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Current msthods of identifying Pasteurells pestis rely heavily
on tests specific for dstecting fraction I, the envelope sntigen,
Pesticin I, s bacteriocin inhibitory for Pa pseudo-

has been demonstrated in nearly all strains isolated
from bhumen infections. The results of use of this characteristic
as an identifying trait for P. peptis were compared with results
reported for detecting fraction I by fluorescent antibody and
satiserum agar techniques. Data indicate that slthough certain
atypicsl strains of P. pestis fsil to react in one system or the
other, 8 combinstion of these tests provides positive identifica-
tion in all cases. The rapidity, simplicity, and specificity of
this test makes it a valusble tool in the study of plague infec-
tions snd an important adjunct to methods currently in use.
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L._Deaopocrron®

The identification of Pasteyrells pestis, until recently, has been &
time~-consuming problem. Confirmstion of the ifdentity of the infecting
organisms by accepted morphological, biochemical, antigenic, and snimsl
infectivity studies requlircs approximitely 2 weeks. However, with ihe
development® of fluorescent antibody specific for Frsction I, the emvelope
antigen of P. pestis, it has bscome possible to provide s presumptive
disgnosis of plague vithin s matter of hours. Since meny hospitals are
not equipped to perform fluorescent sntibody examination of specimens for
the presence of P. pestis, it seems importsnt that slternstive procedures
should be available to provide the clinicsl microbiologist s tool for
rapid p detection. One such highly specific method has been
descri that uses a nutrient medium containing antiserum specific for
Praction I. This report discusses the application of the pesticin
assay® for detection of pesticin I in rapid presumptive identification

of P. pestis.

LL. MATERIALS AND METHODS

Pesticin I 1is detected by its sbility to inhibit growth of type I
Pasteurells pseudotuberculosis, s species closely relsted to P. pestis.
The -H_ot requiremsnts for s successful sssay are: (1) s minimum level
of Te*" and (11) an excess of free Cst*. These conditions are satisfied
by incliding calcium ethylenedisminetetraacetic scid (Ca-EDTA) in the
medium. A provem formuls for pesticin I assay agar, essentislly the same
as described by Brubaker and Surgalls® coneists of 4% blood sgar basers
in distilled water. After sterilization at 121 C for 15 min, the sgar is
cooled to 45 to 50 C and sterile CaCl2, Ca-EDTA, and glucose are added to
give final concentrations of 0.01M, 0.1%, and 0.01M respectively. The
base layer is poured, solidified, and allowed to dry at room temperature.

Specimens may then be stresksd to insure that developing colonies are
well sepsrated. Isolated colonies appear sfter 24 hours at 26 C and
reach a diamster of approximstely 1 to 1.5 sm i{n 48 hours.

* This report should not be used as a literature citation in material to be
published in the open literature. - Readers interested in referencing the
information contsained herein should contact the senior author to ascertsin
vhen and vhere it may sppear in citable form.

#* Baltimore Biological Laboratories.




Sash plate {8 iaverted for 1 min over a 2 1n? gsuze pad saturated with
ehiszeforu. Thic sterilises the surface of the colonies and prevents the
eslls frem mizing with the indicator layer. After excess chloroform is
allewed to dissipate, melted pesticin agar {s cooled to 45 C and inoculated
with type T . pesydotuberculosis so that each ml contains 1 x 105 organisms.
Five al of s suspension is then pipstted evenly over the surface of the
sugpected colonias. Plates incubsted at 37 C may be examined after 18 to
24 bhours. Wide, clear zones of imhidition appesr sround colonies producing
pesticin T (Fig. 1). ; :

- Moderataly contaminated samples mey be streaked directly on pesticin
assay medive. A more satisfactory mathod {s to dilute the specimen and

imoculate the sgar with several levels to insure the best possible separa-
tiom of coloaiss.

The resultes of a typicsl test are shown Lg Figure 2, The sample, bone
marrov from an exbumsd body, yielded 1.5 x 10 P. pestis per gram of tissue.
This was roughly 1% of the total viable organisms recovered.

When pure cultures are svailable, one plste may be used conveniently
to test ss meny as six unknowns (Fig. 3).

It should be strongly emphasiszed, however, that positive and negative
controls must be included with each test to insure that the system is
functioning properly.




FIGURE 1. Clear Zones Around Isolated Colonfes of I
Pasteurella pestis Demonstrate Pesticin I Inhibition :

of Pasteurellsa pseudotuberculosis. Note positive :
control i{n center. .

FIGURE 2. Demonstration of the Pesticin I Assay

for Detecting Pasteurells pestis in Contaminated
Specimens.




PIGURE 3. Pesticin 1 Assay Used for Testing Beversl
Pure Cultures at One Time., Note positive comntrol in
center and negative comtrol at top.
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Pesticin, a bacteriocin-like substance produced by P. pestis, was first
described by Ben-Gurion and Hertman.® Studies by Brubaker and Surgalls
revealed the presence nf two bacteriocins, pesticin I and pesticin II.
Correlation of pesticin I production with the expression of fibrinolytic
activity and cosgulase was reported by Brubaker et a1.% This relationship
was further studied by Beesley et al.”

The loss of pesticinogeny and the genetically linked fibrinolytic
factor and cosgulzse also reduce the organisms’ invasive powers.®

This type of organism is apparently gquite rare in nat:ral plague
infections. The literature covers only two strains isolated from nature
that lack this property and yet retain other kmown virulence factors. One
of these was isolated from a flea and is not pertinent here. :The other
was recovered from a human infection. Strain Dodson, reported by Surgalla
and Beesley,* was isolated from a young boy in Arizoma in 1967. The
apparent rarity of this type of organism in human and sylvatic plague
ind{cates the high stability of pesticinogeny and supports i{ts value in
identifying P. pestis.

The wide variation in the genetic make-up of P. pestis® points out the
need for new methodology that can be applied at the level of the hospital
diagnostic laborstory. Table 1 shows some of the known varfeties of the
plague organism and indicates two properties that differentiste between
P. pestis and P. pseudotuberculosis. Table 2 shows how a combination of
testing procedures can decrease the chance of misdiagnosing plague.

TABLE 1. EXPRESSION OF BACTERIAL PROPERTIES BY
P. PESTIS AND P. PSEUDOTUBERCULOSIS

Strain Fraction I Pesticin I
P. pestis

Alexander + +

Dodson + -

Bryans + +

M23 - +

B. pseudotuberculosis

Alaska -
PBL/4+ - -

* Unpublished data, 1968.
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TABLE 2. METHODS FOR IDENTIFYING P. PESTIS

Fluoreacent Antiserum Pesticin I Guinea Pig
Strain Antibody Agar Assay Phage Lethality
B. pestis

Alexander + + + + +
Dodson + + 0 + b
Bryans 0 + + + t
M23 0 0 + + t

i P. pseudotuberculosis

| ‘

J Alaska + 0 0 0 0

; PBl/+ 0 0 0 0 0

+ = Inconsistent.

The use of the pesticin I assay has several important advantages,
especially in diagnosis of human infections. First, the method is easy to
use, and extensive training is unnecessary. Secondly, there is no require-
ment for expensive and unusual equipment. The basic materials used in the
assay are inexpensive, quite stable, and easily obtained. Suitable avirulent 5
strains of P. pseudotuberculosis also are readily available. Third, unlike
testing for phage sensitivity, pure cultures are not necessary if the
colonies are sufficiently separated on the initial isolation plate.

e o

We do re-emphasize that the use of the pesticin I assay 18 not intended
to replace other accepted techniques, but rather to supplement them and
increase the effectiveneas of plague investigationm.

“
|

s —m o e

— ———

PP Tt T I o T e ——— T

L e+ e —— e it o -




Winter, C.C.; Moody, M.D. 1939, Rapid identification of
pestis with fluorescent antibody: II. Specific identification of
Pasteurella pestis in dried smears. J. Infect. Dis. 104:281-287,

Albizo, J.M.; Surgalls, M.J. 1968, Specific identification of
Fraction-I-positive Pasteurslls pestis colonies on antiserum-agar
plates. J. Appl. Microbiol. 16:649-65S.

Brubaker, R.R.; Surgalla, M.J. 1961. Pesticins: 1. Pesticin-
bacterium interrelationships and environmental factors influencing
activity. J. Bacteriol. 82:940-949.

Brubaker, R.R.; Surgalls, M.J. 1962, Pesticins: II. Production of
pesticins I and II. J. Bacteriol. 84:539-545.

Ben-Gurion, R.; Hertmsn, I. 1958. Bacteriocin-like material produced
by Pasteurella pestis. J. Gen., Microbiol. 19:289-296.

Brubaker, R.R.; Surgalls, M.J.; Beesley, E.D. 1965, Pesticinogeny
and bacterial virulence. Zentr. Bakteriol. Parasitenk. Abt. I Orig.
196:302-312,

Beesley, E.D.; Brubaker, R.R.; Janssen, W.,A.; 8urgalla, M.J. 1967.
Pesticins: III. Expression of coagulasse and mschanisms of fibrinolysis.
J. Bacteriol. 94:19-26.

Brubaker, R.R.; Beesley, E.D.; Surgalls, M.J. 1965, pasteurella
pestis: Role of pesticin-I and iron in experimental plagus. Science
149:422-424.

Burrows, T.W. 1963. Virulence of Pasteurella pestis and immmity to
plague. Ergeb. Microbiol. Immunitatforsch. Exp. Therap. 37:59-113.

Y
ol
L RN P -




13

DOCUMENT CONTROL DATA-R&D
annelstion must b0 entered whon the sverel!
20, REPORTY BECURITY CLASBIFICATION

Unclassified
ShouP

Detrick, Frederick, Maryland 2170)

EESRT five

| PESTICINOGENY: AN IDENTIFYING CHABACTERISTIC OF PASTEURELLA PESTIS

6. DRICHP TIVE NOTRS (Type of mpert and inclusive datne)

N [T A FRBNTI (it aame, wialle Tnltial, lae neers)

Earl D. Bessley
Michael J. Surgalla

o DATR 78. TOTAL NO. OF PAGES 78, NO. OF RErS :
Jaouary 1969 13 9 !
ANT 0. Sa. ATOR'S T .
s PROISCY NO. 1B562602A059 Technical Manuscript 512
(Y [$0. OTHER REPORT NO(S) (Any ofher numbere Il may 5o sosigned
his report)
<

[76. CIETRIOUTION STAYEMENT N
Qualified requesters may obtain copies of this publication from DDC.

Foreign announcement and dissemination of this publication by DDC is not authorized.
Relesase or announcement to the public is not authorized. !
[171. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY |

Department of the Army
Fort Detrick, Frederick, Maryland, 21701

MAC ¥

urrent methods of identifying Pasteureila pestis rely heavily on tests specific
for detecting fraction I, the envelope antigen. Pesticin I, a bacteriocin inhibitory
for Pasteurella pseudotuberculosis, has been demonstrated in nearly all strains
isolated from human infections. The resuits of use of this characteristic as an
identifying trait for P. pestis were compared with results reported for detecting
fraction I by fluorescent antibody and antiserum agar techniques. Data indicate
that although certain atypical strains of P. pestis fail to react in one system or
the other, a combination of these tests provides positive identification in all
cases. The rapidity, simplicity, and specificity of this test makes it a valuable
tool in the study of plague infections and an fmportant adjunct to methods currently

in use. ()Q_
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