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inactivation of R. tsutsugamushi or deprivation of its primary energy source,
L-glutamic acid, reduced -penetration into mouse cells (Cohn et al, 1959).
Inactivation of either the host (:"11 or R. prowazekii sharply reduced parasite
internalization (Walker and Winkler, 1978).

In this report evidence is mwmmd that shows that C. burnetii passively
attaches to the surface of host cells and subsequently is endocytosed. We also
show that the relatively avirulent laboratory-derived variant, phase 11 C. burnetii,
attaches more readily to the L cell surface than phase 1 organisms; this
apparently accounts for the capacity of the phase Il rickettsiae to more readily
infect cultured host cells, Purified phase I C. burnerii LPS did not significantly
affect attachment of the parasite to host cells; however, it impaired entry.
Finally, we demonstrate that protease-sensitive components on the L cell
surface may be at or near the site of C. burnerii adherence,

Materials and Methods

Cultivation, radiolabelling and purification of C. burnetii. Cloned phase T and phase 11 C. burnetii,
Nine Mile isolate, were obtained from Drs. R, Ormshee and M. Peacock of the Rocky Mountain
Laboratory, Hamilton, MT. Both phases were cloned by the plague technique, utilizing chick
emhryo cells (Ormsbee and Peacock, 1976),

The ricket were propagated and labelled with 2P- w!“‘so&«mmm while Emwimg in L cells as
previously described (Baca er al., 1981). The L cells were infected with cloned rickettsiae from yolk
suc homogenates (phase E mmc NASSHEE 1N eRps g phase [~ multiple passages) for no more than 30

days. For radiols ulkmy;m § cells maintained in suspension culture were exposed to [¥2P)-
arthophosphoric acid (1. () m( er ‘?() ml culture) for 3 1o 4 dbw The host cells were disrupted in
a Ten Broeck homogenizer and the released labeled rickeusiae purified from host cell debris by
differential centrifugation: 3 cycles of low speed-high speed centrifugation (800 x g and 10 000 x 5,
5 min and 30 min, respectively). I required, additional purification was achieved by centrifugation i
30% to 60% (w/v) linear sucrose gradients (Thompson er al, 1971). Purified ricketisiae w.m
suspended in Dulbecco’s balanced salt mﬁmi(m (DDBSS) and their concentration determined by the
direct counting procedure of Silberman and Fiset (1968); the specific radioactivity of the purified
rickettsiae was determined. Some of the radiolabelled rickettsiae were extracted with trichloroacetic
acid: more than 95 Y% of the radioactivity remained with the TCA-insoluble {raction. Radiolabelled C.
burnetii were stored at -80 oC.

Infected and uninfected L (L929) cells were cultivated in antibiotic-{ree Eagle’s minimum essential
medium (MEM), Spinner modified, with 5% heat-inactivated calf serum and L-glutamine, Cell
counts were performed with o hemocytometer and cell viability determined by dye (trypan blue or
erythrosin B) exclusion (Phillips, 1973), Cell cultures were routinely tested for bacterial contamina-
tion by inoculation into thioglycollate broth, Mycoplasma testing was periodically performed using
standard technigues.

Uptake of rickettsiae by L cells, The basic assay pmwd ure for determining C burnetii attachment-
internalization was as follows: 2P-C. burnetii were mixed with Locells (11T mi, 100 cells/mb) in
complete growth medium in 50 ml silicone-stoppered Erlenmeyer polycarbonate flasks. The flasks
were incubated at 370C and 2 mil aliquots were periodically taken, rickettsine that were not
associated (1 e, attached or internalize (1) with s were removed by pelleting Locells (and
attached/Zinternalized rickettsine) at 160 x g at 4 oC {for 1§ min, resuspending the pellet in 2 ml of
DBSS followed by four additional cyeles of wmll[uwtmn and resuspension. The four washes were
determined 1o be optimal Tor removing "free” rickettsiae. The washed 1. cells-rickettsiae were
suspended in detergent-containing (Beckman Bio-Solv BBS-3) ligquid scintilfation (tuid and the
radioactivity measured in o Searle Delta 300 Haguid scintillation spectrometer. From the specific






















ENTRY OF C. BURNETII INTO CELLS

[Tl controi

a0l LPS-Treated

30+ {

20¢

-

10F

PHASE | C. BURNETH ASSOCIATED /L CELL

0 4.5

INCUBATION TIME (HOURS AT 3700)

151

Fig. 8
Effect of purified phase 1 LPS on the
attachment and uptake of radiolabelled
phase I C. burnetii by L cells
Values al time zero correspond™ to the
attachment. Mean £SE of 3 independent
experiments performed in duplicate.

Biochemical nature of the rickettsial attachment site

To probe the biochemical nature of the components on the L cell surface that
may function as rickettsial “attachment sites”, cells were treated with periodate,
a number of potential competitors of attachment (concavalin A, sugars, inclu-
ding D-galactose, D-mannose, D-xylose), and enzymes, including proteases and
glycohydrolases. The only treatments that affected C. burnetii (phase 1) attach-
ment were exposure to the proteases pronase, subtilisin and subtilopeptidase A.

Fig. 9

Effect of subtilopeptidase A treatment of

L cells on the attachment of phase | C. bur-
netii by L cells
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Treatment with pronase caused a S0 % reduction in the number of attached ¢
burnetii (data not shown) while treatment with subtilopeptidase A resulted in
approximately a 70 % reduction (}m 9). Subtilisin treatment reduced the
amount of attached C. burnenii (phase 1) by approximately 50 % and continued
incubation at 37 oC for up to three hours revealed continued differential
altachment and uptake (data not shown).

Discussion

Other mvmtrgrzs ors (Burton er al., 1978) have speculated that € burnetii enters
into host cells via phagocytosis; our data substantiate s»,uch speculation. In an
u:irli& report (Akporiaye er al., 1983) we demonstrated conclusively that this

intracellular agent resides within phagolysosomes. The results presented in this
report show that the parasite does, indeed, um: host cells via phagocytosis and
that it does not actively promote its eniry, bul rather, enters passively. Inactiva-
tion of the ri glwm iae with glutaraldehyde or hw did not significantly affect the
number of 12P-C. burnerii that attached to the wEI surface or that subsequently
entered. xrlm nore, treatment of host cells with the metabolic in 11b1mr Nal
and the specific phagocvtosis inhibitors cytochalisin B or 1D resulted in almoaost
cc‘,:)r‘m"»lcitfs abolition of parasite entry.

E“Jnlike o hurnetii, other rickettsial ugents actively promote their entry into
host cells. The classic work of (m,om et al. (1959) demonstrated that R
mumwmnm/u actively penetrated host cells, This conclusion was based on the
observation that ir‘lz‘xct%vuti()r‘l of the [mwmte with metabolic inhibitors, heat,
formalin or UV irradiation resulted in marked reduction of host cell penetration
Later, similar results were obtained with /\ prowazekii when it was reported that
parasite entry mm L cells 1 m;um d the active parti uumt ion of both the ricketisia
and the host cell (Walker and Winkler, 1978). It has been proposed (Walker,
1984, Walker zmi Winkler, 1978} that internalization of R. prowazekii occurs
through a process of “induced phagocytosis™ attachment of live ml\cm e toan
unidentified site signals the cell to phagocytose - inactive ricket lx > adhere 1o
the cell membrane but are slowly internalized. A similar mechanism hend been
previously proposed by Byrme and Moulder (1978) when they presented evi-
dence that Chlamydia psittaci was phagoceytosed by nonprofessional phagocytes
(L and HelLa cells) through a process they termed “parasite-specified phagocy-
tosis”,

The biochemical nature of the C burnetii attachment site an the L cell surface
remains unidentified: Hmwewr our investigation m()vlclm circumstantial evi-
dence that proteins are at or near the attachment site since C. burnetii adherence
wis substant mEIv reduced by trmmm [ cells with proteases.

Kazar et al. (1975) previously x“c:w‘)r‘t«cd that m: uuph s owere more readily
infected by phum H orickettsine than 1 W phase 1. Our findin s that phase 1T .
hurnetii attach more readily to L cells than do phase 1 organisms likely accounts













