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Mammalian cells particularly suitable for the study of specialized aspects of
rickettsial biology were tested for their ability to support plaque formation by
Rickettsia conori. The detection of plaques was substantially influenced by the
combination of growth medium and cell type used. Large plaques (2.0 to 3.0 mm
in diameter) occurred by 8 days postinfection in WI-38 and DBS-FRhL-2 cells
supported by medium 199. Smaller plaques (0.5 to 1.0 mm in diameter) were seen
in L-929 and HeLa cells at 8 to 11 days postinfection and were more discernible in
cells supported with Eagle minimal essential medium. Chicken embryo cells
maintained in Dulbecco's modified Eagle medium exhibited large spherical
plaques with a diameter of approximately 1.5 mm by 8 days postinfection.

Plaque formation by Rickettsia conori or
other spotted fever group rickettsiae has been
reported in chicken embryo (CE) cells (4, 9),
Vero cells (9), and irradiated L-929 cells (10),
but the major emphasis of studies with patho-
genic rickettsiae has been on their plaquing
ability in CE cells. These cells have been
utilized in the identification of factors influenc-
ing plaque formation (13), including the effect
of suspending medium (12), and in the plaque
isolation of rickettsiae directly from a vector
(11).
The purpose of this investigation was to study

the ability of a representative spotted fever
group organism, R. conori, to form plaques in
cells that are particularly suitable for either
vaccine development or the study of the molec-
ular biology of rickettsia-host cell interaction.
The WI-38 and DBS-FRhL-2 cells are candidate
substrates for virus vaccine production (3, 8)
and were logical choices for inclusion in this
work. Extensive biochemical studies with HeLa
and L-929 cells have revealed substantial infor-
mation concerning their molecular processes (2,
7) and makes them a valuable substrate for
molecular studies of rickettsial interaction with
mammalian cells.

MATERIALS AND METHODS
Rickettsial seed. The initial seed material of R.

conori was generously supplied by Charles L. Wisse-
man, Jr. (University of Maryland School of Medicine,
Baltimore) at the 43rd yolk sac passage. Additional
seeds were prepared by homogenizing infected yolk
sacs in a blender with sucrose phosphate glutamate
solution (1) to make a 20% (wt/vol) yolk sac suspen-

sion, which was dispensed in glass vials, shell-frozen
in dry ice-95% ethanol, and stored at -70 C.

Tissue culture procedure. All cells were routinely
propagated at 37 C in a humidified atmosphere of 5%
CO2 in air, using Eagle minimal essential medium
(MEM) supplemented with glutamine, nonessential
amino acids, and 10% fetal calf serum, all purchased
from Grand Island Biological Co., Grand Island, N.Y.
(GIBCO). WI-38 cells were purchased from GIBCO
and used between passage 22 and 30. DBS-FRhL-2
cells were generously supplied by John Petricciani
(National Institutes of Health, Bethesda, Md.) and
used between passages 25 and 30. HeLa and L-929
cells were purchased from GIBCO at an unknown
passage level. CE cells were prepared by standard
techniques (6) from embryonated 11-day-old SPA-
FAS eggs (Spafas, Inc., Norwich, Conn.).

Plaque assay procedure. Cells were grown to
confluency in 60-mm culture dishes (Falcon Plastics,
Oxnard, Calif.), growth medium was removed, and
0.1 ml of rickettsial inoculum, diluted in brain heart
infusion (Difco, Detroit, Mich.), was applied to the
surface of the monolayer. Rickettsiae were adsorbed
for 60 min at room temperature with frequent rocking
and then overlaid with 5 ml of growth medium contain-
ing 10% fetal calf serum and 0.5% agarose (Marine
Colloids, Inc., Rockland, Me.). The various growth
media used were MEM, Dulbecco's modified Eagle
medium (DMEM), and medium 199 (M199), all
purchased from GIBCO. Plates were incubated at
32 C in 5% CO2 in air, usually for 7 days, and then
overlaid with growth medium containing 10% fetal
calf serum, 0.5% agarose, and neutral red at a final
dilution of 1:10,000. Plaques were counted and photo-
graphed at 8 and 11 days postinfection.

RESULTS
Plaque formation in WI-38 cells. Large

stellate plaque morphology was observed in
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M199, and smaller irregular plaques were seen
in DMEM. MEM was consistently the poorest
medium, with plaques either not evident or
barely discernible due to poor contrast after
staining with neutral red. Plaques formed in
M199 measured approximately 2 by 3 mm (Fig.
1), and microscopic observation indicated that
they conformed to the elongated, swirled growth
pattern of the fibroblastic cells. All cultures
were stained with neutral red 7 days postinfec-
tion and photographed the following day, but
could not be further maintained for observation
of increase in plaque size because of deteriora-
tion of the cell monolayer.
Plaque formation in DBS-FRhL-2 cells.

Large plaques of both round and stellate mor-
phology were observed in M199 and DMEM.
The size was slightly smaller than seen in WI-38
cells, with plaques measuring approximately 1
by 2 mm (Fig. 2). No plaques were evident in
MEM. All cultures were stained with neutral
red 7 days postinfection and photographed the
following day, but as with WI-38 cells, rapid
deterioration of the monolayer was observed.
Plaque formation in HeLa cells. At 8 days

postinfection, tiny spherical plaques, less than
0.5 mm in diameter, were evident in MEM and
DMEM, although fewer numbers were observed
in the latter medium. Continued incubation
until 11 days postinfection caused an increase in
plaque size to approximately 0.75 mm (Fig. 3).
Plaque formation at rickettsial dilutions of both
10-i and 10-5 was shown to aid in plaque
identification. At this time tiny spherical
plaques, less than 0.5 mm in diameter, became
evident in M199.
Plaque formation in L-929 cells. Initial

sati~ ~ ~ ~ ~ i

FIG. 1. Plaque formation in WI-38 cells bY stan-
dard inoculum of R. conori diluted 10- in brain heart
infusion. Cells were maintained in M199 with 10%
fetal calf serum, stained 7 days postinfection with
neutral red, and photographed the following day.

2

FIG. 2. Plaque formation in DBS-FRhL-2 cells by
standard inoculum of R. conori diluted 10-5 in brain
heart infusion. Cells were treated as in Fig. 1.

attempts to plaque R. conori in these cells by
using the standard staining protocol were unsat-
isfactory. Plaque formation was not visible until
11 days postinfection, when infected cells main-
tained in MEM evidenced tiny plaques, less
than 0.5 mm in diameter, which could not be
reliably quantitated. Subsequent studies indi-
cated that the time of application of the neutral
red staining overlay was critical. If the staining
overlay was applied 3 days postinfection rather
than the normal 7 days, plaques were easily
visualized by 8 days and increased in size
through 11 days postinfection. This phenome-
non was apparently not related to the nutri-
tional status of the cells, because L-929 mono-
layers refed at 3 days postinfection and then
stained at 7 days postinfection did not evidence
plaque formation. Figure 4 indicates the results
obtained with MEM when the neutral red
staining overlay was applied 3 days postinfec-
tion and incubation was continued until 11 days
postinfection. Small spherical plaques, approxi-
mately 0.5 mm in diameter, were initially
observed at 8 days postinfection, and by 11 days
postinfection had increased in size to approxi-
mately 1 mm. At this time tiny plaques, less
than 0.5 mm in diameter, were observed in
DMEM, but none were apparent in M199.
Plaque formation in CE cells. Plaque forma-

tion in these cells has been carefully investi-
gated by others (4, 9, 11 to 13) and was
included in this study to provide a basis for
comparison of plaque size and to initially test
the feasibility of plaquing in unsealed culture
dishes. Sharply defined, large, spherical
plaques measuring approximately 1.5 mm in
diameter were evident in DMEM by 8 days
postinfection (Fig. 5). Plaques formed in M199
were irregular and smaller, with a diameter of
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FIG. 3. Plaque formation in HeLa cells by standard inoculum of R. conori diluted in brain heart infusion.
Cells were maintained in MEM with 10% fetal calf serum, stained 7 days postinfection with neutral red, and
photographed 11 days postinfection, (A) Inoculum diluted 10-'; (B) inoculum diluted 10-5.
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FIG. 4. Plaque formation in L-929 cells by standard
inoculum of R. conori diluted 10-5 in brain heart in-
fusion. Cells were maintained in MEM with 10% fetal
calf serum, stained 3 days postinfection with neutral
red, refed at 7 days postinfection, and photographed
11 days postinfection.

approximately 0.75 mm. MEM gave unsatisfac-
tory results, with very hazy plaques poorly
discernible due to lAck of contrast after stain-
ing.

Quantitative comparison of plaque
formation. Quantitation of plaques formed in
each cell type cannot be rigorously analyzed by
statistical techniques because of differences in
growth medium and period of incubation, but
the arithmetic mean number of plaques per

milliliter of standard rickettsial inoculum does
show the following interesting pattern: WI-38,
15 x 106f plaque-forming units (PFU)/ml; DBS-
FRhL-2, 12 x 106 PFU/ml; HeLa, 17 x 106
PFU/ml; L-929, 13 x 106 PFU/ml; CE, 37 x 106
PFU/ml. It is apparent that the first four cell

FIG. 5. Plaque formation in CE cells by standard
inoculum of R. conori diluted 10-5 in brain heart in-
fusion. Cells were maintained in DMEM with 10%
fetal calf serum, stained 7 days postinfection with
neutral red, and photographed the following day.

types may be grouped together on the basis of
their ability to support plaque formation and
that CE cells stand apart as the most sensitive
indicator of plaque formation for rickettsiae
propagated by serial passage in embryonated
eggs.

DISCUSSION
This study has clearly demonstrated that R.

conori will form plaques in cells that are partic-
ularly suitable for the study of specialized
aspects of rickettsial biology. Successful plaqu-
ing in WI-38 and DBS-FRhL-2 cells is an
important observation for future studies in
vaccine development. Wike and Burgdorfer (11)
have demonstrated the feasibility of isolating
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rickettsiae directly from tick hemolymph and
rickettsemic blood of guinea pigs by plaque
formation in CE cells. It is reasonable to expect
that plaque formation by rickettsiae from the
blood of infected humans can similarly be
accomplished, thus providing a means for isola-
tion and growth of rickettsiae in cells considered
to be free of adventitious agents. The ability to
plaque rickettsiae in such cells will also be
important in studies concerned with the devel-
opment and plaque purification of attenuated
living vaccine agents, where the presence of
adventitious agents would present a severe
problem. The plaquing and growth of rickett-
siae and L-929 and HeLa cells provide.s an
opportunity to study the biochemistry of these
agents and perhaps the molecular basis for their
obligate parasitism in a host whose own bio-
chemical functions are currently under inten-
sive study at the molecular level. Our plaquing
system in culture dishes, rather than the sealed
flasks used by other investigators, affords sub-
stantial advantage in ease of plaque recovery.
This factor is particularly important with the
large number of plaques that must be trans-
ferred or recovered during genetic studies with
rickettsiae.
There was little difference between WI-38 and

DBS-FRhL-2 cells in their ability to support
plaque formation by R. conori. Large plaques
were easily and routinely obtained by 8 days
postinfection, before deterioration of the mono-
layers.
Plaque formation was achieved with both

continuous cell lines tested, but each had its
technical difficulties. HeLa cells evidenced
plaques of sufficient size for reliable enumera-
tion or recovery only after 11 days of incubation.
Plaques were also observed in L-929 cells at 11
days postinfection but required a special stain-
ing technique. The basis for enhanced plaque
formation in L-929 cells after early application
of neutral red is unknown, but a similar obser-
vation has been made with St. Louis encephali-
tis virus plaque formation in duck embryo cells
(5). We plan to explore this observation further
to determine whether it has general applicabil-
ity to rickettsial plaque formation in other cell
lines.
CE cells show greater sensitivity for rickett-

sial plaque formation than the other cell types

tested. It is possible that this is the result of
multiple passages of rickettsiae in embryonated
eggs and the selection of a population of orga-
nisms particularly suited to growth in cells
derived from chicken embryos. Similar passage
of rickettsiae in another type of cultured cell
could lead to enhanced plaque formation in that
cell type, and studies are currently in progress
to test this possibility.
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