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Three Yersinia pestis strains isolated from humans and one laboratory strain (EV76) were
grown in rich media at 28 °C and 37 CC and their outer membrane protein composition compared
by sodium dodecyl sulphate polyacrylamide gel electrophoresis {SDS-PAGE). Several proteins with
molecular weights ranging from 34 kDa to 71 kDa were observed to change In relative abundance
in samples grown at different temperatures. At least seven Y. pestis outer membrane proteins
showed a temperature-dependent and strain-specific behaviour. Some differences between the
outer membrane proteins of full-pathogenic wild isolates and the EV76 strain could also be detected
and the relevance of this finding on the use of laboratory strains as a reference to the study of

Y. pestis biological properties is discussed.
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The cell envelope of Yersinia pestis, the
causative agent of plague, is composed by three
lavers: the inner cytoplasmic membrane, an
intermediary peptidoglycan layer and the outer
membrane (Lugtemberg & Alphen, 1983). The
outer membrane, the most outward structure
of the cell, is an essential element in host-
bacterium relationship including virulence
mechanisms, mediated by some Yersinig outer
membrane proteins (Yops) (Straley & Brubaker,
1982; Bolin et al., 1988). Previous reports have
indicated that alterations of incubation tempera-
ture and composition of the growth medium
could induce drastic changes on the protein
composition of the Y. pestis outer membrane
(Darveau et al., 1980, 1983; Staley & Brubaker,
1981, 1982). However, these observations were
based on few widespread used Y. pestis labora-
tory reference strains. The present report deals
with the effects of incubation temperature on
the outer membrane protein composition of
wild Y. pestis strains isolated from northeast
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Brazil in comparison with areference laboratory
strains, the EV76 strain.

MATERIALS AND METHODS

Three Y. pestis strains were isolated from
humans cases at the Borborema Plateau (Parai-
ba State) during a plague outbreak in 1986 as
previously described (Almeida et al., 1989)
(Table I). The Y. pestis EV76 was kindly
donated by Dr R. R. Brubaker, Michigan State
University. The virulence-associated factors
(synthesis of fraction 1, V and W antigens,
ability to adsorb exogenous pigments and
production of fibrinolysin-coagulase) were
carried out as previously described (Almeida
et al., 1989). Quantification of distinct proteins
bands were carried out in a computorized video
densitometer with stained gels (Bio-Rad, Model
620, USA). Unless otherwise stated, bacteria
were grown in solid YT medium (0.5% yeast
extract-Difco; 1% tryptone-Difco and 0.5%
sodium chloride) at 28 9C or at 37 YC for
48 h. After growth, cells were harvested with
TE buffer (10 mM Tris-HCl; 5 mM EDTA, pH
7.8) and a Pasteur pipette. Some experiments
were carried out with 4% blood agar base plates
(BAB medium) supplemented with 5% defi-
brinated sheep blood under 5% CO, atmosphere.
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Cells were washed twice in TE buffer, and
submitted to sonication (Kubota, Model 200
M, Japan) in TE buffer containing 1 mM
2-mercaptoethanol. Outer membranes were
obtained after solubilization of the inner
membrane with Sarkosil and differential
centrifugation (Bolin et al., 1988). Proteins
were analyzed by SDS-PAGE essentially as
described by Laemmli (1970). Improved
separation of outer membrane proteins were
obtained in gradient gels (15 to 10% acrylamide,
0.4 to 0.27% bis-acrylamide), followed by silver
staining {Morrissey, 1981). Proteins contents
were measured by the method of Lowry et al.
(1951).

RESULTS

The three Y. pestis strains collected from
infected persons were full virulent in the guinea
pig model and proficient for all virulence-
associated factors (synthesis of fraction 1, V
and W antigens, production of fibrinolysin-
coagulase and ability to adsorb Congo red)
analvzed (Table [ and data not shown). On the
other hand, the EV76 stain was non-virulent
and deficient in the ability to adsorb Congo red
{Table I and data not shown).

TABLE I

Yersinia pestis strains used in this work

Virulance Reference
factors®

Strain Isolation (host)

P.PB 8§62 Borborema Plateau,
Paraiba State (man)

Fl*; Vwa:, Abath et al., 1989
Pfc , PEm
Fl”:t Vwa', Abathetal., 1989

P.PB 863 Borborema Plaieau, .
Pfc , Pgm

Paraiba State (man)

P.PB 881 Borborema Plateau Ffi Vwa', Abath et al,, 1989

Paraiba State {(man) Pfc, F'gm+

F1+, ‘u"wa+, Darveau et al., 1980
Pic’, Pgm—

EV-76 -

a: Fl — production of Fl antigen; Vwa — production of ¥V and
W antigens; Pfc — production of pesticin, fibrinolysin and
coagulares; Pgm — ability to adsorb Congo red.

The Y. pestis strains were grown at 28 9C
and at 37 OC and their outer membrane proteins
analyzed in SDS-PAGE. Approximately 20
major protein bands could be identified in the
outer membranes of the samples. Our data
confirmed the marked influence of the growth
temperature on the expression of several outer
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membrane proteins of Y. pestis (Fig.). For
comparative purposes 7 major proteins with
molecular weights ranging from 34 to 71 kDa
were selected from the outer membrane protein
profile based on their stable behavior on
SDS-PAGE. Other proteins with lower molecular
weight were heat modifiable proteins, changing
their electrophoretic mobility upon heat
exposure of the samples before gel loading, and
were not taken into consideration. Relative
amounts of some major outer membrane
proteins, based on densitometric data, are
presented on Table I. It can be clearly seen
that some proteins are expressed in higher
amounts in all strains after incubation at
28 OC, as the porin-like proteins (36 and 34
kDa). However, the relative abundance of the
71 kDa, 67 kDa, 49 kDa and 44.5 kDa proteins
were not uniform among the strains analyzed
(Fig., Table 1I). In some cases, the results
observed with the EV76 strain was in clear
contrast with the results found in the virulent
strains, as. the 49 kDa protein. This protein
was present in increased amounts in the outer
membrane of the EV76 strain grown at 28 OC
but in reduced levels in the outer membrane
of P.PB 881; when compared to cells grown
at 37 OC (Table II). Even proteins with similar
behavior as the 36 kDa protein, expressed in
higher levels after growth at 28 9C, displayed
a strain-specific induction pattern as in the
EV76 strain which express the 42 kDa protein
in higher amounts than the others strains (Fig.).

TABLE 1I

Etfect of growth temperatures on the relative amounts
of some outer membrane proteins of Yersinia pestis

Bands

(kDa) Strains
P.PB 862 P.PB 881 P.PB 863 EV76

(71) + 4+ + NA
{(67) NA — NA —
(49) NA A NA —
(44.5) + + + NA
(42) NA + + +
(36) + + + +
(34) + + + +

(—):absent or diminished in 289C grown cells.
(+):increased or only present in 289C grown cells.
NA:not altered.
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SDS-Page of outer membrane proteins of Yersinia pestis. The strains P.PB 863 (1, 2, 3), P.PB 862 (4,5),P.PB
881 (6, 7) and EV76 (8, 9) were grown in YT medium at 28 °C (1,4,6, 8) orat37°C (2,5,7,9)and in BAB
medium at 37 OC (3). MW, molecular weight markers. Positions of proteins refered in the text are indicated on
the right side of the figure. Each sample contained 15 ug of protein,

Growth of the strains in a different growth
medium (BAB) under 5% CO, atmosphere did
not altere significantly the outer membrane
protein profile observed for aspecificincubation
temperature. The Fig. shows the outer mem-
brane protein of strains P.PB 863 grown in the
BAB medium at 37 ©C. Similar results were
obtained with the other strains (data not
shown). Preliminary results indicated that no
significant difference could be observed in
outer membrane proteins of Y. pestis grown
at the same temperature at solid or liquid
medium (data not shown).

DISCUSSION

The bacterial envelope changes its composi-
tion in response to variation on enviromentai
conditions (Braun & Hantke, 1981). This
is particularly relevant in Y. pestis, which
alternates from a mammalian host to the flea
vector in its infective cycle. The two hosts
represent significantly different environments
in regard to growth temperature and nutrition.

It has been previously shown that the Y.
pestis KIM and EV76, two widespread used

laboratory strains, change their outer membrane
protein composition in vitro in response to the
incubation temperature (Darveau et al., 1980,
1983; Straley & Brubaker, 1981, 1982; Bolin
et al., 1985). Some of these alterations might
be related to an in vivo adaptative process
induced by the changing environment. Indeed,
some outer membrane proteins induced at
37 OC, in low calcium containing medium, were
also expressed in vivo and can be recognized
by specific antibodies produced in plague
recovering patients (Bolin et al., 1988).

A temperature-controlled multigenic system
was previously described in Escherichia coli and
Salmonella typhimurium (Craig, 1985). The
usually called heat shock response involves at
least seventeen distinct genes which are activated
when these bacteria are incubated at tempera-
tures above 42 ©C (Neidhardt & vanBogelen,
1987). More interesting is the fact that the
heat shock response is quite well conserved in
several procaryotic and eucaryotic cells and is
probably associated to a general stress-induced
cellular response (Neidhardt & vanBogelen,
1987).
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The temperature-controlled behavior of
some outer membrane proteins of Y. pestis,
Shigella and probably other mammalian path-
ogens represents another multigenic adaptative
system employed by such pathogens. In these
cases, induction of proteins at 37 ©C are
clearly related to a pathogen strategy by
which the bacteria had to evolve a system to
regulate the expression of virulence-associated
genes only when they are in contact with the
mammalian host (Maurelli, 1988).

In the present results, we showed that some
Y. pestis outer membrane proteins are repressed
by incubation at 37 ©C. The possible involve-
ment of these proteins on the adaptation of
Y. pestis to a low temperature environment, as
the flea vector, is still speculative and deserve
a better understanding. Although our results
corroborate previous reports regarding the
behavior of EV76 strain subjected to different
growth temperatures (Darveau et al., 1980,
1983), the common view that variation of the
outer membrane proteins induced by the
incubation temperature is a similar process
for all Y. pestis strains does not hold true
based on our findings. Indeed, some outer
membrane proteins displayed a clearly distinct
induction pattern in wild Y. pestis strains in
relation to the laboratory strain EV76, as the
71 kDa and the 44.5 kDa proteins.

No difference in outer membrane protein
composition could be observed among wild
and laboratory Y. pestis strains subjected to
different growth media. The inclusion of sheep
red cells and a CO, enriched atmosphere
represented a rough simulation of the extra-
cellular condition found by the pathogen in
the blood stream. Previous works showed also
that Y. pestis cells did not change their protein
composition in a minimal medium similar to
mammalian intracellular environment in respect
to salt composition (Straley & Brubaker, 1981).
Except for some Yersinia outer membrane
proteins (Yops) and the VW antigens, regulated
by temperature and the Ca'" level in the
growth medium, no relevant alteration of Y.
pestis outer membrane protein composition
seems to take place during growth in high
content Ca’* containing medium as the one
we had used.

Yersinia pestis populations are remarkably
homogeneous in respect to several diagnostic
aspects, as phagotypes, serotypes, plasmid
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content, metabolic reactions and outer mem-
brane protein composition, when samples of
different geographic foci, but grown under
similar conditions, are compared (Abath et al.,
1989: Hudson et al.,, 1976). The observed
strain-specific response of outer membrane
proteins subjected to different incubation
temperatures demonstrate that the assumed
homogeniety of some Y. pestis characteristics
should be carefully considered as a general
characteristic in this organism.
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