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-/macrophagrs could differentiate between the strains. The aviruleat strain
was eliminated and the virulent strain grew within the cytoplasm of these
cells. The human macrophage~like cell line and the mouse peritoueal macro-
phages, on the other hand, could not distinguish betwean the two strains.
Mouse macrophages destroyed both strain and both strains grew in the human
macrophage-lika cell line.

The fatty acid composition of the two strains wers compared. . The hypothesis
was that the high level of unsaturatad fatty acid known to be in tlie avirulent
strain might not occur in the virulent strain and that this might be a
target for selactive killing via lipid peroxidation. Our inveatigation
establishaed that the fatty acid composition was not differemnt in the two
strains, . T '

Plaswmids are oftan a source of virulenze factors. The tw? strains were
compared and neither was found to have detectable plasmid DNA.
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SUMMARY

The purpose of the work is to elucidate the biochemical basis of virulence
in epidemic typhus. The basic method at this stage of the project is a
comparison of the E strain and Breinl strain (avirulent and virulent, respectively)
of Rickettsia prowazeki and their interaction with the host defease system.

The avirulent, Madrid E, and virulent, Breinl, strains of Rickettsia
prowazeki were compared with respect to their interaction with a) mouse macrophage-
like cell lines, b) a human macrophage-like cell line, c¢) mouse peritoneal
macrophages and d) guinea pig peritoneal macrophages. Furthermore, the fatrty
acid composition and plasmid DNA content of these strains were compared.

The mouse macrophage—-like cell lines and the guinea pig perizoneal macrophages
could differentiate between the strains. The avirulent strain was eliminated
and the virulent strain grew within the cytoplasm of these cells. The human
miacrophage—~like cell line ani the mouse peritoneal macrophages, on the other
hand, could not distinguish between the two strains. Mouse macrophages
destruyed both strain and both strains grew in the human macrophage-like
cell line.

The fatty acid composition of the two strains were compared. The hypothesis
was that the hihg level of unsaturated fatty acid known to be in the avizulent
strain might not occur in the virulent strain and that this might be a target
for selective killing via lipid peroxidation. Our investigation established
that the fatty acid composition was not different in the two strains.

Plasmids are oftemn a source of virulence factors. The two strains were
compared and neither was found to have detectable plasmid DNA.

FOREWORD

In conducting the research described in this report, the investigacor(s)
adhered to the "Guide for Laboratory Animal Facilities and Care,” as
promulgated by the Committee on the Guide for Laboratory Animal, Resocurces,
National Academy of 3Sciences-National Research Council.
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Differentiation of Virulent and Avirulent Strains
of Rickettsia prowazzki by Macrophagewlike Cell Lines

Jenifer Turco and Herbert H. Winkler

Department of Microbiology and Immunology, University of South Alabama,
College of Medicine, Mobile, Alabama 36688.



Abstract

Avirulent (Madrid E) and virulent (Breinl) strains of Rickettsia
prowazeki were tested for their ability to grow in four mouse macrophage-like
cell lines (RAW264.7, J774.1, P288D1, and PUS), one hunan macrophage-like cell
line (U937-1) and the mouse fibroblast line L-929. All cells were X-irradiated
pricr to infection with rickettsiae.

The E and Breinl strains grew equally well in L-929 cells. However, all
of the mouse macrophage-like cell lines clearly restricted the growth of the E
strain relative to that of the Breinl strain. Most of these cell lines
exhibited a non-uniform resronse to infection with the E strain such that E
strain rickettsiae were cleared from the majority of the infected cells, but
mul tiplied in some of the remaining infected cells. The human line U937-1 was
nuch less effective at restricting the growth of the £ strain than were the
mouse maczrophage-like cell lines.

Treatment of the Ereinl or E strains of R. prowazeki with rabbit
antirickettsial antiserum prior to infection of L-929 cells caused a marked
decrease in the initial infection but ad no effect on the subsequent growth
of the rickettsiae. In contrast, such treatment of Bveinl or E strain
rickettsiae prior to infection of macrOphage-llke cell lines caused no change
or an increase in the initial infection. Ia mouse mac*nphage-hke cell lines
infected with antiserum- treated Breinl strain rickettsiae, the percentage of
cells infected and the average number of ricketisiae per cell were markedly
depressed in comparison with the controls at 24 and 48 hours after infection.
The human macrophage-like cell line U937-1 was less effective than the mouse
macrophage-like cell lines at clearing antigserua-treated rickettsiae.

These data indicate that mouse macrophage-like cell lines should be
useful for studying rickettsia-macrophage interactions and for defining the
biochemical basis of virulence in R. prowazeki.

INTRODUCTION

Ability to resist destruction in the phagocytic cells of the host is a
definite advantage for an obligate intracellular parasite., Yet relatively few
studies have deal t with the fate of Rickettsia species in macrophages.

Nacy and Osterman (11) recently reported that Rickettsia tsutsugamuski
pul tiplied within resident mouse peritcneal macrophages, and that treatment of
the rickettsiaec with immune serum pricr to infection of the macrophges led to
destruction of many ( though not all) of the rickettsiae within the
nacrophages. In addition, they along with Nacy and Meltzer (10), provided
evidence tnat activated macrophages are involved in host defense against R.
_tsutsugamushi .

Gamtrill and Wisseman (6) showed that both Rickettsia typhi and the
virulent Breinl strain of Ricke<tsia prowazeki could mul tiply in human
nonocyte-derived macrophages. Incubation of either organism with immunc serum
prior to infection of numan macrophages resul ted in destruction of the
rickettsiae within the cells (1,5). Unlike the viruleant Breinl strain, the
avirulent E strain of R. prowazeki failed to mul Hiply in most human
macrophages (6). This Observation suggested that detailed study of the
interaction of R. prowazeki and macrophages might allow definition of the
basis fer the difference inm virulence between the E and Zreinl strains.

In recent years several continuous macrophage-like cell lines have been
developed (4,7,12). Each cell line exhibits some, though not all, of the
properties characteristic of macrophages. Recause ‘hese cells can easily be
grown in cul ture and would readily lend themselves ‘o a2 variety of s*udies, we
have examined the interac¢ion of avirulent and virulent strains of R.
crowazeki with several macrorrage-like cell lines. -




MATERIALS AND METHODS
Cell cul tures . RAW264.7 and JT774.1 cells were obtained from tha Cell

Pistribution Center at the Salk Institute. P388D1 and PUS cells were obtained
from Dr. Janet Oliver. U937-1 cells were provided by Ir. Hillel S. Koren.
L-929 cells were purchased from Flow Laboratoriea.

Mouse macrophage-like csll lines were grown in [ulbecco's Modified Eagle
Medium supplemented with 109 fetal calf serum (P?88D1 and PUS), 10% calf serum
(RAW264.7), or 7.5% fetal calf serum and 7.5% horse serum (J774.1). The human
macrophage-like cell line U937-1 was maintained in RPMI 1640 medium
supplemented with 10% fetal calf serus. The mouse fibroblast line L-929 was
grown in Eagle's Minimum Essential Medium supplemented with 10% calf serum.
All cell cul tures were maintained in tissue cul ture dishes or flasks and were
kept in a CO., incubator at 34°C. The cell linesJ774.1 and RAW264.7 grew
attached to tie substratum; the cell lines PUS and P38ED1 grew both attached
to the substratum and suspended in the medium; the cell line U937-1 grew
suspended in the medium.

Rickettsiae., Rickettsia prowazeki Madrid E and Breinl strains were grown in
6-day embryonated, antibiotic-free chicken eggs. Eggs were inoculated from
seed pools prepared from the Madrid E strain or the Breinl strain. Rickettsiae
were harvested and purified from infected yolk sacs 8 days after inocculation.
Methods of rickettsial purification were modified from those of Bovarnick and
Snyder (3) and Wisseman et al. (18) as described previously (16).

Purified rickettsiae were suspended in the sucrose phosphate glutamate
solution of Bovarnick et al. (2) and were stored at -70°C in 0.2 ml aliquots.
Viable rickettsiae were enumerated by the antibody hemolysis method of Walker
and Winkler (15), and total rickettsia-~like bodies were enumerated by a
medification of the method of Silverman, Fiset, and Wisseman (14).

Infection of cells with rickettsiae. All cells were x-irradiated in a G.E.
Maximar 100 prior to infection with rickettsiae at a dose adequate to prevent
cell division without causing loss cf metabolic integrity. RAW264.7 and J774.1
cells were irradiated with 3000 rads; L-929 cells were given a dose of 5000
rads. For U937-1, PUS, and P388 cells, doses ranging from 700 to 1500 rads
were used. After irgadiation, RAW264.7 or JT74.1 cells were adjusted to a
density of 2.5 x 10° viable (trypan blue excluding) cells/ml and were planted
in 8-chambered Lab-Tek slides (0.2 ml per chamber). L-929 cells were adjusted
to a density of 1.0 x 10”7 viable cells/ml and were similarly planted in
chamber alides. The cells were then incubated at 34°C for 36 to 48 hours prior
to infection. PUS, P388D1, aad US37-1 cells weres‘mfected in suspenion in
siliconized glass tubes at a density of 1.0 x 10” cells/ml immediately after
irradiation.

Picke ttsiae were diluted in Hank's Balanced Salts Solution supplemented
with 0.1% gelatin and 4.9 mM L-glutamic acid, monopc tassium sal t. Rick=zttsiae
were added to cells which had heen washed once in this solution at
mul tiplicities ranging from 30 to 80 viable rickettsiae per cell for RAW264.7
or J7T74.1 cells, and from 75 to 200 viable rickettsiae per cell for L-929
cells. For cells infected in suspension (PUS, PZEED1, and Uo37-1)

‘mul tiplicities ranging from 10 to 50 viable rickettsiae per cellowere used.
Cells and rickettsiae were incubated together for one ‘our at 3% C. The cells
were then washed twice, given fresh medium, and incubated at 34 °C for 48
hours. At O hours, 24 hours, and 48 hours after infectiom, chambter slides were




washed gently in 0.85% NaCl and were dried with a warm air stream. Cell smears
were prepared from sustensiorn cul tures by cytocentrifugation. All slides were
fixed in 1% formalin in O.1M sodium phosphate buffer, pH 6.8 . The slides were
washed in three changes ot buffer and were then stzined by a modification of
the Cimenez method, as described by Wisseman et al . (19).

All treatments were done in duplicate at each time point. Slides were
examined microscopically under oil immersion and the number of rickettsiae
present in each of 100 cells was counted for each duplicate of each treatment.
When rickettsise were present in clumps, the number present was estimated.
When a cell contained over 100 rickettsiase, it was assigned a value of 100.
From the data coliected the percentage of cells infected with rickettsiae
(%R), the number of ricketisiae per infected cell (IK), and the average number
of rickettsiae per cell (NR) were determined. Yuch of the data was normalized
to the zero time intection, e.g., NR at a given time divided by XR at time
zero times 100 gives the average number of rickettsiae per cell as a
percentage of that present at zero time.

ANTISERUM . Antiserum was prepared in rabbits immunized with Madrid E strain

rickettsiae in adjuvant as previously described (17). Antiserum was
heat-inactivated at 56°C for 1 hour.




RESULTS

Growth of the ¥adrid E and Breinl strains in L-329 cells or in macrophage-like
cell lines.

The experiments described here were performed with several different
preparations of the E and Breinl astrains of Rickettsia prowazeki . The range
of mul tiplicities of infection used in these experiments resul ted in infection
of from 2%-93% of the cells with rickettsiae, and an average of 0.3 to 7.1
rickettsiae per cell immediately after infection.

The Madrid E and Breinl strains grew equally well in L-929 cells (Fig. 1
). During a 48 hour period, the percentage of L-929 cells infected remained
constant or increased slightly and the average aumver of rickettsiae per cell
increased about 30-40 fold. The growth of the Breini strain in RAW204.7 cells
vas similar to the growth of the E or Breinl strains in L-929 cells. In
coentrast, the E strain grew poorly in RAW 264.7 cells. Al though no change in
the percentage of E strain-infected RAW264.7 cells was apparent at 5 hours or
12 rours after infection, by 24 hours after infection, the percentage of E
strain-infected RAW264.7 cells had dropped to about 47% of its initial value.
At 48 hours after infection, the percentage of RAW264.7 cells infected with
the S strain was only about one-thkird of its initial value. Some of the
remaining infected cells, however, supported the growth of the E strain. The
nunber of E ricketusiae per infected RAW264.7 cell increased about 7 fold in
this small population, whereas the number of Breinl rickettsiae per infected
cell increased about 20 fold during a 48 hour period.

RAW264.7 cells phagocytized E and Breinl atrain rickettsiae which had
been killied by heating at 45°C for 2 1/2 - 3 hours. Clearance of such
rickettsiae was not complete by 24 hours after infection, but was almost
complete by 48 hours atter infection. We were concerned that in some cases our
suspensions of E and Breinl rickettsiae contained differemt percentages of
dead rickettsiae. We therefore performed some experiments with RAW264.7 cells
using E and Breinl rickettsial suspensions which fortuitously contained
equivalent percentages of dead rickettsiae. In other experiments killed
ricke ttsiae were added to one of the 2 rickettsial suspensions to make the
percentages of dead rickettsiae 2quivalent. The resul ts in these experiments
were similar to those in which no adjustment was made.

The growth of the E and Breinl streins in J774.1 cells was very similar
to that observed in RAWZ64.7 cells (Fig. 1). Once again, the Breinl strain
grew well and the F strazin grew very poorly.

The remaining two mouse macrophage-like cell lines tested also restricted
the growth of the Madrid E strain relative to that of the Breinl strain. The E
strain failed to grow in P288D1 cells (Fig. 1); all parameters used to assess
rickettsial growth decreased during a 48 hour period. However, during the same
period in Breinl-infected PZ88D1 cells, all rickettsial growth parameters
increased; there was about a 13 fold increase in the average number of
rickettsiae per cell. The Breinl 3train mul tiplied. to a similar extent during
a 48 hour period in PUS cells (Fig. 1). Once again, the growth of the E strain
in these cells was poor . The percentage of PUS cells infected .ith the E
strain decreased and the average number of rickettsiae per cell increased
slightly.

The human macrophage-like ceil line, U937-1, was zuch less effective than
the mouse macrophage-like cell lines at restricting the growth of the E strain




(Fig. 1). Al though the rpercentage uf U937-1 cells infected with the E strain
decreased slightly during a 48 hour reriod, the average numbter of ricketisiae
per cell incressed about 6 fold. In U937-1 cells infected with the Breinl
strain, the percentage of cells infected increased slightly and tne average
number of rickettsiae per cell increased about 16 fold during a 48 hour
reriod.
Effect of antiserum treatment of rickettsise cn their ebility to infect and
grow in L-02CQ cells or macrophage-like cell lines. The additicn »>f 10% normal
rabbit serum @ suspersions or the Breinl strain of R. prowazeki just prior %o
infectdon of L-929 or RAW264.7 cells had no effect on the initial infection
(Table !) or on *he ability of the rickettsise to grow in either of these cell
lines (Fig. 1. ). In contrast, the additicn of 10% rabbit arntirickettsial
antiserun to ricke*tsial suspensions (Medrid I or Breinl strains) just prior
to infection of L-929 cells caused a marked decrease in the initial infection
(Table 1). Al though the percentages of L-929 cells infected with
an tiserum- treated rickettsiae were much reduced in cemparison with the values
for cells infected with untreated rickettsiae, these tercentages remained
constent during a 48 hour period (Fig. 1 ). The average number of rickettsiae
per cell in L-929 cul tures infected with antiserum-treated ricketisiae
increased similarly to that observed in L-929 cul tures infected with unireated
rickettsiae.

The interactivn of antiserum- treated rickettsiae and mouse
macrophage-like cell lines differed significantly from that of
an tiserun- treated rickettsiae and L-929 cells in at least two respects.
Firstly, antiserum treatzent of the rickettsiae prior to infection of the
mouse macrophage-like cell lines caused an increase in or had no effect on the
initial infecticn (Table 1). Secondly, most of the antiserum-treated
ricke ttsias (Breinl, as well as E strain) disappeared from the cells during a
48 hour period (Fig.!). There were occasional cells in these experiments with
an tiserum- treated rickettsiae which manifested rickettsial growth and which
account for the slight increases in the number of rickettsiae per cell after
48 hours.

In the case of U937-1 cells infected with antiserum-treated Breinl strain
R. orowazeki , botl: the percentage of cells infected a2nd the average number of
ricke ttsiae per cell decreased during the first 24 hours incubation, al though
the number of rickettsiae per infecied cell dcubled (Fig. 1). From 24 %o 48
hours, however, all rickettsial growth parameters increased. Hence
an tiserum- treated ricketisiae were less effectively destroyed in US37-1 cells
than in the mouse macroghage cell lines.

DISCUSSION

Al though many properties of mouse macrophage-like cell lines have been
described (9) very little is known about the bactericidal potential of %hese
cella., All of the mouse macrophage~like cell lines tested in this study
clearly differentiated the avirulent E and virulent Breinl strains of R.
prowzzeki by restricting the growth of the former aad supprorting that of the
latter. In contrast, resident or elicited mouse peritoneal macrophages have
been shown to clear both the E and EBreinl strains of R. prowazeki (Winkler and
Daugherty, this report). The mechanism(s) by which 2. prowazeki is killed in
nouse nacrothage-like cell lines and in =mouse :xacro__;‘nages are not known. It is




tenpting, however, to speculate that (1) killing of R. prowazeki occurs by
different mechanisms in mouse macrorhages and mouse macrophage-like cell lines
or that (2) killing of R. prowazeki occurs by the same nech:.1ism in bcth types
of cells, but that some step in the killing process occurs more alowiy or
operates less efficienily in mouse macrophage-like cell lines than in mouse
macrophages. Qur resul ts with mouse macrophage-like cell lines are similar to
those of Cambrill and Wisseman (6), who infected human macrophages with the £
and Breinl strains. Interestingly, the human macrophage-like cell line U937-1
wa3 less effective than the mouse macrophage cell lines at reastricting the
growth of the E strain. Both strains of rickettsiae grew equally well in the
mouse fibroblast line L~929.

The responses of four mouse macrophage~like cell lines (o infection with
the E and Breinl strains were not identical. In all ceses the percentage of
cells infected with Breinl strain rickettsiae remezined constant or increased
slightly during a 48 hour period, and the average number of rickettsiae per
cell increased about 13 to 30 fcld, depending on thke cell line. However, with
the cell lines RAW264.7, J774.1, and P388D1, the percentage of cells infected
with E strain rickettsiae decreased very dramatically during a 48 hour period,
whereas with the PUS cell line, the percentage of cells infected with E strain
rickettsiae decreased by a smaller amount. The average nunber of F strain
rickettsiae per cell decreased dramatically during a 48 hour pericd in P388DM
cells, and less dramatically in J774.1 cells. This same parasmeter increased
slightly during the same period of time in PUS or RAW2E4.7 cells infected with
E strain rickettsiae. The differences among the mouse macrophage cell lines in
their response to infection with E strain rickettsiae may reflect actual
differences in the expression of macrophage-like characteristics by these cell
lines. Ralph et al. (12) have emphasized the heterogemeity among the various
mouse macrophage-like cell lines. It is importart to remember also that (1)
variants of macrophage-like cell lines can arise on passage, (9), and (2) it
is possible that variants of a particular macrophage-like cell line might
also differ in their ability to restrict the growth of the E strain.

Al though RAW264.7 was not the most effective mouse macrophage-like cell
line at clearing F strain rickettsise, it was undoubtedly the easiest mouse
macrophage-like cell line to cul ture and use in our studies. This cell line
grew well in medium supplemented with 10% calf serum and adhered firmly to the
chapber slides we used. Al though the cell line J774.1 adhered firmly to the
substratum, these cells tended to become very vacuolated. Adherence of the
cell lines PUS and P2BED1 to the substratum was influencrd by the density of
cell planting; hence we did our experiments with cells maintained in
suspension. The cell line P388D1 was in our exyperiments the most effective
line at killing the E strainm of R. prowazeki .

Al though the mouse macrophage-like cell linea RiW264.7 and J774.1 had
been cloned, the cells of these lines were not uniferm in their response to
infection with the E strain. The rickettsiae disappeared from most of the
cells, but usually mul tiplied in a small populaticn of cells. We recloned
RAW264.7 and infected 15 clones with the £ strain. Fach clone was nonuniform

- in its response to infection with the E strain. Whether variability in the
cells or in the rickettsiae (or both) accoun<‘s for this iieterogenecus response
is not known. Cambrill and Wisseman (6) reported similar findings wi<th human
macrophages. It is difficult to speculate about how €ast £ girain rickettsiae
were killed in RAW264.7 cells because dead rickettsiae were cleared so slowly

\
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from these cells. Cne could obtain information about the rate of killing of Z
strain rickettsiae by lysing infected cells and =ssaying the lysate for viable
rickettaiae. It is also not clear in ouc study whether the surviving T strain
rickettsiae mul tiplied at the same rate as the Ereinl strain rickettsiae,
since it was impossible to distinguish microscopically how many of the E
strain rickettsiae present were dead at the time of slide preparationm.

The cellular site of killing of the E strain of R. prowazeki in
macrophage~like cell lines is also wkpnown and is of —g'reat interest. Cne may
hypo thesize that both E and Breinl strain rickettsiae are phagocytized by the
macrophage and that most of the E strain rickettsiae are killed in the
phagosome whereas the Breinl strain rickettsiae escarpe to the cytoplasm and
mul tiply. Using electron microscopic teclmniques, Meyer and Wisseman have
demonstrated the escape of the Ereinl s.rain of R. prowazeki from the
phagosome in human macrophages, (W.A. Meyer III and C.L. Wisseman, Abstr.
Annu. Meet. Am. Soc. Microbiol. 1980, I10, p.39). In addition, they
demonstrated the destruction in the phagosome of dead rickettsiae aud
rickettsiae which had been treated with immune human serum.

On the o%fter hand, both strains of rickettsiae may escape to the
cytoplasm and killing of the E strain and survival of the Breirl strain may be
determined there. Nacy and Meltzer (10) postulated that killing of R.
tsutsugamushi in mouse macrophages treated with lymphokines after infection
occurred in the cytoplasm.

Several macrophage-like cell lines are capable of responding to treaiment
with lymrhokines by acquiring certain characteristics of activated macrophages
(7.8,9,1%, J.E.R. Potter and P. Ralph, Fed. Proc. 38:1CS5, 1979.). Experiments
are in progress to determine the effect of lymphokine traatment of
macrophage-like cell lines on the fate of the E and BEreinl strains of R.
prowazeki in these cells.

The resul ts obtained in this study with macrophage-like cell lines differ
from those reported by Gamtrill and Wissemar (6) in two respects. Firstly, in
the present study, the percentage of cells infected with Breinl strain
rickettsiae remained constant or increased slightly during a 48 hour period.
Gambrill and Wisseman found that the percentage of macrophages infected with
Breinl strain rickettsiase decreased somewhat, but not as dramatically s3 did
the percentage of macrophages infected with E strain rickettsiae. Secondly, in
the present study, the average number of Breinl strain ricket‘siae per cell
increased to a greater extent during a 48 hour period than did the same
rarameter for human mscrophages infected with Breinl strain rickettsiae (6).
These data suggest that mouse macrophage~like cell lines may lack a limited
ability possessed by ruman macrophages for inhibiting the growth of the Ereinl
strain of Rickettsia prowazeki.

Treatment of rickettsiae with antiserum differentially affected their
ability to infect L-929 cells or macrophage~like cell lines. Rickettsial
infection of L-929 cells was suppressed after antiserum treatment, whereas
infection of macrovhage-lixe cell lines (which bear receptors for the Tc
portion of izmmunoglobulin) was enhanced or wnaffected. The resul ts with L-G20
cells were unextected, since Wisseman et al. (20) found <hat treatient of X
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prowazeki with immune human serum did not decrease the infection of chicken
enbryo cells by the rickettsiae. The reason for the difference in our resul ts
is not lmown, but it may reflect a difference in the antibody compositioans of
the antisera used or in the host cell lines.

The ability of rickettsiae to grow in L-929 cells or in macruphage-like
cell lines was also differentially affected by treatment of the rickettsiae
with antiserum. On one hand, the growth of antiserum-treated rickstisiase was
unrestricted in L-929 cells. Wisseman et. al (20) likewise siowed that
rickettsiae treated with immune human serum grew nomally in chicken embryo
cells . Cn the other hand, the majority of the antiserum treated rickettsiae
disappeared from the mouse macrophage-like cell lines.

The human macrophage-like line U937-1 was less effective than the mouse
macrophage-like cell lines at clearing antiserum-treated rickettsiae. This
observation and the imperfect clearance of antiserum-tireated rickettsiae by
some of the other macrophage-like cell lines may be related to the percentages
of the cells which bear Fc receptors. The variability among the
macrophage-like cell lines with regard to their ability to be infected with
an tiserum- treated rickettsiae is probably also related to Fc receptor
expression. larrick et al. (8) reported that 35-40% of U937 cells expressed Fc
receptors whereas Ralph et al. (12) indicated that the percentages of PUS-1.8,
P388L1, JT74.1, and RAW264.10 cells which expressed Fc receptors were 62, 96,
100, and 68% respectively. Al ternatively, imperfect clearance of rickettsiae
by macrophage-like cell lines may be a reflection of insufficient coating of
some of the rickettsiae with antibody.

This study has characterized the interaction of R. prowazeki and several
macrophage-like cell lines, and has identified four cell lines which are
capable of clearly differentiating the avirul mt E and virulent Breinl strains
of R. prowazeki. These cell lines, especially RAW264.7 and PZ88D1, should be
useful models for studying rickettsia-macrophage interactions and for defining
the basis for the difference in virulence between the £ and Breinl strezins of
R. prowazeki. In addition, this study has provided information about the
interaction of bacteria and macrophage-like cell lines. Comparison of our data
with that of Winkler and Daugherty ( this report), who demonstrated that
neither the E nor the Breinl strains of R. prowazeki could grow in mouse
peritoneal macrophages, indicates that some signiicant difference(s) exis:s
be tween the continuous mouse macrophage-like cell lines and mouse macrophages.
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Table 1. Pffect of rabbit antiserum on the abllity of Rickettala prowarekl to Infect 1.-929 cells or macrophape-tike
i cell lines.
Rickettsaial Rickettainl
Strein Treatment 1.-929 RAW264.7 J174.1 i ([URYAN]
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_._-nanamf RickettnineS |Infected|Rickettnine Infected | Rickettniae Infected|Rickettalae Infected] Rbchetted o
Breinl none 767 1.80.4(4)" 74212 |2.1%0.9(5) 8312 2.7%0.4(2) 5541 WIS IV)) (Y AT 1.0 1 (0
Breinl normat serun®] 7627 2.000.4(2) | 7507 2.010.9(2) D Np® ND D b un
Breinl aznn:mn.:-._ 1545 0.3:10.1(4) 67:18 3.242.0(5) 9941 8.240.4(2) BR*7 h,141.9(2) hivi 120,500
]
. : i
| none 841 2.7:0.3(2) 81:10 [2.610.8(3) 78¢1 2.340.1(2) M ) un | 2
S 4 sntiserum 1121 0.240.0(2) 78+3 5.5¢2.0(3) 97422 8.6:0.8(2) NI Nh Nt LD
30 . {
I S )
fpech value représents the mean the atandard devistion. The number of experiments ia in parenthenen.
vwn-no._:wa of cells infected, .
CAverage number of rickettsiae per cell.
dnormal rabbit merum or rabbit antiserum wan added to rickettnial
suspensions at a concentration of ten percent just prior to Infectlon on the cells.
®not done.




Figure 1. Growth of the Madrid E or Breinl strains of Rickettsia
prowazeki in L-929 cells or macrophage-like cell lines. The percentage
of cells infected (T R, circles) and the average number of rickettsiae
per cell (NR, squares) are expressed as percentages of those observed at
zero time and are plotted against the time after infection in hours.

Open symbols with dashed lines depict antiserum-~treated rickettsiae
(AbZ R, AbNR), closed symbols with solid lines depict untreated rickettsiae,
and half-closed symbols with solid lines represent normal rabbit serum—treated
rickettsise. Thne values shown are the averages of the following numbers of
experiments: L929, n=7 except 3 at 5 hrs, 3 with antiserum, and 2 with normal
serum; RAW264.7, a=l7 for E, 13 for Breinl strains except 2 at 12 hrs,
5 at 5 hrs, and 3 with antiserum; J774.1, n=2; PU-5, ne7 except 2 with antiserum;
P388D1, u=2 except 1 with antiserum; U937~1, n=3. Normal rabbit serum or rabbit
antigserum was added to rickettsial suspensions at a concentration of ten percent
just prior to infection of the cells.
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INTRCIUCTICN

A role for the macrophage in the pathogenesis of rickettsial ‘diseases is
strongly suggested. lacy et al. (9,10) shcwed that activated mouse macrophages
in vitro could eliminate R. usutsugamushl but tha+t resident macrophages could
not. Gambrill and Wisseman; (8) showed that cul tured human monocytes could idll
the avirulent strain of R. prowazeki. However, the virulent strains of Z.
prowazeki and R. typhi grew within these monocytes unless 6 these virulent
strains had been reacted with antiserum in whick case they were des<*royed Ly
the monocyte (2,7,8).

The advantages of the mouse peritoneal meacrophage as a nodel for the

pethogenesis of epidemic typhus infections and as a means of exploring th
differences in the virulent and avirulent strains of 2. oprowazeki are
numerous. Little has been descridbed on the interaction c¢f mouse macrophages
and K. prowazeki.
In this study we describe the interactions of the Z strain znd Breinl strain
‘of R. prowezeki with resident, elicited and activated peritoneal macrothages
from three strains of mice including the "beige" strain whick has impaired
lysosomal degranulation (4).

METHODS AND MATERIALS

Basic preparation and characterization of cells . Unstimulated or treated (5%
oyster glycogen, Corynebacterium parvum , or E strain-immunized mice were
killed by cervical dislocation and the peritoneum was injected with S8-10 &l of
Dulbecco's Modified Fagle Medium (DMEM) containing 2 mM glutemine, 103 fe<el
calf serum, and SU Heparin per mililiter. After gentle messaging of the
abdominal wall, the fluid_ containing vperitoneal exudate cells (P3C) was
renoved. Routmely f-4 x 105 PEC per glycogen-e11c1ted mouse were obtained by
this procedure. An aliquot of the PEC suspension was stained with 0.1% crystal
violet in 105 ecetic acid and then counted in a PFuchks-Rosenthal Ul trzrlane
counting chamber. Cnly cells having a smdll round nucleus and a relatively
small amowmt of ytoplagm were enumerated. The PECs were then adjusied to a
concentration of 1 x 10" cells/ml in DMEM + 10% FCS and 0.2 ml aliquots were
delivered to each well of a chamber slide (Lab-Tek no. 48Cg, €
chambers/slide), allowlng one slide for eaclh time point +o0 bte observed.
Initial enrlchment and separatlon of non-adherent cells (mostly lymrhocytes)
from the adherent peritoneal cell populactlon wes accomzlisked by allowing the
cells to adkere to glass for 2 hr at 24°C in 5% CO,. lon-adherent cells were
then removed with three vigorous washings with Hank' s Palanced Salt Solutien.
Approximate&ly 50% of the cells adhere and these are assumed %o be macrogphages.

Ricketisiae. Rickettsia orowszeki Medrid E and Ereinl strains were grown :in
¢-day embryonated, antibiotic-free chicken eggs. Fggs were inoculated frem
seed tools prepared from the Madrid E strain cor the Preinl strzin. Ricketisine
were harvested and purified from infected yolk sacs § days after incculatien.
Yethods of rickettsial purification were mcdified from those of Zovarnick znd
Snyder (6), and YWisseman e: al. (15) as descrited rrevicusly {12),

Purified rickeittsiae were suspended in the sucrecse n"os*"a elutans-e
buffer of Zovarnick et a . {8) and were then stored =+ -7C ” in 3.2 alizuc s,
. T
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Viable rickettsiae were enumerated by the antibody hemolysis method of %“Walker
and Winkler (13), and +total rickettsiae-like bodies were enumerated by a
modification of the method of Silverman, Fiset, and Wissemsn (12).

Infection of macrophages with ricketisiae. Rickettaiae were diluted in Hank's
Balanced Salt Solution supplemented with C.1% gelatin and 4.9 mM L-glutamic
acid, monpotassium salt (HBSSGG). Rickettsiae were then added to the washed
macrophages in 0.2 ml aliquots, giving mul tiplicities ranging from 50 to 2CO
viable rickettsiae per adherent cell. E strain-immune rabbit serum (which had
been heat-imactivated at 56°C for 1 hour) was used to achieve opsonization
when desired. ‘!acrophage- and rickettsiae were then incubated together for 40
minutes at 37 C room air. The infections were then removed and the
macrophages washed three times with IMEM + 109 FCS. The cells were then given
fresh medium and allowed to incubate up to 48 hrours. At C hours, 4 hours, 24
hours, and 48 hours post infecticn clamber slides were then washed genily in
0.85% MaCl and dried with a warm air stream. The slides were then fiyed in 195
formalin in O.1 M sodium phosphate buffer (pH 6.8) and stained by a
modification of the Gimenez method as described by Wisseman et al. (16). A
sample of glycogen-slicited macrophages from CS7/6BL or (C57/J6 bg mice was
stained in a 1 x 10° dilution of acridine orange in phosphage-buffered saline
and examined by fluorescence microscopy for giant lysoscme formation.

The stained slides were examined microscopically under oil immersion end
the number of rickettsiae present in each of 100 macrorhages were counted for
each mul tiplicity of infection. From the data collected the percentage of
macrophages infected with rickettsiae (%R) and the average number of
rickettsiae per cell (NR) were determined. Much of the data was normalized to
the zero time infection, e.g. NR at a given time divided by MR at the zero
tine times 100 gives the average number of rickettsiae per macrophage as a3
percentage of that present at zero *inme.

RESULTS

Mouse peritoneal macrophages can clear their cytoplasm of R. prowazeki in
24 to 48 hours. This clearance is rapid in onset: by 4 hrs after infection a
sigrificently lower fraction of the macrophages have any rickettsia within
them. Any macrophages, unable to clear the rickettsiae by 24 to 48 hrs, a
number in general less than 5%, are no longer even rickettsiastatic and the
number of rickettsiae within these few macropktages increases. These
rickettsiae will eventually fill and kill these macrophages.

The macrophages of both BALB/c aad C57/631 mice were able to kill
intracellular rickettsiae. Activation of the =nacrorhsges was unnecessary;
resident and oyster shell glycogen elicited macrophkages were as
ricketitsiacidal as those activated by the administration of (. varvum or
immmization with R. prowazeki of either strain. Alterations in
aclivation-state as a resul® of in vitro cul tivation of the macroghages was
also not crucial since macrophages which had been cul tivated <‘or seven days,
24 Lrs or infected with rickettsiae the same day they were removed from <‘ke
mcuse were all able to kill rickettsiae.

Zotr the virulent Breinl s*rein and the avirulent =T atrzin were
elininaved {rcm the mscroprages and no t*endency for survirazl or growsh of tre
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virulent strain relative to the avirulent strain was present in any of the
nacrophage types. Cpsonization of either the E or Ereinl streins resul ted in
=more phagocytosis and hence a greater initial infection but no effect’on the
subsequent clearance of these rickettsiae was evident

The beige autant of (57/6 has a defect in degranulation end its
neutrophils are umable % kill bacteria ‘'&s well as those of the wild ¢ype
mouse. The oyster glycogen elicited peritoneal macrophages of these rice were
found %o contain giant lysosomes when stained by acridine orange as has been
seen in their neutrovhils by other groups. In spite of this defect, tre
clearance of both avirulent amd virulent rickettsiae occurred, and in this

- series of exveriments was slightly better than in the nDacrophages of the wild

type nouse.
DISCUSSION

Mice in general are unable %0 be infected by R. prowazeki al though tkey
can be rapidly killed by large inoculstions of viable ricketisize ..‘rcubh a
toxicity reaction of wnknown mechanism (3). The three stramsgof nice used in
thke present study were injected intraperitoneslly with 10° Breinl strain
rickettsiae and no morbidity or mortality appeared after the first 24 hrs. The
striking ability of the mouse peritoneal macrorhage %o eliminate Z. prowaszek:
correlates with the resistance of the mouse to infection by this species cf
rickettsise. R. tsutsugemushi , on the otker hsnd, infects nmice and cannot be
elrimina ted by the mecrophage unless the macrophage is activated (© ,10). It
must be emphasized that the basis of the resistance of mice, and anmals in
general except man, %o R. prowazeki infection has not been established and
hence the causal significance of <this correlation 3is umknown. We have
investigated the peritoneal macrophages of the hemster and gerbil. These
cells, like those of mice, kill both tke Ereinl and E strain of B. prowazeki.
In faci, large doses of tke Breinl sirain produced no deaths within 21 days
observztion in our hends. Investigations of the interaction of guinea pig =nd
cotton rat macropheges, macrophages from animals that are suscertidle +to
infection by R. prowazeki, (1,11) may be more rewarding in terms of ob taining
nacrorhages that will shrow dlffe'-entxal ¥illing of the two streins.

It had been hoped that the beige mouse would be uneble 4o cleer the
Breinl strein but able 40 kill <he T strain. This wculd have sghown the
izmyportance of lysosomal fusion in the killing of rickettsiae end have sirongly
suggested that the virulence of the Preinl strain results, 2t iesst in part,
from its ability %o lyge its wey out of the phagosome zore effectively than
t3 avirulent counterpart. Yowever, in spite of i%s sbncrmal macrophage
iyecscmes and <the reduced bacteriacidal capacity of its neutrophils, the
peritoneal mecrophages c¢f the beige zcuse were gble to clear rickettsize c¢f
Yo+b strezins. It may be that lysosomal granules are unimpertant in rickettsial
killing ond that the oxidative mechanisms within the rprimary phagcscme are
sulfficient. We have shown that ricketisisme are sensitive t0 sureroxide anion
and #,0, in a cell free aystem. Al ‘%ernatively, since the beige =Touse is
":’.efec.';iz-.'e" but not lacking iysosomes, the limited degraznulation that cceours
2ay be sufficisn? becauge of the extended time that the rickettsiae are wisthin
the cell. A third possibiiity is that the rickettsise are azctuelly ¢liminzted
fzom the cytorlasz ¢f the cell By an undescrided uec‘-.anu“ rather ::;: fren
the phago(lyso)somal vesicle.
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Table 1.

Effect of Macrophage State on Clearance of Rickettsiae

Mouse Macrophage Rickettsial Percent of zero time at
Strain Type Strain 24 ars
Percent Number
Infected Infected
C57 BL Resident E 1325 23£12 (5)
" " Breinl 158 17:8 (5
" Oyster (1)3 E 306 35¢9 (13)
" " Breinl 26:12 30£15 (11)
" Oyster (2)3 E 422 322 (5)
" ()3 Breinl 020 00  (4)
Balb/c Oyster (1)3 E 4x2 4l (7)
" " a2 | Breinl 77 10210 (2)
" " (NMHa E 3x2 3#22 (2
" " (M3 Breinl 1521 112 (2)
" C. parvum E 3:3 2£2 (&)

a) number refers to time of aging of macrophages in vitro before rickettsiae
added. (1) rickettsiae added on same day as macrophages taken from mouse,
(2) rickettsiae added on 2nd day, (7) rickettsiaze added om seventh day.

b) mean, standard error and number of determinations.
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Fig. 1. Clearance of R.prowazeki by mouse peritoneal macrophages. The
effects of rickettsial strains, mouse strains and time are shown. All
values are normalized to that at zero time. The standard error is shown.
The Balb/c 48 hr data were not Jetermined.
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Selective Elimination of the Avirulent,

Madzid E, strain of Rickettsia prowazeki

by Guinea Pig Peritoneal Macrophages.

Herbert H. Winkler and Robin M. Daugherty

Laboratory of Molecular Biology
Department of Microbiology and Immunology
University of South Alabama College of Medicine
Mobile, Alabama 36688.



ABSTRACT

The oyster shell glycogen elicited rperitoneal =zacrophage of the guinea
pig interacts differently with the avirulent E strain and <he virulent ZBreinl
train of Rickettsia prowazeki . 24 h after a wide range of initial infections
+ke Breinl strain survives in about 719 of those nacrophages it infected and
the punmber of rickettsia per macrophage increases about four-foeld. The £
strain, on the other hand, survives in only about 9% of those macrophages is
infected and the number of rickettsiae per macrophage falls *o about 13% of
that present initially.

The guinea pig has teen the most widely used animal acdel for the study
of the pathogenesis of epidemic typhus. Cnly the cotton rat, w#hich is not
readily available as a labora*ory s<rain in this cowmtry, is an al ternative,
¥ice eand albino rats have bYeen 3kown 0 be wuninfectible by DRickettsia
prowazeki and we have extended this list %o include the golden hamster sand
gerbil.

An avirulemt strain, tke Fadrid E strain, of R. prowazeki can be
distinguisked from the common virulant (Breinl) strain by ita ability to
immunize guinea pigs and men without causing wmortality or cignificant
morbidity. However, the biochemical basis of virulence in R. prowazeki is
unknown. To date tte only published in vitro dats bearirg on this are those of
Gambrill and Wisseman who showed that cul tured human zonocytes can destroy tre
avirulent strain but that the virulemt strain grows within the phagocytes.
However, we rave in preparation atudies of rickettsial interactica with nmice
and mecrophage-like cell lines.

We have investigated the pentoneal macrorhage of guinea pigs fo develop
a flexible animal model for the study of pathogenesis i3nd the basis of
virulence. The macrophages of the guinea pig are shown o differentiate
between the Breinl and E s¢rains: allowing the former % grow zand eliminating
the latzer.

The Fethods and Materials are as described in tre preceedilug renuserict
on mouse macrophages and rickettsiae and for brevity arc uut repeazed.

The oyster glycogen elicited peritoneal =zecrophages of guinea 3pigs were
infected with the E strain or the Ereinl strain of R. prowazeki . The initial
infections resul ted in infection of from 4 fo 1CO% of the zacrophages {mean of
31 for E and 27 for Zreinl) and the number of ricketisiae per 1CO macrophages

had a mean of 7S¢ for E and 114 for the Breinl strain {Fig. 1). The ability of

the xzacrophage to deal with this wide range of infection during the next 24 h
was dependent on the strain. The £ s* ain was eliminated by the =acrorthage:
only 9% cf those cells infected a% zerc +ime time had ricketisize a:t 24 h and
the number of ricketisiae per aacronhage fell %o 13% of *he zerc <ime level
(Fig. 1). The Treinl strain, on *he other hand, survived and grew irn most of
the macrothages. At 24 hrs. 715 of those cells infected at zero <*ime with the
Breinl sirain remained infected and the number of rickettsise rper macrothage
increesed 3¢77 (Fig. 1).

The mechanisas by wnich <the guinea tig =2szcrothage i3 able o
iifferentiate bevween the virulen<t and avirulent s+rains of Z. prowazeki are
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unknown. The nouse macroprage-like cell lines (Turco and Winkler, tkhis report)

and the "'human monccyte are also able to eliminate the £ strain while allcwing
the virulent strzin to survive and grow {Gambrill =znd VWisseman). The mouse
reritoneal macrophage, however, is wnable to discriminate and both strains are
killed (Winkler and Taugherty, this report). The guinea pig macrophage are, 23
would be exrected, more heterogenous than <those of *he mouse nmacrophage-like
cell lines in that some of the macrophages infected with the Breinl strain
eliminate it during the £first 24 hrs whereas the rpercent of ‘the
macrophage-like cell lines infected with “he Breinl s<rain remains essentially
constant threugh 48 h.

Future work will investigate the mechanism by which the I sirain is
kilied and <he 3reinl strain is atle %o avoid destruction. The role of *h
activation state and <the metabolic state of +*the nacrorhage will =2lsc Te -
probed. We hope to develop the tools *o allow manipulation of +he macroghage
so that either stirain can be made to survive or be killed.
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The fatty ac.i composition of the phospholipids of the avirulent Madrid =
and virulent 3reinl strains of Rickettsia prowazeki were compared. The fatty

acids 16:C,16:1 and 18:1 are the major fatty acids of both strains and in 3um
account for 90% of the fatty acid in these orgenisms. Large amount of
mono-unsaturated fatty acid (>65%) was detected in toth strains. Thus, a
differential susceptibility *o lipid rperoxidation is not a likely hypo thesis
to account for virulence in the Breinl strain.

The rickettsiase were harvested from infected chicken egg volx sac,
purified through Qenografin, the ipids were ex trac ed with
chloroform-methanol, the fatty acids of the phospholipids were cleaved and
converted to methyl esters with methanolic HC1 and the =ethyl esters were
separated and quantitated by gas liquid chromatography, all as previously
described by Winkler and Xiller, (J. Bacteriol., 1578).

The phospholipids of the avirulent and virulent strains of 2. prowazeki
contain the same fatty acids (Table 1). The slightly higher levels of 16:C and
18:0 in the Breinl strain are probably not significant since variation in the
prosphatidyl choline content of the rickettsial preparation (which, in the E
strain, we showed was host derived) would be most s+trongly reflected in <these
fatty acids. The fatty acid composition of the individual phospholipid classes
(PE,PG,PC) was not determined for the Breinl strain. However, published data
for the E stirain showed little differences in the fmtty acids of PE and FG,
the major phospholipids of %this strain (Winkler and Xiller).

R. prowazeki , Hadrid E strain, was shown to have a surprisingly high
percentage of its fatty acids unsaturated (Winkler and ¥iller). We
hypothesized that the E strain was much higher in percentage oL unsaturated
fatty acids than the Breinl strain. This could account for a greater
susceptibility o destruction throughk lipid rperoxidation in the E strain. The
E straia is selectively eliminsted relative to the Zreinl strain in human
monccytes, (GCambrill and 'Wisseman) guinea pig macrophages (Winkl. and
Tauglerty) and mouse macrophage-like cell lines (Turco and Winkler). The
resul ts do not support this hypothesis.
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Table 1.
of the Madrid E and Breinl strains of R.

Comparison of the fatty acid composition of the phospholipids

prowazeki.

FATTY ACID PERCENT OF TOTAL

MADRID E STRAIN BREINL STRAIN
14:0 5.5,6.2 (4)3 4.7,5.5
16:0 20,22 (26) © 26,25
16:0 28,30 (22) 25,26
18:0 1.5,1.6 (6) 3.0,3.2
‘18:1 45,40 (44) 41,39
18:2 0,0 (0) 0,1

a) The results of two determinations are shown, the number in parentheses

s is the literature value for the E strain.
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ABSTRACT

The virulent Breinl and avirulent ¥adrid T strasins cf
Rickettsia prowvazekii were examined for the presence of plasmid INA
by cesium chloride-ethidium bromide density equilibrium
centrifugation and by agarose gel electrophoresis of smell volume,
crude lysates. Ho plasmid DNA was detected in either strain using
these teckniques.

Plasmids are circular pieces of IRA that exist extrachromosomally in
bacterial cells. Al though they are generally considered nonessential %o the survival e¢f
the host cell, they confer a variety of phenotypic properties that can impart
advantages to the bacterium. Such properties include antibiotic resistance, toxin
rroduction, fertility, bacteriocin production, and production of ‘virulence factors (8).
Sumerous examples of plasmids conferring such thkenotypes are found both in
gram-positive and gram-negative bacteria.

Plasmids exist within the bacterial cell in the form of a covalenily closed
circular (CCC) molecule of DNA which replicates independently of the chromosome {1).
This physical configuration has been exploited for the purpose of isolating plasmid INA
by cesium chloride-ethidium bromide density gradients (7). Flasmid INA in the form of
CCC molecules binds less ethidium bromide than chromosomal INA and bands at a denser
vosition. The LNA bands can be visualized with vl traviolet light and the plasmid band
renoved. After extraction of the ethidijum bromide, this procedure results in a pure
prepareticn of plasmid LNA. Cenerally, however, initial detection of plasmids is
achieved by subjecting cell lysates to agarose gel electirophoresis (5). Purified
plasnid INA from CsCl-EB gradients can also be characterized by this method. INA
subjected to agarose gel electrophoresis migrates sccording to size and configurz<ion
and can te visualized by staining the gel with ethidium bromide.

Rickettsia prowazeidi is an obligate intracellular bacterium which is the
causative agent of epidemic typhus im zan. This bacterium’'s unusual intracellulsr
existence, the mechanism by which it enters eucaryotic cells, and its virulence
properties have prcmpted numerous investigations. Since plesmid INA is associated wish
surf{ace antigens and virulence factors, we recently %urnmed our attention  2an
exazinatior of plasmid INA in *wo well-characierized strains of R. prowazekii , the
avirulent ¥adrid £ strain and the virulent Sreinl strain. With tfe tecimigues uszed in
this study, which we believe to be the best available, we were unable % detect plasmid
DA in eitker strain.

HATERIALS AND METHCDS

' Bactecial strains. The R. prowazekii strains used in *his study are the 3reinl and
:-igdrid £ s=rains, In addition, Escherichia coli stralin V517 {3), =. coli strain ptercinl>
(3. Woecd), and Pseudcmonas aerugi.iosa sctrain FC2E2 {D. Wood) were empioyed as
Plasaid-positive conirols. The ricketisia were zrown and incuba‘ed as described
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previously (9). The E E. ccli and P. seruginosa strains were routinely grown in L-broth
which contained tryptone (10 g), yeast extract (5 g), NaCl (5 g), glucose (1 g) and
water (1 1).

Materials. Reagenté and sources were as follows: Lysozyme (Grade 1),
ribonuclease-A, protease (type V) and ethidium bromide (EB), from Sigma; cesium
chloride (techical grade) from Kawecki Berylco Industries.

DNA extraction. 10 ml of the purified Madrid E and Breinl strains of R. prowazekii
at a protein concentration of about ! mg/ml or 3C ml of early stationary vhase cells of

' E. coli or P. seruginosa were pipetted into 50 ml centrifuge bottles and centrifuged at

9,000 RPM for 10 min at 4°C. The supernatants were discarded and the pellet susperded
in 1 ml of 25% sucrose in 0.(5 M tris (hydroxymethyl)-aminomothane (Tris), pE 8.0. 0.2
ml lysozyme (10 mg/ml in 0.25 M Tris) was added and the mixture incubated at room
temperature for 15 min. 400 ul of 0.25 M discdium ethylene-diaminetetraacetic acid

(EDTA), 14 ul of 25% sodium dodecylsulfate (SIS) and 100_ul of protease (20 mg/ml in

S buffer [ ‘0.05 M Tris, 0.05 ¥ NaClL, and 0.C0S5 M EDTA ], autodlgested for 10 min at
65 OCc) were then added and the mixture incubated at 37°C for 2 h and 60°C for 30 min.
The lysate was sheared by pipetting it in and out of a ! ml pipette %wenty times. 1 ml

. of this sheared lysate was mixed with 2.9 ml of sterile water, 1.6 ml of EB (2 mg/ml in
~ phosphate buffer, pH 7) and 5.22 g of CsCl. This mixture was then placed in a

polyallomer centrifuge tube, overlayed with light mineral oil, and centrifuged in a
Beckman TY6S rotor using a Beckman 1L5-65 prerarative ultracentrlfuge. Centrifugation
was for 48 h at 50,00C rpm and 20°C. After centrifugation, the gradient was examincd
with' ul traviolet light (356 nm). Photographs were made with a Polaroid MP-4 camera
wnit, using Polaroid type 665 fllm and a ¥ratten No. 9 fil ter.

Small volume screening of strains for plasmid TNA was performed as follows: 1.5 ml
of overnight ‘growth of E. coli and P. aeruginosa strains and various amounts of the
purified Breinl and Madrid E strains of R. prowazekii were transferred to a 1.5
Sprendorf tube and centrifuged 3 min in & Eppendorf centrifuge. The resul ting cell
pellet was suspended in 250 ul of 25% sucrose in Q.05 M Tris, pH 8.0, 6 ul of :
ribonuclease-A (5 mg/ml in 0.05 M sodium acetate, pH 5.0), 17 ul of 1% lysozyme in TES
buffer,fand 13 ul of 0.25 M EDTA, pH 8.0. The suspension was incubeted for 15 min at
room temperature before 20 ul of SIS in 0.01 ¥ Tris and 50 ul of 5 M NaCl were added.
This mixture was placed m ice for at least 3 h before centrifuging the lysates at
16,000 rpm for 30 min at c°C. The supernatant was mixed with 0.3 ml phenol (saturated
with TES buffer) and 0.3 ml chloroform:isoamyl alcohol (24:1) and centrifuged for 8 min
in an Eppendorf centrifuge. The upper aqueous layer was mixed with ether to remove
phenol and the ether layer discarded. After the remaining ether had evaporated 12 ul
of 5M NaCl was added, the tube was filled with 95% ethanol, and placed at -2¢°C
ove"nlght. The precmltated TNA was collected by cen‘nfugatlon at 7,00C rpm for 20 min
at -20°C, and dissolved in 50 ul of sterile water. Normally 25 ul of this preparation
was examined by agarose gel electrophoresis.

Agarose gel electrophoresis. INA samples were subjected to electrophoresis in a
standard vertical siab gel apparatus according to the method described by Yeyers, et.
al. (5). Flec trophoresis was generally carried out at 45 mA (1CC V) until <*he tracking
dye reacked the bottom of the gel. The gel was sitained wiih ethidium bromide and
pho tograpned under ul traviolet light with a Polaroid MP-4 camera uni?, using Polaroid
tyre 6€5 £ilm and a Wratten No. O fil ter.
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RESULY

Analvsis of strains bv ecquilibrium centrifuga+ion. Lysates of the Breinl and
Madrid T strains of 2. prowazekii, EZ. coli atrains V517 and XC379 and P. aeruginnsa
strain MCBE2 were subjected % C3Cl-E3 equilibrium cenirifugation. When examined by
ul traviolet light, the centrifuged gradients of V517, YCBT9 and MCBE2 lysates exhibited
2 fluorescen* bdands (Fig. 2, A). The lowar band corresporded %o CCC plasmid INA.
Similar gradients of the Breinl and Madrid E strains, however, exhibited only one
fluorescent band (Fig. 1, 3). When this band was removed, ihe ethidium bromide
ex tracted and the IMA sxanined by agarose gel elec*rophoresis, the band gave a pattern
consistent with linear, chrcmoscmal INA (no* shown).

Analysis of s<“ruzins bv agarose zel electrothoresis. Txamination of small vclune
lysateas of the ricket<sial s3trains by agZarose gel electrothoresis alsoc revesled cnly
contaninating chromesomal [¥A (Fig. 2, TCP). Yo rlasmid TNA bands analogous to those
seen for plasmid-carrying strains of E. coli or P. seruginosa could te detecged in
eiéher the Preinl or Madrid E strains. The masking of plasmids in the 6 X 10° o 15 X
1C” dal ton size range by chromosomal INA in crude lysates has been rerorted (4).
Yowever, low vol tage electrophoresis (20 V in the system described in Materials and
Methods) induces plasmids in this size range o migrate ahesd of chromcsomal TNA in 15
h electrophoresis runs (4). When lysates of the Ereinl end ¥adrid E sirains were
subjected to such low vol tage agarose gel electrophoresis (Fig 2, BCTTCM), no plasmid
DNA was detected.

DISCUSSION

The tectmiques used in this study for isola*ing plasmid TNA have been found to be
applicable for a number of different bacteria, Cur failure to detect plasmid [NA with
these teclniques in the two R. prowazekii strains we examined atrongly suggests that
rlasmid LKA is absent from these strains. Certainly, *here was no problem in lysing the
cells with SIS. A similar procedure was used successfully in an earlier report to
izolate rickettsial chromosomal INA for genome size determinations (6). Of course,
pleasmid TNA not present as CCC molecules would not te detected in the dye-buoyant
equilibrium gradients. However, all plasmids studied %o date have been shown to exis<
in the CCC form (1). In addition, 2 wnifora molecular weight molecule in the normal
pFlasmid size range (2-5C Mdal) would have been detected by agarose gel elecirophoresis
whether it was in the CCC form or not.

The procedures used for plasmid extracticn in this report were rather vigorous and
could result in the fragmentation of plasmid molecules of high meclecular weigh+. Such
molecules would not have been detected in either the Cs(Cl-EB gradients or by agarose
gel electrophoresis since the linear segmen*s of the plasmid would be indistinguishable
from those of the chromosome. We are currently examining tke rickettsial strains by s
tecmique designed %o isolate large plasmids (2). This tecmigque has been used
successfully to isclate plasmids ranging frem 60 to 312 megadeal ‘ons. Preliminary
exteriments examining the Hadrid F strain by this method have not revealed any
detec table plasmid IRA.

Genetic analysis of %. crowazekii has been limited to determinaticns of G+C

content and genorme size {6). Cbvicusly, the imtracellular existence of *his bacterium
tresents many prcolems. The examination of 3. prowazelkdi for plasmid INA has teen our
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first step in applying tecimiques of microbi
will be directed toward teclniques designed
of a larger numbter of R. prowazekii strains.
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