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Endotoxin containing 2.1% nitrogen, 1.6% phosphorus, 22.5% neutral hexose,
15% hexosamine, 25% esterified and amide-linked fatty acids, and 1.4% protein
was isolated from Pasteurella pestis strain Alexander by slight modification of a
method adapted by Tauber and Russell. The lipopolysaccharide exhibited classical
endotoxic biological properties including: (i) toxicity in mice, guinea pigs, and
rabbits; (ii) antigenicity in rabbits; (iii) capacity to evoke a biphasic pyrogenic
response in rabbits; (iv) capacity to induce tolerance in mice to the lethal effect of
endotoxin; (v) capacity to stimulate rapidly acquired resistance in mice to bacterial
infection, and (vi) the capacity to produce the localized and generalized Shwartzman
phenomena in rabbits. Findings obtained during the study concerning the occur-
rence, isolation, toxicity, and other biological properties of P. pestis endotoxin
provide new evidence that endotoxin could contribute to death in plague.

Early plague investigators proposed that Pas-
teurella pestis produced an endotoxin that con-
tributed to death in plague (14). Early efforts to
isolate the endotoxin by classical methods were
unsuccessful (8, 9); however, in more recent at-
tempts the phenol extraction method of Westphal
et al. (26) has been used, and considerable success
has been achieved (7, 24, 25). It is now known
collectively from the studies of Davies (7), Walker
et al. (25), Walker (23, 24), and Larrabee et al.
(11) that P. pestis produces a lipopolysaccharide
that kills mice, guinea pigs, rabbits, and monkeys
with symptoms and pathological changes charac-
teristic of endotoxin shock at death. These recent
findings lend direct support to the endotoxic
death concept in plague proposed by earlier in-
vestigators.
The present investigation, which involved iso-

lating P. pestis endotoxin and testing the toxic
and biological properties of the endotoxin, was
undertaken to provide additional knowledge con-
cerning P. pestis endotoxin and to determine
whether endotoxin could contribute significantly
to the pathogenesis of plague.

MATERIALS AND METHODS

Stock culture. Fully virulent (guinea pig-passed)
P. pestis strain Alexander (LD=o < 20 cells for mice
and guinea pigs) possessing fraction I antigen, VW
antigens, pigmentation, and pesticinogeny was used
as a stock culture.

Cultivation of organisms. Blood Agar Base slants
(Difco, pH 6.8) were inoculated with stock P. pestis

culture and were incubated at 26 C for 24 hr. Bacterial
growth from each slant was washed into 500-ml
flasks, each containing 50 ml of 2.5% Heart Infusion
Broth (Difco, pH 7.4) supplemented with 0.5% xylose.
After primary broth cultures were grown on a shaker
for 24 hr at 26 C, 10-ml quantities of these cultures
were transferred to 2-liter flasks (secondary broth
cultures), each containing 250 ml of 2.5% Heart In-
fusion Broth (Difco, pH 7.4) supplemented with
0.5% xylose. Secondary broth cultures were grown on
a shaker at 26 C for 24 hr. After growth, secondary
broth cultures were tested for purity and possession
of bacterial properties characteristic of P. pestis. Bac-
terial cells were sedimented by centrifugation at
27,000 X g for 15 min in a Sorvall RC-2B refrigerated
centrifuge at 4 C, and the cells were washed twice
with three volumes of sterile 0.85% NaCl. Packed,
washed cells were weighed in 100-g quantities and
stored at -20 C until used for the extraction of endo-
toxin.

Extraction and isolation of endotoxin. Endotoxin
was extracted and isolated by a slight modification of
a general method adapted by Tauber and Russell (21)
from the earlier procedure described by Westphal et
al. (26). Our particular application of Tauber and
Russell's general extraction and isolation procedure
is described in some detail, because their procedure
has not been previously used for the isolation of
P. pestis endotoxin and because plague endotoxin ob-
tained by their method was considerably more toxic
than plague endotoxin previously reported (7, 24, 25).
A 90-ml amount of cold, sterile, double-distilled water
was added to each 100-g quantity of frozen, packed,
washed P. pestis cells, and the thawed cell suspension
(12 to 14 C) was stirred in a Waring Blendor for 2
min at low speed (final temperature, 17 to 19 C).
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Blending speed was controlled with a rheostat. All
blending operations were conducted in a plastic bag
housed within a sealed safety hood maintained under
negative pressure. Phenol-water (354 ml, cooled to
4 C) containing 110 ml of cold, sterile, double-
distilled water and 244 ml of Fisher Certified Lique-
fied Phenol Reagent was added to the blended cell
suspension. The phenol-water bacterial cell suspen-
sion (12 to 14 C) was stirred in a Waring Blendor for
8 min at low speed to effect proper mixing without
excess foam. The resulting mixture (18 to 19 C) was
cooled in an ice bath to 4 C and was centrifuged at
3,000 X g for 10 min. The aqueous upper phase was
aspirated carefully with a sterile 50-ml volumetric
pipette and a pipette filler. The phenol phase was
discarded and not re-extracted with water as de-
scribed by Tauber and Russell (21). The aqueous
phases obtained by extracting several 100-g quantities
of packed, washed cells with phenol-water were pooled
and centrifuged at 3,000 X g for 20 min, although
very little sediment was obtained with this step.
The supernatant liquid was dialyzed against several
10-liter quantities of cold (4 C) double-distilled
water with frequent changes of water over a period of
40 hr.

Sterile NaCl (1 mg/ml) from a 10%o stock solution
(cooled to 4 C) was added with stirring to the dialyzed
supernatant, followed by two volumes of cold acetone
(-20 C). The resulting mixture was cooled to 4 C
and centrifuged at 5,000 X g for 5 min. The super-
natant was poured off, and the endotoxin sediment
was dissolved in 50 ml of sterile double-distilled water
per each 100 g of starting packed, washed bacterial
cells. The next step in the procedure described by
Tauber and Russell (21) called for centrifugation
at 3,800 X g for 5 min. This was omitted because a
considerable quantity of endotoxin sedimented with
this step. Two-tenths volume of cold acetone (-20 C)
was added to the dissolved sediment, which was
cooled to 4 C and centrifuged at 48,000 X g for I
hr in a Sorvall RC-2B refrigerated centrifuge at 4 C.
The endotoxin sediment was dissolved in 30 ml of
sterile double-distilled water per each 100 g of starting
packed, washed cells, and the mixture was centrifuged
at 48,000 X g for 1 hr at 4 C. The endotoxin sediment
was dissolved in 10 ml of sterile double-distilled
water per each 100 g of starting washed, packed cells
and was lyophilized. To achieve further purification,
endotoxin was dissolved in sterile double-distilled
water (90 C) to attain a final concentration of 2
mg/ml, cooled to 4 C, and reprocessed. NaCl (1
mg/ml at 4 C) and two volumes of cold acetone (-20
C) were added with stirring to the dissolved endo-
toxin, which was cooled to 4 C and centrifuged at
48,000 X g for 1 hr at 4C. NaCl (1 mg/ml) and
cold acetone (0.2 volumes at -20 C) were added
with stirring. The mixture was cooled to 4 C and
centrifuged at 48,000 X g for 1 hr at 4 C. The endo-
toxin sediment was again suspended in an original
volume of sterile double-distilled water, cooled to
4 C, and centrifuged at 48,000 X g for 1 hr at 4 C.
The endotoxin sediment was dissolved in one-fourth
the original volume of sterile double-distilled water,
lyophilized, and stored over Drierite in a vacuum
desiccator at 22 C. Lyophilized endotoxin was dis-

solved in sterile double-distilled water at a concentra-
tion of 4 mg/ml to prepare stock solutions for con-
ducting chemical and biological tests.

Chemical analysis. Nitrogen was determined by
the micro-Kjeldahl method as modified by Campbell
et al. (5). Phosphorus was determined by the method
described by Ames (2). Neutral hexose was deter-
mined by the method described by Spiro (19) with
glucose used as a standard. Hexosamine was de-
termined by the method described by Williams and
Chase (27) with glucosamine HCl used as a standard.
Esterified fatty acids were determined by the method
of Snyder and Stephens (18) as modified for endo-
toxins by H. Tauber (Fed. Proc. 19: 245, 1960) with
tripalmitin used as a standard. Amide-linked fatty
acids were determined by the procedure described
by Haskins (10). Protein was determined by the
method of Lowry et al. (12) with bovine serum albu-
min as a standard.

Toxicity in mice, guinea pigs, and rabbits. Lyoph-
ilized endotoxin (4 mg/ml) was dissolved in sterile
double-distilled water, passed several times through a
25-gauge needle, and diluted serially (twofold dilu-
tions) in sterile double-distilled water. Endotoxin was
injected in 0.25-ml quantities into Swiss-Webster
mice (18 to 22 g), Hartley guinea pigs (250 to 300 g),
and New Zealand white rabbits (2 to 2.5 kg). Thirty
animals of each of the three species were injected at
each dose level. The animals were equally mixed by
sex and were selected at random. Mice and guinea
pigs were injected intraperitoneally. Rabbits were
injected intravenously through the marginal ear
vein. All animals were housed at 22 C, and deaths
were recorded over a period of 48 hr.

Biphasic pyrogenic response in rabbits. Endotoxin
(1 ,ug) in 0.1 ml of sterile double-distilled water was
injected intravenously into each of eight New Zealand
white rabbits (2 to 2.5 kg). Eight control rabbits were
injected intravenously with 0.1 ml of sterile double-
distilled water. The rabbits were of mixed sex and
had been checked for base line temperature stability
for 2 days preceding the pyrogenicity test. The rabbits
were housed two per cage at 22 C. Temperatures were
taken rectally with clinical mercury thermometers
before injection with endotoxin and at 15-min in-
tervals up to hr 4. Thereafter, temperatures were
taken at 30-min intervals up to hr 6.

Induction of tolerance in mice to the lethal effect of
endotoxin. P. pestis endotoxin (1 Ag in 0.1 ml of
sterile double-distilled water) was injected intra-
peritoneally into each of 80 Swiss-Webster mice of
mixed sex (18 to 22 g), on day 1 of the experiment.
Each of the 80 mice was injected intraperitoneally
with 10 mg of P. pestis endotoxin on day 3. Eighty
mice used as controls were injected with 0.1 ml of
sterile double-distilled water on days 1 and 3. On day
5, 40 experimental mice and 40 control mice were in-
jected intraperitoneally with 1,090 ,g of P. pestis
endotoxin contained in 0.1 ml of sterile double-
distilled water. The remaining group of 40 experi-
mental mice and 40 control mice were injected by
the same route with 1,000 Atg of Salmnontella typhoso
endotoxin 0901 W (Difco). Mice were housed at
22 C. Deaths were recorded over a period of 48 hr.

Rapidly acquired resistance in mice to bacterial
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infection. P. pestis endotoxin (1 4g in 0.1 ml of
sterile double-distilled water) was injected intra-
peritoneally into each of 80 Swiss-Webster mice of
mixed sex (18 to 22 g). An additional group of 80
mice used as controls each received 0.1 ml of sterile
double-distilled water by the same route. Twenty-
four hours later, 40 experimental and 40 control
mice were injected intraperitoneally with 300 P.
pestis cells (strain Alexander) contained in 0.1 mg
of sterile 2.5%.; Heart Infusion Broth (Difco). The
remaining group of 40 experimental mice and 40
control mice were injected intraperitoneally with 90
S. typhimurium cells (strain California) contained in
0.1 ml of sterile 2.5% Heart Infusion Broth (Difco).
Mice were housed at 22 C, and deaths were recorded
over a period of 21 days.

Antigenicity in rabbits. Groups of 10 New Zealand
white rabbits (2 to 2.5 kg) of equally mixed sex were
injected intravenously with a single inoculation of
either 500 or 1,000 jig of P. pestis endotoxin contained
in 0.25 ml of sterile double-distilled water. Rabbits
surviving the single injection of endotoxin were bled
from the ear once each week for 8 weeks. Another
group of 10 rabbits were injected intravenously with
three series of inoculations containing increasing
quantities of endotoxin. Rabbits received doses of
15.62, 31.25, and 62.5 ,g of endotoxin on alternate
days during the first week. The rabbits were rested
for 1 week, bled from the marginal ear vein to obtain
a sample of blood, and injected with a second series of
inoculations containing 62.5, 125, and 250 jig of
endotoxin. Rabbits were again rested for 1 week, bled,
and injected with a third series of inoculations con-
taining 250, 500, and 1,000 Ag of endotoxin. The rab-
bits were bled from the ear once each week there-
after for 8 weeks. Sera were tested in gel diffusion
plates for the presence of antibody against P. pestis
endotoxin.

Production of the localized Shwartzman reaction
in rabbits. Each of eight New Zealand white rabbits
(2 to 2.5 kg) of equally mixed sex was injected intra-
dermally (in a shaved abdominal area) with 25 ,ug
of P. pestis endotoxin contained in 0.1 ml of sterile
double-distilled water. An adjacent area on the op-
posite side of the ventral abdominal line was injected
intradermally with 0.1 ml of sterile double-distilled
water as a control. Twenty-four hours later, each
rabbit was injected intravenously via the marginal
ear vein with 25 jig of P. pestis endotoxin in 0.1 ml
of sterile double-distilled water. The original intra-
dermal injection sites were examined and photo-
graphed 4 hr after the intravenous injection.

Production of the generalized Shwartzman reaction
in rabbits. Each of eight New Zealand white female
rabbits (1 to 2 kg) was injected intravenously via the
marginal ear vein with 6.25 ug of P. pestis endotoxin
contained in 0.1 ml of sterile double-distilled water.
Twenty-four hours later, each of the eight rabbits
was injected intravenously with 25 jig of P. pestis
endotoxin. A group of four rabbits used as controls
received two injections of sterile double-distilled
water. At 24 to 48 hr after the second intravenous
injection (provoking injection), rabbits were killed
with chloroform vapor and necropsied immediately.
Representative tissues were selected and fixed in 10%

TABLE 1. Quanititative analysis of Pasteurella
pestis enidotoxin

Percent-
Component age of

dry wt

Nitrogen............................... 2.1
Phosphorus ............................. 1.6
Neutral hexose (as glucose) ............. 22.5
Hexosamine (as glucosamine HCl) ...... 15.0
Esterified and amide-linked fatty acids

(as tripalmitin) ....................... 25.0
Protein ................................. 1.4
Undetermined.......................... 32.4

neutral Formalin. Tissue sections were embedded in
paraffin and cut at 6 ,m. Sections were routinely
stained with hematoxylin and eosin. Selected tissue
sections were stained with Mallory's phosphotungstic
acid-hematoxylin (PTAH) for the demonstration of
fibrin (13). Tissue sections were photographed at
magnifications of 42, 130, and 420 times.

RESULTS
Yield of endotoxin. The yield of P. pestis endo-

toxin obtained from 800 g of packed, washed cells
representing 2.1 X 1014 organisms (based on
viable-cell count) was 1.2 g, or approximately
1cc based upon the dry weight (120 g) of the
starting material. This represents a ratio of 1 mg
of endotoxin extracted from approximately 1.8 x
101" organisms.

Quantitative analysis. Quantitative chemical
analysis conducted on P. pestis endotoxin re-
vealed that the endotoxin was typical with respect
to percentages of components normally occurring
in gram-negative bacterial lipopolysaccharides.
The quantitative chemical analysis of P. pestis
endotoxin is shown in Table 1.

Toxicity in mice, guinea pigs, and rabbits.
P. pestis endotoxin was lethal for mice, guinea
pigs, and rabbits at doses comparable to toxic
levels reported for classical endotoxins (4, 15).
The intraperitoneal LD50 for mice and guinea pigs
was 414 and 537 ,ug, respectively. The intravenous
LD 50 for rabbits was 32 jig. Toxicity titration data
of P. pestis endotoxin are shown in Table 2. Ani-
mals injected with a single toxic dose of endotoxin
became visibly ill within 1 to 2 hr after injection.
Most of the deaths occurred within 6 to 12 hr
after the injection of endotoxin. Symptoms ex-
hibited by endotoxin-poisoned animals included
extreme weakness, irregular and difficult breath-
ing, and cyanosis. Some impairment of muscular
coordination was observed in mice and guinea
pigs. Muscular incoordination in mice appeared
to be more pronounced in the posterior quad-
rants. In guinea pigs, the body temperature
dropped below 93 F (33.9 C) before death. Often,
4 to 6 ml of clear to blood-colored fluid could be
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aspirated from the peritoneal cavity of guinea
pigs immediately after death.

Production of a biphasic pyrogenic response in
rabbits. Intravenous injection of 1 ,ug of P. pestis
endotoxin in a single dose elicited a classical bi-
phasic pyrogenic response (3) in each of the
eight rabbits tested. Fever peaks occurred at
1.25 and 3 hr after a single injection of endotoxin.
Temperatures were back to normal after 6 hr.
None of eight control rabbits injected intrave-
nously with sterile double-distilled water devel-
oped fever. Average fever curves of eight experi-

TABLE 2. Toxicity of Pasteurella pestis endotoxin
in mice, guinea pigs, and rabbits

Amt of Animals
Animal and route- of endotoxin dead of LD5s"injection injected 30 in-

jected

jAg jig

Mouse, intraperi- 125 3
toneal 250 6

500 21
1,000 24 414 (330-520)

Guinea pig, intra- 125 3
peritoneal 250 8

500 17
1,000 19 537 (386-749)

Rabbit, in
nous

a Numbers
dence limits

107

106 -

° 105 -

104

FIG. 1. Bip)
bits after the i,
pestis endoto.
temperature o

TABLE 3. Induction of tolerance in mice to the lethal
effect of endotoxin

Mice surviving of 40
challengeda with

Injection material
P. pesIts S yks
endotoxin 0901Wedtxn endotoxin

Sterile double-distilled wa-
teron days I and 3 0 0

P. pestis endotoxin, 1 ,ug on
day I and l0,ug on day 3.. 27 37

a Challenged on day 5 with 1,000 ,ug of endo-
toxin.

TABLE 4. Induction of rapidly acquired resistance in
mice to bacterial infection

Mice surviving of 40 challenged
with virulent bacteria

Injection material
P. pestis S. typhimurium
Alexander California
(300 cells) (90 cells)

Sterile double-distilled
water................ 0 22

P. pestis endotoxin, 1 MAg. 29 36

mental and eight control rabbits are shown in
trave- 15.62 12Fi.1
3trave-12562 14 Induction of tolerance to mice to the lethal effect

62.5
of endotoxin. Mice receiving intraperitoneal injec-

125.0 26 32 (21-49) tions of 1 MAg of P. pestis endotoxin on day 1 and
s in parentheses show the 95% confi- 10 Ag of P. pestis endotoxin on day 3 developed
of the LD50. a degree of tolerance (3) against challenge with

either homologous P. pestis endotoxin or heter-
ologous S. typhosa 0901W endotoxin (Difco) in-
jected on day 5 (Table 3).

Induction of rapidly acquired resistance in mice
Lqg P. pestis Endotoxin to bacterial infection. Mice injected intraperitone-

ally with 1 MAg of P. pestis endotoxin developed a

degree of resistance (M. Landy, Fed. Proc.
15:598, 1956) against small doses of either P.
pestis (strain Alexander) or S. typhimurium
(strain California) injected intraperitoneally 24
hr after the endotoxin (Table 4).

Antigenicity in rabbits. Rabbits that managed
Double Distilled H2 0 Control to survive either large single injections ofP. pestis

endotoxin (500 to 1,000 Mug) or three series of in-

jections containing increasing quantities of endo-
toxin, beginning at 15.6 Mg and ending at 1,000

1 2 3 4 5 6 Mg, developed antibody that reacted with P. pestis

Time in Hours endotoxin to produce one precipitin band in gel
!hasic pyrogenic response produced in rab- diffusion tests (Fig. 2).
Wtravenous injection of 1 ,ug ofPasteurella Production of the localized Shwartzman reaction.
xin. Each point represents the average All of eight rabbits injected intradermally with
?f eight rabbits. 25 Ag of P. pestis endotoxin, and subsequently

232 INFEC. IMMUN.



PASTEURELLA PESTIS ENDOTOXIN

FIG. 2. Ouchterlony plate showing single precipitin
band forming betweeni P. pestis endotoxin (top) and
serum obtained from a rabbit after three series of in-
jections with P. pestis endotoxin (bottom).

FIG. 3. Shaved abdominal area of rabbit exhibiting
the localized Shwartzman reaction. Photo taken 4 hr
after the provoking injection. The left half of the
photograph shows the area injected with endotoxin.
The right half shows the control area (injected with
distilled water).

injected intravenously with 25 ,ug of P. pestis en-
dotoxin 24 hr later, developed the localized
Shwartzman reaction (16, 17). The reaction was
maximal within 4 hr after the provoking injection.
An adjacent control area on each rabbit was neg-
ative in each case (Fig. 3).

Production of the generalized Shwartzman reac-
tion. Rabbits injected intravenously with 6.25 Mug
of P. pestis endotoxin and 24 hr later with 25 ,g
developed the generalized Shwartzman reaction
(17, 22). Of eight rabbits injected with endotoxin,
two died within 4 hr after the provoking injection.
Four of the remaining six rabbits developed the

generalized Shwartzman reaction within 24 to 48
hr after the provoking injection. Four of four
control rabbits injected with sterile double-dis-
tilled water were negative. The generalized
Shwartzman reaction in rabbits was characterized
by disseminated intravascular coagulation demon-
strable in tissue sections stained with PTAH.
Fibrin thrombi and associated necrosis were ob-
served in the kidney, liver, spleen, heart, lung,
and skin. The kidney was the most extensively
involved organ, and exhibited marked bilateral
renal cortical necrosis (Fig. 4). The salient histo-
logical feature in the kidney was marked cortical
necrosis with only a few islands of viable tubules
remaining. Fibrin thrombi were observed in the
capillaries of the glomerular tufts and less fre-
quently in the intertubular capillaries. The histo-
logical features of the generalized Shwartzman
reaction produced in the rabbit kidney by P. pestis
endotoxin are shown in Fig. 5.

DISCUSSION
Although it was known prior to this study that

P. pestis produced a lipopolysaccharide (7, 11)
that kills mice, guinea pigs, and monkeys with
symptoms and pathological changes characteristic
of endotoxic shock (24, 25), the lipopolysaccha-
ride had not been studied extensively and it had
not been established convincingly that endotoxin
could contribute significantly to death in plague.
At least three considerations prevented a positive

1

_ 1 1 3 E . 3 .'....

.Im.........

.~~~ ~ ~ ~~~~~~~~~~ ~ ~ ~~~~~~~~~~~~~~~~.... ..g..o..

FIG. 4. Kidneysfrom rabbit exhibiting the generalized
Shwartzman reaction (top) and from control rabbit
(bottom). Photograph takenz after kidneys had been
fixed in neutral Formalin
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FIG. 5. PTAH-stained sections of cortical area of rabbit kidneys. (A, C, and E) Normal kidney demonstrating
typical glomeruli and intact tubule epithelial cells. (B, D, and F) Kidney from rabbit exhibiting the generalized
Shwartzman reactioin. Notice the dense fibrin deposits in the glomeruli capillaries ancd the disruiption andfragmenta-
tion of tubule epithelial cells. Control and experimental tissue sections received equal light exposure. A and B, X
42; C and D, X 130; E and F, X 420.
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conclusion regarding the importance of endotoxin
in plague infections. First, the lipopolysaccharide
was considerably less toxic for mice, guinea pigs,
and rabbits than were classical endotoxins (7).
Second, it had not been shown to possess the
classical biological properties characteristic of
bacterial endotoxins. A third factor was perhaps
the uncertainty created by the report of Cocking
et al. (6) describing the isolation of a guinea pig
toxin from P. pestis that, according to Stanley
and Smith (20), was neither lipopolysaccharide
(7) nor murine toxin (1), but rather a synergistic
mixture of protein components. The present study
resolves the first two factors and perhaps provides
some insight into the third factor. Concerning the
first two factors, we have demonstrated that P.
pestis lipopolysaccharide possesses classical bio-
logical endotoxic properties and toxicity compar-
able to that of classical endotoxins. Also, we have
established that plague endotoxin possesses suffi-
cient toxicity to contribute to or account for death
in plague. This is based upon our findings that
approximately two LD50 (1 mg) of endotoxin can
be extracted from 1.8 X 1011 P. pestis organisms,
a number approximating the number of organ-
isms (up to 1.6 X 101") reported by Cocking et al.
(6) to be present in guinea pigs dying of plague.
Regarding the third consideration, it is conceiv-
able that lipopolysaccharide could have contrib-
uted significantly to the toxicity of the guinea pig
toxin described by Cocking et al. (6) and partially
purified by Stanley and Smith (20). This would
appear possible if one considers the intraperito-
neal LD50 of the present endotoxin preparation
in relation to the total quantity of lipopolysac-
charide conceivably present within the two com-
ponents of the partially purified synergistic pro-
tein mixture described by Stanley and Smith
(20). However, we do not discount the possibility
that lipopolysaccharide can act synergistically
with proteins or that other toxins, yet to be fully
elucidated, are present in the plague bacilli and
can act singly or synergistically to exert a lethal
effect.
The present study complements the findings of

earlier workers (7, 23, 24, 25) and firmly estab-
lishes the production by P. pestis of a lipopoly-
saccharide that exhibits classical endotoxic prop-
erties and possesses sufficient toxicity to contrib-
ute to or account for death in small laboratory
animals. The work opens the way for future stud-
ies concerning the mechanism of action of P.
pestis endotoxin in animals and man, which in
turn may lead to the development of improved
methods for managing the endotoxemia accom-
panying plague and other gram-negative bacterial
infections.
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