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Through chemical analysis and ion exchange chromatography of water-

soluble antigens, this investigation supports the view that the majority

of differences between the biotypes are quantitative. It was also found

that strains demonstrate distinct, qualitative differences when compared

to the attenuated strain 19 by immunodiffusion and thin-layer

polyacrylamide gel, isoelectric focusing. These differences include

the presence of antigens on virulent strains that are absent on strain

19. In addition, one antigen absent on strain 19, was found common to

each virulent biotype. Finally, the results from immunodiffusion

experiments, employing adsorbed and non-adsorbed immune globulins,

indicate that at least some water-soluble antigens are exposed on the

cell surface and that their distribution among the biotypes varies.
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CHAPTER I

INTRODUCTION

Genus Characteristics

The brucellae, highly pathogenic mammalian parasites, facilitate

intracellular growth in a wide variety of hosts, including man. They were

first described and named for Sir David Bruce in 1887 (5). Bruce recovered

an organism responsible for an acute, recurring fever from the spleens of

British soldiers stationed on the island of Malta (Brucella melitensis). A

decade followed before Bang (4) in 1897 isolated a similar agent responsible

for bovine infectious abortion (Brucella abortus). In the United States,

Traum (46) isolated a third organism from the fetal tissues of a premature

pig (Brucella suis). Alice Evans discovered the relationship of the above

organisms and in 1914, placed them in the new genus Brucella (12).

The brucellae are distinguished from other genera of bacteria by a

characteristic guanine plus cytosine (G+C) content, morphology, metabolism

and atmospheric requirement. Members of the genus comprise a closely knit

and sharply demarcated genetic group as defined by deoxyribonucleic acid

(DNA) hybridization studies (23, 24). The G+C content of the DNA ranges

from a buoyant density of 56 to 58 moles %. These Gram-negative, non-motile

coccobacilli demonstrate aerobic respiration and require the B-vitamins,

thiamin, niacin and biotin for growth. They are catalase-positive,

hydrolyze urea and except for Brucella ovis, reduce nitrates to nitrites.

The brucellae do not utilize citrate as a sole carbon source, do not produce

indole from tryptophan and demonstrate both negative methyl-red and

1
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Vogues-Proskauer tests. All species are strict aerobes; however,

especially on initial isolation, they may require an atmosphere of

5 to 10% carbon dioxide. Growth occurs between the tempratures of 20

to 400C with an optimum at 370C (6).

Currently, six species of Brucella are recognized and named for

a reservoir host (6). All species cause similar disease states

characterized by abortion of pregnant females, low mortality, relatively

low grade or clinically nonapparent infection, localization and chronicity.

Brucella abortus (bovine), B. melitensis (caprine), B. suis (porcine) and

B. ovis (ovine) are known, human pathogens responsible for zoonotic

brucellosis. The remaining species, Brucella neotomae (desert wood rat)

and Brucella canis (canine) are responsible for epididymntis and abortion in

the infected host. Although their role in human brucellosis is unknown, the

diverse host range of this genus is widely recognized (26).

Characteristics of Brucella abortus

In addition to causing similar diseases, the BrucelUa species exhibit

such similar characteristics that they have long presentd problems in

identification especially at the species level. The criteria for distinguishing

between them are primarly quantitative; so that no single test is adequate

for species identification, but rather, a battery of tests is necessary.

Reliable recognition and resolution of all Brucella species was

provided by Meyer and Cameron (38, 39). Using manometri techniques, a

statistical evaluation of the oxidative metabolic patter s of numerous

isolates was conducted on various carbohydrate and amino acid substrates.

A metabolic pattern that is characteristic and definitive for each species
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was formed by their differential oxidative utilization of substrate

groups. In addition, qualitative, as well as quantitative, metabolic

differences were shown to exist among the Brucella species.

Brucella abortus is distinguished from other Brucella species by

several discriminating methods. Bacteriolysis with Tbilisi (Tb) Brucella

bacteriophage is restricted to the smooth colonial phase of B. abortus

(27, 40). (Spontaneous dissociation from smooth to intermediate or rough

colonial forms occurs readily in some Brucella species. This dissociation

is especially prevalent in static liquid media.) Both intermediate and

rough variants of B. abortus, other Brucella species and members of other

microbial genera are unaffected by Tb Brucellaphage. In addition,

B. abortus is not lysed by phages which infect other genera of bacteria.

These findings indicate that morphological and antigenic differences

exist within a strict species boundary. Further, these morphological

and antigenic variants are the basis for dividing the species of B. abortus

into nine biotypes.

Several conventional tests are used to determine a biotype (47).

Brucella abortus isolates are tested for the production of hydrogen

sulfide, for the differential growth on media containing critical

concentrations of basic fuchsin or thionin and for a carbon dioxide

growth requirement. Further, smooth B. abortus isolates are examined

for their agglutination with monospecific B. abortus and/or B. melitensis

antisera. The agglutination reactions of these isolates suggests a

quantitative difference in the distribution of two major agglutinogens.

Although antigenic differences among smooth B. abortus isolates are

subtle, the major agglutinating antigen, together with reactions to
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conventional tests, specifies the biotype. Thus, serological methods

provide a valuable tool for detecting discreet differences otherwise

unnoticed.

Pathogenic Mechanisms: Factors of Virulence

Brucellosis, an acute or chronic infectious disease of domestic

animals is transmissable to man. Brucella abortus is the known,

etiological agent of Bang's abortion disease in cattle and of undulating

fever in man. Despite a number of attempts to understand the pathogenic

mechanisms of this organism and of other Brucella species, specific

mediators of virulence remain poorly defined (21, 25, 28, 37, 41). At

least three models have been proposed to explain the remarkable

invasiveness and broad host range of these organisms. Studies of

pathogenesis have largely centered on the role of endotoxin (2), the

various aspects of cell wall-defective forms (11, 43, 45) and the

protective immunity rendered by uncharacterized, cellular constituents

(1, 32).

Toxic Substances

Toxic components isolated from smooth B. abortus and B. melitensis

have been shown to be chemically similar to endotoxins of bacteria

belonging to other microbial genera (29). A heat stable, lipid-

carbohydrate-protein complex, isolated from both species was found to form

hybrids with endotoxin preparations from Escherichia coli and Salmonella

enteritidis. Biologically however, the Brucella extract had only 1/75

the potency of E. coli endotoxin in protecting mice against challenge with

virulent Salmonella typhi.
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Exotoxins do not seem to be produced by Brucella strains. Endotoxins

are synthesized by both smooth and intermediate forms of B. abortus,

B. melitensis, B. suis and B. neotomae (14). Rough variants of these

species and of species that grow as rough colonies on primary isolation

(B. canis, B. ovis) lack endotoxin (9, 10). Although endotoxin-containing

smooth and intermediate species are pathogenic in their respective chief

hosts, endotoxin-lacking rough forms of B. canis are also pathogenic

for dogs and B. ovis for sheep. Thus, it appears that endotoxin is

unimportant in the virulence of these organisms.

There is some confusion over the activity of Brucella endotoxin;

many laboratory animals not previously exposed to the brucellae do not

react as they do to other bacterial endotoxins. Lately it has become

clear that prior exposure (sensitization) to the organism or to its

endotoxin is a prerequisite for eliciting these reactions (36). Brucella

endotoxin induces a non-specific stimulus of the reticuloendothelial

system. The pharmacological effects elaborated by injection of an

ether-water (30, 31) or a hot phenol-water fraction (29, 37) include

induration, increased capillary permeability and the development of

edematous and erythematous lesions. These lesions reach a maximum

intensity after 3 days (14). In addition, Brucella endotoxin may induce

fever, transient leukopenia, hypoferremia and an altered resistance to

bacterial infections. In high concentrations, endotoxin is lethal.

Irreversible shock, accompanied by diarrhea, herald its activity prior

to eventual death.

Because endotoxin exhibits a variety of effects, it is believed

to play an important role in virulence. Baker and Wilson (3) found
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however, that endotoxins obtained from smooth Brucella strains of both

low and high virulence differ insignificantly in lethality for mice.

Consequently, it would appear that the direct correlation between

virulence and endotoxin is incomplete (44).

Cell Wall-Defective Forms

The brucellae are known to be facultative intracellular parasites.

Within 24 hours after infection of guinea pigs with B. abortus, nearly

all organisms in the peripheral blood are found within neutrophiles.

These infected phagocytes (and any extracellular bacteria) are removed

from circulation by the spleen, liver and other organs. Focal aggregates

of parasitized polymorphonuclear and mononuclear phagocytes in these

organs lead to the development of granulomas. The phagocytosed brucellae

are not destroyed; rather they appear to multiply intracellularly until

many phagocytes are completely engorged. With the onset of a mature

granuloma, marked by the appearance of epithelioid cells, microscopically

evident brucellae gradually disappear from the tissues; yet, chronic

clinical conditions may remain for years (22).

Smadel (43) suggested that persistent infections could be a result

of in vivo production of altered bacterial forms. These forms would be

more resistant to host immune responses and therapeutic agents than

their conventional counterparts. In support of this model, evidence

for altered bacterial forms is found in reports of chronic pyelonephritis

(7, 15), bacterial endocarditis (48), tubercular meningitis (35) and

certain types of aseptic meningitis (34).

The role of altered forms has also been demonstrated in brucellosis.

Hatten and Sulkin (16, 17, 18) recently displayed the induction and
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recovery of B. abortus L-forms in experimentally infected tissue culture

cells. These forms persisted despite substantial concentrations of

streptomycin and penicillin.

Recovery of L-forms has not been restricted to analysis of experimental

in vitro infections. Nelson (42) reported the occurrence of Brucella

L-forms in a clinical isolate. The in vivo induction of cell wall-defective

forms is plausible since copious quantities of lysozyme develop within

the phagocytes which respond to the infection. This may explain, in part,

the functional difficulties of recovering viable vegetative cells from

patients afflicted with chronic brucellosis (13).

These various efforts support the view that altered Brucella forms

arise as a phenotypic expression in response to the in vivo environment.

As a consequence, these altered forms become highly successful parasites

capable of producing infections of great chronicity.

Immunity Rendered by Cellular Constituents

In an attempt to understand the pathogenic nature of the brucellae,

several studies were directed towards the immunity invoked by challenge

with Brucella antigens (20, 28, 41). It is known that recovery from

brucellosis is due chiefly to a cellular mediated immune response (33).

Indeed, it is the success or failure of this response which governs

the fate of infection. As formerly mentioned, parasitized leukocytes

appear unable to destroy the brucellae. Thus, it is likely that a

proposed substance would be responsible for preventing the destruction

of the phagocytosed bacterial cells (28, 41).

Virulence factors which prevent the normal phagocytic process are

well known (8). However, the properties associated with these
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antiphagocytic factors generally reside in the polymeric material of a

capsule. The brucellae do not possess a capsule, but the virtually

exclusive presence of smooth colony-types on isolation indicates a role

of these forms in virulence (36).

The phenomenon of smooth to rough dissociation is common among

microbial species. In interpreting experimental work on Brucella, such

variation assumes unusual significance. Henry (19) was the first to

describe smooth, intermediate and rough colony-types of the Brucella

species. Full virulence was found to reside only in the smooth types;

the rough colonial forms were avirulent and intermediate cultures

showed reduced virulence.

Although rough types show few relationships with smooth counterparts,

intermediates closely resemble smooth colony-types since they are fully

reactive with antisera from animals injected with smooth antigens (36).

Brucella abortus strain 19 is a relatively stable intermediate. This

strain produces only limited infections, yet it contains all of the

smooth antigenic determinants. As a consequence, strain 19 is widely

used commercially as a vaccine in the immunization of cattle against

brucellosis.

As smooth colony-types dissociate to rough forms, a loss of

endotoxin accompanies a change in the antigenicity of the brucellae.

Since correlation of virulence with endotoxin is lacking, the antigenic

differences associated with virulent and attenuated biotypes is important.

The chemical and immunological analysis of the antigenic constituents

of B. abortus could possibly reveal discreet differences among the

biotypes. In addition, if an antigen present in virulent biotypes
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could be shown to be absent in the attenuated strain 19, we would have

gained an important marker in understanding the pathogenesis of the

brucellae.

In this investigation, B. abortus biotypes 1, 5 and 7 were chosen

for study. Since specific mediators of virulence have not been resolved,

as well as the biotype similarities or differences in these mediators,

an attempt was made to compare virulent types (biotypes 1, 5 and 7)

with attenuated strain 19 (biotype 1). This comparison was performed

through the chemical characterization of water-soluble antigenic constituents,

their immunological potentialities and their location in the cell.
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CHAPTER II

MATERIALS AND METHODS

Microorganisms

Four strains of B. abortus (ATCC 23448, 23452, 23454 and 27565;

American Type Culture Collection, Rockville, Md.) were selected for

use in this study. Three pathogenic biotypes 1, 5 and 7 were orginally

isolated from infected or aborting cattle. The fourth organism,

B. abortus, strain 19, also biotype 1 is recognized as a live, attenuated,

vaccine strain.

All organisms were maintained on Tryptic Soy Agar (TSA, Difco,

Detroit, Michigan) slants stored at 40 C between transfers every 4 weeks.

Cultures were incubated aerobically at 37 0C at high humidity and elevated

(5-10%) CO2 . The brucellae were monitered for smoothness of colonies

using the oblique light technique (5) and for purity by both microscopic

examination and observation of colonial morphology on streaked TSA plates.

Preparation of Water Soluble Antigens

Cultures were prepared by transferring a bit of growth with a

sterile loop from stock cultures to 5 ml Tryptic Soy Broth (TSB, Difco).

The tubes were incubated aerobically on a rotary shaker in the presence

of 5-10% CO2 at 37'C for 24 hours. From these broth cultures of log

phase cells, 1-ml aliquots were dispensed into screw-capped 250 ml

Erlenmeyer flasks containing 150 ml TSB and incubated as above for 48

hours. The cultures were then inactivated at 600 C for 1 hour and

sedimented by centrifugation at 15,000 x g for 30 minutes in a Sorvall

14
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refrigerated centrifuge at 40C. Freshly harvested cells were resuspended

three times; twice in 0.03 M phosphate buffered saline, pH 7.0 and a

final wash in glass-distilled water. Following the determination of the

wet weight of packed cells, 1-ml of water was added for each gram of wet

cells. (Note: One gram of wet cells was found to yield approximately

10 mg protein/ml sonified extract.) The resuspended cells were sonified

4 times (Sonifier Disrupter W-185; Heat Systems Ultra Sonic Inc.,

Plainview, N. Y.) at 70 Watts, each time for 1-minute followed by a

2-minute cooling interval in an ethanol-ice bath at -4C (9). The

sonified extracts were cleared of particulate material by centrifugation

at 15,000 x g at 40C for 30 minutes, dialyzed against water for from

12 to 18 hours at 40C, preserved with merthiolate (1:10,000 v/v) and

stored at -200C until used (Figure 1).

Preparation of Antisera

Soluble Brucella antigen was emulsified in Freund's complete

adjuvant (Difco) at a 1:1 (v/v) ratio prior to use. Each of four New

Zealand white rabbits were injected subcutaneously in the nape of the

neck with a volume of emulsified antigen containing 6 mg of protein.

After 4 and 12 weeks, each rabbit received a booster injection of the

same suspension containing 5 mg of protein. A final booster of 2 mg

protein was administered intravenously (marginal vein of the ear) on

the 14th week.

Periodically, Brucella precipitin titers were compared to those

from sera recovered prior to the initial challenge. By means of the

interfacial ring precipitin test (1), high antibody titers were

observed when 0.1 ml antiserum and a 1:100 dilution of the soluble
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Figure 1. Flow diagram of the procedure for extracting soluble antigens

from Brucella abortus.



Aqueous suspension of
log phase cells

innoculate 150 ml TSB
incubate at 37'C, 5-10% C2'

48 hr., 150 RPM.
heat kill 60'C/1 hr.
centrifuge 15,000 X g/20 min.

Decant supernatant Pellet suspended in .03 M
phosphate buffered saline,
pH-7.0.

centrifuge 15,000 X g/20 min.

Decant supernatant Pellet suspended in .03 M
phosphate buffered saline,
pH-7.0.

centrifuge 15,000 X g/20 min.

Decant supernatant Pellet suspended in water
centrifuge 15,000 X g/20 min.

Decant supernatant Determine wet weight of pellet.
Add 5 ml H20/gram cells
Sonify with 70 W for 1 min.,

cool in an ethanol-ice
bath for 2 min. (-40C).

Repeat the above step 3X.
Centrifuge 15,000 X g/30 min.

Decant Brucella soluble antigen Discard pellet.

Dialyze overnight against water
4*C. _4

Store with merthiolate (1:10 v/v)
at -20*C.

1
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antigen were employed.

All animals were killed by exsanguination (cardiac puncture). The

blood samples were allowed to coagulate at room temperature for 
20

minutes followed by incubation at 371C for 2 hours. After transfer to

a refrigerator overnight, the serum was clarified by slow centrifugation

and stored at -20
0 C.

Precipitation of Gamma-Globulin

Gamma-globulin was isolated from rabbit serum by repeated

precipitation with saturated ammonium sulfate. The salts were removed

by exhaustive dialysis against 0.1 M, pH 8.4, borate-buffered, 
0.85%

saline. A fairly pure preparation was found to contain from 7 to 10 mg

protein/ml and had a substantially higher titer of antibodies 
reactive

with the solubilized Brucella antigens than did the whole serum from

which the gamma-globulin fraction was derived (assay: interfacial ring

precipitin test).

Preparation of Adsorbed Gamma-Globulin

Washed, whole, B. abortus cells were suspended in the purified

homologous gamma-globulin preparation. After incubation at 37
0 C for

2 hours, the cells with the bound immunoglobulins were sedimented at

10,000 x g at 4
0 C and discarded. The procedure was repeated three

times and the adsorbed sera stored at -20
0 C until used.

Tube Agglutination

Washed suspensions of heat-killed (600 C, 1 hour) cells were

prepared for use in the tube agglutination test (1). The cells were

resuspended in 0.85% saline to a turbidity corresponding to tube #1
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on the MacFarland scale (7). Serial 1:2 dilutions of B. abortus and

B. melitensis antisera (Difco) were prepared through 10 tubes. Suspended

cells were added to tubes containing equal amounts of dilutions 
of serum.

An eleventh tube received only cells, thus serving as an autoagglutination

control. The contents of the tubes were mixed by brief, gentle agitation

and incubated in a water bath at 37
0C for 18 hours. Agglutination

titers were easily recognized by the appearance of a heavy floc 
not seen

in controls.

Physical and Chemical Analysis of Soluble Antigens

Light Absorption

For all water-soluble preparations of antigens from both virulent

and avirulent biotypes, the absorption spectrum, in the region of the

electromagnetic spectrum of from 700 to 200 nm, was measured in a

Bausch and Lomb spectrophotometer (Model 210) and corrected by readings

of appropriate controls.

Determination of Protein

The protein content of all samples was assayed spectrophotometrically

by the method of Lowry (8) using bovine serum albumin as the standard.

Determination of Deoxyribonucleic Acid

DNA was determined by the method of DeDeken (2). Samples were

hydrolyzed in perchloric acid at 37
0 C for 20 minutes. The hydrolysate,

which contained acid-soluble DNA, was diluted in perchlorate and 
its

absorbance at 267 nm compared to that purified calf thymus DNA

(Sigma, St. Louis, Missouri). Following the determination of the change
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of absorbance, the calculation of DNA concentration relied 
on a conversion

factor based on the 9.22% phosphorous content of DNA. Thus:

Dilution factor X change in absorbance at 267 nm X 32.94 =

jg DNA/ml

Determination of Ribonucleic Acid

Ribonucleic acid was estimated, according to the method of Schneider

(12), in samples dialyzed 12 to 18 hours against water 
at 40C and heated

at 900C for 30 minutes in an aqueous, acidic, orcinol solution. 
The

treated sample was promptly cooled, appropriately diluted in 
distilled

water and the change in absorbance measured at 660 nm in a Bausch and

Lomb UV spectrophotometer. All readings were corrected by a separate

reagent blank. A standard curve was determined for Torula sp. yeast

RNA and the RNA concentration estimated by extrapolation to the 
abcissa

and multiplying by the recriprocal of the dilution.

Determination of Saccharides

Sugar was estimated by Dische's (3) method which depends on the

spectrophotometric determination of ultraviolet-absorbing chromogens

(e.g., furfuraldehyde and crotonaldehyde) which evolve 
in reactions of

carbohydrates with naphthol in strong sulfuric acid. The red color which

develops in the presence of hexoses, pentoses and/or methyl pentoses after

6 hours of treatment with concentrated sulfuric acid containing 2% naphthol

at room temperature can be resolved spectrophotometrically at two

absorption maxima: 570 nm (hexose) and 550 nm (pentose). The absorbance

of standards of known concentrations of glucose and ribose was measured

at these two wavelengths, plotted graphically and used to assay sugar
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concentrations in the samples by extrapolation to the abcissa.

Ion Exchange Chromatography

Soluble Brucella antigens were separated into various component

peaks by chromatography on a diethylaminoethyl (DEAE) cellulose (Bio-Rad,

Richmond, California) anion exchange column according to the procedure

of Glenchur et al. (4).

The anionic adsorbant was washed alternately in solutions of 
1.0 M

NaOH, distilled water, 0.5 M HCl, distilled water, 1.0 M NaOH and

distilled water (6). Following removal of the fine particles by

filtration and equilibration to pH 8.0 with .005 M sodium phosphate

buffer, chemically-clean 2.4 X 25 cm glass columns were packed 
at 40 C

under constant hydrostatic pressure. In order to minimize convection,

the bottom of each column was filled, prior to packing, with 
a layer of

glass wool followed by a layer of pure quartz sand. Samples containing

25 to 30 mg of total protein in approximately 3 ml were carefully

pipetted upon the adsorbant. Antigens were eluted stepwise in the cold

(40C) through the gradient of increasing ionic strength and decreasing

pH and recovered in a series of tubes in a fraction collector.

Isoelectric Focusing in Thin-Layer Polyacrylamide Gels

Thin layer polyacrylamide gels were prepared essentially as

described by Vesterberg (13) with minor modifications as suggested by

Sayed and Hatten (11).

Stock solutions of gel were dissolved in distilled water and

clarified by membrane filtration (1.2 um Millipore filter, Millipore

Corp., Bedford, Mass.). Gel components included 10 ml of 30.5%
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acrylamide, 10 ml of 1% N-N'-methylene bisacrylamide (Bis), 30 ml of

10 M urea, 0.2 ml of 5% dithiothreitol and 4.5 ml of ampholyte solution.

The different ampholytes (Ampholine, LKB, Rockville, Maryland) represented

a series of stock solutions ranging in pH from 3 to 11: 15 ml of ampholine

of pH 3 to 10, 2 ml of pH 2.5 to 4, 1 ml of pH 4 to 6, 1 ml of pH 5 to 7,

1 ml of pH 8 to 9.5 and 2 ml of pH 9 to 11. Prior to photopolymerization,

the gel mixture was placed in vacuo to remove entrapped air bubbles.

Finally, 3 ml of 10% Triton X-100, 3.5 ml of .004% riboflavin and 1 ml

of 1% ammonium persulfate were added. Thin layers were cast by injecting

the preparation into a mold of glass plates sandwiched over a gasket

and secured with clamps. The gels were photopolymerized for 1 hour by

exposure to Polylite 2114 (LKB Instruments). After removal of the top

plate, the gels were covered with Saran Wrap and stored in the dark at

40C overnight.

Samples were prepared by mixing equal parts of Brucella antigen

with a solubilizing solution composed of 4% Triton X-100 and .02%

dithiothreitol in 10 M urea (11). Rectangles (6 X 12 mm) of Whatman

#3 paper were soaked with this preparation and placed horizontally on

the gel surface near the anode.

Electrolyte solutions for focusing in the pH range of 3 to 10

consisted of 1 M phosphoric acid (anode) and 1 M sodium hydroxide

(cathode). They were applied to the gel edges following absorption

into paper electrofocusing strips (LKB Instruments).

Samples were electrofocused for 32 minutes in a Multiphor 2117

(LKB Instruments). Initially, 200 V were applied to achieve 45 mA

current. In order to maintain 45 mA, the voltage was regularly
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increased to a maximum of 900. Electrofocusing was completed when the

current fell to 25 mA at 900 V.

Focused gels were stained directly for 30 minutes at room temperature

with a 0.2% solution of coomasie Brilliant blue R-250 (Bio-Rad) contained

in 9 parts water, 1 part glacial acetic acid and 9 parts ethyl alcohol.

Several changes of a destaining solution (ethyl alcohol-water-glacial

acetic acid, 3:8:1) were necessary to clear the gel of background dye.

For preservation, destained gels were transferred to plexiglass plates

following a 1 to 2 hour immersion in 10% aqueous glycerol. The gels

were covered with a dialysis membrane (Spectrapor, Cole-Parmer, Chicago,

Ill.) and dried for 8 hours at room temperature followed by 24 hours

at 370C.

Immunodiffusion in Agarose Gels

Double diffusion, performed essentially as described by Ouchterlony

(10), employed 1% w/v agarose (Calbiochem, La Jolla, California) suspended

in 0.1 M borate buffer pH 7.9 containing 0.85% sodium chloride and 1:10,000

merthiolate. The agar was melted and dispensed as 6 ml aliquots in plastic

(15 X 60 mm) petri dishes. Wells (6 mm diameter) were cut into the agar

2.0 cm apart (center to center) with a hand held adjustable gel cutter

and the plates used immediately

Adsorbed or whole gamma-globulins, fractionated from rabbit anti-

B. abortus immune sera were placed in the central wells. Homologous

and heterologous soluble antigens were dispensed into the peripheral

wells. All plates were incubated in a closed, humidified chamber for 2

days at 370 C. The wells were then refilled with the identical reagents

and returned to the chamber for 5 more days. Reactions, observed in a
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"dark-field light box" as precipitin bands, were photographed and

thereby preserved.
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RESULTS

Agglutination Reactions in Monospecific Antisera

The agglutinating titers of the four biotypes of B. abortus against

monospecific anti-B. abortus and anti-B. melitensis rabbit immune sera

are shown in Table I. The highest dilution of serum which gave a

demonstrable reaction is the agglutinating titer. These titers indicate

predominant A-antigens for virulent biotype 1 and attenuated biotype 1,

strain 19. A predominant M-antigen is found in biotype 5, while both

A and M-antigens are shared in biotype 7.

Physical and Chemical Determinations

Following the extraction of water-soluble antigens (Figure 1), the

absorbance of the material was determined over a spectrum ranging from

700 to 200 nm. Analysis of each separate spectrum suggested appreciable

amounts of protein as a result of strong absorption at 280 nm. Further

analysis supported this finding and revealed similar concentrations of

protein, DNA and RNA for the four biotypes (Table II). However, the

sugar content of virulent biotype 1 was much lower, by a factor of 2 or 3,

than the other three types tested.

Ion Exchange Chromatography

In order to determine whether antigens derived from virulent biotypes

differ significantly from the one attenuated biotype, soluble B. abortus

antigens were separated by ion exchange chromatography. The resulting

profile was plotted from quantitation of absorbance of the various

26
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TABLE I

AGGLUTININ TITERS OF MONOSPECIFIC IMMUNE SERA WITH WHOLE CELL PREPARATIONS

OF FOUR STRAINS OF BRUCELLA ABORTUS

ANTIGENS

S- 19

MONOSPECIFIC ANTISERA

B. melitensis B. abortus

1:20 1:1280

biotype 1 1:20

biotype 5 1:1280

biotype 7 1:320

1:640

1:20

1:160
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TABLE II

CHEMICAL DETERMINATIONS OF BRUCELLA ABORTUS WATER-SOLUBLE ANTIGENS

SOLUBLE ANTIGENS

Protein

S-19 9.05

biotype 1 8.75

biotype 5 9.00

biotype 7 8.75

DNA

0.9

0,.9

1.0

11

CHEMICAL ASSAY
(mg/ ml)

RNA Hexose Pentose

9 .76 5.50 l.16

4 .50 2.70 0.50

5 .75 7.60 1.46

0 .53 4.46 0.90
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constituents at 280 nm (Figure 2). The distribution of the several peaks

eluted from each antigenic extract were similar, yet quantitative differences

between virulent and attenuated types were shown to exist, especially in

the early eluates.

Thin-Layer Polyacrylamide Gel Isoelectric Focusing

Since only minor distinguishing antigenic features were detected

with ion exchange chromatography, the more sensitive thin-layer

polyacrylamide gel isoelectric focusing technique was found to be necessary

for detection of subtle antigenic differences. Soluble antigens from the

cell lysates were separated on thin-layers through PAGIF. Ampholines

contained in the gel effected a pH gradient forcing the migrating proteins

of the sample to concentrate at their isoelectric point. Figure 3

demonstrates a focused profile for each biotype as revealed by staining

of the separated protein components. The diagrammatic representation

of patterns shown in the photograph approximates the pH at which migrating

antigens focused.

In all four biotypes, the majority of the antigens were found to

focus in the acidic region (pH 4.8 to 7.0). Close inspection reveals 14

soluble antigens shared by all virulent and attenuated biotypes, a finding

indicative of the close taxonomic relationship among these bacteria.

A tally of the antigens separated by this method reveals a maximum of

31 bands for virulent biotype 1, 23 bands for virulent biotype 5, 20

bands for attenuated strain 19 and at least 18 bands for virulent biotype

7. It is of particular significance to note that all virulent strains

revealed antigens not present in strain 19. Representatives of these
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Figure 2. DEAE-cellulose elution patterns comparing soluble antigens
from virulent and attenuated biotypes of Brucella abortus by their
absorption at 280 nm. Each column was packed with DEAE-cellulose
equilibrated with 0.005 M phosphate buffer (pH 8.0) . Dialyzed, soluble
extracts (3 to 5 ml) were applied to separate columns and eluted stepwise,under constant hydrostatic pressure, at 40C in 5-ml fractions. The
elution buffers were: (i) 0.005 M phosphate (pH 8.0), fractions 1 to 35;(ii) 0.03 M phosphate (pH 7.0), fractions 36 to 70; (iii) 0.05 M NaH2PO4 ,fractions 71 to 105; (iv) 0.1 M NaH2PO4 containing 0.2 M NaCl, fractions106 to 140; (v) 0.1 M NaH2PO4 containing 1.0 M NaCl, fractions 140 tocompletion
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Figure 3. PAGIF patterns of soluble antigens derived from four biotypes
of Brucella abortus in a pH gradient of 3.0 to 10. Antigens of virulent
biotypes, labeled A, B and C in the diagrammatic representation, indicate
some of the protein constituents absent in the attenuated strain 19.
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antigens are labeled A and C in biotype 1, B and C in biotype 5 and C in

biotype 7. One band, C, common to all virulent biotypes, is absent in the

attenuated strain 19.

Immunodiffusion in Agarose-Gel

With encouragement that antigenic differences indeed do exist between

virulent and avirulent B. abortus strains, antisera were checked in agarose-

gel for the presence of one or more precipitins common to biotypes 1, 5 and

7, yet absent in strain 19. In addition to homologous systems, heterologous

antigens were tested against the various immune sera for biotype cross-

reactivity. The classical precipitin reactions visualized by the Ouchterlony

double-diffusion technique are depicted in Figures 4, 5, 6 and 7, and results

are summarized on Table III.

Homologous and Heterologous Reactions with Non-Adsorbed Immune Globulins

Homologous reactions between antigens and non adsorbed gamma-globulins

showed 7 precipitating bands for biotypes 1, 5 and strain 19 and 8 bands for

biotype 7. All strains elicited extensive cross-reactivity, thus confirming

the close antigenic relationship of these organisms. Careful perusal of the

reactions found between the soluble antigens of strain 19 against the various

homologous and heterologous immune globulins was necessary to determine

whether an antigenic determinant common to virulent biotypes was absent in

strain 19. In all systems, fewer precipitin bands were found with

heterologous than with homologous antisera. Strain 19 produced 5 bands

with gamma-globulin against biotype 1, 6 bands with gamma-globulin against

biotype 5 and 7 bands with gamma-globulin against biotype 7. From these

data, it is inferred that there are indeed antigens present in virulent
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Figure 4. Ouchterlony, agarose-gel immunodiffusion patterns obtained using
soluble antigens from Brucella abortus biotype 1, biotype 5, biotype 7
and strain 19 (peripheral wells), against immune globulins prepared with
the soluble antigens from virulent biotype 1 (central well).
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Figure 5. Ouchterlony, agarose-gel immunodiffusion patterns obtained using

soluble antigens from Brucella abortus biotype 1, biotype 5, biotype 7

and strain 19 (peripheral wells), against immune globulins prepared with

the soluble antigens from virulent biotype 5 (central well).
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Figure 6. Ouchterlony, agarose-gel immunodiffusion patterns obtained using
soluble antigens from Brucella sbortus biotype 1, biotype 5, biotype 7
and strain 19 (peripheral wells), against immune globulins prepared with
the soluble antigens from virulent biotype 7 (central well).



40

TYP

S-1 AN I

85



41

Figure 7. Ouchterlony, agarose-gel immunodiffusion patterns obtained using
soluble antigens from Brucella abortus biotype 1, biotype 5, biotype 7
and strain 19 (peripheral wells), against immune globulins prepared with
the soluble antigens from attenuated strain 19 (central well).
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TABLE III

WATER-SOLUBLE ANTIGEN REACTIONS AGAINST NON-ABSORBED AND ABSORBED BRUCELLA

ABORTUS ANTISERA; A SUMMARY OF THE VARIOUS PRECIPITIN REACTIONS OCCURRING

IN BOTH HOMOLOGOUS AND HETEROLOGOUS SYSTEMS

SOLUBLE ANTIC

S-19

Type-i

Type-5

Type-7

;ENS ANTI B. ABORTUS SOLUBLE ANTIGEN

Whole Serum Absorbed Serum

S-19 Type-i Type-5 Type-7 S-19 Type-i Type-5 Type-7

7* 5 6 7 7 4 6 4

7 7

7 7

7 7

6

7

7

5

7

8

5 4

7 4

7 3

3

7

7

4

5

5

* Numbers indicate the number of precipitin systems each antiserum contained

for the water-soluble antigens.
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biotypes that are absent in strain 19. However, it was impossible by this

technique to deduce any antigenic determinants shared by virulent biotypes.

Homologous and Heterologous Reactions with Adsorbed Immune Globulins

In an effort to localize the cellular site of the antigens from

B. abortus lysates, the gamma-globulin against various soluble antigens

was adsorbed with homologous whole cells. Immunodiffusion was performed

in both homologous and heterologous systems and the reactions from Figures

8, 9, 10 and 11 are summarized on Table III.

It can be seen that whole cells of strain 19 and biotype 5 were

incapable of absorbing precipitins against homologous soluble determinants.

Antigens from strain 19 and biotype 5 were equally reactive with adsorbed

and non-adsorbed immune globulins, each producing 7 precipitin bands in

both homologous systems. However, in each case, precipitins against the

cross-reacting antigens of biotype 1 disappeared. The reactions of soluble

antigens from biotype 1 and biotype 7 against adsorbed, homologous immune

globulins show that 3 and 4 precipitins respectively, were removed by

homologous whole cells. In addition, whole cells from biotype 1 and

biotype 5 adsorbed precipitins which cross-react with every strain studied.
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Figure 8. Ouchterlony, agarose-gel immunodiffusion patterns obtained using
soluble antigens from Brucella abortus biotype 1, biotype 5, biotype 7
and strain 19 (peripheral wells), against rabbit immune globulins absorbed
with homologous whole cells of virulent biotype 1 (central well).
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Figure 9. Ouchterlony, agarose-gel immunodiffusion patterns obtained using
soluble antigens from Brucella abortus biotype 1, biotype 5, biotype 7
and strain 19 (peripheral wells), against rabbit immune globulins absorbed
with homologous whole cells of virulent biotype 5 (central well).
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Figure 10. Ouchterlony, agarose-gel immunodiffusion patterns obtained using

soluble antigens from Brucella abortus biotype 1, biotype 5, biotype 7

and strain 19 (peripheral wells), against rabbit immune globulins absorbed

with homologous whole cells of virulent biotype 7 (central well).
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Figure 11. Ouchterlony, agarose-gel immunodiffusion patterns obtained using

soluble antigens from Brucella abortus biotype 1, biotype 5, biotype 7

and strain 19 (peripheral wells), against rabbit immune globulins absorbed

with homologous whole cells of attenuated strain 19 (central well).
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DISCUSSION

The agglutination of B. abortus virulent and attenuated biotypes with

monospecific immune serum (Table I) suggests a quantitative difference in

the distribution of two major agglutinogens. Although agglutinin activity

is evident to varying degrees against both antigens, the major agglutinating

determinant concurs with that previously described for these biotypes (8).

The variance in the distribution of antigens of B. abortus does not

appear to be limited to cell surface determinants. In a recent report,

Freeman et al. (3) compared the soluble antigens from B. abortus,

B. melitensis and B. suis and proposed a mosaic, based on quantitative

antigenic differences, that discriminated between these species. Extending

this observation, antigens from sonic extracts of both virulent and

avirulent B. abortus biotypes differ quantitatively in their chemical

composition. Analysis of these extracts (Table II) revealed similar

concentrations of protein, DNA and RNA, yet the saccharide content of

virulent biotype 1 was substantially lower than that of the other three

biotypes. Further, the separation of water-soluble antigens on DEAE-

cellulose anion exchange columns (Figure 2) showed similar elution profiles

for each biotype. The distribution of antigens was virtually identical,

yet the concentration of early eluting components was especially variable.

Although quantitative antigenic differences are readily recognized

among B. abortus biotypes, a qualitative difference becomes essential if

we are to fully understand the pathogenesis of virulent strains. Several

studies of the immunity invoked by challenge with Brucella antigens
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suggest that a substance, absent in attenuated organisms, is responsible

for preventing the destruction of virulent, phagocytosed cells (6, 7, 9).

Thus, the isolation of an antigen, common to virulent biotypes and absent

in strain 19, would add an important marker in understanding the pathogenesis

of Brucella.

Recent study suggests that the extraction of soluble antigens, followed

by analysis of their immunological potential, would be the most valuable in

assigning a qualitative, antigenic difference to virulent and avirulent

biotypes. At least 36 different components have been described for

mechanically-disrupted B. melitensis cells (4). In a water extract of

B. suis, immunoelectrophoretic patterns revealed 24 distinct antigens (1).

Further, antigens derived from B. ovis produced 11 precipitating systems

with homologous serum (2) and through similar methods, 8 or 9 precipitinogens

have been described for B. abortus sonic extracts (3, 5).

Comparing antigens from virulent and attenuated B. abortus biotypes by

immunodiffusion (Figures 4, 5, 6 and 7; Summarized on Table III) revealed

7 to 8 precipitating bands in the homologous systems. Many of the antigens

are shared as evidenced by the extensive cross-reactivity. However, a

reduction in the number of precipitin reactions occurs when antigens from

strain 19 are tested against the various heterologous sera. Thus, an

antigen, or a precipitin, must be absent in these heterologous reactions and

a qualitative difference must exist.between the antigens from virulent and

avirulent strains.

Qualitative antigenic differences are verified by data obtained through

isoelectric focusing in thin-layer polyacrylamide gels. PAGIF is independent

of several anomalies which may occur during hyperimmunization (blocking
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antibody, toxicity). In addition, PAGIF offers a highly sensitive technique

for the separation of a complex mixture of macromolecules. The data on

Figure 3 clearly show a maximum of 31 protein staining components for virulent

biotype 1, 23 bands for virulent biotype 5, 20 bands for attenuated strain 19

and at least 18 bands for virulent biotype 7. All virulent biotypes show

antigens (A, B and C) which are absent in the attenuated strain 19 and one

component (C), is common to each virulent biotype. Thus, a qualitative

difference is confirmed for the antigens derived from these biotypes.

Presently, the implications of these results are unclear. Without

analysis of the biological activity of these components, their role is at

best speculative. Perhaps additional study of selected protein components,

emphasizing their role in virulence, would be of value.

In an attempt to locate the cellular site of these soluble antigens,

immune globulins were adsorbed with homologous, whole cells. In principle,

any determinant present on the cell surface would remove precipitins from

the globulin fraction. Subsequent analysis of adsorbed sera would indicate,

by the decrease in precipitin reactions, the exposure of an antigen on the

cell's exterior. Although whole cells from strain 19 and virulent biotype

5 were incapable of adsorbing precipitins in the homologous systems

(Figures 9 and 11; Summarized on Table III), cross-reacting precipitins

against virulent biotype 1 disappeared. Virulent biotypes 1 and 7 removed

3 precipitins in the homologous reactions (Figures 8 and 10; Summarized

on Table III) and adsorbed precipitins which cross-react with every

strain studied. These data support the view that a quantitative difference

exists in the distribution of antigens and that at least some of these

antigens from cell lysates are exposed at the surface.



SUMMARY

Through chemical analysis and ion exchange chromatography of water-soluble

antigens, this investigation supports the view that the majority of 
differences

between the B. abortus biotypes are quantitative. It was also found that

strains demonstrate distinct, qualitative differences when compared to the

attenuated strain 19 by immunodiffusion and thin-layer polyacrylamide gel,

isoelectric focusing. These differences include the presence of antigens on

virulent strains that are absent on strain 19. In addition, one antigen absent

on strain 19, was found common to each virulent biotype. Finally, the results

from immunodiffusion experiments, employing adsorbed and non-adsorbed immune

globulins, indicate that at least some water-soluble antigens are exposed on

the cell surface and that their distribution among the biotypes varies.
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