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ABSTRACT

BruBaker, Roserr R. (U. 8. Army Bio-
logical Labortories, Fort Detrick, Frederick,
Md.) axp Micuaer J. SureaLLa. Pesticins. [,
Pesticin-bacterium  interrelationships, and en-
vironmental  factors influencing  activity. J.
Bacteriol. 82: 940-M9. 1961 —.\ second bacterio-
cin-like substance produced by all tested strains

of Pasteurella pestis and P. pueudotuberculosis is

described. This activity, termed pesticin 11, is
active against the two avirulent P2, pestin strins,
Al12 and Java. These strains do not produce
pesticin I, which inhibits the growth of type 1
strains of P. peeudotuberculosis. Pesticin 1 was
also found to be active aguinst certain strins of
Escherichia coli, strain \12, but not strin Java,
and some P. pestis isolates which also produee
pesticin 1. A number of E. colt strains produée 2
substance which also inhibits the growth of

strains AI2 and Javz; the activity of this sub-

stance is dependen® upon the prm-n(-o of high
concentratiofis of. Cat¥! -+ -

The activity ohboth pesticins is inhibited under
anaerobic conditions or in the presence of anti-
serum. The activity of pesticin [, but not pesticin
I1, is suppressed by Fe***, hemin, certain hemin-
containing proteins, Mg**, arid inorganic phos-
phate. Suppression of pesticin T activity by
Fetrt* can be reversed by the addition of either
Ca** or Srtt or by metal chelating agents. All
tested struins of P. pestis and P. pseudotubercu-
losis produce a metabolite which suppresses the
activity of pesticin 1. The activity of this sub-
stance, termed pesticin I inhibitor, is cnhanced by

Fet**, and to a lesser extent by Mgt or by

inorganic phosphate; its activity is suppressed by
Mn** and by protamine sulfate.

e

A differential plating medium containing Mg+
and oxalate is selective for avirulent mutants of

940

Pasteurella pestis found to oceur at a mutation
rate of 1074 (Higuchi and Smith, 1961). As re-
ported by Surgalla (1960), this specifie mutation
to avirulenee is chameterized, in the cases studied

. by various workers in this laboratory, by a con-

comitant loss of sensitivity to glucose (Wessman,
Miller. and Surgalla, 19538) and production of
VW or virulence antigens (Burrows and Bacon,
1956) in addition to the Ca** requirement re-
ported by Higuehi, Kupferberg, and Smith,
(1959). The mechanism whereby the above three

‘hacterial properties plus virulenee are sitaul-

tancously lost at a high rate may be dissimilar to
that of a classical spontancous mutation involv-
ing the change of one property at a low rate. Low
mutation frequencies of certain other properties,
such as streptomyein-resistance (Garber, Nobel,
and  Carousa,- 1953). are evidenee against a
general chromosomal instability such as that

“associated with mutator genes, An interesting

possibility is that virulence may be under eyto-
plasmic or episomic control, as suggested by
Ogg et al. (1938).

Episomes are genetice determinants which may
exist eitlier as particles integrated on the chromo-
some, or as autonomous units capable of inde-
pendent replication in the eytoplasm (Jarob and
Wollman, 1958). Temperate phage genomes,
bacterial sex factors, and bac ‘tericcinogenie
determinants were originally deseribed in the
definition of the term episome. The existence of
prophage or bacterial sex factors in P. pestis has
not been verified. Therefore, a.study of the hac-
teriocin:like substance termed pesticin by Ben-
Gurion and Hertman (1958) and its determinant
was initiated. Pesticin is active against all tested
type I (Thal, 1954; strains of P. pseudotuberculo-
sts (Burrows and Bacon, 1960) and against
certain nonpesticinogenic mutants of P. pestis
isolated by Hertman and Ben-Gurion (1958).

One purpose of this paper is to deseribe o
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seomd  Iaeteriocin-ike  substance  (pesticin). - Tanee V. Effeet of rarious reagenta on the activity of

Ay, in thix study which emphasinst the role of
the pesticine mther than their determinants, we
fowml  that certain envirmnmental  comditions,
which affeet the growth or virnlenee of P, pextin
and P, prevdotubercnloniz, alsw  influence  the
activity of both pesticine, :

MATERIALY AND METHODS

Stock eolturer. The virndent 2. pesfin strain
Poona and its aviralent mutant Ox/P, isolated
on the magnesium oxalate agar (MGOX) of
“Higuehi and Smith (1960), were used in the
majority of experiments. The avirulent P2, pextis
strins Java and AT122 were obtained from the
Naval Biologieal Laboratories, Oakland, Calif,
P, peetie strain A2 s g colonv-isolate of strain
AN The avirulent /2. peatiz stmin OX/W
was isolated from the virnlent strain Washington
by seleetion on MGOX, The virnlent type | P,
prendotubereuloniz strain PB1 /7 4 and it avirulent
mutant PRI/ - were Kindly supplied by T, W,
Burrows, Microbiologieal Research  Establish-
ment, Porton, Salishury. England. Ningle repre-
sentative strains of 2. pacudotubereulosis types 1,
(L U, and V (Thal, 1954) were obtained from
the eolleetion of W, Knapp through the courtesy
of 8. F. Quan, San Frandiseo Field Station,
Culif. Escherichia and Shigella species, producing
16 separte colicines, and the univeral colicine-
indicator E. coli ¢, were generousdy provided by
P. Frederieq, Universite de Liege, Belgium.

Media. A\l cultures were grown for 24 hrat 26 C
. on slants of Difeo Blood Agar Baxe (Difeo
Labortories, Detroit, Mich,) plus 0.19, glucose
and 0.047 5 NaN); (BAB). BAB supplemented
with 0.01 s CaCls wux employed in preliminaey
studies  concerning  the aetivity  of  pesticins,
Quantitative determinations of the reagent con-
centration necessary for suppression or enhance-
ment of the activity of pesticine were performed
on a medium (NZAA) composed of 2¢, N.Z-
Amine, type A (Sheflield Produets, Ine., Nor-
~wich, N, Y.), 0857 Oxoid lonagar No. 2 (Con-
solidated Laboratories, Ine., Chicago Heights,
), and 0.04¢;, NaS0s Hemin, FeCly, KHIPQ,,
and socdium citrate, when added to NZAA, were
autoclaved in the medium. Concentrated CaCl.
ated NS0, solutions were autoclaved separately
and added aseptically. The media were adjusted
to pH 6.7 with 1 x NaOH or HC1 before sterili-
zation,

PL, PH, and Pli as determined qualitatively by
the modified crosn-sireak methed

Efect ow activity®
Com entration e

Reagent test — .

NH.C1, NaCl, RCL -

oM 0o 0 1}

Mg(Clp ¢ 1.0 N .0 E
CaCly 1.0w .EE EE 0
SeCl, 1.0 w FE EE S
AN 0.01 » 0 0 0
Ml 0.01 & 0 0 N8
Fellye 0.01 » XN 0 EE
Hemine 0.01 » S 0 o
Hemoglobin, 5.0, 'S NT o

Myaglobin ' i ‘
Ferritin 1.0, 0 -NT. N
K.HPO, 02w S 0 E
Antiserum Undiluted N8 8SS NT

(PRY/+) ;

Undiluted 0 0 \NT
[ IR} E (1) N
Saturated E - NT NN
Saturnted E NT N8

Normal xerum
Citrate, Tartrate
a/a’-dipyvridyl
O-phenanthroline

Ca-EDTA 1.0, E NT X
Deoxyribonu- 0.1, 0 ‘0 0
clense, ribonu- '
cleuse
Lyxozyme 1.0, ‘0 -0 0
Protamine sulfate 107, 0 ‘0 N
Catalune 0.1 0 0 NT
Trypin C 1.0 P NS l.NS i NT

= (N) supprensen nctivity; (NN) strongly sup-
preses activity; () enhances aetivity; (EFE)
strongly enhaneen activity.

» Suppresses growth of virulent celle at 37 C in
the nheence of Ca** (Higuchi et al., 1959).

« Nevexunry for growth of virulent eelln at 37 C;
may be replaced by 8r** or Zn** (Higuchi et al.,
1950,

4 Reverne glucone toxicity of vieulent cells
(Weman, et al., 1958).

- Enhances virulence of certain nea-pigmented
strains of P, pextis in mice (Juck«on and Burrows,
1956).,

Actirity of pesticina. The inhibitory or enhane-
ing effeet of various reagents on the activity of
pesticine was qualitatively determined by use of
a madification of the crosestreak method of
Frederieg (1948). A 2.0 X 0.5 inch «trip of type A
glass  fiber paper (Gelman  Intrement Co.,
Chelsea, Mich)) was soaked in reagent solution
and placed aeross a streak of growth previously

P PH
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developed on BAB, BAB plus 0.0t M CuCly, or
NZAA for 24 hr at 26 C. The plate was then
sterilised with chloroform vapor, over-layerced
with 5 ml of seeded-agar medium, and, after
incubation for 48 hr at 37 C, the effect of cross-
diffusion of reagent and pesticin on the growth of
the indicator strain was noted.

Quantitative determinations of the effects of
CaCl,, FeCl,, and hemin on pesticin activity were

performed on NZAA by use of the double agar -

layer technique. A drop of a suspension contain-
ing 108 OX/P cells per mi of 0.033 M phosphate
buffer, pH 7.0, was placed on plates containing
25 ml hardened NZA\, or NZAA containing
either 0.1 M sodium citrate, or 0.025 M PO,
or both. After incubation for 48 hr at 26 C, the

plates were sterilized with chloroform vapor, and’

the developed colony was overlayered with 5 ml
of seeded NZA\ containing various dilutionx of
CaCly and FeCl;, or CaCl; und hemin. \fter
incubation of the indicator strain for 48 hr at
37 C, the ratio of reagents which permitted par-
tial or complete inhibition of growth adjacent to
the producer colony was recorded. It should be
noted that in order to differentiate between the

effects of CaCls, FeCls, nnd hemin on pesticin

h'ﬂlj.‘ 82 o

production and pesticin activity these reagents
were added only to the upper agar layer. Sodium
citrate and ‘K.HPO, were added to the hasal
agar layer since these reagents do not affect
pesticin production. Diffusion into the basal
layer yields a reagent concentration 2 1:6 of
that originally added, however, all figures relate
to the original CaCls, FeCls, and hemin concen-
trations employed.
- Reagents. Reagent grade chemicals were used
in all experiments. Rabbit antisera were supplied
by W. Lawton. Vitamins were obtained from -
Nutrition Biochemicals Corporation, Cleveland,
Ohio. Hemoglobin (bovine), myoglobin (equine),
and ferritin (equine) were received from Pentex
Incorporated, Kankakee, 111 ‘

RENULT™

In preliminary studies, ill-defined and only
partially: cleared sones of inhibition were ob-
served surrounding pesticin-producing colonies on
BAB. However, we found that by adding 0.01
CaCl; to BAB, clear and sharply-defined zones of
inhibition could be obtained. Employing this
medium, 80 virulent and avirulent strains and
substrains of P. pestis were sereened for pesticin-

rici. 1. The effect of rarious reageniz on the nctivity of PI (top row) and PLI (bottom row) tested by the
modified croza-streak method. A, Trypain (1.0°¢); B, Antizerum (PB1/+); C, FeCl: (0.01 ») all assayed
on BAR plux 0.01 m Ca**; D, ('aCly (1.0 w) assayed on B.AR containing 0.001 st Fe*** in the top agar layer.

-
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production. In addition to strain ‘TRU, previ-
ouxly reported to be non-pesticinogenic  (Ben-
Gurion and Hertman, 1958), we found  that
strains A 12 amd Java alvo fuil to produce pesticin,

Pesticin 11. Unlike stmin TRU, stmins \12
and Java ane senxitive to a second bacteriocin.
like substance produced by all tested strains of
P. peeudotuberruloxin and P. peatis including
strain TRU and the M2 and Juva strains them-
selven, Thix new activity has Loen termed pesticin
11 (P1D) ax apposesd to the activity deseribed by
Ben-Gurion atel Hertman which will be referred
to as pesticin [ (P, Strain A2, but not strain
Juva, is also sensitive to PL Certain properties of
PH are similar to those previously deseribed for
Pl (Ben-Gurion and Hertman, 1958). For ex-
ample: both pesticine are destroyed by trypming
aetivity appeare in culture supernatants follow.-
ing the induction of lysix by ultraviolet light; and
their activitien are temperaturedependent and
not transferable by sub-culture,

Actirity of Pl and PI1. The effert of Ca** and
other reagents on the activity of both pesticine
was qualitatively axayed on BAB and on BAB
plus 0.01 M CaCls by use of the modified cross-
streak text. Pl oactivity was determined by em-
ploving P. pestis OX/P as the producer struin
and P, pacudotuberenlosia, strain PB1/ 4+, as the
indieator, wherens PB1/ 4+ wan used ax the
producer struin with stmin Java axs indicator in
studiex of P activity, The concentration and
effect of the reagents tested on the activity of P,
1L, and PlLi, an inhibitor of Pl deseribed belew,
are tllustruted in Table 1. In addition, a sum-
mary is given in Table 1 of the effeets of some
reagents previously shown to affect the growth
and virulenee of P, peatin. It wav found that Ca*?
and Srtt strongly enhanerd the activity of both
pesticins, Fer*+, hemin, amd to o lewwr extent
Mg** or inorganie phosphate suppressed  the
activity of PI but not P, even in the presence
of 0.01 s Ca*t. Again, both the hemin-containing
proteins, hemoglobin and myoglobin, suppressusd
the activity of Pl but not Pl Ferritin had no

apparent offect at the concentmtion tested. PL

and PH activity wan not inhibited by catalase.
Thiamin. riboflavin, pyridoxal chloride, nico-
tinie acid, pantothenie acid, biotin, and folie
acid had no effect (in saturated or 0.01¢ . solu-
tionx) on the activity of pesticin. The activity of
both pesticine wax not significantly affected by
19 amine acids or by 16 additional metalliec cat-

ionn, Neither P nor PH was setive under any
text condition when the indicator stmins were
incubated unacrobically in a Brewer jar.

Antisera  prepansd agninst /2. pestis strains
Alexander, M41, M23, EV74, TS, TRU and P.
peeudoluberculonia struin 1’31/ + neutralised the
aetivity of both pesticins. Normal serum did not
exhibit a neutrulising effect. Sinee straine TRU
and PBI/4 do not prduce PL, it is probeble
that neutralization i not due to an antibody.
Instend, antibody may be dirceted agninst the
P1 adsorption site or substrate, s situation simi-
lur to thut deseribed by Bondet (1948) for certain
colicine-pensitive stmine, Figure 1 illustrates the
offeets of trypwin, antiverum, Fer**, and Cat* on
the aetivity of Pl and PII,

The Ca** concentration  nevewary for the
enhancement of PI1 aetivity was determioed by
using Poona, Java, and PB1/4+ as producer
struins, E. roli ¢ ux u control, and Java as the
indicator strain. After sterilizntion of the de-
veloped colonies, grown on BAB, the plates were
overlaverad with seeded BAB containing 2-fold
dilutions of CaCls. Aetivity wax recorded by
measuring the distance from the odge of the
producer colony to the edge of the zone of inhibi-
tion. Unexpectedly, we found that the non-
colivinogenic strain E. coff ¢ also produced an
activity which slightly inhibited the indicator
strain at a Ca* concentration of 0.037 M. At

TABLE 2. The effect of Ca** on the inkibilion of
growth at 87  of Pasteurella pestis strain Java
by rariour bacterial specien

Producer strain, somc siae®

Added CaCl  p pis P pertis P prede

ocn AR u:r’r:-l;:i; E. coli -
o mm mm L] ]
0600 - NG NG, N.G. N.G.
0.350 12 12 12 12
0.150 10 10 10 8
0.075 8 8 7 4
0.037 6 (1] 3 1
0.018 5 4 4 0
0.000 4 2 2 0
0.004 4 2 2 0
0.002 4 2 2 0
0.001 4 2 2 0

* Contained in the top layer only.

* Mensured from edge of producer colony to
edge of zone.

“ (N.4i)) No growth of indicutor strain Juva. -

© s,
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Ca™ concentrations of 0.3 M, the zone size sur-
rounding the E. roli ¢ colony was equal in size to
the zones surrounding the colonies of strains
Poona, Java, and PBl/+. The results of this
titration are given in Table 2.

Subeequent investigation of 22 additional
strains of E. coli indicuted that 17 inhibit the

4000,

FoCly(uM)
HEMIN (pM)

1
10°% 10721071073 10" 20"
Ca't(m)

10°% 10°% 10-40% 10-210"
Cc**(M)

NZAA

3 £ 500

a 2 |

) 2250

b4 -3

<o w 2
o2
3

8 L. A 1 1
10°610°% 107410° 110219
Catt(M)

NZAA + PO,Z

10°% 1010740731010
Cat (M)

KEY:

- NO P1 ACTIVITY

COMPLETE P1 ACTIVITY

[von., 82

growth of the PII indicator strains A2 and
Java in the presence of 0.2 8 bat not 0.01 »
Ca**. No inhibition was observed when atrain
A1122 wan tested under identieal conditions, At
0.2 x Ca**, a single tested strain of Shigella
boydii also inhibited the growth of stmin A12
but not A1122; however, tests of a limited num-

-

= 5,
b I EY
3 S
= z
(v -3
® “
- x

L b1 A 3

.s L L L i '
10°¢ 10310°410° 10 210" 10741072104 102107210
Cattm) Ca* HM)

NZAA + Citrate

Zﬁ

5

-—

-3 a

r =

~ b 4

g =

g :

< T 129

\

2| .
3
' TR S S §

1076102 10-410-%10"2 10"
Cat M)

NZAA + PO,=and Citrate

\\\\w PARTIAL PI ACTAVITY

e aCTIVITY

10°410310°410°310°210"*
Cat+ M)

7

Fi6. 2. The influence of Ca** plus Fe***, and Ca** plus hemin (conlained in the top uyar layer), and 0.1
M waddinm citrate, 0.1 M sodium citrate plus 0.025 M inorganic phoaphate (cuntained in the basal agar layer),
on the activity of Pl at 37 ', Pasteurella pextix OX/P was employed as the producer strain and P. preudo.
tiberculosiz strain PB1/4+ was used as the indicator. ' :
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¥16. 3. The effect of rarioun reagenin an the activity of PPl and Pli tested on NZAA. A, No addition; B,
1.1 v Ca** (top layer) plus 750 uu Fe*** (top layer) and 0.8 x citrate (top layer); (*, 0.025 u PO (baral
ayer); 1), 0.028 M 10" thazal lnyer) and 0.8 % citrate ttop layer); [, 0.1 % Ca™* (top layer) and 750 pM

‘e*** (op layer); ¥, 780 uM Fe*** (top layer).

wr of Salmonella species awl other Shigella were
wgative. The activity exhibited by E. roli
trains is also sensitive to tevpwin, Tests coneern-
ng induction by ultm-violet light were not per-
‘ormed on this species,
It seemed desirable to determine the quantity
o iron and hemin which ix required to suppress
the activity of Pl in the presence of both high
ind low concentrations of Cat+. NZAN was used
for this purpose sinee this medium requires no
added Ca* to support activity of L The nults
of preliminary  titmtions  indicated  that  the
aetivity of Pl was suppressedd in the presence of
inorganie phosphate and enhaneed in the presence
of sulium citrte; Fett had little effeet suggest-
ing that thix metal may be active only after
oxidation to Fet+*_ Therefore, the final titrations
compared  the effects of Fer+* and Catt, or
hemin and Ca*, in the presence and absenee of
inorganie phosphate and sodium citrate, The
resilts of these experiments are illustrated in
Fig. 2. With the exception of the plates contain-
ing hemin and citmte, partial or complete activ-
ity of P1 wax always observed in the presence of
107 s but not 1073 M Cat* when the medium
contained 4,000 gM Fettt or hemin, At a Catt
concentration of 1073 a, 2000 gM Fet™ was
required to suppress completely the activity of
Pl in the presence of sudiam citrate, but only
125 uM Forr suppressed activity in the presence
“of inorgnic phoxphate. Sedium citrate and in-

organic phosphate showed no significant effect on
the plates containing hemin, Some typical plates
exhibiting complete and partial activity of PI
are illustrated in Fig. 3.

Pesticin | inhibitor. \ peculiar protective
phenomenon was observed in the above titma-
tions when media lueking citrate were employed.
Anillustrated in fig. 3K, there wan growth of the
indicator struin over the producer colony which
was surrounded by a ring of inhibition. Indicator
cvlls subcultured from colonies growing within
the central area of growth renuiined sensitive to
PI. We assumed that the Jack of inhibition of
growth in the immediate vicinity of the producer
colony was due to the action of a metabolite
which suppressed the activity of PL Ax shown in
Fig. 4, the activity of thix substance, termed
Pesticin 1 inhibitor (Pli), ix dependent upon
snutll coneentrations of Fer*+ or the prewnee of
inorganic phosphate and the absenee of sdium
vitrate. A\ correxponding  inhibitory  activity
directed against PUH was not obwserved.

Pl hax an isoelectrie point of 7.3 as deter-
mined by use of the Beckman continuous-flow
curtain  electrophorevin - appuratus (Beekman
Instruments Co., South Pasadena, Calif.). When
cell extiacts, prepared by the French pressure
cell, are adjusted to pH 4.7, Pl is precipitated,
presumably as the nucleate, and Pli activity
renuine in solution. If the acid-inmoluble matter
in n~nm\'ml\ by centrifugation, and dissolved in a




F1G. 4. The effect of rarioux reagenix on the actirity of PIi lexted by the modified eross-streak method. A,
MnClys (001 W) B, Ca-EDT.A (1.0°¢); C. sodinm citrate (1.0 w): 1), Mgtl, (1.0 w); K, Saline (0.85' ;) con-
trol. ) ‘

neutral buffer, a dramatie increase of Pl titer is
observed  upon  subsequent  testing  with  the
method deseribed by Ben-Gurion and Hertman

(195K). If the acid-soluble fraetion ix neutralized

and added back to the acid-insoluble fraction,
the PI titer retures to that originally observed,
These observations will be dealt with more fully
in a subsequent communieation. The purpose of
deseribing  this experiment here ix to demon-
strate that Pli is an acid-soluble substanee which
reversibly inhibits the activity of Pl

By use of the modified erossestreak method of
Frederieq we found that all tested strains of /2.
peatix and P, prewdotuberculosiz produce Pli
activity when grown at 26 C. \t 37 C, P. psendo-

TN A SSDE g i

tuberculosiz strains of four serotypes prewduee Pl
including the pesticin-sensitive straine PR/ 4,
Bt/ -, and the Type I strain of Thal. P. pestis
grows poorly on NZAN at 37 C, therefore, PL
production by this species was not determined at
elevated temperatures,

The effect of a number of reagents on the
activity of Pli was determined by use of the
modifieed crossestreak methed. \ basal layver of
NZAN and a top laver of NZAN containing 0.1
st Cat* and 750 gM Fer were used in all tests,
The results of these experiments are shown in
Table 1. In addition to citrate, it was found that
tartrate, caleium-cthylenediaminetetmacetic acid
(Cu-EDTA), Ser*, Mn**, and protamine sulfate

R
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shibiteed the activity of P Fe** aml to a
erer abegnee Mg** ned inonmnie phosphate
nhatiewd the activity of Pl Covstalline desy-
Abontichnse,  rbonieknse, entalise, aml o
ahite Ivsaayme had no olwervable offiet, The
Delating agents @, a’dipyrivivl, O-phenantheo-
lie, and Ca-EDTN entuness] the activity ot Pl
when testisd on 1A, Presunubly, this effect is
e tor the emoval of irm, this inhibiting the
activity of PIL The effeet< of Ma**, Ca EDTA,
sondiomn eitrate, and Mig* © on the aetivity of i
arve illusteated i Fig, 4.

Ttk 3. Pocticin bactevanm entevvelitionsche ps

Priwlus tin Sensitivity
Strain .
4] L4 1] [ 4] [ 41 ]
Popentie owiled 1y pen + + 0 0
P opextin, PWI2, PWIN, 4 + o+ 0
Pw:
I pxtix \12 n + + +
1. pestix Juva 0 4+ f +
P opestic TRU 0 + 0 ]
1*. pxe nelost el veuloxin 1} -+ + 1]
CFyvpe D .
1. pxo uddotubw veulonis 0 + (1] 0
Type 1D
E.rali @ ] P+ [{]

Pesticin mhema. Siwe <trine Juva and A2
both prduce PE and ane sensitive to this sl
stamer, it war of intenst o deteraine if 2 similae
phenomenon oceurs in the ease of PLLThenfure,
W colonies of the avirnkent 2, matia <tmin
OX W were picked from BAB plutes previously
weubated for 4% be at 26 C. Upon submespent
texting by the double agar-layver techniga:, em-
ploving BAR plus 0.00 s Ca**, wee fonamnd that
all 30 prsbuest P however, three of - these,
striins PWI2, PWIN, and PN, wene alwe
sensitive to PLOAT prodduce, hut e ot sensitive
to, PIL Limited attempts tes obtain mutants,
which both prosdies el ane sensitive to PL from
strains other than OX. W have not Inen siiecress
ful,

Burrows and Bacon (100) detonstruted that
tvpe TE steains of 12 pacudotule redosia were not
inhihitedd by L T this stwdy, we found that
single representative types 1, TH, and V striins
of 2. paerddodubereulonin were not sensitive to PL
however, s mamber of £, coli strains, including £,
coli @, were inhibited by this activity, Sensitivity
to colicines 13, D, 1, and St was lost by fonr of
nine E. coli mutants selectind for nesistanee to PL
The renmining five mutants netained sensitivity
to all 16 tested colicines, Senstivity of K. colt
strins to PH was not almerved, and thowe P

P. pestis
PRODUCER
STRAIN

Poone

P8I/ +

P. pestis
Poone

P. prevde-
em——
tyberculosis
L Y

PO/ +

P pestis

Jeve

£ coli
S

L

INDICATOR STRAIN

P. prevde-

tuberculosis

¥, 3. Production and activity of PI and PII assayed on BAB plus 0.01 u Ca**,

. c. - -~ - -
B e I PGP -“--.--A‘——-..rw 3 - Attt I e, . .U ] -
) < U it AR v -
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peeudotuberculosia struins which were inhibited
hy Pl were resistant to all 16 tested colicines,

The pesticin-bacterium interrelatioaships de-
scribed in this paper are outlined in Table 3.
Fig. § illustrates inhibition of indicator strains by
PI and PIL,

DINCURSION

In any test concerning the assay of an anti-
bacterial substance by agar diffusion, a8 number
of factors may affect the size of the zone of
inhibition. For instance, Linton (1958) showed

that if a sufficient concentration of streptomyein -

is not built up soon enough by diffusion, permit-
ting a population of indicator cells to exceed a
critical threshold of 1.58 X 107 viable cells per
mi, no sone of inhibition, or reduction of zone
sise is obeerved upon further incubation. An
analogous situation might rexult upon the addi-
tion of varous reagents to the pesticin-asay
media. In this ear, an induction of a lag in
initinl multiplication of indicator cells by Ca*
might permit the aceumulation of sufficient PI
or PII to inkibit the formation of . subseguent
visible growth. Conversely, in the case of PI, the
addition of Fet* might stimulate rapid initial
multiplication of the indicator cells resalting in
the eventual appesrance of confluent growth
shout the producer colony. In the case of PI,
this explanation must be discarded since growth
of the indicator strin PB1/+ ix initially en-
hanced by the presenee of 0.01 s Ca** and is
slightly suppressed by 4,000 pmoles  Fet,
Since this is the opposite effect from that which
would be expected if these cations affected the
activity of Pl by merely influencing growth rates,
it is apparent that more subtle mechanisms are
involved. However, growth of the PIl indicator
strains A12 and Java is markedly suppressed at
37 C in the prsence of 0.01 M Catt, This fact
suggests that the mechanism deseribed above
accounts for the increased zone sises that were
observed at high concentrations of Cat*,

In contrast to PIL, the substance produced by
mont of the tested E. coli strains is not active at
low concentrutions of Ca**, The zones that are
observed when a high (0.3 x) concentration of
Ca** in employed are identical in sise, regardless
of the origin of the antilaeterial activity. There-
fore, it ix probabie that a chemical difference
exists between the inhibitory substance pro-
dueed by the K, coli strains and that produced by
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the two texted Pastenrella species. It was not
powsible to verify this hypothesis by employing
PIl revistant mutants sinee mutations of this
type appear to be unxtable.

At least four factors influence the activity of
PL. These are: O,; temperature; the ratio of Ca**
to Fe**; and the presence of cationic sub-
stances such ax protamine. PI, which is a basie
protein, may exist as peutral pH as a PI-Pli
complex, or ax 8 sailt. The addition of cationic
substances such as Mn** or pmtumine would
then result in 2 competition hetween  these
reagents and PI for PLi. Thus PI might be liber-
ated from Pli rwulting in an increase of anti-
bacterial activity. The influenee of Fer++, Mg*+,
and PO~ on the activity of Pli, and the rever-
sl of the Fet** effeet by Ca*™ is not undendtond.
Speculation as to the specifie rolex of these and
other reagents on the activity of Pl must inelwde
the poibility that the four factors listed above
act synergystically. In addition, with the method
of aeay emploved, it i not peeeible to dis-
tinguish between effects due to intecference with
the activity of the PI molecule as opposesd to
effects which may influenee the potential senxi-
tivity of the indicator cells. We hope that further
studies emploving cell-free svstems may  clarify
some of the complex-interrelationships control-
ling the activity of PL.

P. pestis strains PW12, PWIK, and PW39 both
produce and are inhibited by PL. Similarly,
strains Java and \12 both produce and are in-
hibited by PII. This finding ix unexpeeted but
not unprécedented. Ryan, Fried, and Mukai
(1953) and Frederieg (1956) have deseribed
anglogous situations for colicinogenic strains.

A bacterioein, by definition, is aetive only
against cells of a species which is similar or
clorely related to the bacterium producing the
coiicine (Frederieq, 19358). The similarity between
P. pestis, P. pseudoluberculosis, and certain
enterie bacilli with regard to phage sensitivity
and common antigens has been reviewed by
Meyer (1958). Ninee these organisms apparently
are related, the fact that some E. coli strains are
sensitive to Pl does not preclude the possibility
that this substance is a bacteriocin. However, it
is highly improbable that the activity produeed
by the majority of tested E. coli strains, which
inhibits the PII indicator strains Java and A2,
is an almost ubiquitous and heretofore undis-
covenwd baeteriocin. I the PIL molecule produced
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by P. peatis utul P, psendoluberculosia shoukl be
identienl to the substanee produced by stenins of
E. coli, then it would be insppropriate to consider
P a bacteriocin-dike substanee, or  pesticin,
Further sty of the prcduction, chemistry, and
geneties of PLPLL and Pl will be necesary to
determine what role, if any, these substances play
in the pathogenic process,
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