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I
INTRODUCTION

The problem of immunity to the group of disesases which
has not yielded readily to man's prophylaxis is s teasing
one. It had been thought by many that sueh diseases as tu-
berculoasis and brucellosis were entirely dependent upon =
favorable balance of the infectlous agent within the host.

It is not denlied that such states exist but from recent de-
velopments in techniques of separation of biologically aetive
materials there have already arisen nev agents which may be
used for immunization. Purified immunizing agents may result
in reduction of side effects 2nd avoidance of sensitizing
doses; such agents contribute to the satisfaction of one's
curiosity (or perhaps add to it) as to the nature of an agent
{or agents) which so powerfully lays its imyrint on the tissucs
of higher animsls that for long periods after the imprint one
resigts the advances of the particulsr disease;

This work hae not pretended to delve deeply into the ahem-
1cal nature of the fractlons which were separated. It has at-
tempted to relate the solubllity of protelns to the extraction
of an effective immunizing agent in the native state from

Brucells abortus.




II
HISTORICAL

The desirstility of obtaining relatively pure and bio-
logieslly active substences from the bacterial cell hag been
emphasized by the recent papere of several vworkers. Pilllemer,
Toll, and Badger (1947), Pillemer and Koore (1948) and Pillem-
er, Wittler, burreil, and Groesberg (124&) have described
the isolation and immunochemistry of homogeneous diptheria tox-
01d and erystalline tetanal toxin; Lammana and Glassman (1047)

have deseribed the isolation of type B Clostridium hotulinum

toxin; Basker, Sommer, L.E. Foster, E. lieyer and K.F. Meyer
{i947) reported the isolation of a crystalline antigen from

Pasteurella pestis; and Bevilagua and ¥oCarter (104&) fraotion-

ated and characterized the components from tubercle culture
filtrates. All of these workers have isolsted substances which
appear to be homogenecus and are biologically active in produc-
ing antibodies and/or immunity, in experimental animsla. The
methods emnployed for the isolation of various compounds are
based on the nultivariable system developed by Cohn, Btrong,
Hughes, ¥ulford, Ashworth, kelin, and Taylor (1946) and their
co-workere for the fractlionation of protein components of
bilond plasma in highly purified state,

A4 study of the literature on immunization agsinst brucel-
iosis shows thsat the methods of treating the cells or products
uged for immunization may roughly be grouped as follows:

treztment of whole celis primsrily by physical agents, treat-



ment of whole cells orimari ly by ehemical agents, extraction

of the cells, use of adjuvante snd attenuation.

Killing ecelle by physical agents

il. Heat. Heat~kilied bacterin was first employed by

Birt and Lamb (1899} who injected heat-killed Er. melitensis

in an attempt to immunize a man agalnst live cultures of the
same orgenism subsequently injected. The man became infected.
Shaw (1907) and Eyre (1908) injected hest-killed Br. meliten-
8ig into the monkey and men respectively without obtalning
gignificant protection. Nicolle, Burnett, and Conseil, vork-
ing on man, (1907, ascoli and Sanfiligo (1 °°9), Zammitt =nd
Debono {(1930), on goats, and Dubois sand Sollier (1938) on man,
all eclaimed evidence of protection following the injection of

heat~killed gg. melitensis. This work hag not been substan-

tisted and Huddleson (1942a) statec thnt immunization of human
telngs has not been successful. A further fzilure of vaccins-
tion of man against brucel losis is reported by Howe, ¥iller,
Kelly, Brookwalter, and Ellington (1947) in a report of 17 cases
of brucellosis among & group of laboratory workers injected with
a killed vaccine. No detsils as to how the vaccine was made
were given,

Heat-killied Br. zbortue bacterins have been used with e-
qual lack of success by Bang (1906) in heifers, ¥ecfadyesn and
8 tockman (13035) in cows, Ascoli (191%5) in gulnea pigs, Zwick,
zeller, Krage, and Gminder (1320) and 3Smith and Little (1827%)

in pregnant snd non-oregnant cows. Smith and Little felt some



protection was evidenced. Failures fto immunize guinea pigs

by injection of heat-killed EBr. abortus cells sre recorded by
sscoli {1915), Stafaeth (1920), Hagan {192°b), Schroeder and
Cotton (1924), Gwatkin (1931), Holth (19733), McEwen =and Roberts
{1336}, and Huddleson (1947). Gwatkin slso us=d phenolized
heate-killed cells.

The only apparent success with hest-killed Br. abortus as
far as is known, was lmmunization of rats reported by Holth
{1911i;. However, the same worker found no protection for mice
tested at the same time.

2. Ultraviolet light. Huddleson {1947) reported some

nroteetion to be evident in guines pigs injected with irradi-
ated cells and subsequently echellenged with 1000 to 100,070
organismg of homologous end heterologous gpecles.

3. S8Sonic itrested orgenisms. Live, Sparling, snd Stubbs

{1945) disintegrated vhole cultures of Br. abortus witbh high
frecuency scund waves. The cell free extrach, precivitated
and preserved with ethyl sther, was given in a serieg of 3 in-
Jectione at % day intervals and immunized 16 of 18 guinea pigs
vhile all but one of the control animnls was infected by chal-
ienge doses ranging from 230 to 1800 Er. abortus organisms.

4, Mechanical disintegration. Huddleson (1940){(1543b)

has used an ether extract of Br. sulis anl Er. abortus crushed
in a wet orushing oill at 1w tewperaturs. This produced a
product which engendered some probection vwhen used as a vaccine
in gulnea pigs chalienged with 152 to 3,840 organisms and was

important in bringing out the need for using low temperatures



when separating protoplasmic compouents.

iilling by ckemical agents

1. Toluol. Immunization of cows by cells of Br. abortus

killed with toluene was unsuccessfully attempted by Beng (1906).
Ho other attempts »ith toluol-killed organisms were aoted in
the litersture surveyed.

2. Fhenol. Gwatkin (1931) used culturss of Zr. sbortus

killed with 0.5 per cent phenol in attempting to immunize
gulnea nizs agalnst challenge doses which must have been quite
large asg they consisted of 1.0 wml of a suspsnsion of sn entire
48 bour agar slant of Br. abortus removed in a few ml of sa-
line. Fuddleson (19247) got no protsction Tfrom phenolized
cultures of Br. abortus using considerably lower challenge
doses.

Se TEther. EZther-killed cells were used in zuines pigs
by Aseolil (1915) who found no proteetion. Live, Sperlins and
Stubbe {19645}, Live (1949), and Larsen (1949 have found sig-
nificant protectlion using oultures of Zr. abortus killed with
ethyl ether. Larsen has, in additicn, found certain adjuvants
enhance the effect. The earlier failure reported by 4scoll
may have been due to tha‘sizs of the challenge dose. ‘The lat-
er, more successful, results employed challenge doses ranging
from 230 to 1800 orgaunisms. 3Sonisc ruptured cell extract pre-
served with ethyl ether by Live et al in the work cited avove
seemed to be of sbout equal efficacy.

4. Formalin. Formalin-killed gells of Br., gbortus have



c

been used, without sucecess, by Owatkin (1931), and licFwen and
Hoberts (1936) in attempts to immunize guinea pilzs. On the
other hand, using challenge doses of considerably less maani-
tude Mmddlessn (1947} found some proteciive effect existed
when cells killed with not over .25 ner cent formalin were
used. irsher conceatrations 2estroyed the immunogzenic compo-~
nect. Toster (1948) found no orzanisms on post-mortem exam-
ination on one of two iuinea rigs injected with 3r. abortus
soolls killed by suspension in o0ld 1,0 per cent formalin at

4~3 C challenzad with 10,00C,00C 2r. avcortus. The sscond an=~

imal was Infecoted but the spleen was smullsr than tlat in con-
trol znimals. Animals glven formelin-killed cellis und no
challenge dose showed no evidence of inrfection or toxic re-~
action.

F

o Fhenyl mercguric nitrste-killed cells. rhenyl mercuric

plitrate-killed cells were shown by lluddleson (1247} to be inef=-
Tfeetive lmmunizing ugents.

6. Aloohol. Br. zsbortus killed by cold 30 per cent sl-

aoheol failed to rrotect two gulnes plgzs from challenge doses
of 10,000,000 orzenisms (Foster 1948).
7. OChloroform. Owatkir (1981} found no immunizing effect

from Br. abortus killed with 2.0 per cent chlorolorm.

g, Other m@thﬁgg. Scales apd Huddlesor (1938) ussd ground

up spleens thet were infected with Brugella and treated wlth
elther 2.C »er cent formelln of 2.0 per cent chloroform to klll
the orzanisms. These preperations did not protect guinea pigs

from infection following sdministrastlon of challensgs dosas of



interplacental exudate treated with 2.0 per eent chloroform.

Fractionation

The use of extracts or froctlionsg of baeterial cells wes
early shovn to te of value in the case of the exotoxin of

Corynebacterium diptheriae by von Zehring and Kitseato, as cited

by Zinssger, Fnders and Fothersgill (1945) who successfully im-
munlzed animales esrsinst that organiem by injection of culture
filtrates.

Treatment of culture flltrates of Brucella ecelles was firat
employed by Holth in his previously citer (1911) work on heat-
killed antigen. Eoth alcohol and ammonium gulfate wvere used to
preecipitate an sntigenic msterlal from Br. abortus culture fil-
trate. As with the heat treated cells, rsats showed some evi-
dence of immunizstion while mice showed none. Gwatkin (1931)
(1935) utilized both heated and unhested culture flltrstes pre-
served with 0.5 per cent phenol. In a later publication Gwat-
kin (19%) in unsuccessful immunization attempts in guinea pigs
reported further fallures to immunize using alcohol precipi-
tated Br. abortus filtrate. This material wes csrbohydrate in
nature, highly toxie, seroclogicelly active, but fsiled to pro-
teet guines pigs from infection against rather heavy cheal lenge
doses. The filtrate residue left after preciplitstion was
dried, toxicity and immunologic tests gshowing it to be less
toxie but of no protective effect. Ammoniuvm sulfate precipi-
tation spparently produced components simlilar to thnse obtained
by ethanol precipitation from preecipitate and supernnte. A

toluol-ether and saline extraet of dried and ground Er. abortus



and an aleoholins precivitate of culture flltrate from a rough
strain of Er. zbortus likewise gave no evidence of protective
ability.

Pennell ard Huwldleson (1937)(1938) and Huddleson (1940)
studied the effect of endo-antigen ss an immunizing sgent.
Thig gsutstance was zn albuminoid fraction which produces anti-
Podisg snd wss toxic on intreperitonenl imoculation in guinea
piga. An 8 fraotion linked to the albuminold fraction snd of
carbohydrate nsature did not produce antiboiies. The nitrogen
content of the endo-sntigens of the varlous species of Hrucellas
d1d not always seem to be intimstely conneected with the abili-
ty to preeinitzte gpecific antibodies., In lmmunization exreri-
ments endo-antiren fziled to protect gulnes plgs.,

3tahl, Tennell, =nd Huddleson (1975} sand Fuidleson {1940)
reported = protein nucleste fractlon extrscted by % and 5 per
cent MsOH, eplit vith sodium carbonats, =nd separated with
chloroform, to e sntigenile in 19 of 20 gulnea pigs when gilven
in 10 mg doses. The toxiclty of thig Traction wss low but it
too falled %o protect sulnea pigs from infection. The nuclelc
acid portion of protein nucleate was only feebly antigeniec Ly
itself, Precinitin studies of the fraction with smooth shirain

. abortus, Er. suls, and 2-. melitensia were all

antisera of T

+

l

positive in 4llutions of from 1:1000 to 1:732,000, gilving non-
sapecific crosg resctions within the ~roup. Intermediaste rough
and rough strainsg gove ne precinitin renctions. Allergic re-
actiong oceurred Tollowing inoeculation i4in d4ilutions of 1:200

to 118000 with cronss-sensitization in dAilutions of 1:1000 with



rough strains,

Pop, Dsmboviceanu, Barber snd Marinou (1938) and Dambo-
viceanu, Barber, Pop, Marinou {(1938) reported that an antigen
from cells extracted in the cold with 15 per cent trichloracetice
acid, =fter the technigue of Boivin and Yesrobeanu {1934}, pro-
duced antibodies in the rabbit, ani weas quite toxic Por the
mouge thourh less so for the gulnee nigr., The antigen wasg onre
bohydrate in nature. Davoll (1938) prepared a simllar fraction
with essentially the same technique which was nitrogen free,
also toxlic for mice, and produced antiboudies in rabbits. This
fraction precinltated homologous antisesrunm,

The ethyl ether extracts prepared by Llive, ZSperling and
Stubbe (1042), Live (1949), and Larsen {1945) were briefly
discvssed earlier and «111 not be discussed further.

¥llee (1973G), kiles and Pirie (1972 sbede), and Patterson,
Tirie and Stableforth (1947) have isolsted = highly sntisenic com-
ponent by = combination of differentisal centrifugation and ex-

traction of Ir. melitenslis and Br. abortus with 2.0 per cent

phenol in the cold. This materisl vproduced antibodies upon in-
Jection into pulnes pige 2and wse composed of volysaccharide,
amino, =and vhospholipin residues, The lstesgt publication cited
found protection equivalent to that produced by Er. sbortus
strain 19 vaccine, to be produced upon incculation into guines
pigs. Wiles end Pirie (1939c) msde the i@#ortanﬁ observation
that their compound was probsbly similar to some iszolated by
other workere snd the superlior efficacy of the antigen prob-

ably was due to the gentler treatment esployed in preparing



1o

the antigen., Indeed they were able to show a progressive losgs
in titer correlsted with degree of hydrolysis of the antigen.

In 2 recent work lsrsen (1949) has used ether extraction
of cells previously trested wvith nhenolized saline and sepsa-
rated from the liquid after U weeks' storage a2t L ¢, The cells
vere resuspended in N.85 per cent ss line and, with two volumes
of ethyl ether =2dded, vigorougly shaken and =llowed to sgitand
¢ days at room temzerature. The acueous phasge, centrifuged
free of cells, was used for injlection.

Serolozical studlies on Brucel la fractlons have emphasized
the vorks of Fvans (1918)(1%2%}, Feusier snd leyer (1920), and
Francis (1931) showing the close relationship of the Erucella
gpecieg and separating them into sarolmg&cal‘grougs Br. aboritus-

suls and Br. melitensis. Ne slmple separation beyond this hase

been mode, In fact, the antigenic et ructure accordine to the
vork of Wilson and iiles as cited by Kiles (1929) and ¥Viles and
Firie (1939 sbcede) of the two groupe is probably dependent upon

£ prepcnderance of either A {(abortus-guis) substance or M (mel-

itensle) subetsnce. Absorption technicuesg can abeorb the snti-
todies for one or the other from entliserum to produce zn sntissrum
specifie Tor either the A or the ¥ antigen. ilks and Pirie
(1975b) were not artle to separate the rnnticens by fractionstion.
Studies on hyperesensitivity and precipitin tecte by 3tabl, Pern-
nell and Huddleson (1929), Huddleson (iGL40), Pop et al {1938} and
Dambovieceanu e &1 (153%8) uesing previcusgly mentioned fractions
have furthey enphagized the diffliculty of sevsrating these spe-

clee gerclogically. [azzl in 1922 and Winni in 1930 as cited by
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Gwatkin (1932) found immune serum to zive nrotection zgninst

hoth homoloszous and heteroloszous specias.

Use of livins vaccine

#ith the work by Uwvans (1918)(1923) astablishing the ra=-

lationshin of 3r. abortus of bovine and poreine orizin with

3r. molitenals and demonstration that 3r., abortus sonld de

isolated from milk it was recognized that the earliosr nractice
of "immunizing™ oattle with living vaecine against abortion
was a health hazard. The work by 3iltner, Huddlegson, (lark,
and Jehlinzman {(1929) on the vacecinnstion of casttle with a
strain of live Br. abortus non-infectious for sulnea plzs and
praznant and nonepregnant cattle (Huddleson 1928) showed suoh
organisme could ha injected without apparent harm to cattle.
Buek {1230) sereoned saveral sirains of 3r. sbortusg snd found
one of moderate virulance, strsin 19, whioch did nrotezet onlves
arainst subsoguaent infectious dosss. This vaceline hag zince
been widaly used ir osttle by many workers in this country and
Auddleson {(1%4f%a) has adaguately raviewed the usanes. Yenthel
{1948} found strain 19 to prednce immunity of short duration
upon insculatiorn into 4 te 6 menth silts. MeIwen (1937) hes
reportad on gnother avirulent strain ond the use of asvirulent
strains of 3r. suis in emulsione of lanolin are mentioned in
the followin: ssetion, ¥uddleson (1947) found mucold dissocie-

ants of 3r. suls and Br. melitensis to be effective in protect-

ingz ruinea pigs szeinst challenge dos2s of 1 x 10° Br. suis

and 5 x 10% or 1 x 10° Br. melitensis or H#r. abortus. Following




injectlon of 6 x 109 to 1 x lOlQ viable orsanisms wars domone
strable & but not ¢ weeks followiang vacocinatlion. Challeage
was made 4 wesks following vacoclinution.

Tnfortunatoly the use of the live vaccines descrivsd is
not without hazard. Crawford (10%48) and 3ilman {1944) ecite
definite cases in whish human belnzs have baen 1Infegted with
strain 19 vaocine. levine and 7ilson {1949) have rennrtasd *he
izolation of atraln 19 from the milk of 3 vacelnuted cows and
a hog. Iarzistent siters found wilth some frequency in vaccin-
ated cattle Turther suzgest poasible latant infactionn. Heom
and Cross {(1945) have suggested tha etiolozle relstionchin of

atrain 19 to cases of adbortion in cattls,

Use of adjuvants

Duvols (19382){1939b) found an avirulent strain of Jr.
suls suspended in smulsions of lanolin znd pstroletus narked-
ly rodueed abortions in ovine, orprine, and hovins spescies and
no untoward resulis upon vaccination of nregaant cows. Velu
and Zottner (1938), Cordler (1078}, and Zichorn, Vinglo, end
urdoek (1940} found that such smulsions were storilized upon
standins ip vitro but still possessed considerable antizen-
icity. Fowever %ichorn and his co-workers (124C) wore sble
to 1solate vieble Brugella from the orizinal site of iroculu~
tion in the cow up to 85 days after inoculation. Zolmer,
Bondl, and Mile {1939] found that nixtures of heat-killed cells

of Iberthella typhosa esnd 3r. abortus were more efficacious in

produoinz protective antibodies for mice upon inoculation into
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rabbits than heat-killed Br. abortus cells used alonc. A
further interesting finding was a higher degree of protection
against challense by Br. melitensis than by 3r. sbortus. The
phenol~killed cells and ether extraoits prepared from them
have been shown by Larsen (1949) to have an enhanced immuno-
genic effeot when used with Freund's adJuvant, containing
dried, heat-killed M. tuberculosis but not without them.
Freund's adjuvant is a water andéd mineral oll emulsion. Live
(194%9), on the other hand, found ether-killed Br. abortus
vaceine to ve definitely enhaneed by emulsions 15 lanolin and

mineral ol1l. Alum precipitated ether-killed cells were less

effective.
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EXPERIMENTAL

The antigenic materials to be separated wers oconsidered
to be labile complex proteins possidvly linked to carbohydrate
and lipid constituents. Henece, the teahniqnsa wors those ape
plicadble to proteins and they were bdased on regent techniques
whiok have shown considerable success in isolating biological-~
ly astive material. |

As pointed out by the physical chemists, Cohn ot al
{1946), Mulford (1947), Brand and Edsall (1947), solubllity
of a protelin may be carefully regulated by varying eenditiuna
of gﬁ; ionic strength, temperature, and conesntration of or~
ganic solvents and protein. These factors may be so chosen
that the desired component has, for example, & high degree,
and the undealred componsnts have a low degree of solublility,
or vice verssa.

The simplest proaedure and one which had not been pre-
viously attempted insofar as & search of the literature could
reveal, was to use the untreated osulture filirats; that is,
agueous extragt. Huddleson {(1943) had found the capsular
substance of Brucella to be solubls in hot water and antigen-
io. During the course of this work it was discoversd that
cottan (1948) also had demonstratad loss of cepsular naterial
during treatment of the oell and demonstrated (1949) 1ts antie
genleity in @uinsgupisa._
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Concentrated zcetone was selected in 1licht of the succeas
of Taker et =1. (1947} in isolating an immunogenic acetone
solutle mnaterial from P. pestis. Also Horrecker (194g) had
mentioned 1ts occasional usefulness in extrascting enzymes.

In the first extractions it was noted that water soluble
extrzcts contained the enzyme ureage. Hypothesizing s possible
relationship in nature of the Erveells urease to that of the
urease of Jjsek bean meal, similar conditions were chosen to
thoge appllied by Sumner (1926) who used 3G per cent acetone,
refrigerator temperatures, and a pH of 5.2 in crystallizing
vrease.

It was the intent of this work to extract antigenic ma-
terial by solution in the extractant, taking advantage of
geveral theoretical factors brought out by physical chemical
gtudies on proteins:

1. Iscelectric point. That isoelectric point sffects

the solublliity of large molecules is well k¥nown. In fraction-
ation, extracts of water soluble material wers msde nesr the
neutral rone (flow sheet fraction I), the pH of a plein sque-~
ous extract beins sbout 6.9. Extraction was also approached
Prom the scid {fracticn VII) snd slkaline {(fraction VI) sides
of that zone. Cther lmportant considerations wers the effect
pH hasg on etsabilility of certain compounds and on enzymes. It
was conaidered thet o much higher or lover pH might inhibit
the activity of sutoclytic enzymes should such be present.

The possiblility that a gilven component micht, in iteelf, be

moye gtable in & different pH vas also considered. pH was a
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factor recorded in sll caseg but further adjustment wes not
conegidered necessary in the case of fyactions I, I, and IV,
the pH of about 6.9 of the medium itself being used. Frac-
tions V-1 and V-2 were produced from a cell suspension buf-
fered to pH 5.2.

2. Jonic strength. Low concentratiocong of ions have been

demongtrated to have greater specificity of setion for given
groteins. Combined with the proper pH, srarper separation of
various proteins can be obtained. The lonic sitrength was not
varied in most of these sepserstions but %ept at that of the
original extract of medium. It may he reealled that tryptose
agar had 0.5 gm of sodium chloride per likr. The ionile

strength based on molar solutions would be:
= s Cizi*
vhere (7 is the concentration and Z/ the valence of
the i'th specleg of ion in molee per liter or the
ionic concentration. This is about twice the mo-
lal ionic strength (M) as caleulated by Lewls snd
Randnll {(cited by Daniels 1948). &ind since the
salt would te .0086 molar:
= (.0086 x 12) - (.0086 x 12) = ,0172
or = L0172 = 0086 & M

Ti:is vould be the ionic atrength in the medium. However, the

concentration in an sgueous extract of Zrovith from ager medium
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would be considerably lsss. It was not measured, osut should
ne reproducails for Ws zives medium. Other salts were as-
suned to be pyssent ia nesgdiziols amounts. In the oanse of

P

sepalraiion o6 a ¢6ll Lesldue with subseyuent reconstitution

"

in waother polventd 1V was assamed that the residual ionie
gircagth Jrom eslluldar Georis was nesllglivle and ionic stresagth
was sassd on bhat obf the fluic used ior recoostituition.

Se__ sumptrTature. Temperature eontreol, in this work, was

dgslopad Lo ninimize densiuraiion aud was practiced with all

{raotions. 7“here ia, Zenerally, mla@ an enhancemnent ol pre-

temperature is lowered and this, combined with the specifie

Balt eifect, no voubi Lad some effoct on solubility.

4s Concentration of orssnic solventg. 3Solventis such as

acatone and methancol dsoreass the dlelectrisc oconstant of a
medlar and thus iead to san sphencement of interactivity be-
twean ;roteins and ioans. A further consideration 1s the
solvont eifect. Coxbined wiilh the faclors mentionsd above

ars differenves in solubillity in ciffering percentages of

bhe solvent used. acolone was used 1o Liigh councsntration for
Creatmant oL fraevions Ii and IV and in 30 per cent concentra-
Piom for trsatasut of fragtioas Vel and V=-2. #etihanol was
wged io preclipitating sotvigenic muteriul from fractions I and

-
-

Oe Counceniration of pirovein. The concentration of a

given protelin alffects its interaction with ions and solvent

moleculss. ;anaaratura arffec¢ts the luteraction too. ‘inus
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the five rﬁotais listed &ié mutnally depan&@ni. Furthermore,
& given protein agy:bb;affectad_byffhe presenge of other pro-
teins, carbohydrates or fhas. o m&th@d of eontrol of protein
congentretion, beyond the quantities of the various amounts of
1iquids used for extraction, was precticaed.

That other faotors may influenee soludility of proteirs .
is recognized. 'The five factors listed were the only ones

which were varied in a controlled manner in this investisation.
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ilethods

Cultivation and characteristics of Prucella species used.

All eultures used in this study were tested for specles iden-
tity and conform with the current classification in Eergey's
manual (Breed et al 19%8). The cultures used and a partial

history are included in table 1,

Table 1

Brucellsa Species Studlied asnd Source

@rganism Strain no. Jource Year Institution
Br. abortus 19 vaceine bottle 19Hg BAIZ

Br. abortus 128« 4 field strain 1549 BAI

Er. abortus® 2132 bull 1949 BAI

Er. abortus 2308&a aborted fetus 1948 BAI

Br. abortus £308b cow's milk 1948 Lss3’
Br. melitensis 1K goat 1949 BAT

Br. melitensis 16 ¥ kid 1549 BAI

Br. suis 4i-8 exposure cul- 1949 BAI

ture kept viru-
lent by animail
passage

Br. suls 298 lyophilized 104g LSss
stoeck culture

BEr. suis 167303 field strain 1945 BAI

1
Only COs requiring straln used.

gBureau of Animasl Industry, Belteville, Md. through the
courtesy of Dr. A. E. Crawford, on potato infusion serum
agar.

SLivestook Sanitsry Service Lsboratories, College Park,
#¥d. thrmugh the courteay of Dr. Cornelia ¥. Cotton.
Grown on tryptose agar.



Br. gbortus. The variable results found bhers mlght be due to

differences in the test mediz used.,

Table 2

Humber of Minutes Regquired by 3Brucells Species
to Hydrolyze Urea

Strain Species Time

128-4A Br. abortus 180

2132 Br. abortus 18¢C
2308 Br. abortus 240 (very
week )

1 Br. melitensis 210

1¢ ¥ Br., melitensis 210

41l~S Br. sule 15

163203 Br. suis 18

All cells stﬁndarﬁizad on basis of BAY antigen at 61.3
t 0.2 per cent transmittence using filter, wave length
of 650 millimicrons on Fischer Spectrometer.

Teogts for sntigenic variation were carried ocut esccording
to the techniyues of Alessandrinil and Sadatucei {1331}, Ardrey
and DY Alchelburz as eited by Huddleson (194%. Accordinz to
Alessandrini end Sabatuecel rouzh strains of Bruealle specles
w11l agglutinates when suspensions ol orgunisms are mixed in
equal volume with 1:1C,000 trypaflavine and incudbated at 37 C
for 8 hours. Draun and Hauge (1948) place considerable reli-
ance on this test. MXo viwible agglutinatler oceurred in any
of the € cultures usad. D31 Alchelburs's tschnique saploys

suspensions of orgzanisms mixed with 1:200C baasic fuehsin in
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sgual volume and ircubeated st 37 ¢ for 2 hours. sgglutinetion
nere also indlosfes & rough strsin and none of ﬁha’strains em=-
rioyed were sgglutinated., Ardrey showed thati intermedisce
strains could Ve detectad by failure to aggluiloste uvon heate
ing when weter was substlituted for 5aiine in dilutions of
acrifiavine whereas smooth cultures agulutinated. Un uvhis
basig &ll of the cultures employed are intermediate strains.
A1) of these strains were used Tor comparative serologi-

cal studies. Only 3r. abortus 2308 was used for production

of immunizing antizens and challenge doses. ALl culturaes
were incculated on tryptosse azar slants (appendix I upon re-
ceipt and kept in the refrigerator after 48 hours' xzrowth at
37 €. Transfars were zade at approximately monthly intervals.

Ireparation of antizens. Cells were washed from tryptose

agar slants wlth 48 hours growith for the various teats by 0.9
per gent sallins or, 1a ths case of intermedliste stralu tests,
by water and the resultant suspensions standardizea to £1.3
to.e per eenlt 1i:ht transmittance. Uhls ligure was scloeotsd
for uss oL the gells 1n agrlutination and othier tesis and was
based on lie average ol several sceparate readings Lews v
Bureau of animel Industry (Bal) phenollized antigsn.

Antigen for sxtractlon was grown lo Jlake Lottles on
Difco trypilose agar reinforeed with 1.0 per cent additional
agar. Suriched tryptose zgar (eppeudlx I) was used i grow-
ing antigens for prepsration of fractlons Vel and V-2. 3&ad
culturses were firet grown for 48 hours at 7 ¢ allowing 1

tryptose agar slant pexr ¢ Blake bottles. he slanils wers



washed oY with & - 2 ml salins suspsndlng the eslls from sach
glanl in 10 - EZC al o sailse. Tures ml of sgusgpension was
spread over the agar aurface in Z2leke bottles which were then
iricubated Yor 48 to 72 lLours at 47 ¢, the srowih belng used
for the various extracilions. .antlgens of live oreapisms used
for anlmal Ilncculation and serclojical tests were prepared
from 4€ hour growth on sgar slants, the cells bein: washed
free by 0.9 per ocent seline. ‘These suspensions were dlliuted
to &1 per gent light transmittence and used without Iurther
treastment. Collectlion of fractions wae by means ol suctiion

flaugk &s iilustratsed io flgure 1.

Simare L

Suetion Anparatus for Cnllection of Calls
Tfrom Zlaxe Jottles

-

A
p TO SUCTION PuMP

A4 Mass tube Tor collecting cells ¢ 7ne liter pyrex suction
B rressure tubing flagk (trap for baock-
¢ “lamp holding tubinz (2) and o flow)

inserted glass tube (4) X Glass tube (outlst)
o Ring 9tend I, Crne hole Tubber stomnar
% Glass tubing inlet to flesk (i) & FPressure tubing coupling
F Ope hole rubber stopper Y Slass tube
& Two layered gauze filter O One hols rubber stopper
F oTwo litaer cyrex suction flask P ¥lve per cent thsnol

{for ecell collection) w Iwo 1itar$§yrex ilask
I rregsure tubing coupling R Pressure tuvin: o

suction pump
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Two traps, one (J) to avoid backf{low, and the second (2) con-
tairing §.0 per cent phenol to trap orzanisms that might be
pulled over wers used. Five ver cent phsanol had the advantaze
of not foaminz. The intake tube on the collection flask (H)
was covered with a double laysred :puze bag to catcoh large
particulate matter. The outlet went throuzh the traps to a
water pump. In use all flasks were clamped to a single ring
stand so that after use it was a simple matter to autoclave
the entire set up.

Tenpsrature control. Temperature control during I'rac-

tionation was varled. ¥or most work bvetween 4 - ¢ C a large
"walk-in" refrligerstor was used. For lower temperatures a
bath of aloohol or acetone and dry lee wes convenient. By
keepln: one thermometer in the ice bath and one in the speeci-
men large differences in temperature were avoided. Addition
of small, 1.0 to 2.0 om, pleces of dry ice maintained temper-
ature within s degree of that which was desired. Tempsratures
of about =60 £ 10 C were obtained in a dry ice box. The
freezing compartment of a small laboratory refrigerator hap-
paned to be mainteined at -l11 C, For centrifusation a box
about 38 ¢m high by 60 em lonz by 38 cem wide and having a hinged
114 closing tishtly over a rubber gasket was used. DNo labor-
atory infeetions occurred by this method az far as is known,

A thermometer was placed 80 the bulb was at the height of the
centrifuge head and only a' few om Ifrom it. About 2 killogrums
of dry ice placed in the box was suffloient when broken in

small pleces 1f the centrifuje was run at 4200 HeM to reduce



the temperature to betwsen O to § C. Running the centrifuze
20 to 30 minutes cooled the head off end centrifupe tubes,
already at the desired temperature, were then placed in the
head., Addaitlon of dry ice usually was not necessary at this
time but, after another 30 minutes' run, about 500 gm more of
ice was added. A 50 pound eake of dry ice usually lasted the
better part of two days under these conditions. For tempers-
tures about =10 C around 6 kg of dry ilce were recguire:’ at the
gstart of centrifuvation and a cake of dry ice lasted only one

day.
Freparation of fractlons. Explanation: The over-all

plan of fractionation 1s expressed schematically in figsure 2.
Starting with 48 hours growth of Br. abortus 2308 at 37 C on
agar in Blake bottles cooled to 4 - 8 C the varistions in
treatment of the cells are ziven. The conditions controlled
in extraction, lonic strength (r/2), pH, temperature, solvent
coneentration and nitrogen content are presented. Liltrozen
content being readily measured was used instead of protein
concentration. The term C° in reference to lonic strength ree-
fars to that already present in the medium,

Designation of fractions: Roman numerels were used to
indicate different fractions; arabic numerals minor variations
from the main nrocedurs. Capital letters were used to indi-
cate different batches of a given fraction. As an exampls,
the designation II-D-3 refers to the U bateh of fraction II in
which the cells of Br. suils weres extracted. That is, the

third variation in the major fraction. For conveniencs, the
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designation ziven the fraction was aléo ziven to groups of
animals inoculated with a fraction so that group I-B gulnea
pigs, for example, had received the B bateh of fraotion 1.

Fraction I. Blake bottles seeded and 1lncubated as da-

soribed in the forssoing section wers placed in the refriger-
ator alongz with pipettes, flasks of sterile distilled water,
and c¢ollecting flasks and cocled to 4 -~ & C. After coollng

% to 4 hours, 1C - 15 ml of cold sterile water was added to
each bottle and allowed to soak for 10 to 20 minutes. sollow-
ing aseptle precautions, growth was gently loosened from the
agar surface with a nolstened swab, the suspension washed

down with 10 ml more of c¢old water, and aspiratad off into

the eolleciing flesk. Several uninoculated bottles previous-
1y inoculated with 2.0 ml sterile saline were tresated in the
same manner to meke a control extract. The susgpenslons Irom
25 « 30 bottlesz were collseted Iin this menner and yields
varied from 500 - 600 ml. Suspensions were extracted for 24
to 48 hours as shown 1n fisure 2, after which time the cells
were saparated from the ligquid thase by centrifugstion at

4 - 6 C in an angle read centrifuze st about 4200 PM. The
cells weres resuspended in cold weter, pooled in about 100 ml
of water gnd recsntrifuged, thils supernate balng added to the
first separated. The cells were retained for further treatment
(fisure 2). The supernate, desiznated fraction I, was recen~
trifuged until it appeared clear to the eye, filtsred in eithar
selas or sintered glass Cilters at 4 - 6 ¢, and two 1.0 ml

aliguots of filtrute cultured in respective tubes of tryptose
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bBroth. If, aftar 7 dars no growth wis 2ooyarent in tha oulture
tuboen, infentiong of axtract ware carried out.

Yariatiosna in batchas of Iraction T consisted »f centri-
fugzation 1 tims of fraction I-% at 15 € instead of 4 - 8 O,
and usa of a Tirst application of 10 ml of cold water instend
of 10 21 in reamoving cells from Blexs boittles in v o

A seriss of 4 batches of fractlon I desimated I-5, I-3,
I-C, and I-) are reported on herein. Br. abortus 2308 wus
used in produocing I~A, I-B and I-D. 3r. abortus 23080 was
used 1in preparation of I«C. Three of these, I-i, I-3, aud
I-C, were studlsd for antibody production and lmmunizing oa-

pacity in zulnea nigs and as prescipitins and I-C was also

studied for antlbody response in rabbits. The fourth, I-0,

was studied ip vitro only. Extreots of cells of Br. abortus
19 and Br. sulis 298 desiagnated I-D-2 and I~D-3 respectively
wars 21so made as for I-D. Cold 0.9 ner cent salins was sub-
stituted for water in parallel dbatches; all © of these batches
were studied for possible strain differences.

Practions IT and III. The call residue left after sepa-

ration of fraction I was cooled to 1.0 ¢ in an acetone and
dry 1cs bath and gradual addition of precocnled acetone (0 C)
made durine countinual stirringz. Overly vizorous stirring

wag avoided as it 1is known thst gsome proteins are susceptinle
to denaturation by too vigorous stirring. Tenperature fall
wag at a rate of about 1.0 € per ml of solvent added, a total
of about 60 ml acetons to the yleld from 30 Blake bottles or

abpout 2.0 =l for the yield from a8 sinzle {lask bein;; added.



{8 far as 18 kpown frsezing during extraction did rot oceur
except in the ;L?parﬁﬁicﬂ of tre first frection (II-a) in
which only 8C nl pexr 0 llake botilen wae used. Txtractlon
in the c¢old Yox was esrried ocut for 48 hours as shown in fige
ure 2. After extraction the bateh was shell frozer in 100 mi
gcentrilure bottles. These were atteschel by pressura tubin.
to a Stokes lyopkilizer. During drying the ceontrifuge bottles
were inrerzed in a bath of dry ice and aleohol or secetone in
which they wers kept for about 12 to 15 hours or until the
acetone vapor clesred the vaouum pump, at & temperature of
«75 to =78 0., It wae obrmerved that the nressure of ths lyo-
phile apraratus Tirst dropped under 500 microns but then rose
to 1 mn or above a8 the acetone, raising the vapor pressure,
entered the vacuum pump. As the vapor was pushed out ol the
vump the pressure fell and once 1t was again below 5C0 micrans
and remainaed below the aloohol and dry lce bath was conside
ared no longer necossary.

Alter drying, the cell residue Crom 10 Blake bottles was
a yellowlsh ©o brown powder weighing about 0.9 grams. To this
powder 5C nl of 0.9 per cent saline at 4 - 6 ¢ was added and
the cells extructed overni ht et 4 - 8 C. In the followina
day, o211 residues were separated by centrifugation Irom the
1imuid »bass and washed by a second centrifuzmtion with sbout
30 ml cold saline. The cell residue was designated fraction
I1I. The 1liguid chase desiznated fraction II was centrifugced
1 or 2 more timas until 1t appeared clear to the eye and il-

tered through a selas or zintered zlase filter. Two 1.0 ml
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aliguots of the fraction were cultured in tryptose broth and
incubated for sterility controls at 37 C three days before in-
oculation of smuinea pigs was ocarried out. The broths remained
sterile for the 30 day total incubastion perilcd used.

In 811, 4 batehes, II-A, II-B, II-C and II«D were made.
II-A, II~3 and II~-D were prepared with Br. abortus 2%08a and
IT-C with Br. abortus 2308b. II-A, II-8 and II-C were studied
for antibody production and immunizing ablility in suinea plgs
and IXI-C was also studied for antibody production in rabbits.
All 4 were studied as precipitins and II-D ineludes 3 sub-
fractions, II-i-l, lI~0-2, II~-0-3 from Hr. agbortus 2308a, Br.
abortus 19 and Br. guis 208 respectively. These were studied
for serological straln differences by preclpitin and absorp-
tion tasts.

Two batches of fraction III, III-A and I1III-C, are report-
ed on. III-A was reconstituted in saline end standardized to
95 per cent light transmittance, 1.0 ml of the suspension be-
ing injected in each of 10 zuinea pigs. Jateh IIT«C was 41-
luted with sbhout an equal volume of saline and 0.1l ml of this
suspension given intraperitoneally in sach of X0 guinea nigs.
I1I-B was not studied.

Fraotion IV. The cell suspsnsion for fraotion IV was

prepared as that for fraoction I using one half of each sus-
pension for fraction IV, the other half for freections V-l
and V-2, After harvest the cell suspension was shell frozen
in 100 to 500 ml pyrex bottles containing from 20 - 100 ml
of cell suspension per bottle and the bottles attached to
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the lyophile apparatus by pressure tublnz. 4sfter the Stokos
gauge remained velow $00 mierons, the dry ice bath was removed
and desslcation was continued aboutv 20 hours more. Liie pres-
sure was usually 50 - 100 microns during most of ths run.
Following dessicetion, acetone, precooled to -860 to «70 U was
added to the yellowish residue. About 10 ml of acetone was
added per C.1 gm of 4dried cells. TExtraction was carried out
in a dry ice box ut =60 to =50 C for a perioé of 48 hours un-
der the conditions shown 1ln figure 2, after which time the
sxtract wag filtered throush & thoroughly dried selas or sin-
tered glasgg filter in the dry ice box. The filtrate was desg-
ignzted fraction IV and the cells were discarded. The scetone
suspsnasion was shell frozen, the addition of 20 al of cold
saline bein: necessary to perait freazing, and bottles were
left immersed in dry ice and aloohol or acetone at -%5 to

-78 C until the Stokes gauge showed s continuous pressurs of
less then 500 mieropns. TThe largs volume of acetone presented
& problem as the vecuum pump remained at slevated pressures
for guite some time. If removed from the bath before pressure
was continually low the cell suspension melied. A wnitish
powder remained alter drying. This was reconstituted in cold
saline and filtered through a selas or sintered i lass filter
at 4 - & C. Two 1.0 ml aliquots were cultured in tryptose
broth for sterility. Three batches, IV-L, IV-B and IV-C were
made; IV-A and IV-3 using Sr. abortus 20 were used in pre-
eipitin tests, IV-C using Br. abortus 2308b was also used for

guinea nig and rabbit lnoculation.



Fractions V-1 and V-2. The 250 =1 of cell suspsusion

left over from proparstion of fraction IV was cooled further
to 1.0 € in a dry ice and aocetons bath and 10 ml of acetats
puffar added (eppendiz IV). The buffer was mede from 9.0 ml
1 ¥ sodium aceatate =nd 1.0 ml 1 77 ecetic acid. Dilutsd to
250 ml 1n water alone the hHuffer gave a il of .2 on a Deck-
man pH meter. o pH reading was made on the extract itselfl.
#ith constant gentle stirring and gradusl cooliug 11C ul
acetone was added, droppins the tempersature 1.0 O for esch

10 ml acetone added. ‘tThe buffered acetone and water suspen-
sion was extracted as shown in_figure 2, In the 2Zreszing com-~
partmant of an ordinary refrigzerator at a tempsrature of <11 C
for 48 hours. A4t the end of this period the liguid phuse was
centrifused fres of cells at =10 to =12 €C in the c¢old box,
Centrifugzation wae carrled cut 2 times on the liguld, pooling
all cells separatad. YUnsterlllzed plastlic tubes were used Iin
places of zlass ones tn avold breskazse. The plastlc being
somawhat soluble in acetone it was desirabls not to expose
the tube to the acestone any longer than was necessary. The
supernatant material, desinated frectlion V-1, was shell fro-
zen and the ncetone and water in it removed by lvophilization
for 36 hours, the containing bottles beins kept inmersed in a
dry ice bath at legs than =30 C until pressurse ramalusd bslow
500 microns. ™s dried residue wag z yellowliush colhersnt mass
which was readily soluble in co0ld water., Fraction V-I was
prepared by addins 80 ml of water at ¢ - ¢ C to the cell res-

idue, centrifuging at 4 - 6 C, washing & second time with
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60 ml cold water, and combining ths two 60 ml aliquots. Both
fractiona V-1l and V-2 were filtsred through selas or siutered
glass [filters ond two 1.0 ml aliquots of ssob were cultured
1o tryptose wroth. dhen no growth was apparent after & days,
inoeulatlions wers nade.

Three batchsg, Vel-A, Vel-3, T-1=-C, and VeZ-i, V-2-3,
V=2«G, of each f{raction were made. The batches were all stud-~
ied for 2dillity to precipitate antiserum and V-l-3, V-1-0 and
V2=, V=2« were studied for immunlzinz and aantibody produc-
ing abllity 1n suineas pilgs. Vel-C snd V-2-0 wers also used
Tfor antibody production in rabbits.

Fraction VI. Fraction VI was preps.a@d by ths substitu-

tlon of dilute alkalline buffer for water in the removal of
groswth {rom Blake bottles. Tne buffer (appendix V) gave a
final pH of 2.0 in the extraet. The original buffer dlluted

in water had a pH of 9.,2. Ten ml of buffer were addsd to

each Blake Dottle pre-cooled as before, and allowed to soak

10 to 20 minutes bhefore aently swabbing ths suspension loose
and washing down the surface of the ager with an additional

10 ml of buffer. Collection was wmade in a suetlon flusk as
previously desoribed, kesplug ell msaterials codled to 4 - & C.
The buffered cell sugponsion was sllowsd to extract in the re-
frigerator under the conditions shown in figure 2, for 72 hours
and the csll suspension was separated ilnto paste end supernate
by centrifuszetion at 4 - 6 C., The cells were discarded, the
1iquid being centrifused once more and {filtered throush a selas

or sintered slass filter. Some difficulty in filtration of



this and fraction VII was experienced it beinus necesssary to
filter the alkaline extract & times to achieve sterilisty in
thte second hotsh. Two 1.0 ml slijuots were cultured in Lryp-
tose broth aud vhen, after 3 days incudation ut 37 C no zrowth
wag apparent inoculwtions wers made.

Two batohes, VI-A und TI-B, were made; the former with

Ore. abortus 23508a, the letter with 3r. abortus 2508b. Hoth
were tested for immunizing capacity, abliity (o elicit snti-
bodles in miines pigs, and ablliiy to precipitate lomune serum.
VI-3 was alzo tested for antivody produstion in rabbitas.

Fractlon VII: Ffraetion VII was prepared by addition of

cold acid buffer (appendix V) to 3Blake bottles with 48 Lours

growth at 37 € of Br. sbortus, in placse of the cold water as

used in preparation of fraection I. The pli was 2.8, as dater-
mined orn diluted buffer, not the extract. Following removel
of cell zrowth the susnension was refrigerated at 4 -« 6 ¢ for
72 hours and centrifused to separate the extract from c¢ells.
™a extract was centrifuged once more and filitersd throush a
gelag or sinterad glags fllter. Tn both bateches made it was
necesaary Lo f1lter the aold extrmcti 4 times belore two 1.0 ml
aliquots cultursd in trynptoss itroth showed no growth after 3
days Incubztion at 37 C. ‘When no growth was appsrent after 3
days & seriss of lnoculations wus me e, Two fractions, VII-A
and YiI-8 were made., Ouly fractlon VII-B was used for animsl

inoculations.

Yethanol precipitstion. To 40 ml of ¢old fraction I or
fraction IT was added 1.0 ml 4 M sodium acetate and 1 Wl 10 K



acatlec acld. The resulting gsolution had a pl of 4.7 on the
Beckman pH meter ang an lonic concentrsiion of .004& (appendix
Vie To the vulfferea fllirate was gradually added 7.0 ml of
cold (0OC) methanol while the tempersture wasg lowered to =17 C.
4 precipltale developed, the amuterlisl was centrifuged at

=15 € and 4200 RpPM for 30 minutes znd the superuste, still
cloudy, decanted, A 1light preclipltate left on the sottom of
the tube was readily soluble in 10 ml of ¢o0ld water. This
material was precipitinogenic.

Criteris for sterility of frmnctions. As mentloned, two

1.0 ml aliguoits of saeh Iraoction were incubsted in tryptose
broth st 37 C for &t least 3 days belfore animals wers iiocu-
lated excapt'iéitha case of the rirst fraction, I-A, iu whioch
1t was shown that the fraesction waes not sterlle by coubrol
anlmals? infections. The broths were sll kept for a winimum
of 30 days b@?Qrw being digcarded. Ia no cusge was any «“rowth
noticeable. sAbout balfl of the guinea pilgs looculsted with
the given fractions also served us sterility controls rsceiv-
ing no challenge dose. In all but the ous case mentloued

{group I~ these enimals were stsrile.

Care of animals. Gulnea pigs and rabdlts wers Iad a
diet of Purina psllets supplementled with freguent feedings
of kale or lettuce and adsquate water. abbits were Rept in-
dividually or paired in open cages while guinea plgs weile
placed in cages by groups. Isolation among the gulnea plas
wag imperiect. {ne eplidealo of streptococcal Inlection and

an exitended one of snteritis occurred in the lasoratory pool



of normal animals durine thse expsrimentis. Not many of the
sanimals nsed ware involvad iz tha gstreptosoccal mutbreal mt
nrastically all animels rzeaiving fractiong V-l-d, V-1-3,
V2«4, T=2=8 snd tha infsction controls for thess grouprs and

TI-06, IT=0 snd VI

T

woere involved in the enteristis outbreak.
The outhreak wes controlled by feeding sulfa sianidine nnd of
the enterltls animals glven post mortam examinstion no wmsero~
soopic ratholoy of the spleen wag apnarent. Two of & had
amell patchy sbacsssaes on the liver. Sulfaguanidine was with-
held from the aninmels at loast 1 wesk prior to steriin: an ex-
periment excent In ths {nfection controls for I-C and I7T=C
which by aceldent wero receiving sulfaguanidine up to the dey

they raesived thra challense dose.

ITnoeculatlon of rabblts. Nabbits ussd Tor the production

of antiserun welghed from § to 1C pounds. Hormal titsrs were
taken by bleedine from the marginal eer vein before any materie
al wag irnculated ond inoculations then mads direcilr in the
ear vein. 2t the intervels indiceted on the various nrotoonls
sliven under "Reoults” trial 'l2edings were made. I o titer
of desired strength was obtsined the animal) was blad sut from
the heart aseptically. Serum was sepsrated after the Llood
Yad stood 2 to 4 hours a2t %7 C end had bean refrigesrated over-
night. ¢Cellular ésbris wag rewvsd by ecentrifugetion anéd the
serumn gsniranted off and stored in szell rubber capped ssrum
bottles, Marﬁhi@laaa in Tinal cencentration of 1:10,000 was
added whean préservativa wasg usead.

Inpculatlon snd post mortenm ezanination of ~ulnea ~igs.







Tuinea plgs wsizhed from 200 to 700 sm when inooulatad, Tha
waleht varlation within a graup usually was <100 gm. Titers
were odtained on all zuinsa nlzs before Inoculating and ut
intarvals Indicatzd under "results® [ollosing the inoculsation
of the various frastions. 4ll Incculations wers mads Ly the
intraperitonzal route. It was found convaanlent to nisce one
aninsl fin an ather anoesthesla jar wiile s nreviously anasthe-
tized animal was bsing wrked on., Titers ware takan just
nriosr to sach inoculation of a given fractlion or challeuge
jose. “rotoeols I and II includs inoculation schaduliss.
Surviving ulsea plys were Uitored and killsd by cohloroiorm
or ether 4 to 0 weeks followiang the chullengs doss. wUns
vlood gpacimen wss Raken, in groups I-0, II-C, IV-3, V-1«C,
e, VYI-3 and VII-3, two woeks after challenging in oxvder
to follow ths titers more c¢logely. Those dying by nazural
gause ars =0 notad in the tables.

vost mortem szaminationeg wer2 done on nearly all aniznals
recorded 1n these exparliments with exesptions as noted in whieh
decomposition was too advanced to make such examination fsagi-
ble. Organs examined Included spleen, liver, nheart, luang,
zidney and reproductive organs. Jccasionally referencs was
made 1o absessges in other parts of the Lody as swollen lymph
glands, inflamed adrenals, and arthritic swelllnzs. sccording
“to the classicul deseription of Fabyan (1912) the splesn char-
acteristioally is enlarzed and roughsped snd may haves nuusrous
tiny abscesses over the surface (plate I}. The liver is leoss

ey

frequently involved bubl also may e abscessed. The heart oo~
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casionally may have abscesses, and the lung shows congestion

and consolidation is not iInfrequent in about 60U per cent of

the oases, The kidney often hsas minute abscesses bensath the
capsule and oecasionally the adrenals are involved. The re-
productive organs of the female do not often show maceroscopic
pathology thoush occasionally the uterus may show an sbscess.
Neverthelesss organisms are often recovered. In the male
superficial blood vesssls on the testes are frequently con-
gested, the epididymis often has a coream cclored pus. OJccaslone
2lly the seminal vessicles are involved. The later descriptions
of Hagan (1922) and lHuddleson (1943a) agree well with those of
Fabyan and are in part based on lower challenge doses.

Cultures were routinely made of the spleen, liver, heart's
blood, lung, kidney, and reproductive organs. Tissues were
sterilized in most cases by searing the surface., The spleen
was usually scraped with & sterlle spstula, the pulp recovered
beinsy smeared on a tryptose agar slant and portions suspended
in tryptose dbroth. #hole spleens removed asceptically were
somstimes cultured. Small bits of tissue and blood were re-
covered by use of a stiff wire loop from the llver, kldney
and testiocles, and the lung was most convenlently cultured
using & sharp sterile scalpel blade to excise amall pieces of
tissue. An offort was made to recover tissues from ureas
showingz pathology though as Fabyan (1912) points out it is
frequently impossible to ses ths lasions of brucellosis until
microscople sections are made. No histologlcal studies were

made in this work. It was Tound most convenient to culture



blood at the time the linsl bleeding wa. tsken, pleocing a few
drope of bleod over the surfece of an agar slant and s few
drope into broth. A tryptose amar slsnt 2nd tryptoss broth
was inogulated Crom each of the above mentionsd tissues. J¢-
casionslly oultures were made from othar gltes as indiezted

in tre protocole. Cultures were exanmined after 2 or % dzys
and thereaftesr weskly for 1 zonth. No culture was dilscarded
&8 negative under 20 days. Susplicious colonies wers isolated
where nacegsary and grown on tryptose apar slante. The Lomoe
geneous osll suspensions were sxamined microsgeoplically with
Gram's staln to insure presence of typlcal gram negative rods
end absence of easlly recognizable contaminants. 3Susplcious
organisms were screened by slide agglutinution using a drop

of 0.9 per cent saline with & drop of 1:100 dilutioun of a ;
homologous rabbit antissrum titering 1:20, 240 vefore ¢ilution.
They were finully tested for urease activity. I a culture
from one organ, usually the splesn, nroved positive from this
evidence all suspleious cultures from other organs were con-
sidered positive. Very rarely was a suspleious colony encoun-
tered whioh was nesative on these tests. ¥Yhen an orgenism was
found to ¢ive & poslitive reaction wlith one of the tests, the
other reasctions were always positive. GCram stains were quite
typiecal.

Infection controls. Five different groups of control

enimals were used. %here possible these animals wers of the
same lot ordered for tests. They were kept in separate cages

under similsr conditions and heart bleedings were obtalned
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prior to the time the challengs dose was made to insure ab-
sance of HBrugella agglutinins, two weeks thereafter, and at
the time oI post mortem exsminations 4 to b weeks altser the

challenge dose was glven.

Protocol 1I

Infectlon Controls

Controlied groups inoculiated

Series Ho, asnjmels challenged simultaneously
1 3 I-h, 1I-A, TII-A
no controls I-B, II-B
8 10 I-C, II-C, III-C
3 5 V=1-B, V=2=8, VI-i
4 5 V-1=C, V=2C
5 5 IV-B, VI-3, VII-3

Estimate of Challenge Dose, HNumbers of organisms in-

jJeocted were estimated on the basis of plate counts on tryptoss
agar plates, Praliminary studies were made on 48 hour srowth
of Br., abortus 2308a cultured at 37 C. 3Suspensions washed
from asar slants in 0.9 per cent saline were standardized to
90 per cent z 1.0 1ight transmittance using & €50 millimicron
filter. iuplicate dilutions of 106, 10~7, 10°8, 109 anda
10“16 were plated and agar cooled to 43 C poured in the plutes,
The agar and dilution wers mixed by rotating the plates 10
times clockwise and 10 times countsr-clockwlise. These were
inecubsted 5 days at 37 C and showed the followling counts:

(table o).
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Table 3
Tlate Counts of Duspensions of 2r. gbortus 3508
Grown 6 Days at 37 € and
Standardlzed to 9C per cent Light Transmittance

Dilution Plate 1 Flate 2 Average Flate count
10710 6 7 8.5 6.5 x 10°
1079 75 79 77 7.7 x 10°
10~8 THRTC™ TNTC - -

*moo numsrous to count.

On this basis a 10™7 dilution should vield approximately
7500 orgenisms and such dilutions were used until the plate
count on one series of experiments gave a much lower count of
700 organisms. Tasn the dilution waes dropped to 106, ilate
counts obtained are ineluded in protoeol I.

Agglutinatlion tests. Agglutinstion tests for couparstive

gBarology were carrisd out by making tworfold serial dilutions
of serumn rancing from 1:20 through 1:1€3,840 in C.9 »ner ceut
saline. To 0.5 ml of diluted serum in each tube was added
0.5 ml of the desired antizgen. Titers were expressed as
final d44lutions. Afzlutinations on suinea plg sera were car-
ried out using 0.01, 0,02, 0.04 and C¢.08 nl of ssrum in re-
speetive tuhes to which were added 2.0 ml of BAY tube antigen
givine final 4flutions of 1:200, 1:100, 1:50 and 1:2% rsspsc-
tively. ®bilutions of 1:2000, 1:1000, 1:500 and 1:250 were
made followling pipetting 0.1 ml of serum into C.? ml saline.
From thie 1:10 dilution were delivered 0,01, 0.02, 0.04 and






























































































































































































































































































































