacterial agglutination tests in this study. 
Further investigation of SDS extracts from a number of strains is in progress 
with a view to analysing these differences. 
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