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Studies on Dissociation of the Brucella Group.

I -« Introduction.

In recent years, the phenomenon of dissociation
of bacteria has engased the interest of many workers
in the field of bacteriology. Although variability
of bacteria was observed as early as 1875, the forms
noted were regarded as contaminants rather than
atypicel forms. The relationship of the atyplcal
forms wes not recognized until recently,

Becteriologiste, accepting the fact that
variation or dissociation does exist, are not attenpt-
ing to ascertain whether the phenomenon 1s a haphazard
"hit and mies" procedure or an orderly process.

Neisser and Massini (1906 « 1907) reported chanzes
in Escherichia coll, which were quite significant.

Kolle regarded their aberrant forms as contaminants,
but Kewalenko (1910) confirmed their findings using
single cell cultures. Their methods of study were
quickly applied to other organisms and sinilar results
were obtained. These studies acted as a stimulus to
a more thorouch study of the dissociation pégnomcnon.
Among the many studies reported, may be cited the
work of Cowan (1922) on the streptococci, Griffith

(1928) on the pneumococcus, Topley and Ayerton (1924)
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on the Salmonella enteritidis end Arkwright (1924)

on Eberthella typhi, The repeated confirmation of
dissocisation of various organisms, by numerous
workers lends convincing evidence that the phenomenon
of dissociation i1s likely & property cormmon to all

bacterial species,

II - Historical Resume

The firet studies on dissociation of the
Brucella group ﬁere presented by Henry (1928 - 1929),.
He states that variants of the porcine strain, althouzh
culturally end morphologically similar to those of
the bovine strain, eppear to be wildely separated
gerologically. Henry worked with two types of colonies,
one type being the usual smooth Er. asbortus colony
descrived as being moist, clear, and slightly granular,
and which bty transmitted light shows a bluish green
fluoresceneefﬁarhe gsecond typeg of colony he describes
a8 being opaque and granular, The organisms are
suspended with difficulty in salt solution,

Frenzel (1931) was successful in dissociating
Br. abortus to the R type. He states that the R
straing are less virulent than the S types. His R
antisera will not agglutinate the S antigen, but
agglutinates the R entigen. The R types are weak

when used a8 antigens, producing antisera of low titer.
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On the other hand, he finds that the S antisera will
agzlutinate the R antigen in low dilutions.

In the light of the data which will be prcsented
later, in this paper, the colony descriptions of
ilenry indicates that he was dealing with en intere
mediate or a partial R type of colony and not a true
R type as he suprosed.

Ffrenzel does not give a colonial description of

the colonies, but points out agglutinative differences.

III « History of Cultures

The cultures in this work were obtained from the
collection of Toctor I. . Huddleson. 7“he history of
the cultures followsa.

Brucella abortus.

Culture No. 1 was received from the bureau of
Animal Industry prior to 1915. The source and date
of isolation 1s unknowm.

Culture No. 2 was isolated from an aborted
fetus in 1915, from herd "A" at Michigan State College,

Culture No. 3 was 1solated from an sborted fetus
in 1915, from herd "A" at Michigan State College.

Culture Fo. 4 was isolated from the udder of cow
Fo. 995 of the abortion experimental herd of liichigan
State College in 1915,

Culture No. 5 was in the laboratory stock cultures
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prior to 1915, The source and date of isolstion is
unknown,

Brucella suis,

Culture No. 400 was obtained from Doctor Griswold
of the Llichigan Department of Heslth. It wes isolated
from & boar's testicle. ‘he date of isolation is un-
known,

Culture No. 401 was obtained from Purdue University.
The source of the culture is not known. It was isolated
January 15, 1925,

Culture No. 402 was obtained from rurdue University.
“he source and date of isolation is unknovm, ,

Culture lo. 404 was obtained from Doctor Coﬁway
of the University of lfissouri in 1922, It was isolated
from a premature fetal pig, from a naturally infected
sow, February 1, 1922,

Culture Ho. 405 waa obtained from Doctor Coéway
having been 1solated from swine in lissouri. The date
of isolation is unknown.

Culture No. 408 was obtained from LKr. Good of the
University of Kentucky. It was isolated from a hog.

The date of 1solation is unknown,

Brucella melitensis.

Culture No. 301 was obteined from lr. J. P. Torrey
who isolated the culture from the lichigan State College
Dairy herd. The date of isolation is unknown.

Culture Fo. Z12 was isolated in 1921, from a case
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of undulant fever in Tunis, Alseria by Doctor Burnet
of the Pasteur Irstitute of Tunis.

Culture Ro. Z15 was isolated from an undulant
fever putient, ty Doctor Eurnet of the Tasteur
Institute of Tmnis,

Culture Mo, 216 is of huaen origin and weas
isolated>by Doctor Burnet in 1¢28,

Culture Fo., 218 was received liay 10, 1¢Z1 from
Toctor X, F. Leyer of the Georgse *illlaem Hoaper
Foundation, for medicel research, University of

Celifornia, 7The date of isolsation is unknowm.

IV -« Bacteriolozical Study of Cultures.

Before dissociation studies were started, cach
organism was repeatedly plated out to elininate all
possible ccntaminstion. These strains wers répeatedly
stained by Gram's mecthod to further check the purity
of the culturca. “he pure-line strains thus ottained
were then studied culturslly end physiolorically to
further check their identity.

The species of the strains selected for study
were checked according to methods of identity presented
by Huddleson, namely dye sonsitivity and hydrozen
sulphide prodﬁction. Suffice it to state that
Huddleson (1928 - 1929) found that the three spccies
of Brucella can be rccognized as measured by the
source of the organism, namely bovine, porcine and

caprine strains, by the agency of dye bacterlostasis



end hydrogen sulphide producticn es presented in the

tables below.

Thionin Basice Fuchsin
Er, abortug-eee-e=No growth Growth
Br. suigeecccemcacaGrowth Ho zrowth
Br, melitengiseeeuGrowth Growth
TA.BLE II.

PRODUCYION OF HYDROGLN SULPUIDL
Hydrozen sulphidc production in days.
1 2 3

4 5 6 7
Br. abortug8e«e + + + + - - -

Br. suigeeecme + + + + ¢ + +

Br, melitensis = - - - - - -

The results presented in tables III and Plete I
show that the streins selected far etudy checked with
the identificstion given them by Doctor Huddleson.

The cultures were examined for their aggluiine
ability by a Br. gbortus immune serum obtained from
an infected cow, The usual test tube method for
agglutination was used, The results sre presented in

Table IV. It will be observed that all strains were
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agzlutinated in like titer althourh the maximum titer
wvas not determined. However, the fact that a1l strains
reacted similarly adds further proof for the identity

of the cultures,
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TABLE III.
BACLERIDJSTATIC AC_IUK OF DYud UN ORG.LNISHS SLLE
FOR SYUDY,

Thionin Fuchsin

Brucella Avortus (Bovine Species)

lecwenee N0 Growth ee-- Growth
Lecwcans NO Growth =eee Growth
Fwwwwses NOo Growth eee= Growth
fdowcenea N0 Growth weee Growth
feeccenew NO Growth eee- Growth

Brucelle Suis (Porcine Strain)

400wwwnee rowth-ee-eeee N0 Growth
404 weaeee (roVihescweeeee Ko Growth
401 - Growth - NO Growth
40D wwewen (roVtheeceseewe No Growth
402 wmewns (roWtheeweeee= NO Growth
408wwenee Grovtheeecee-=- No Growth

Brucells Melitensis (Caprine Strain)

318 Growtheeeeswes Growth
230lewwwe Growtheeeceees Growth
Z2l2ewnwe (rowtheeceeeces Growth
216mwcee GroVWtheweeeeee Growth
31l5wcwans Grovtheeecee--e Growth

@ @ @ @ w o @ W W @ W W W @@ o W W@ W B W W W W W W @ W W VG =
M W@ @ @ @ W @ @ W W W W W W W W W W W W W W W @ W W W W W W

C

Y
i

o

D



k had
Sl . —
‘é‘
K|
q [/ A

PRODUCTION OF HpS

SMOOTH STRAINS OF GENUS BRUCELLA

AGE OF G6GROWTH IN HOURS

48

72

96

120

144

168

p——

W
o
|~

A S EEN

4 —

=t




8Uq40Qq8 ‘ag

000¢=1.:0982~T+083T=T O¥9~ 9T=T4+08~T +0%=1,023=1,0T1-T.0,

| - '] (] /'] ] 4 | 'l A - |

b ++ bt Rt L b, F b bbbt b bt bbb bbb Mwm “
b 4 A% A e  ddd, bt b bbb e bbb - 21 .
' N N O O L N N M N R S IR S T N T3 .
. ¥, ¥t L A+ FHtd | drtd, At kb bt b bbb - g1g .
. N N N I N O R I I I X e 91¢ .
. _ §isuejeteuw ‘ad,
' ]
3 '
Pl N N N N N L L I R o e 803 .
N N N N N N N N R R R R e 207 N
" N N A I N N I I R R I e G0% .
n ¥4, P, FEt ottt  FrEt |, Rt hert b b b, - ¥0¥ .
s N I O N N N N R I e I0% '
- N N I N I O R T R I TGN 00% .
' stus vag,
‘ s
] NN '
N N N O o O I O O I e g .
' N N N N N e N N R L N I s % N
s 4, L et it et L b b b bbb bbb - [ .
N T FF | Frd FEEF At | dArd e b e b - g s
s ¥+ +++4 FHHE FEEE FEEE Pt b4 - .
' '
s '

*NOIIVIDOSSIQ ¥Od aAsSn
STSINVHUO VITAONYE FHY J0 XLITIGVRINANTOOV FFL Al FIHVE



- 11.

The sugar reactions were nezative., The Brucella
group, without exception, does not ferment the five
sugars used. These reactions serve as a further
check on the purity and identity of the cultures used.

“he cultures selected for study were plated out
repeatedly on liver infusion agar to study the colony
formation. ithout exception, the colonies were round
:nd dome-shaped with a glistening surface. Under the
low power of the microscope, the colonies gave a
slichtly granulsr sppearance. The margins of the
colonies were even and regular. From every stanrdpoint
all streins were tynical S organisms.

The extreme care exercised in identifying and
purifying the cultures selected for study is presented
here to show that the cultures were pure-line strains
of Brucella. 7This was done as & preliminary to the
dissociation studies to rule out as effectively as
possible the existence of contamination, Inasmuch
as the R types of the Brucella were culturally,
serolocically, physiologically and morphologically
different than the S prototypes, it is quite essential
to know that the R forms described were not contami-
nants,

Beef liver infusion agar medium, first described
by Stafseth (1920) and recormended by Huddleson (1927)

was used throu~sh this work. This medium was selected
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for this study, as iHuddileson claims that it is the
hest medium for growing members of the Erucella group.
The medium was prepared according to iH{uddleson's
formula except that a Euchner funnel with a cotton
filter was used, in the place of Scharples separator,
for the clarification of the medium. Gentian violet
wag8 incorporated in the beef liver infusion medium,
in 8 dilution of 1-50,000. The presence of this dye
in the medium inhibits the growth of gram positive
organisns. A more detailed description of the
bacteriostatic action of this dye is given in an
article published by Huddleson (1928).

Veal infusion broth was prepared in the ususal
manner, and adjusted to & ph of 7 in all instances.
The one per cent lithium chloride broth was prepared
by adding 10 cc. of a 10 per cent solution of lithium
chloride to 100 cc. of veal infusion broth. The 0.1
per cent phenol veal infusion broth was prepared in
8 similar manner; 2 cc, of a 5,0 per cent solution
of phenol was added to 98 cc., of veal infusion broth.
The medium wezs then tubed and sterilized.

A high titered positive Br. sbortus serum was
used in the preparation of the positive serum broth,
Ten cgc. of sterile serum was added to 90 co. of veal
infusion broths This was then tubed eseptically,
incubated at 27°C, for a period of 24 hours, to

eliminate contaminated tubes. The R irmune serum
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bfoth was prepared in a similar manner.

The test tubes used in seriel transfer of the
cultures were of standard height, having an internal
diameter of one cm. This size tube was selected
because it was found that the Brucella organisms can
not ve transferred serially by transferring s loopful
of innoculum into 5 to 10 ce. of nutrient broth.
Serial transfers can be obtained by transferring into
2 6o, or less of the broth., ¥ith this small amount
of oculture medium, the smaller diemeter tubes were
" more satisfactory as evaporation was lessened by the

smaller surface of the dbroth.

V - Experimental
I - Lethods used to Bring About Aciive iillcrobic
Dissociation,

Experiment No. 1

All straing of the Brucella group were seeded
in 10 per cent positive serum broth, transferred
serially and plated out every 48 hours., A series of
these onltures were aged end plated out at weekly
intervals. All plates were carefully examined for
R typejcolonies that showed rough colonial character-
istics were fished and transferred on liver agar
slanta, The data are given in table V,

In 18 serial transfera of five etrains of Lr.

abortus no R forms were observed. Opague smooth forms
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were obgerved in the eleventh transfer in all five
strains studied. These persiasted Fhroughout the
experiment with a complete disappearance of the S
foms, The cultures that were transferred weekly
showed similar results. In the case of Er. sulg
strain 408 produced R forms after the fifth transfer,
The other five strains produced opague-smooth forms
after the eleventh transfer, but no R forms were
observed,

The data presented in table VI shows the results
of aging on diessociation of the speciea of Brucella.
Opaque smooth forms were observed in Br. gbortus at
the fifth and sixth weekly transfer. Till then these
cultures retained their original smooth characters.
Strain 408 of Br. suis produced R type sfter the
third weekly transfer; the remalning cultures retain-
ed their original smooth character until the lest
transfer, when they reverted to the amooth opaque

forms, Stralns 301 end 218 of Er, melitensis produced

R forms after the fourth and fifth weekly transfer,
The remaining cultures reverted to the opsque smooth,
at the fourth transfer, going back to the S form at
the fifth and sixth transfer,
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AL
TABLE VI,

DISSOCIATION CHANGES BY IxIblgBERS OF BRUCELLA INDUCED
'l,f,f;'-.-

.~

BY GROWING IN 10 PER CENTA SERUM BROTH.

] T T
'Cultures ___ ° '
] T T T T T T T
'Br, abortus ’
v - S
' L) T sf‘ T § T
L] 1 X f ] § . ' 3 ‘r0§ T 08 '
] T T §— T ‘S* TR § 0 T
' B 5 R R G s‘"‘o"‘g' ._,..9035!:::
] e U P e g o a4
] k]
' '
'Br, suis e - -
] T 5 T -7 r‘g— T "Sr T § T 013"1'
' T 3 ¥ § T S T 45 vj T 08
' Bk TR MBS DA IR
] n' B T -:_ T S S Y S" Y o§‘r
—Z08 WA WA WAD Vel Shde Sl
¢ Sics T
] 7
'Br, melitensi ’
] 0 IT L r T r T jﬁ T —E T
L] T pur SN TESD | m i T ey
' i
' L :§ . B § _SEE T ﬁ‘ T § L g—l’
1 & P - AT o'§' YR ® R
1

S = smooth type of colony

08 = opaque-smooth type of colony
R = rough type of colony
- = no growth



0f the Br, melitensis strains, culture 301
produced R forms after the eleventh transfer.

Culture 318 produced R forms after the fifteenth
transfer. The remainin> three strains produced
opaque-amooth types which persisted throughout the
period of transferring.

Experiment No. 2

Tubes containing a one per cent solution of
lithium chloride in veal infusion broth were inoculated
with the ocultures of Erucella. <“hese cultures were
transferred and plated out at weekly intervals for a
period of ten weeks, All plates were examined for
R types. The data are given in table VII,

From the data presented in table VII, it will be
noted that no R forms of Br. gbortus were obtained
after ten weekly transfers. Opaque-smooth forms were
observed in all cases after the third transfer, Strain
403 of Br. suls produced R forms after the fifth trans-
fef. Opaque-smooth forms were observed in the remain-
ing five strains after the fourth transfer, In the

case of Er. melitensis, strain 318 produced R types

after the seventh transfér. Opeque-~smooth forms were
observed in the remaining four strains after the fourth
transfer. In all instances these opaque-amooth forms
were quite statle and ¢id not return to their original
S forms.

Experiment Fo, 3

All ocultures were transferred on liver infusion



agar slants, and aged for a period of six weeks.
They were transferred on plain veal broth and plated
out each week for a pcriod of eight weeks. The data

are given in table VIII.
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Threo cut of tho five viroing of ] 2e piorivg
gtudicd prouvcod R forms. LYhoe R Joms were cboovved
g8 early 8 the third trausfeor endéd us late vg the
scventh transfer. In ton woolkly transfers five out
of the six strclns cf [r. gris studled produced R {orns,
Tissoci:sion of this species ves nuled a8 early ws the
socornd btrangsZer :nd s late ag the sixuh trunsler.

Stroelnsg &01, S16, <13 of the I'», rnclifonzig culinrce

~e 1

produced R forma altor the first und Iifth veekly triyisSe
fors. “he renainin;: culiarcs that did nst dlssociate
refelriod thedir ganoihrense

Ixperi-went l'oe 4

“he culturcs were inoculated in tutes c¢f vecl
broth containin> 2,1 rer cont phenol. They wvere trunse
ferrrod sericlly and plsted et 438 howr intervels. .11
pleotes were curerally exwainod for R t)pce.e “ho data
are -iven iu table Li.

from the resultg indicated in tabls I{, 1t will
be obsoerved that a1l of the strcins etudled, retained
their oririruel suocothreas fter fourteon serial tircnaferse
Stroln 408 of I're puls produced R typos after the fifth
tronsfer, 1% is intcreating Vo note thoat strain 4.8
produced R ty»es in euch ol the esporiwuts that were
perforrned vo briny about éissocluticn. Uhis orscnisn

-

wes arcerertly gquise unatubles
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Grosth of Cultures

in 10 per cent COu.

The incculated prlates, in ell ozxperinentis performe

ed iz this work, were rloced in larze sless Jars, scale

ed and provm in en etrosphere containing 12 per cont

carbon dioxide. The plates werc then incubzted et

E7°%3.

Inddleson (1v21) fourd thut s8ll the specics of

the Erunceclla roup grew test in an wtiosphere containing

10 per cont carbon dioxide.

There cre & nunber of
dissociction, In this work
i'mune sermn cnd eosins weoreo
ebout dissociation. All of
heve et soe $imo tecn used
ing ineitants, <The process

livor oor elants, followved
(s [ ]

incitonts used for mierobic

chomical egonts, poeitive

the meens emplcyed to tringz
the above mentioned ezents

successfully as dissociate

of c;iny the culturcs on

by weeily trunusfer on plein

voal broth, gove the greatoest unount of diesociation.

“he other arents nsed trousht sbout diassociction in

only a fer of the strolre thot wore under observation,

Eiochemical studioes of R strains,

All of tho R strains were repecutedly pleted on

plain liver azer, ond the typloal R types were fished

cnd transfsrred on liver orure

The section of these

selected R typos were situdiled on thionin end fuchsin,

The dye plates wore prepored es recormonded by

Hnddleson (1:23).

suspcngion of g 43«72 hour gcror slunt growihe

The plates were secdcd vith heevy

he

suspension wos obtained by washiing the prowth from an



arer slont oulture with e gmell craount of aterile
brothe <he sceded plates were thon incutated at I7°C,
for 43 hours, 7The data cre ~iven in toble £,

rrom the data presented in table {, it will be
noted that 211 R types o Zrucella irrespective of
their gpecles crow equelly vell on both the thionin
and fuchsin g-or medimm, It will te recelled that the
enooth typcs of Ir, ehortng are inhibited in thionin
medim, while the smooth t;pes of Br. suis are ine
hibvited on fauchain medium, The R type of culture
apparently develors a resistance or tolerasnce to the
bacterioetatic cction of thionin and fucheine

-

~"his oxperinental work with the R stroins hus
been repcatod severzl times to confirm the ori:inel
rozetion of these streins on the dyes crd to stren;ihen
tho belief thot these conltures that shoved this |
portioular charactor were not the resnilts of contconie
netion. Qhe regults in each instonce viore identi elly
tho sane,.

Jermentatively the it and S culinres do not differ,

“he 1 gtrains were transferred several timcs on suors

and each instonce the resulte were identicul,

Testinzy R Strcire of the EBrucella Group for
Hydro~en Sulphide Produstion,
~his method first -deseribed ty uddleson (1928)

consists in the determination of hydroron sulphide



«20=

TABIEY X, %l2 R.SULLDS OF TUS ACLIVL OF R FOILS
0F i LRUCELLA GROUP 0N i DYES

THIOHIN AND rUCUSIN,

] B g —

rSulturog —antonin _ °

:Br chortu ' : ;

"""'Z Y arovt

== e

\J

]

’ 4 W t o 3

v v QWE

1 - ]

L 1}

1 T

]

] ¥
] ]
v ¢ Grovth ;_
. . Growh




«ll=

production over & dofinite poriod of time. %She rormal
sgnooth culturos of lrucolla prodmce varyiny encurnts
of hydrozen s:lphide, Ire. gnig produces a coreglderable
artiomnt of hydrosen galphide gus over a periuvd ¢f fuur
doys, Lre. ptortus rroduces a coneiderablo armount of
hydrozen sulrhide szs over a pecriod of two duys, wnile
iYe melitensia does rot pecduce hydreen e;lphide 08
“his, therefore, divides the species of this grous into
taree clugzca, nunely thoze thet prodace himivoren
sulphide (Ix, guig) for a period of four doys, thome
that produce hydrozcn silphide (Ure ghoriug) for s
poriod of two duys snd lestly tho strains cf ['re

melltensias that 4o not producse hydroiren enlshildes.
1S (Y i &

Stripa cf leczd oceoteote puoper are placed inside
the tubes beside the coltton plug, the puaper extonding
8l11-htly below the plu. Theoe ecur slants cre hoavily
sceded previons with culturecs to be studicd. 'he
paper 18 reomovod ot 24 hour intervels wnd & frech plece
ingorted in its pleoce. 4Yhis 18 repeuted dully for
gseven 4oy Se

i'xperiont roe 5

“he R strains were e.iunined in a sinilor marner
to determine their ebility for hydro-en sunlphide
production, 7The data sare presented in plate II., The
R strains of Ixr. glortus did not produce hydro-en
sulphido &8 did the homologcuas gmooth eirsirs, “he R
struins of ir, gulg dld not produce &s nweh hydroren
sylphide g8 did the huwoclorous smooth sirainae, Lhe

R strains of Erucella mclitconsis bchoved the sziic a8




thelr S prototyses,.

fapevriiient lo. 6.
Serolo "icul “4ndlce on R Otradng ol tho iracella croud.

Tatbits were Lirizsed usirn~ gniooth und rouh
arntizerns o irucellu. iach of the ari als recoived a
scries of five injectiong, which were 1iven ot reckly
intervels,

~nul reng of ¢11 the rouh and eooth sbreins
woere rwie, Whe or-unisig beliy sus_ended in a LoD per
cent phenolized phrysiolo 1ol 8alt sclution. 5 .coth
cnbiscrna and it antiscere cro then oLtaired irom the
{ nuriized anliinlse Crogse-ac:lutiration etudics vere
thon nade on ell of these various untizers uciny the
difforent unuvisera. 7The wutu ere rreuented in tsblos

Al and oIl



FRODWCTION OF H,S BY ‘R TYPES OF GENUS BRUCELLA
RGE OF GROWTH IN HOURS

2¥ 48 | 72 | 9¢ /a0 | (4% |7/é8

]
| | |
|
| |

NR7

i Yoo

904

By ENTr
F FL kL
K
|
|

Y05

]

|

_3/6 | |
| |

|

| Jor} | |




«28=

odfy y sngqa0qe °*JJ 80TI08 G = ¥ . .
edfq y BIuB °*XJ 80TI08 Q0¥
onha ¥ ejsuesireom *ag Y 80TJIe8 0Cg

- - -
P P

g v N P ¢++¢. T, TTTe, Tt terE A, - NG R
' - i - e | - - TR R S N A X JOOy N
N - 2 L 2 - " - - el - - . - il e | A.DHJ "yl
: . TRIe8 U0
S guqIoqn *Jel,
5 v
] b
& 13
s o et | - g Al W T T g ke ug '
é e e TR, 3940, 4+ 44, th4 4 v+t = ‘
¢ TTTT . TINe g THIE y FHTh, FAeh, R E, e e 44,0000, T 91 ¢ oy
G TOJI0E UV ,
; . etus *ad,
N ; HOOV,
' :
-! -
A - " .9 . o . g9 o B.a R g 0 g Toptog %
XX E R X X EIIE A2 *4+d et - o A

3 ‘ -
' ' UV,
- A 4 | i A " 2 & 3, A A 13
' ' UMJIOB T UV
: v St o Al , /BTBUOL O e,
' : ; < ' U 9TSe
' N '

\ \/
SyHTSITNT ¥ ONISA WEIvohue v1ann:J ¥KT j0 SHIVUNG ¥ JO ASTITT HINATOOY X TIAVS

ey \f/
....,,._ S)

. =



/
Ny R £ OF
: \\,\ O )

BIue *xg SOTI98 00V |8j8uUSqITOW *JT S0TI08 002
. - =l

' ' ' b Lt ot e Ve UOO¥ +
T _—— W— = = - l = . . & L - ' e LI ) [ﬂhm m& 1
— * - * - * ” - S g “ii .’I -~ T - 7T & TeD w‘HmH [ ]
‘u - ‘\ - ‘ - - g s o . J“g*l""d "*‘d - A.J,.T-
YO vy —Add bbbt it i1k, YT AL T T3 I e Py
= = n .

++ ++ ' see ! 3
' > gTue o.um.
4.00P" SBITI),
- oy -Bd o - - - - - - - e " & ' & " i‘-
- M . s - ho? @ T & Y - - - ' = ' = T - § H@O '
X I L I X I L I L LR L L M L i IR B0y

I~ T I T T N L L L M I L M X N I I TR R OB~

- - v - —— e — . — .
194 o RS RS, . UNJ08 Yy _po.do .

.\ﬂao:o» TIou *ad,

I M— m..u.n andequd; i

- o )V @ ¥ & K qn iyt 0 gt w98 ol HOCY 4
- SR e . o . o - - - - - o - - - ' - ' - ¢ iT- .
-~ 4 ~ » - - b - v - - v - - ' - ' 3 i
+4 » +4+44 g EX T = ST T R T T 2 R R X 069~ S
- * e v *T'.\o

+ 4 4444 " 4494 T 444t 4449 T 444t T 4447 4444 " S 4 4T ¢ 4440
5 . - a . T =

SAALQL M ) Ny
i J AN N3¢ - nuu.noaa ag,

A3 oTITUD,

TYU0L 0TIen dnoyd

*STINALE APITOTICTY "HY MO _ﬁ.dm ET00NIS

YITTONNT PN S0 SITYENS 8 O ¥ J0 LAXITIOVIINNTONY  CIIY Tavy
=¥,
FP AN



Rouh streins of jre gnls ond Irve niclitersis

show croase-a--lutinction, wille tie roush etraing of
I're tbortua will a;x-lutl-wte cnly with 138 o epceifloe
R antiserwi, ~herc¢ is no a-rlutiiasion of the R antizens
by the srcoth serun, nor of the 3 untigens by the i antie
gora.

It will be chserved fron duta proscnted in tables
A end £I thet tho R antirens when inoculatod into
rattita resultd in the fomiation of eniibvodies thet will
e -lutinate the R bub not the suocth untlizren of the
corrcsyondins honolo~ous siraine. inter-agflutinability

N Lre gnis &nd R

of the R anti-on occurs betizeon the

Ere melitensis, using the corresponding R hoiclozous
gntisera. <“he rou—h ztortus entijenas sre ustlutinceted
by their ovm specific antiscrun. Shese antigons will
not bo a:zlutinated by tho antisors ol either R Ir.

guls nor R ILre mclitensigs. Rcur-h sbortus cntiserum

will not a:7lutinate the R untirors of [r. suig und

Ire. nolitensis,

“he smooth guntiserwa docs not g5 lntiw te sry of

he rou’h géntizens, irrespeciive of the entiscrwi used,
..orpholo>y of R Culturcs.

The R struing studied were charccteristicully
different moryholoszicelly frem thelir S prototlpes.
They differ tcoth in sizno und shepoes “he I form3 were
without exception coneiderably lurer than the § foime,
sorietiies beirs fron 3 to b tines lurzer. %ho or-cnisns

are lony rods, very craonvler in structure cnd nurkedly
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pleonior:hic. CThotouicro~rapghe of 2 streing wro proscented

on »mt@ 33, In ©ll irnstonces stainins reocctions with

Srim's stcin were sifllar o the ori-irncl S foivis.
Colonial lLspects of ? Cultrres,

The coloriul erncarance of the R $;¢ color; of
Irvecella is very eindlar in $ype to the i Joitis obicine
ed in Szlmonella sroupe “he colorics ure chuructericed
by & very irrervler costour, the ed-cs belny eliremely
Jar-ed, resenilin- the uvsucl soll spore-former colony.
1he surlcce of the colonies sare wriniled. The colony
is flat with a dull appeurunco,s “he colonies “wve a
brovmish tince, which becormes rore murizad vith &re.
Photo~ruphs of grooth and rou-h colonies ure presented
on peze 35,

ithin the last ten yours, muny workors hive et
gome tine or other cow in cortact vith cor-anisis that
ravae rather pecallar oand interestiinz roaciiorns.
Arkurizht (1.21) noted a varigtion in tactericl ar-lutie
rotion by tho uze of sults and specific serun. Griffith
(1923 ) workins with the rmewnococel noticed the merked
influernce of iriune serum on the tlolo-icel propertics
of the or~aunism. "hite (1v25) rade serolo-~icel
gstudies of the Julinonella ~roup with the hopes of
clagssifyiny then »nd he 00 observed the pecaliar ree-
action of these etrains to epccific irt:ure serun.

This and the work of many others 1a toc el mificunt

to be ipnored, tnd to bte looied unpon as containution.
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Photomicro-roph of R Qypes.

7i-rure 1.

“rneella storsug culbture ! oe 41

e mificestion 706

firure 2,

Ervecella nelisorsis culturo Ko. C103

liaoonificstion 97)

Moure Z,

Irmcellsa aunis culsure lio. 404R

tarnificoticon 7C6
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Photograph of Rough and Smooth Colonies,

Fizure 4,
Brucella suis culture 4025

Negpnification 460 &

Figure b.
Brucella melitensis culture 301R
Yaznification 920~/

Figure 6.
Brucella suis culture 402R

Magnification 460 4

Figure 7,
Brucella abortus 4R

llarnification 460 o -
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The chenses induced when e guliture ghifts from
an 8 type to vn R trre are trve variszstiors, The chonces
induced are the results of shiifts in ¢cll cheracter
rather than the develornient of r:iized siruins. “he
rnilerobie incitants rerely canso the R churcoter of the
cell to dovelop Lo a groater eixient thun the 3 charactor
with the reeult thut & chanze in cclorny is obtulned,

" Yhe rete o the chirge riey be guite gradual ltui
generclly it 18 of the latzer t:me.
Reversion of R Ty pes.

The R siralins of frucella were inoculated in 10
per cent R antisvrum broth. 4 soriea of these strains
wore aced and transferred weelrl;. Another scries wes
transferrced soriclly every 43 hours. 4ill streine were
rlated on plein liver infisisn orer and gentien violet
arar nmediwn &8 described by iludileson (1928), The

deta ere preaented in tebles XIIXI, LIV, LV and .iVIe
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PABLE VI, REVERSION OF R TYPLS INDUCED LY
GROILG QUL CN 10 PXR CLN? R ARCISERULL
BROTH, DIESE AGING CULRURES TERE
PLATED AT EiKLY INYERVALS ON
PLAIN LIVER AGAR CONTAINe
ING GENQIAN VIOLED

(1 -« 50,000)

'

L

"Bre SU :
' 400R : 03

. 20aR LB ' > o~ >

¥ 408R W 05" o 3 3 -

' 4045 LA W L U DO LN B
L 7.4 : A v 3 v 5 7
. v
] L
'ﬁig ngtefff : :
*

’ R I

L - -r

R = rough type of colony
S = amooth type of colony
03 = smootheopaque type of colony
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From the data presented in tsble 18, it will be
observed that the reversion from the R to the S type

was obtaimed in two instances, Br. abortus (culture

No, SR) and Br. suis (oculture No, 408R) reverted to their
homologous types. The R colony did not shift to the

S form after twelve serial transfers. Table 14 presents
data, shoving the effect of azging the cultures, It will
be noted, that the same strains referred to above ree
verted to their S forms after the second weekly transe
fer. The remaining strains retained their rough colon-
iel appearances. It 18 interesting to note that these
strains were plated on piain liver infusion agar. This
type of medium favors the R forms, resulting in the
appearance of R type colonies on the plate,

The data presented in teble 15 demonstrated the
reversion of the R types back to their homologous S
forms. A shifting of the R colony to the S type was
observed with all of the R strains of Br, abortus and

Br. suis reverted to their homologous S forms, The R

types of Br. melitensis retained the rough colonial

charecteristies. In this carec, the cultures were plated
out on liver infusion agar medium containing gentian
violet in a dilution c¢f 1-50,000. This type of medium
favors the shif ting of the R colony to the S forms, for
a greater number of strains reverted to their homolococus

types when this medium was used. Reversion of R types
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by anlrel inoculaticn with a suspension of 3 killed
orcenisns and livine R orpanlaous,e

Criffith (1228) wos altle to revert R types of
pheurocccci to tieir honmologous & typ:s by injecting
the R orcenism tomethar with the killed & orprnisnm
subcutancoucly into white ricoe This wark vos cihe
firred by Dawson (1820)e

This reti.od of reversicn was tried cn R ¢ypes
c¢f tie CTucella culturess T2 suspension of living
end killed croeniarms were prepere? in the usual
nomer, The s:gprusions of killed orsrrnisms were
plated cut to check etorilitys Iqrel arcunts of the
livin~ R oxcenisis ard kxillod U orgonisms wvere nixed
tccetlier, diluted with storile physiclosicel salt
sclution co as to glve a turbildity readin: ¢f 7 mm
cn tho Gese liecphelonmeter, 1Living R suspensiens were
preparaed in a sinllsr renner,

Gulnea pigs vere incculatod subeutaneously with
thio rixtures of killed & endd l1ving R orgmisise
Guinca rirss were &lso inocule ted with susponsions of
livios R arganisis alone. . A scries cf four injections
wero iven tie enimls, at veokly intervelses The guinca
pigs wore killed and sutopsied,

Table 17 cives the data concer:iing poste-mortom

res:lts, tissucs from which ergiis s were isclated,



action cf iscluteld orgmeloiis on QU eg, hydrcron silptide
produecticn of 1sclated crponiimis ard ecrlutination
tests with smooth ebortus entiescrun,.

In tlie (ulnea pizs recelving tho living R eroonisms
end killead O osgenicrs, O stielrns voro isclatad frenm
tic liver, splaoenr nd lun-se O crranicre were also
is0lated frem e liver, srleen ond lunrse O crorrisrs
vere alse izclqtad from rudncs pi~s ¢t received
living I' orpyniaw 8y elthoush the orgynicis vore rnct
isclet @ from ell tissues tiat vwore eulturced.

Study of reverted strains

It 1111 e noted thet €11 11 topes cf the DRrucella
greoup revert d to tlelr g coth homolesous otral:se The
It eclonles reverted ia £ll instances, to the S type
by injocting subcutarcously susmencica of killed £ and
livins R orpnulsmae Thoge cultures reacted tie came
as did the noim.al smooth types, in rescrds to action
on é&ye plate, hydrosen sulphido producticn and azilutine
ation.

It v111 also Ve noted thet ncne of tie I topes

W

vicro statle rou-hse The R t:mecs cf Pre relitonris

were the neost strble, sinece they dld nct rovert to
telr honelorcus soiccth tynes by rapid tronsforilng,
but d1d revert on eniiel passco uvelins & suoponcien of

livii~ R evd killed .0 orgn:lea .S
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The data presented in taLle AVIII deonstrates
the comparison of e~-zlutination of R and S entisera,
when hemolo~ous rcu~h ¢nd smooth types of antigens
are usod, It vill be obscrved that the entisera
obtuined, 28 a result of injectiny livinr R end kille
ed 8 arzanisms into snincls, produced antitodies
for toth the R and 3 antiren. The R cntir~en viue
arslutinated in low dilutions, The R untiscrum
contained untitboiles for the R type anti~en. It will
be roted that the R t;0 of lire ztortug wu.s a:jlutinated
Ly 1te o/n epecific sniiserums R Lr. 8nig und ir,

elitensis are not a7 -lutirated vt R Lr. gbortus

entisera.
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Discussion.

This study was undortcken &8 stated in the introe
duction, primarily to obtain R forms of the various
speclies of the Erucella group. Infomation in rezerd
to straing studied in this work wasg first obtaired,

The R {farns obtained are murkedly difforent than the

S prototype and bocaunse of this, a thorough stud; of

the strains to te used was nade, “he cunlturcs in all
instancea were checked for purity. <“he various incitants
uscd wore evalucted and it was found that ainz gave the
best results, In oll instunces where dliesociution to

R farms wus obtained the orizinal stock cultnre wus
checked for purity and the expoerinent repe:ted.

Similar R types wecre obtuined in all cases. althcush

the R typcs vere gyunlte different in nuny respects from
the 3 prototypos, still the fact thut the R foras were
alwrays ot tained, ﬁr:uoe quite corclusively for their
identity as R foms of Erucella., Yo further prove their
relationship, the induced R types were revertod to the

S farms b repid tronsferring and aninul posswze, The
indu:ed S forms were identical in rcaction to the stock
etrains, 7410 rcversion of the R forms proves conclusively
thet they wore tyres of Lrucella and not contunminutions,

Yhe cultural, morpholozicul end. physioloricul
rroperties of the R strains were mnariedly from the
orizinzl stock stroin, These chun-es are quito intercste
inz inosmuch as such variations, at lcast to such a |

marked dejree, ere nnusual of R types. In the case of



the paratyphoid group, the diiforences are serolozicual
and cultuwral while the physiolozicel reactions of the
Rand 8 types are identical,

T“he R forma uf‘Bruoella on the basia of the dsta
preaented show & grourning into two clusses., Usin:
hydrogen sulpaidec anrd crose-a;zlutination s a brais
for classification, the strazins of Er. gbortus were
separate from Er, suie and Br, melitensis,

In view of the fact that only two R strains of
Lre, gbortus were cbtuincd, the daia prosented is not
sufficient to warrant drawing conclusions, Ilore R
strains of Br, sbortus must be cbitalred and tested
before one can satisfaotorily classify the R membors
of this group intc t70 3loeses,

hen living R and killed S or;enisns are ine
ocunlated into aninuls the reesuliing entisorum will
contain antidvodiss for both typee of entigen,

Yypical lesions were obtained in each of the animuls
that receivod the livinz R and killed S homolorous

organisms, The animals receiving livinz R organisns
d1d not show lesions., Due to the lack of time, this
experimental work was not repeated. However, this is

in apgreenent with Daweon's work cn pneuriococol,
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Sumanry.

A study of stook straime of Lr. abortus, Lr.
suis and Bre, mclitensis w:s mude to determine thelr
purity «d caltural, physiolozicul und norpholo-ical
characters as related to colonisl sppecrunce or 3
propcrtiess The struing selectod for study were ell
S type organisnge

The 3 type orgeniens selectcd were treated vith
various diesociation incitcnis to induce the formation
of rousch types. <he incitants uaod were one per cent
1ithiuwm chlorido, 10 per cent positive immune serum
broth, 0.1 per cent phenolize:l broth and azing of
cultures on liver infusion eagar slants. Tho process
of eging on the liver infusion sjur slantes wus found
to be the best msthod of inducin~ R types. The 0.1
por cent pheroiized brotn cauzed only one orcanism to
dissociate., This partiocular armnisa was very euse
coptidle to dluaociuting azents. “he 10 por cent
positive lLimune secrmm ylelled severel R ty es but much
less 80 than the process of aring,

The R types obtained were isolated end atudied
usinz vhe siue methods es \.a‘a nged viih the stoox
cultures ori-inally.

7he R onltnres were found to be murkedly different
morpholo:ically, rhysiolosically, serolopically and
culturally fron tho ori-innl S typese In gencrel the
R types azreed amons thomselves except for variuwtion

with °r., gbortns on HyS and egzzlutinin produotion.



The reopoonted i1solotion of tiese R iormg from the scrme
cultures werrants the sssumpiion that these orzunisis
ere dissociates, elthou-h they becr 1litile if any
regsentlance o the merent form,

The R type cr~unisne cbtuined by dlssocl:ation
were reverted to thelr cori-inal type by roans of Srove
ins on 10 per cent R antiserum broth exd by injeciing
the R orrenigm elome and terezher with killed S arsenisme
of the homoloroue type. slthonzh the 10 per cent R
antisorun troth coused a reversion, ths aninul pagser-e,
especially vhen killed S orjenisna were injected pave
the teat results. Lhe reversion of all the R forms to
their ori-:inal type derncnastretes that ther were nct

contaninants but R dlssoceivtes ¢f Drucella,
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Corclusl ong,.

1. S:nooth etreins of the Lrucella Sroup were
diesociutod to the R type,

2¢ INouch etmirg vem reverted to the houolosous
smoocth type by serial transierrin: on F entisora cnd
by inoculating u susrension of liviry and killed
orgcnlsng in the suinea pigs.

Ze R straine dii{fered morphologicelly, culturslly
and physiolozieally Iirom thair 8 rrototypese



The writer tukes this oppartunity of exzpressing
his sppreciation to those who cidod him in this vorkg
Toctor e L. !ll2lleenn under whose supervicion thie
work was planned and carried outy Dostor I. F.
{uddleson who furnighed me with cultures and Ir., Jes P
Torrey vho ves of sreat essistonce in the exrmination

of the autonsied exporimentul eniimlae,
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