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Abstract

The research program characterized the macromolecular structures
comprising the envelope of Yersinia pestis, the causative agent of
bubonic plague. The unit protein structures of the macrocapsule, acidic
polysaccharide of microcapsule, and liporolysaccharide of cell wall were
elucidated and formulated into a model postulating the structural relation-
ship of each entity. Studies on biochemical events and cellular factors
were coraucted and associated with the expression of virulence. A syner-
gistic event between Pseudomonas maltophilia or its cellular exogenates
and Yersinia pestis greatly enhanced the expression of virulence of the
plague bacilli.

The lipopolysaccharide study showed that the lipopolysaccharide con-
tents of Yersinia pestis strains were chemically similar and cannot be
employed for differentiating strains of plague bacilli. This proagram
also established that serological typing of Y. pestis cells will not be
accomplished by a simple exploration of somatic cellul:r entities.

ACCESSION Y
NTIE White Sectlon
it gutt Seclios o
YNEL nyust
JUSTIF JCATION .oocoiomasensnsmssninmsssonsenss
BY AR & .
DISTRIBUTIBR. AVAILASILITY GUOE
¥ 7/
pist. AVAIL. and,or SPECIAL
'
‘ \
{
E
|
.
td

TETINEE 0 g S = - Lo 3



e A —— L i Wt

TABLE OF CONTENTS

Page
A. Narrative Report 1
Tables: I. Molar Composition of Four Strains of
Yersinia pestis 4
IT. Lipopolysaccharide Yields and Sugar
Composition of Four Yersinia pestis
Strains
I1I. Amino Sugar Composition of Lipopoly-
saccharide of Four Yersinia pestis
Strains 6
IV. Fatty Acid Composition of Lipopoly-
saccharide of Four Yersinia pestis
Strains 7
V. Composition of Rough-Lipopolysaccharide
of Four Yersinia pestis Strains 8
VI. Composition of Lipopolysaccharide of
Y. pestis Pestoides Number 36 9
V11. Chemical Composition of Acidic Poly-
saccharides 10
VIII. ILethality Test in Mice with Yersinia
pestis and Pseudomonas Cells EY
IX. Lethality Test in Mice with Yersinia
pestis Cells Enriched with Autolysate
of Psuedomonas Cells 12
Figures: 1. Chromatographic Separation of Lipopoly-
saccharides of Yersinia pestis k3
2A. Radioautogram of Celluloseacetate Strip
of Acidic Polysaccharide 14
2B. Electron Micrograph Acidic Polysac-
charide Extending from Surface of
Yersinia pestis 14
3. Fractionation of Acidic Polysaccharides 15
4. Model Postulating the Chemical Orien-
tation of Cell Fnvelope Ly
;
T — - e e —— ; ey




Table of Contents (Continued)

Page
B. Bibliography of Publications 18
C. Personnel 19
\
i
|
1
)
}
|
A
T = = R




T AW S -

=y

The research program had the objectives of elucidating the detailed
chemical composition and serological proverties of proteins, polysacc-
harides and lipopolysaccharides of versinia pestis. 'These objectives
have essentially been accomplished. A considerable guantity of funda-
mental data on cellular composition of plaque bacillus is now realized.
The ultimate goal of acquiring detailed data for the establishment of a
system for chemo- or serological-typing of strains of plague bacilli has
not been accomplished.

The stixlies now here sunmarized are those on somatic structures,
namely macrocapsule, microcapsule, and outer cellular membrane, of five
strains of Y. pestis and two strains of Pestoides. Attempts were made to
present this sumary program in a unified manner; even thoudh it 1s some-
what naturally divided into specific studies dealing with respective
cellular subfraction.

The camposition of lipopolysaccharide (LPS) comprising the major
portion of the outer cellular membrane received a great deal of attention.
The chemical compositions are presented in Tables I-VI. The chemical
entities comprising the LPS are essentially the same for all strains
studied. The relative intensities of each entity are different; however,
these same changes in relative intensities of a given composition from a
single species were also observed when subjected to changes in age of
cells, nature of cultivation medium, as well as to any physical chemical
environmental changes. We have made extensive attempts at subfrac-
tionating LPS by colum and thin-layer (Fig. 1) chromatography, sequen-
tial extractions, and so forth, to separate specific species of LPS, but
to no avail. Chemical differences of each subfraction were observed only
in the changes in relative intensities of the entities comprising the
individual LPS subfractions. No specific serological differences could
be detected between subfractionated, protein derivatized, cross—-absorbed,
and total LIPS of the four Y. pestis strains studied.

There is no doubt that the LPS extracts consist of a variety of LPS
species, but to a large part these exist only as degrees of aggregated
forms and to a lesser degree those with varying ratios of hydrophobic
——= hydrophilic portions of LIPS molecule. There are also definite
indications for the existence of numerous additional oligosaccharides
included within the cell wall structures but with compositions resem—
bling fragments of the classical LPS mrolecule. No serological differences
could be denoted.

During the course of our study with the 1LPS, we studied the detailed
composition of the capsule surrounding and perhavs integrated with the
cell wall. The macrocapsule is comprised of two identical vroteins, one
of which differs fram the other by containing an oligogalactan. The
physical and chemical properties of these proteins were described in
detail and were subsequently published (J. Bacteriol. 117 (1974) 48).
Two other chemical fractions, lipids and acidic polysaccharide, were also
separated from the envelope of the cell. The lipids were fully charac-
terized and described and also published (Biochim. Biophys. Acta. 306
(1973) 173).

A great deal of time has been spent on the acidic polysaccharide
fraction (APS) and effort is now underway to obtain financial support to
complete this work. The multispecies comprising the APS fraction con-
tain specific components that will serologically cross-react with
anti-F; and those that will cross-react with anti-IPS. The composition
of the APS is hexoses, hexuronic acids, sulfates, phosphates, and a
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small percentage of unknowns. The composition closely resembles specific
heparin molecules and chrondoitin sulfates.

Through cultivation schemes and specific labelling procedures with
1%, 3?p and 3°S atoms we have proven that v. pestis cannot synthesize
the APS in total and specifically incorporate and alter APS when they
are available in the growth support medium.

In the course of the study we fourd that the APS was chemically
similar to those that normally occur in all meat and agar preparations,
respectively.  However, we also found APS production by cells in syn-
thetic media that originally contained no APS. 1In this synthetic media,
through successive cultivations, we observed a contaminant in all our
plague cultures. The contaminant, identified as Ps. maltophil ia, con-
sequently synthesized the APS that was found in Y. pestis cultivated in
synthetic media. 'This is the first definitive demonstration of APS bio-—
synthesis in bacteria. Purified cultures of Y. pestis produced no APS.

We are currently in the process of characterizing the APS contents
from meat, agar, and Pseudomonas; after this is accomplished we will be
able to complete our study on the chemical composition of APS of v. pestis,
after incorporation. We feel that it is a strange coincidence that APS
are specifically incorporated into Y. pestis cells and that there is a
speci © and constant contamination problem that exists in our labora-
te h an organism that has the unique ability to synthesize APS.

v than the fact that the APS are specifically bound to Y. restis
oquires trichloroacetic acid extraction procedure to rerove it,
ils of its role remain unclear. Fig. 2 shows the colloidal

i precipitate approach to visualizing the APS on the capsules sur-
tace of cells by electron microscopy. From this data one projects that
the APS has a structural role perhaps as a microcapsule that transverses
the capsule to cell wall. The nature of the chemical contents of the
entities comprising the APS fraction supports this intention (Table VITI
and Figs. 2 and 3). These data along with the data now unfolding in this
laboratory, supvorts the hypothetic model for envelope structure of v.
pestis shown in Fig. 4.

Not only is this data showing structural evidence for APS in cell
envelope and specific requirement properties by Y. pestis cells, it
logically suggests that APS has a functional role as well. Consequently,
lethality tests were conducted to determine if the APs influenced patho-
genic or invasive properties in Y. pestis cells adapted to laboratory
media. Experiments with Y. pestis were conducted with the common and
selective contaminants, Ps. maltophilia 195, or commercially obtained
Ps. maltophilia ATCC strain, or their APS products. These data are
shown in Tables VIII and IX. The data show that Y. pestis with Ps.
maltophilia 195, natural contaminant of Y. pestis cultures in this labora-
tory, or its autolysate, are effective in rendering the preparations more
lethal in mice.

The curious point in this laboratory is the occurrence of prs.
maltophilia as a contaminant in our cultures.

The specific points are: |
1. its the only contaminant detected in v. pestis cultures.
2. we have detected it in cultures maintained in this laboratory
as well as others but only after sucressive subcultivation.
3. its the only bacterium for which APS are found (although yet T
unpubl ished) . .
d
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4. that Y. pestis seeks APS from culture media.
5. that Kitasato first reported motile bacteria in Y.
tures (Bact. Rev. 40 #3 Sept. 1976, p. 633).

It is very difficult to initially show Ps. maltophilia in Y. pestis
cultures, especially when Ps. maltophilia is held in very low percentages
during cultivation. I feel confident that there is a relationship between
Pseudomonas and Yersinia and I am committed to proving it. n our labora-
tory we feel that Kitasato's original description of a typical plague
1solate was the most accurate.

The discovery of Ps. maltophilia in Y. pestis cultures compounded
with the occurrence of APS, disrupted our research program for over cne
vear during the tenure of United States Armmy Research Support. An
additional year will be essentially lost before other sources of finding
will be obtained. We have a wealth of data concerned with the plague
diseases, ruch of which is presently disarticulated but it is only a
matter of time before we acquire the necessary information and assenble
the puzzle.

We feel that we have a unique system for studying at least one
aspect of the complicated invasive and pathogenic properties of truly a
unique bacterium, Yersinia pestis. These types of studies may appear
to be afar from the original intent to chemo- or sero-type plague strain.
But it is exactly these types of studies that will eventually reveal the
route for which typing will be accomplished. We are convinced from these
studies that typing of Y. pestis strains will not be accomplished by a
simple exploration of somatic cellular entities.

pestis cul~
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‘ Table VIII.
lethality tests with laboratory adapted! v. pestis and Ps. maltophilia
cells or acidic polysaccharides from Ps. maltophilia.
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|
90 5/5 0/5
'laboratory adapted strains refers to the organism maintained on tryp-
ticase soy agar for an extended period of time to empter the lethality
of the test organism.
*Numbers represent total dead/number injected.
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Fig. 3

Family of acidic polysaccharides obtained from sephadex column and
fractionated on a hydroxylapatite column.




Fig. 4.
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A model postulating the structural relationships of macromole-
cules of the envelope-cell wall complex. The simple proteins
of isoelectric point 4.85 are located in the most exterior
portions of the envelope complex, with the glycoproteins of
isoelectric point 4.65 located in closer proximity to the cell
wall. Carbohydrate noieties are represented and shown to be
associated with the chemically similar high nolecular weight
acidic polysaccharides occupying an intermediate location
between the envelope and the cell wall. Interior to the high
molecular weight acidic polysaccharides are low molecular
weight acidic polysaccharides which are structurally similar
to lipopolysaccharide O-antigens and serve to connect the high
molecular weight acidic polysaccharides to the outer core
region of lipopolysaccharides in the cell wall. Adjacent to
the outer core region are the inner core IPS building blocks
shown linked by phosphodiester bridges. These are in turn
linked to the lipid A portion of the LPS.
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