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Tn conducting the research described in this report, the

investigator adhered to the "Guide for Laboratory Animal

Facilities and Care," as promulgated by the Comm-ittee on

the Guide for Laboratory Animal Facilities and Care of the

Tn.-titute ol Laboratory Animal Resources, National Ac(Cdemy

of Sciences-National Research Council.

ABSTPACT

Pasteurella tularensis cell wall or lipopolysaccharide (LPS), unlvce

Salmonella enteritidis LPS, is nontoxic for mice previously sensitized by

enterotoxin B. Studies in normal mice challenged with P. tularensis 425,

a strain of intermediate virulence, demonstrated that !_. tularensis LPS,
like S. enteriditis LPS, can increase host resistance with resultant

reduction in disease severity and mortality. In contrast to S. enteritidis

LPS, E. tularensis LPS administration to tularemia-imunized mice 24 hours

after challenge with highly virulent !. tularensis SCHU S4 resulted in

little or no reduction in resistance. The LPS of each species enhanced

resistance of noninmunized mice to SCHU 54 challenge when LPS was inoculated

24 or 72 hours before infection. However, in immunized mice, the enhance-

ment of host resistance was significant only when mice were treated with

S. enteritidis. LPS before infection. Therefore, . tularensis LPS as an

endotoxin is unusual among the endotoxins of gram-negative bacteria, and

further study of methods of extraction and structural identification may

lead to a better understanding of the origins of the varied activities

within this complex molecule and of LPS endotoxins in general.
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IS PASTEURELLA TULARENSIS LTPOPOLYSACCHARIDE AN EftOTOXIN?*

Whether classic endotoxin is elaborated by Pasteurella tularenuis
has not yet been proved. Indirect evidence for the presence of endotoxin
via the phenomenon of acquired tolerance was reported by Greisman et al.1

Stefanyes noted that P. tularensis lipopolysaccharide (LPS),prepared by
phenol or ethylene glycol extraction was antigenic and dermonecrotic, but
not toxic, pyrogenic, or able to reduce nonspecific host resistance. In
a study of the imnunogenic potency of purified cell walls of P. tularensis.
I observed3 that the cell wall fraction in the monkey was inmmunogenic,
antigenic, slightly dermonecrotic, but not toxic or pyrogenic.

The current report concerns the toxicity of E. tularensis LPS and
cell wall and the functional relationship of P. tularensis LPS to
nonspecific resistance.

The studies were carried out in male, albino, Swiss mice weighing
18 to 22 g. Data are evaluated on the basis of the mouse protection
index (MPI) described by Meyer and Foster.4 The MPI includes in one
statistic both percentage mortality and length of survival. Salmonella
enteritidis LPS (Difco, Westphal) and P. tularensis LPS were prepared
in 0.9% saline and heated at 80 C for 10 minutes before use. Enterotoxin B
was also prepared in 0.97. saline. Pasteurella tularensis cell wall material
was obtained by sonication of washed cells and was purified by repeated
washing and differential centrifugation. The P. tularensis strains used
for challenge were highly virulent SCU S4 or 425 of intermediate virulence.
Pasteurella tularensis LPS, kindly supplied by Dr. D. Stefanyebwas extracted
by the Westphal phenol procedure.

Because Sugiyama et al.5 showed quantitative correlation of enterotoxin
B as an agent for sensitizing mice to the action of LPS from several
different gram-negative bacteria, it became a matter of interest whether
mice could be sensitized by enterotoxin B to P. tularensis cell walls or
LPS. In the experiment reported in Table 1, 12 to 15 mice were used per
group. Intraperitoneal (IP) inoculation of 4.5 or 45 pg enterotoxin B
was followed 4 hours later by IP injection of 125, 250, or 500 pg P.
tularensis cell wall or LPS or 250 pg S. enteritidis LPS. The treated
animale were held for 72 hours. No mortn.ity occurred with either the
P. tularensis cell wall or LPS following eLterotoxin sensitization but the
synergism was quite marked when S. enteritidis LPS was used. This demon-
strates another noncharacteristic endotoxin property of P. tularensis LPS,
in that it fails to create a physiologica.1 response identified with endotoxin.

* 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 contained herein should contact the author to ascertain
when and where it may appear in citable fcrm.
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TABLE 1. EFYC'X OF SENSITIZATION OF MICE WITH ENTEROTOXIN B ON TOXICITY
OF PASTEURELLA TULARENSIj CELL WALL MATERIAL OR LIPOPOLYSACCHARIDE

Enrerotoxin B, Mortality,
11g/mouse Test Material, ig/mouse 7.

4.5 or 45 None 0

0 P. tularensis cell wall, 125, 250, or 500 0

4.5 or 45 P. tularensis cell Wall, 125, 250, or 500 0

0 P. tularensis LPS, 125, 250, or 500 0

4.5 or 45 P. tularensis LPS, 125, 250, or 500 0

0 S. enteritidis LPS, 250 0

4.5 S. enteritidis LPS, 250 50

45 S. enteritidis LPS, 250 95

The rest of this paper is concerned with the alteration of host
resistance by S. enteritidis LPS and byP. tularensi. LPS. Assay of
effect was made by challengin treated normal or immunized mice with
P. tularensis SCHU S4,or 425. Mice were vaccinated subcutaneously (SC)
with 50 or 500 viable cells of the live tularemia vaccine strain LVS
4 or 7 weeks before study. All experiments were terminated at 21 days
after bacterial cell challenge.

Table 2 shows the effect of S. enteritidis LPS in normal mice challenged
IP with approximately two cells of strain 425. S. enteritidis LPS given IP
24 hours before to 72 hours after challenge enhanced host resistance, with
the maximal effectiveness noted at treatment 72 hours before infection.
Data from a similar experiment are recorded in Table 3, but this time P.
tularensis LPS was investigated. Here we see not only the reduction of the
MPI but also the nontoxicity of the P. tularensis LPS. Thus, with regard
to alteration of host resistance, P. tularensis LPS shares with S. enteritidis
LPS the property of reducing host susceptibility to infection with attenuated
strain 425.

Data from a similar experiment are given in Table 4, except that all
inoculations were SC, 100 cells of the highly virulent strain SCHU S4 were
used for challenge, and groups of vacciuated mice are included. Protecrion
afforded by the vaccine is evident by reduction of mortality and the increased
time to death from tularemia. However, when S. enteritidis LPS was admipistered
24 hours after challenge, the protective effect of the vaccine was nulli ied
so that the treated immunized mice reacted to challenge, superficially at\
least, exactly as did normal challenged mice. When S. enteritidis LPS wa
given 24 or 72 hours prior to challenge, the resistance of both the normal
and vaccinated animals was increased.
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TABLE 2. EFFECT OF SALMO IA ENTERITDIS LIPOPOLESACCHA.RIE
ON THE RESISTANCE OF THE MOUSE TO nFECTIN

WITH PASTEURELfi T U 2 5 25,

Mortality Avg Day Mousee protekton
Treatment No. Dead/Total 7. of Death Indez'

P. tularensis 425, 45/47 96 6.6 14.5
approx two cells

S. enteritidis LPS, 39/192 20 18.1 L 1
200 tig

425 24 hr LPS 8/11 73 12.0 6.1

425 0 hr LPS 24/43 56 15.2 3.7

LPS 24 hr 425 23/35 66 13.7 4.8

LPS 48 hr 425 4/11 36 16.3 2.2

LPS 72 hr 425 0/12 0 ( 2 1 .O)1 /  -

a. Mouse protection index - mortality, 7.
average day of death

b. Experiment terminated 21 days after bacterial challenge.

TABLE 3. EFFECT OF FASTEURELIA TULARENSIS L4POPOIZSACCHARIDE
ON THE RESISTANCE OF THE MOUSE TO INFECTION

WITH PASTEURELIA TULARENSIS 425

Mortality Avg Day Mouse Pzotegtion
Treatment No. Dead/Total 7. of Death Index!-

P. tularensis 425, 45/47 96 6.6 14.5
approx two celc

P. tularensis LPS, 0/96 0 (21.0) /

200 Ag

425 0 hr LPS 19/32 59 12.7 4.6

LPS 2 hr 425 19/32 59 12.8 4.6

a. Mouse protection index = mortality,. % *
average day of death

b. Experiment terminated 21 days after bacterial challenge.
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Table 5 contains the data of a companion experiment uolS Zl. tuW'aMMIS J
LPS. In cqvtrast to the effect of S. .en rlt sm 24 hours, Afte r
challenge, the P. tularensis LPS had little or no effect on :edtatlam of the
resistance status of the immunited mice. However, Ixost res mce s"
among the normal mice when P. tularensis LPS was inoculated 2 And 72 hours
before infection.

The information presented here indicates that t&A LPS of t. g
may be quite different structurally from LPS of otlyer Sram- egftlm bacteria.
It is nontoxic for mice, has no apparent synergistic interaction with 4Wter-
toxin, and is less effective than standard IPS in alteration of host xeISPOO.
Pasteurella tularensis has what may be an -unusual 1PS, vicih, lased on Present
information, should not yet be referred to as endotoxin. It =y 1e cn-
sidered an incompiete endotoxin; additional, study of zthod of isolation
and structural identification may lead to a better understaiiln of ths
origins of the varied activities within this complex molecue And of
endotoxin betLv .r in general.



041  * 0i

taC. U

C/"c/ 0

4.1

,.0

fl- ~ C1 C% a .4 r400

be

0 m 0 0

0w 0 p0
64-4 - -4 -,44~ .

-4 >% 0

0 0."4 >% 1
0 0 r- C

04 41. 0'

c/i 00-4 54 5.4.40 to 4



9

LITERATURE CITED

1. Creisman, S.D.; Hornick, R.B.; Carozza, F.A., Jr.; Woodaid, T.B.
1963. The role of endo-oxin during typhoid fever and tularemia in
man: I. Acquisition of tolerance to endotoxin. Jo Clin. Invest.
42: 1064-1075.

2. Stefanye, D. 1961. Lipopolysaccharides of Pasteurell& tularensis.
Bacteriol. Proc. 1961:129.

3. Cuss, M.L. 1965. Immunogenic potency of Pasteurella tularensis cell
walls. Bacteriol. Proc. 1965:51.

4. Meyer, K.F.; Foster, L.E. 1948. Measurement of protective serum

antibodies in human volunteers inoculated with plague prophylactics.
Stanford Med. Bull. 6:75-79.

5. Sugiyama, H.: McKissic, E.M.; Bergdoll, M.S.; Heller, B. 1964.

Enhancement of bacterial endotoxin lethality by staphylococcal

enterotoxin. J. Infect. Dis. 114:111-118.



Unc lao~tif Lcd______
S.t. clIassification

DOCUMENT CONTROL DATA - R & D
S ec urt y e a I c gI'o eti e 140 0 . O f 4 s t ra t a n d I aij en hij -m w s t gia " u s fe ua d -h e a * O W00. rep o"I is efa sa tfh e

I- OR IGIN ATING ACT IVI TV (Corp,,ra. .Ijtho)
3.REPORT SKCURITY CLASSIFICATION

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

3 REPONT TITLE

IS PASTEURELIA TUIARENSIS LIPOPOLYSACCHARI-DE AN ENDOTOoXIN?

Maurice L. Guss

0. ARPORT OATS 74. TOTAL NOO. OF PAGES Ib. NO;. Or Rap's

January 1970 13 5
"a CONTRACT OR GRANY NO. 94. ORIGINATORS REPORT NUMSERIS)

b. PROJECT NO. IB562602AD01 Technical Manuscript 579

a.Task-Work Unit 01-020 O*OTHCR RaPORT NOtSt (Ant.r o Nh Unmbr "tin be ass.Ioed

4LDD 1498 Agency Accession DA OL 0235 CMs 6639 S'M!Tvn -AE-T 49551
1O. OISTRimu-IoN4 STATEMENT
Qualified requesters may obtain copier of this publication from DDC.
Poreign announcement and dissemination of this publication by DDC is not authorized.
telease or announcement to the public is not authorized.
I$- SUPPLEMENTARY NOTES 123. SPONSORING MILITARY ACTIVITY

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

jPasteurella tularensis cell wall or lipopolysaccbaride (LPS), unlike Salmonella
epteritidis LPS, is nontoxic for mice previoualy sensitized by enterotoxin B.
Studies in normal mice challenged with P. tularensis 425, a strain of intermediate
virulence, demonstrated titat P. tularensis LPS, like S. enteritidis LPS, can increase
host resistance with resultant reduction in disease svrity and mortality. In
contrast to S. enteritidis IPS, P. tularensis LPS administration to tularemia-
imumnized mice 24 hours after challenge with higly virulent E. tular-ensis SCHU S4
*resulted in little or no reduction in resistance. The LPS of each species enhanced
resistance of nonimuunized mice to SCU S-4 challentge when LPS was inoculated 24 or
72 hours before infection. However, in immunized mice, the enhancement of host
*resistance was significant only when mice were treated with S. enteritidis LPS before
infection. Therefore, P. tularensis LPS as an endotoxin is unusual among the endo-
toxins of gram-negative bacteria, and. further study of methods of extraction and
structural identification may lead to a better understanding of the origins of the
varied activities within this complex molecule and of LPS endotoxins in general.,

14. Key Words

Pasteure lla tu larensis
Salmon.ella enteritidis
Lipopo lysaccharide
Host resistance
Endotoxin

DDFG."1414 3 "I " 0LWT 171s a "'"' Unclassified
§ecurity cIeseltceglOn


