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ANTAGOBNIZNS IN THE GRIUS DOGIURICHIA I¥ HELATION 20

ANDIGERIC COMPOBITION

Introduc tiocn,

The gemus Gscherichis is a member of the family
Lptercbucteriacene lahn, & camplex group ¢f plant and
anipal parasites and saprophiytes. Three of the five
trives in the femily {Zeols richese, Irotess and
Salmonsllene) may Le found in the gastroeintestinel
traet of man and ccoasionally of cther verisbrates.

The other two tribes {Sywinese and Seratens) are plant
parasites and saprophytes respsctively. The orgenious
included in mis family, thouwgh comewhat wnrelsted in
nabitat and host relationship are grouped together
tecsuse they ave all gramenegativwe stmight rods,
sttack glucose forming secid, or acid and gas, and
wroduce nitrites from nitrates,

The genus Ischerichis, as defined in Bergey's
Manual of Determinative Bacteriology® (1), consiste
of gramensgative, non spore- forming straight roda which
will ferment lactouse with the formation of acid and gas
within 24 bhours at 379 Gy do not produce aceiylmethyle
esybinel, give s positive methyl red test, and may, or
mey not, utilize salts of e itrie acid as their sole
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souree of oarbone At the preseni time three srecles are
recognized an belonging to this genuse These especles are
differantianted on their ability to utilise eitrute and to
produce hydrogen sulfide. The type specles, Sscherichia
coll, with whieh this peper is principally concernsd,
cannot utilize citrate and does net preduee lLydrogen
sulfide. 7The other two spreciss, Escharichia inia:usﬂium
and “ascherichls freundii, utilize eitrate and the lattser
is also nbla'ta produce nydrngen'aulfida.

sscherichis coli is a normal 1mbaﬁitaut of the pgustirow
intestinal trauct of wan and other veriebrates, sstasblisbing
its residency shortly after birth and occupying the
intestine untll deaths DBecuvss Z. coli is exclusively an
animal intestinal parasitse, it is upsd by mest sanitarians
&8 an inﬁiéatnr of feoal poilution.

Se 20ll, though apparently nonw-pathogenic in the
intestine of adult aniwals, hae great dissase producing
potentialitien, It &ma been lsclated as the eticlogionl
agesnt of infectious diarrhea of ﬁaﬁ born, and of diarvhelc
diseaces of the yowng of lower avimmle. It ie one of the
sogt comson agents producing urisary tract infestions in
man and has been incriminated in cases of meningliis,
arthritis, sspeis neonatorum and occasionally in othsr

types of infecticns.



vany attempts have been made to develop u sallise
fhotory method of cluseificstion of the group of erganimme
to which the genus Lscherickia belongs. Nost gahaﬁeu‘hava
been based on the biochemienl properties of these
organisme. MNoeComkey () was the first to outline &
useful method, He asstablished four main groups based
on the fermentation of sucrose and duleitels Clasuifie
eation into sibgroupe was nade on the basis of
mtility, gelatin liquifnctiam,lindule production and
the Vogese-rroskauer reaction. The biochamical method
of classification has been vevised and refined by many
investigatores se that st the present time four tests ars
moet commonly used., (3) These teete, indole produeilion,
wathyl red test, Vogeseiroslksuer reaction {production
of acetylmethyloarbinel), sud citrate wtilisation, are
krowm as the ®*IUViC reasctions®, These, wiith the
fermmtation of cellobiose, have been used by Jtusri,
griffin, and Baker (4) to claseify a large number of
coliform baeteris, with interesting but net particularly
useful results, Lecoues of the wutritional and biochemical
inptability of these orgenisms. OStuart (&) hae statad,
*The types within the group and even the groups sre not
wholly constant in their biochemiesl remctlons, Shifts
in type occeuy in orderly seguence withim anuy group, with

the ccenzional shifts from one group to snother.® Tery
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{(¢) hae aleo investigated the pwblem of biochemical
gtability in these organisme prineipally in relation to
citrate utilizetion. He unoted citrate mutante in 19304
and has beon able to induce their preduction by speeial
cultursl melhode,

The successful uee of antigenic structure in classe
ificution of the Salmonellas (7) has stimulated similar
studies of the ‘scherichias, Otuart and his coeworkers
{0) made such & study butl concluded that attempls to
differentiate antigenically beyond the basic type in a
group would be defsated by a vast mmber of intergradesn.
The discovery snd study of the "K* antigens by XHaulffmsnn
{€)y Knipechildt (9), and Vahlne (10) however, introduced
s new elemsnt into the antigenic picturs, These "I
antigens, o grxoup of capsular and surfage, or envelope,
antigens, had previously coenfused the problem becsuse
organisme possesuing these factors are imagglutinable
in anti-0 serume, Two of ths ihres antigens in the ¥
group (L and B sntigens) are thermolabile and can be
destreyed by heating the culturs te 100 C., The other
antigen (A) is relutively thaymostable, KEnowledge of

" the X antigens hes made possible an exacet determinsiion
ef the 0 sntigens (body antigens) in the celi group of
orguniswe. Eaulffmann(8), Knipechildt (9), »nd Vahlne

(10) bave made such & study and have set up an antigenie
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schems, making uee of the O, I, and K snligens, by means
of which coll etrains from any source may be clageified
mia O groups sné types within the groups. & total of
112 different O groups have bLeem recognized, but except
for groups l«25, suboleseif icalion into iypes has not Leen
accomplished, The sch aun prosises eventuslly to be vary
axteneive and complicated.

The vhenomencn of sutagoniem is ::mwabu smong bLaecteria
and higher forms and may wary in ite mechanism from space
antagonism, whers the proximity of one ovganlem is
injuricus te the growth of fhe ether, to the production
and liveration of epecific substances which have
moterivsiatie or bactericidal effeel on snother
organisu, (11)

That some sirains of I. fe:wli have antagonistic
activity hae been known for 50 years or move. Lewsk {12)
in 1889, published & paper in which he recordad eRpoOrie
monts showing that & gram negative intesiinal buedillus
innibited the grovth of B, anthracis. The orgonisw was
probably H. coli. v i

In the next decade many ilnvestigsteors reporied onm
the antagonistic setivity of U, coli agninst cartain othey
orgenioms, principally G. typhle

Bijlonan (13), in 1904, showed that V. cholera would

pot grow on a solid mediva wpon which S goli had
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praviouely bean growvn, though the rsversse wasg nol ihe oase.
The work of TiJlman was confirmed in 1905 by Conwyndie and
Furpjuweit (14) whe went on to c¢laim that E. cell yroduced
in broth amfaniivaptic® substance whisch oould net be
filtored and was heat labiles They It&téﬂ that their
culiurss were inhibitory im dilutions as high eas 1:3200,
s slatement that Lijkman guestioneds

Other investigators, notably Cebius (15) and
lanteufel(if), though thay obtained the sawe resulis as
Conradie und Turpjuweit, wers of the opinion ihat
exhaustion of the medium, not the prozence of an "autoe
toxin®, wes responsitle for the offects nolsds Lijkman
{17} veplied witﬁ . axperiment which conclusively
demgustrated that the effecte cbialmed were uol due to
axhaustion of the medium, |

More and Mursth (18), in 1906, cbesrved that feces
from babies fod on mothere milk did not putrify ewven
after several daye and ths sdditiom of B. putrificus,
They concluded ithat stromg antibacterial substances
wQIe runpnﬁaihiﬁ for this effect, and that . coli
sppenrsd to play the major reie in the zlaboration of
theses substancesn, |

Bissle {19), in 1916, attempted to wake & guantitas
tive study of the antagonism exerted by certain stralns

of B, éﬁli of the growth of 0. typhi in broth culture.
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fle determimed whet he called the “antagonistic index®,

or "eoli index", 5y mking celony counts of mixed cultures
of G, typhi and the strain of L. coli being investigsuted.
The retic of S. typhi colenises to E. ceoll scclonies he took
to be an indiention ef the sntagonistic power of the H.
coli strain. His ratio range was great, leading him to
conelude that 4ifferent strains of ones speeies of
organism vary markedly in their antagonistic power.

Hissle belisved that antagonistie sireins of I, ooli
might be walusble therspeutiseslly. The therapeutie

value of these orgenioms is questionable because it has
recently been shown by Sears,; Zrowmlie and Uchiysma (20)
fhat the ingestion of large numbers of %, coll ef known
sptigenic type may fail to establish thatl strailn ase a
srenident® in the énatrawintuutiunl tract,

Neleod and Govenlook {21}, in 1921, reported that
broth filtrales in which 5, coli had been grown would not
then support growth of H. coll nd;r certain vothasr organieme,
put if the broth were diluted it would againm support
growth, showing that the failure of the filtrate to proe
wote bacterisl reproduction wae not due to exheustion of
the medium. This effect may, héwevar, have besn due, ao
gggtlay {22) thinks, to the pradgcﬁian‘ﬁf’hydrcgon
p&rﬁx&ds rather than to a speeifiec uniibigtie subst .noe.
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Gratia {23) was the Tirst to mske s systematic study
of the antiblotic subetance yproduced by B, coli. Im 19280
he noted that & etrain of N eoli {coli V] produced a
gubetanes which had an inhibitery effeet on another Z.
coli strain (ooli #); even inm a dilution as high as
3.:3:,&&3; The setive substance was 4iffusible through
celloshane, thermostoble, and could be precipifated by
scetone. In 1932 be published a peper (24) deseribing
the properties of the substance he called “prineiplie V7.
This fresly diffusible substance did not reproduce iteelf
i1ike bacteriophage, and was highly thermostabls, being
able to withstapd boiling for ﬁm hour withdut lose of
setivity, The activity was destroyed by acid sclullioms
and by alochol, and by prclmcd gontact with coli V
buoteria. Gralla was #1&{; the £irst to note that ree
sistant colonies grew up in the inhibited zone and that,
though the dmnlﬁj:am of & sensitive orgsnism in broth
might k:%e delayed, full growth sventually occourred.

Predriog (258), in 1946, showed that wvariations in
the antibiotic activity or sensitivity could be induced
by selection of colonies and that this varisilon wae iGe
dependent of morphological or biochemical charseteristice
?nd even of other mtibiﬂidrﬂaﬂanw

Gratia and FPredricg {26) and (27}, in 1940 and 1947,

performed axperiments whiech led them to conclude that there
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'ers soveral differsutl active substances, or ®eolicinss®
(a2 dretin has samed the setive prinmeinle), snd several
different types of sensitivity; so that the santibictic
character of an organism could be determined by its
maitern of sensitivity and activity, Predriecq postu-
lated ihs exisiance of severul *recertor pointz® in &
sensitive orguniem through which differsnt coliecines
wight acts They listed the clmmeteristics by i-hich
tﬁa a@liainus-may %s differentinted as:

ls The rangs of suscoptible orgenisms {whioh may
include Shigells und Salmonella). ,

2+ The appesrance of specifically resistant strainse
Je The diffusion in agars
4¢ The produetion in broth.

8 Thermostability at 300 Csp or relative thermow
lability {destruction at 700.).

Haitlny and Florey (72) made a detalled study of a
¢olicine produced by a strain of Z. coli (CF 1) isolated
ffum;mat feosss The coliecine was readily producad on
801id medis but intense seration wes negessary for its
preduction in broth., The fuhibitor was extrscted in crude
form by shaking the broth with chareosl then eluting the
aetive substanece with glacial acetic neid., 7The sective
uaterial wae then precipitated from the acetie @aid
solution by the addition of alechel. The substance thus

obtained was freely soluble in water at any p¥ but
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inscluble im all of the usuml orgenic sclvents esxcept
scetio seid, It was odorleszs but on heating gave am

odor typioal of burning protelin. It was destroyed ra-idly
by pepsin and trypsin But could withetsnd 100 degrees
centigrade for ons houre This material, even in an iupure
state, had only o mild texieity to mice aud a very low
taxiuiti t¢ leveceytes. It was nenvhaemolytic,

Halbert and Vagousen (58) have studied the proyerties
of an antibiotic produced by ons stirain of 5. coli amd
bave found that this substance is very similar to that
¢-aerib¢d by Heatley and Florey, differing only in that
it camnot diffuse through csllophane and was net prodused
in significant amounte in liguid sedis. These workers
think tﬁnt the antibviotic ie & molecule of largs sise,
pxﬁhlblﬁ & polypeptide,

Btudy of the resulis obtained by the suthore whose
wrk hose besn reviewsd indicatas beyond s reascnable doubt
 that some stryains of 5. ecoli produce an antiblotiec sube
stence which ie aciiva against certain other siraine of
Ze ©01i and against a few other organisms of differant
gpecise. Nost investigaters have conoluded that the
setive substunce is probably & peptide. It is the rege
gtable and water soluble. That seversl different

eclicines axict le likely.
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AXFERDMEMPAL WORK

thisetives:

lueh has been written about the antagonistie
properties of B coli and there hms also been sxtoneive
regsearch concoerning the nature of the antibiotic sube
stance; but there has been no syestematic asiudy of a
group of serologicslly classified straimss OJuch a siudy
must, of necessity, swait the formulation of the group.
In the Keuffmann type strainme for the 112 ®0® groupe, we
mve such & series, The main objectives of this study
have been to investigate the antibiotie propertiss of the
Kouffmann "0* group etrains and to attempt to correlate
antidiotic activity with antigenie coupesiticn. Ve
have included in this etudy seme observations on ihe
susceptibility of some Salmonells sud Shigella stvuine

and some sirsine of the intemmediate group.

gourges of laterigly

The strains of L. coli which were first investigaied
for sntagonism were receliwd from Rauffuann, who, with
¥nipechildt, isclated and clasaified serologicaliy 112
strains. These atrain& are the ¢type sirsines for the
Eauffoann *0" groupss

Also included ium this siuwdy are Eésrnﬁraiﬂu of

enterie bacteria which have baen isolated in this
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jaboratory, mainly from the urine of patiente euffering
from urinery teact infeotions, though a few ol the straing
wore isolated from patients with & vacteremia or seplie
cemia, 7These include siraine af 5. freundii and of U
intersedive as well as sirainas of B. éo:lh

The 27 Selmonells straine investigated were obtained
from zeveral acﬁmem rauffoang sent us 19 straing,
6 strains were mmihd Prom the University of Californls,
snd 2 styaing were jesolated loonlly. |

The Shigells straing "i.rwu%gastm are stock siraine
available here. They tave been gathersd from many

sources over o period of several years.

Lethodas

our investigniion of the antiblotie propayrties of
the Keuffwenn ntmmt ofi. coli, and of a few other
strains of Bs coli and other enterie bacteria aweilable
here, hes been made in two phasen. The organisme to be
tasted were first serecued 1‘@13 antiblotic setivity and
aan»elﬁ ivity by & piate techniques then each oxgunien
which gave svidence of actlivity m» tha plute, was grown
in broth and atteampts made to awur- s sterile wmtiw
containing the actiwe qubut&ma slabornted Ly the
organicme.

The culture medium whieh we found most useful for

the production of the antibiotic subsiance is one devised



13

ty Halbert and Magmuson (28) with the following composis

tion:
Proteose peptone liGe © » = « » U0 0 Gute
GlUCOB0w = = = w = o ®m w w - - Qel Ume
Sodime ohlorides » » = « = « = D0 Gm,
Sodiuvm Thosphlate « « « » » « » Del) Gine
WBtore w = » w LRI I 100040 Colie

To this liquid vmeaﬁ;mm 5,0 Gus, of agar were added when &
solid wedium was desired. |

The orgenismus to be tested were imocculaisd into a tuf&c-
of broth and allowed te grow overnight in the imcubater
(16-2¢ hours st 37¢ Cu)e The next day a loopful of the
culture to be tested for semsitivity was stirred inte the
melted, coolsd sger melium vhich was then poured iuto a
petri dish with gl:md agitation so that the organisme were
well dispersed throughout the wmoedium. After the wedium
et cocled :imi solidified, the plates were placed in the
inoubator with the 1ide off for one hours 7This procedure
dries the ﬁmrfﬁxm of the medium. A esmall drop of a broth
culture of the organism to be tcaﬁa for antiblotie
setivity was then placed on the surface of the solld
medium and the plate inﬁx\mud for 10=20 'hwra before
the resulte were recorded. It was found femsible ¢
test the aotivity of GeB dirtamut‘ straine on the same
plate, k

aft«éx inoubation, many minute distinet colenles

could be seen throughout the medium; these were colonies
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which had grown from the organimm belng tested for neadie
tivitye On the surface were the larger colomies of the
organisms being tested for setivity. Around the colonies
of organisme whieh produce the antagonistic substance,
a clear sone aypeared inm which the bnﬂkcrhuud growth wss
guppressed. The width of thie zome varied, some antagot
igtic sirains canﬂhtantiy pradmins zones Gw0 mum, widey
othors produced much smeller zovess The width of the
gone ie not necesgarily a measuye of the antibiotic power
of the organimm, as same colicines my be more diffusible
than others, 7rlate 71 shows a typleal completed test of
the kind just discussed. | |
Any organism which gave evidence of antagonism on
the sereening test was then imoculatsd inte a tube of
broth and allowed to grow overnight, The broth wae then
contrifuged at high speed to throw down the bacteria and
the supermniant fiuid collected. The clear fluid thus
obtained was heated at 60° C. for one hour to kill any
bacteria which might remainm in the fluld, laving obtained
a sterils, nearly cell free liquild, containing the sube
stances elaborated by the bacterim, the next step was teo
dstermine whether the fluid had suy sntagonistic effeet
on the growth of other 'meteria. This problem wus selved
Wy & procedure much like the soraening ;aut. An a&mtn

which had been susceptible to the antagonistic subetance



This plate demcusiystes Lhe antegonlstic Trupe
grtiss of Tive typieal Mauf flann "U° group iype
gtraing, w16 and F-24 are morkedly antagon.stie
to the background strain, Ve, Hell hn;as only
pilight notivity, Uelf which, like Ke?0, is & sencie
tive sirain hae no metivity sgainet Ne20, Ke21 hes
ne sctivity and, in other tests, was Tound to be roe

glstant to sntugomisiic met ivity.

4
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during the sereening test was gesded throughout the agar
medium and the plate was allowed te dry ae before; then
iruh a sterile cork borsy, & plug of the soclid medium O
mies in dinmeter was rowowed te form a well. Into this
well a few drops of the eterile fluid containing the
bacterial products wers then intreduced and the plate
incubated overnight.

The resulis odbtained from this procedure were similar
to those of the scresning testi about the well containing
- fluid from an antagonistic crganism could be seen a clear
zone in which no colonies of the sensitive organisu were
viaible. 7The width of the sone was variable as before,

but fairly constant for any particular organisme.

Our investigation of the antagonietic properties of
the Kauffmenn stmains of 5. coll was started with the

ambitious nim of testing each of the 112 straine against
each of the others; determining both semsitivity and
antagonistic activity fér saoh organiem. This project
was sbandoned after some two thousand tests, when it ﬁaw
found that the pattern of aetivity and sensitivity was
well established. Soveral strsins were fownd to be

hi fly susceptible to antagomistic setivity. Three of
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the more sensitive straine 0=18, 0«20 und 038, wers used
a8 test orgnnisme to determine the netivity of the other
straing.

The rasulte of thie series of tests can Lo summsrized
as followss

le 20365 of the rauffuemm strains exhibited come
antagonistio selivity againet thi uoet oemsitive elmain,
0wl |

v MWedBE of the Hauffmann strains proved resistant
to the snctivity of all antagonistic strains testaed,

S« The antagonistis siraine were, in genemsl,
resislant to the activity of other antagonistic strains,
This resistance, hovever, was not o property of the
antagonietic strains alones Many straine without
mtagonistic metivity were complately resistant.

4. Gensitive strains showed 1little or no antagon-
istiec motivity.

A representative poriion of the emart fllustrating
soma of the resulis of this series of teste way be seen
in table 14 It can be seen that CelD and Ow24 are antsgone
istic organisme, exhibiting setivity againet nine of the
twelve organisms listed. Neither wae active against the
othier and neither was active agniﬁrt Cw2]l, which was net

antagonistic to any of the other strains,
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Zathogenig, group elaeuifiods B coli etrainss

4@ bave in this labowvatory, 1793 E. coli straive
aick have been Lﬁlnttdi here amily féu the urine of
mtimti mrrorim\,from urimry treoet infectione,
Thene o mgenisus heve been typoed aaénlag:&ul‘w and
piaced in their proper "0% groups, twenty of which
are vepresenied io this study. e have teasted thewse
organimme for antibiotic aotivity by the plate
technique previously deseribed, using O-18 as the
suscoptible organism. Theobjeotive of this series.
of teste was to investigate the corrslation of antie
biotlic awotivity with O antigenie composition. 7The
resulie obtained cannot be considered conclusive
because of the small nusber of organisme tested in
any groups The resulie of t.’é;ls series of tests are
ghown in Table 2, and can ‘b‘a. sumarized ap fc:.imrn

1. 267 of these orgunisms exhibited some
antagoniem to Ge18,.

Ze The data obtained in thle series of tests
does not indigale say correlation betwesn sntagouistie
setivity end 0 antigenic composition,
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TABLE 2 (Comtimued)
Straing of O Oroup 74 (Continued)

Organisme Antagoniem to Organisme Antagoniem to
Oml8 Qull
Ve ddl “ Tle=B &
Ve 428 - Blawl? -
T2 - Thenl )
mn "" - B; aﬂ"b -
Hpm i DRewd¥ -
Unle=21 ) Rellowd? -
Un o250 2 LellawDd -
m.*al - 3'_'"33 b
Straine of Q Group /6
Orpunlems Antagonism to Organisme Antagenism to
0=18 Omld
e : 3 Uw2ld -
Uail - U 083, w“
Unbe . U230 )
Uni? - Uw228 o
Uml o3 = Uw 285 e
Uel3Y » U308 -
Uwléd 1 Ue 380 1
UwlG? S Una»l78 -
U-182 - A -
Stxsing of O Group g¥
Organisme  Antagonisw to Organisms Antagonilem {o
. Owld ~ =18
Dw'? - Valld 2
Ual2 - U321 -
Ue?1 - U=382 b3
UnlQ3 - Ve 303 b §
Lel 2l - Ualo9 2
Unl 34 - Ueid23 -
Ualdl - Ped28 -
Unlll - Uwd28 2
U241 - - TP ) 1
U208 - feKewldA -
T 03 -



Orgnnieen

Dutl
UeldD

Urganiome
Qe

Val8
Vw04

Urgenisms
Cwld
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TABLE 2 {Continued)
$txeine of ¢ Qpoup £2€

Organiowme ,&mmqni;u to Organions
Chow ,
Ow 26 3 Uwd00
Twd 20 £ IMeel
Uelld - Une=l0
Uel31 w Mle=20
Uwl?3 2
Straing of O Group {79
Organisee Antagonism to Orgoni emes
018
Qu?h 2 Vw174
U3 - S el
UelG B Belewd
Un78 2 Gelle=ll
U=lil - Hle=10
Uwli3 “ lewl
UwlbE " Hawl
U«'lﬁ? L na'ﬂﬁ
GQIGQ [ H‘”g
Uelfl -

Antagonisn to
Owl

g

Antagonism to
0=18

(R RN TSR

¢ Groups ﬁllg 12, 14, 18, 20, 2% and 22 werTe reproe

sented by only 1 or £ organisms sschi none of which had

sy antagonietic activity to Oe18,
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Sraing of the Intermediate Sroupi

Seventye~four straine of the intermediate group
tave been investignted for antugonism and for susceplie
bllity to the antageonistic substance produced by
antagonistic straiune of B, colis These crganisus are
gram negative rods éud hm irregular TVLC reactioneg
that is, they de not give +dwe reactions. Nany of
thepe strains are members of the species B, Freundil
and B. Intermediume |

These organisme have been tested by tim procedures
vreviovely described. The resul ts of t‘ﬁan‘e tests way
be seen in Table 3 and may be summrized as followsi

le Only one of the 74 strains tested was nantagone
istic to a sensitive strain of Z. coli. This struin,
T=1l83, produced good clear zones u:&utcdly when tested
againest susceptible strains 0«18 and Q=20.

2, Fige of the 74 strains were suscaptible to the
antagenietic sctivity of Oell snd O=24.
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Organleme Sensitivity to | Aptagonien to
. Owll Ow2d Owl2

T
Uwl3
UelB
Vel®
Vw2l
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Vel
VeG4
UwQ
U0
T80
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Uil
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lell0
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Uel 364
Uwl3G
Vel dl
Ul d¥
Unl 40
U= 094
w1508
Uelll
Vel 3
U=l89
Tel7%
Ual?0
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- U=l9l
VwlBd
U=l9h
Ul O9
TwlH€
UnZ04
U206
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Vel
- U215
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#This stvain was antagonistic to Oe18 (exp. repeated
govorel times!.
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seluonglle mnd Uhlgells Sirupings

In oxrder to determine some of t.im range of activity
of the colicine produced by our agtive strulne , ve have
tested Lwenty-seven [almonella straine 'md sixteen
Ohlgella elyalus Jor sumceptibiliiy te the antugonisiie
- principle. The resultes of these tests asre shown in
Tables 4 and L, mdvnar be mr&m& ap followses

is Twent«five of the Wwentye-seven Salmenella
girains teeted {92.05) were susceptible te the astivity
of antagonistiec 2, coll straines Owld and 008,

Ze Pour of the simteen Uhigella sirains weoted
were susceptible to the aetivity of strains 0eld and
=25 |

Js lions of the Gulumgndlla straing tested bad any
antagonistic activi gy minr& a sensitive Es colli stralin,
Qmlle
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After tyu pattern of sotivity and seansitivity bad
been determived, the second pbasg of our investigation
was Deguns Our object now was %o cbtain a cell fres,
sterile fluid containing the inhibitory substanee which
ie produced by "antagonistic® organisms. we first
sttempied to produce qxaah a fluid by a technigue which
hsd been devised by Heatley and Florey (22)s This
wethod consiste of growing the ‘setive® organisms on
the outer surfuce of a cellgphane sac which is Tilled
with nutrient broth and suspended in o wide a;l;h iube
plmed'wi.:bh cotton wool at top amd ﬁottmt After
incubation for 24«36 hours the broth, whieh has mot
come into direct vhysionl centact with (he bacteria,
is drawn off and tested for activily. gut:‘ta_y and Florey
produced fluids which emta ined the mtnganhtm princinle
but we were mot abdle to do so, although the experiment |
was Tepested seversl times with thvee of our most sntage
enistic strains Velld, O»24 and Oed%¢ The corvganisms grew
wall on the cellophone sae tut we could nol demonstrate
any sctivity in the broth. We concliuded, tharefqu. that
the antagonistie substance either was nol produged under
these conditions or could mot pass through the hilbphum
mmbm-mtn the broth,
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Our next, more successiul, attempil tp produce &
sterile “active® fluid utilired the freeze-thaw techulique
of Halbert and Msgrmaon (aﬁ;)v} Urgonisngs werTe grown on &
semies0lid wedium made from braloeheart infusion, After
% bhours of incubation the oulture was quiekly frozen in
carbon dioxide and then allowed to thaw, The aiwdfj’
fluid chbtained by this procedure wuas strained through
chesse gcloth to remove bLits ut agays then qmtx*lfus% io
throw down the bacteria und the particles of solid mediwm
remaining in the fluids The supermatent was heated to
60° Cs for ome hour to sterilize the fluid and wes then
tested fux antagonistie activity by the plate technigue
proviously discucmped.

The results cbisined were one cursging but posed another
problem, for enly half of thes orgeniems which produced
zones of mhitmn when grosn on thé solld medium proe
duced fluide wmah bud antogonistic activity. No organimm
which was mwun whan gmmh on the solid medium produced
an setive fluid, These reactions may be seen in Todle 6.
hile ws were tuﬁ.m tham em@im for antagonietie
agtivity we zxom that st.dr:l.l»a broll in which antagonistie
exganisms bad beon grown had mnmmiam# asetivity. By
pimply growing sective owanisss in ’ﬁmt‘h for Z4 hourse,
then centrifuging the {flvid and sterilizing the supere

natant by hmhm at 60° ¢, for one houry we ware able
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to obtain fluids with antibistic setivity froem each
orgenism which had nntagoufstic setiviiy vhen grown upon
the s0lid mediume Awm conirols we used nonesntagonistie
Fauffmann streine of T, eoli, several othsr aspseies of
erganisus, shd sterile broth in which no orgenisms had
been grewn, lone of the controls produced fluide with
antagonistic noiivity:

Fluld Trom Susceptible
organicus organism Qe18

0-1
Qw2

. D=3
G
Qulld
Qm2d
Ce €
Dm 33
fad?
PGl
CwTY
Cudl
Qei0l
Celb
Cw0

Sterile Ireth

AV Dy ¢t et 8 20

Jumbers indicte the width of the clear zome, in millimeters

aboutl celonies of active organisms,.
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Characteristics of the antiblotic substanges

Gince it hss been yvepestedly chserved that some
straine of Z. ecell preduce Wydrogen puroxide, which is
antagonistic te the growth of soms other oyrganisms, ve
felt that we showld inveetigate the possibility of the
antagenienm which we had obeerved being dus to thie sube
stanees This problem was » dmply resclved by repsating
the sorsening test Juwt as beforse sxcept that we added
2 06y of fresh humen blood to esch plats, The catalase
in the blood would inact ivate any hydrogen peroxide
produced by the orgeanisme. The resulte obtained were
identical te those of the sorsening teute; antagonistic
straing produced good zones of inhibition, and none
entagonistic sireins produced no elear zones, This serdies
of tests demonsirated, t¢ our satisfaction, that the antage
cuistic straius is not due to hydrogen peroxide.

The antibiotic substance which we have been investie
gating is very themostsble, being ablas to withetand.
sutoclaving at 20 pounds pressure for 1D minutes witbout
damonstrable loss of activitys Thie substance alse ree
taine lite activity after rapid freeming iu carbon dioxide
ico.

Agtivity in broths
 Attempts wers uade to determine the asetivity of the
sntagounistic subsianece im inhibiting growth in breth
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cultures. The procedure consisted of making serisl
dilutione ef the aetive fluid in zierile broth, inecuw
lating sach tube with a Joopful of a young culture of a
susgeptible sirain{C«20) and making plate counts at
intervals of the mmber of lecteria in sach tube, The
results of this test weres

le All tubes with a dilution of 1:120 ér balow
ehowed o marked reduation in the mumber of orgenisme
after two bours incubatlion, the mumber belag reduced to
about 1/10th of that noted at the sturt of the experie
ment. Tubss with dilutions sbove 1120 had rilate counts,
sl two hours, which were sl leanst twice ss high as the
origiual count.

2« Afler 4 hours the no. of bacteria in all of the
tubes except moe 1 {vhich was undiluted aotive fluid) was
olimbing rapidly, but, im dilutions below 1:100, hud mot
reaghed the original mumber,

d¢ Bix hours after inoveulation all of the tubes with
dilutions above 1120 were turbld and plate counte gould
not Ls made,

The results of this test cre gmr;}:ia:liy depicted

-

in ¥iate #2,
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- Slgeuseion

The fact that certain strains of E. ¢o0li have anlagonw
istic activity was fivet noted over 50 yoars agoe. Jince
then there has Loen much study concerning the range of
agtivity of these antagonistic stirains and systematic
studies of the antibiotic subsiunee have been mude, It
has Leen well shown by Fredrieg (30), snd others, that
the antiblotic setivity was indapendent of morpheloglical
and biochenmienl charscieristics, Tﬁa objectives of this
study bave bean to investigate the antibiotic propsrties
of the Fauffmann *0® group type straine and to attempt to
coryelate the antibiotic characteristics of our *O¥ group
straineg with their antigenic compogition,

our wethoed of investigation consisted of lumplantiug
& ecolony of the ﬁi;aaism being tested for antagoniem on
the surface of o plate of solid medium which had Leen
seeded with ocrganieme of lhe strain being tested for
sensitivitys About the colonies of antagonistic etrains
a olesr zone could be seen io which no colonles of the
peeded, sensitive sirain were visable. Ve bad in this
laberatory 173 :..eelx étrnina whiek had been lsolated
mainly from the urine of patlients suffering from urinery
tract infectiong, Thess strsing had been typed serologe
ieally and had been placed in their proper "O% groups,

twenty of which are represented im this atudy. These
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struine were then tested for antagonistic aectivity by the
plate technique previously deseribed uwelng ne the ¥ratsie
tive® orgonism Kauffmann's 018 strain which had Heen
found 1o be very semsitive to the colicines, Thers were
nighly @ntmwistic atmim and straine without aetlivitiy
in the same “0" groupi and sencitive straings were suscepls
ible 1o the asctivity of mtngmzistia etrains of the same
groups lio definite conolucions can be drawn from our
data bescause of the limited muwbsr of organisme Lested
in each "0V group, but our data suggests that animgonistic
properties are independent of "0" antigenic composition,

our data does not include direct investigation of the
H and ¥ antigens, but the feot that some of ocur sﬁmmaoaim
tie straine possensed K'antmms wkdls others did not,
suggesis that satibiotic production is not dependent upon
the presence or absenee of the ¥ suiigen.

The methods by which amtagonistie straine inbhibit
the growth of, or kill, sensitive esirainse is not lnown,
and the duta that we have gives us no clue as to the mede
of agtlon of the aunﬁm. ie can, hmawr,‘ parrow the
field of possible antugonlsile mthe&p by tlimiymt;ing
some of the modes of antagonism shioh obviocusly are not
invelved here, The sntagonism is oot due to exhaustion

of the maeiium, for semsitive um:mum will eventually

grow in broth in whiech antagonistic srganisms have been
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grown. Thut the anteagoniem s not due to 2 nonespecific
toxic subsience ie evident from its marked strain
specificity. Thess obeervations lead us lo conclude that
the nntagoniﬁtiﬁ substance is 2 highly epecific mmierial
wideh interferess with osome escentinl melabolic or rie
prroduetive funétiun of eensitive ar;nniuns.‘ |

s belisve that the notive gubstance must be a
molecule of large esize becnuse 1t did not readily pass
through a eollopbane membrang, It fo highly thermostable
sed is not inactivated by freesing.

Sy

The place of the genue Lescherichia among micro-
orgenisms is discussed, and the werk dene by other
investigators on the proeblem of their antagonistie
properties is outlined, | | |

The 112 Xauffamam "0* group type straine hove been
tested Tor antagonistic metivity and for gensitivity, and
pevaral etriking £ ote comcerning the sniagonistie
churactoriatics of ibess organisme have becone apparents

le 30,385 of the Ksurfmans strains exhibited mome
antagonistic activity againet the moet senmitive etrain,
Ow3Ds |

2 70.45% of the Keuffusnn strains yroved roesistant

to the aotivity of all antagonistic strains teated,
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5S¢ The sntagonistic stralns were, in gouneral,
resiotant to the setivity of other antagonistic etrains.
This resistance, howevsy, was not o preperiy of the
mmawiatm streing alone., Hany strains without
aptagonistie activity were completsly resistant.

4o Sensitive straine showed little or uwo sniogone
iotlc setivity. |

Ja have sleo tested 173 "0® group classified I, coli
stralnos for antagonistic setivity and bave attempted to
correlate the sutegoniss with the antigenic cowmposition
of the organisms, No relat lonship belwesn thess WO
propsrties wae apparont.
_ Deventy-four strains of the intermediste group bave
been tested. Nine of the straine were seneitive to the
sntagonistie netivity of ﬂmmn Dwld and Oe2d. Unly
me bad any antagonistic activity. '

Some Selmonells and Shigella stralue have been
tested for sensitivily to the antavgum_w of a:-lb and
Owle Tmbﬁalmunana struime were very susceptible
(92468} The Uhigella ptraine were mmch lese sensitive
{ 4 of the 16 straine weve susceptible).

The production of the colicine im byoth is discussed
and eoms of the properiies of the mmganiutic substance

have been determined.
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1. Colicine was readily produced in broth and was
asctive againet broth cultures of sensitive orgunisms.

2« 7The mt.samziati# substance ie thermosiable,
being nble to withstand asuteolaving at 20 pounde pressure
for 30 minutes wﬁhqut loss of agtiviiy.

3¢« The colicine is water goluble and ig notl ine
amtivated by fresning.
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