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Summary. - T h e  attachment to and entry into L mouse  fibroblast 
cells of  viable phase I and phase II Nine Mile Coxiella burnetii was  
investigated. T h e  use  of  3 2P-labelled rickettsiae showed that phase II 
C. burnetii attached more readily to L cells than phase I organisms; 
this probably accounts for  the more rapid establishment of  infection 
of  host cells by the phase II agents. T w o  lines of  evidence indicated 
that C. burnetii plays a passive role in both attachment and entry into 
host cells: (1) inactivation of  rickettsiae by either heat or glutaralde-
hyde did not affect either process, and (2) metabolic inhibitors of  
L cell phagocytic function - NaF and cytochalasin B and D -
abolished rickettsiae uptake. These  results indicate that it is an 
endocytotic event. Whi le  the presence o f  purified phase I lipopoly-
saccharide (LPS) did not interfere with attachment of  rickettsiae to 
the surface of  host cells, it markedly impaired entry of  C. burnetii in 
both phases. This  suggests that LPS is not an adhesin and that it is 
toxic to the host cell. Treatment of  L cells with either pronase, 
subtilisin or subtilopeptidase A significantly reduced the number of  
C. burnetii that adhered to the host cell surface; this result suggests 
that proteins are either proximate to or components of  the  C. burnetii 
attachment site. 
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Introduction 

C. burnetii, the agent of  Q fever in humans, is an obligate intracellular 
prokaryote capable of  persistently infecting a variety of cultured cells, including 
L fibroblasts (Roman et al., 1986) and macrophage cell lines (Baca et al., 1981). 
This rickettsial agent resides and proliferates within phagolysosomes (Akporiaye 
et al., 1983; Burton et al., 1978); its entry into host cells has subsequently been 
presumed to occur by phagocytosis. Entry into host cells of two other obligate 
intracellular rickettsiae - Rickettsia tsutsugamushi and Rickettsia prowazekii -
apparently requires the active participation of  both the parasites and host cells; 
inactivation of  either parasite or host markedly reduces penetration. Heat 
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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 cell or R. prowazekii sharply reduced parasite 
internalization (Walker and Winkler, 1978). 

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

Materials and Methods 

Cultivation, radlolabetlinn and purification oJ'C. burnetii. Cloned phase I and phase U C. burnetii, 
Nine Mile isolate, were  obtained Trom Drs. R. Ormsbee  and M. Peacock o f  the  Rocky Mountain 
Laboratory, Hamilton, MT. Both phases  were  cloned by  the  plaque technique, utilizing chick 
e m b r y o  cells (Ormsbee  and Peacock, 1976). 

T h e  rickettsiae were  propagated and labelled with -1 2P-phosphate while  growing in L cells as 
previously described (Baca et al., 1981). T h e  L cells w e r e  infected with cloned rickettsiae Trom yolk 
sac homogenates  (phase I - single passage in eggs;  phase II - multiple passages) Tor no more  than 30 
days. For radiolabelling, infected cells maintained in suspension culture w e r e  exposed to [ 3 2 P]-
orthophosphoric acid (1.0 mCi per 50 ml culture) Tor 3 to 4 days. T h e  host cells were  disrupted in 
a T e n  Broeck homogenizer  and the  released labelled rickettsiae purified Trom host cell debris  by 
differential centrifugation: 3 cycles o f  low speed-high speed centrifugation (800 x g and 10 000 x g, 
5 min and 30 min, respectively). If required, additional purification w a s  achieved by centrifugation in 
3 0 %  to 6 0 %  (w/v) linear sucrose  gradients (Thompson  et al., 1971). Purified rickettsiae w e r e  
suspended in Dulbecco's  balanced salt solution (DBSS) and their concentration determined by  the  
direct counting procedure o f  Silberman and Fiset (1968); the  specific radioactivity o f  the  purified 
rickettsiae w a s  determined. S o m e  o f  the  radiolabeled  rickettsiae were  extracted with trichloroacetic 
acid; more than 95 % o f  the  radioactivity remained with the  TCA-insoluble fraction. Radiolabeled  C. 
burnetii were  stored at - 8 0  "C. 

Infected and uninfected L (L929) cells were  cultivated in antibiotic-free Eagle's minimum essential 
medium (MEM), Spinner modified, with 5 %  heat-inactivated calf serum and L-glutamine. Cell 
counts  were  performed with a hemocytometer  and cell viability determined by dye  (trypan b lue  or  
erythrosin B) exclusion (Phillips, 1973). Cell cultures were  routinely tested for  bacterial contamina­
t ion by inoculat ion into  thioglycollate b ro th .  Mycoplasma test ing was  periodically pe r fo rmed  using 
s tandard  t echn iques .  

Uptake of rickettsiae by L cells. T h e  basic assay p rocedure  f o r  de te rmin ing  C. burnetii a t t achment -
internalization was  a s  follows: -12P-C. burnetii were  mixed  with L cells (11 ml ,  10'' ce l l s /ml)  in 
comple t e  growth m e d i u m  in 50 ml si l icone-stoppered Er l enmeyer  polycarbonate  flasks. T h e  flasks 
were  incubated at 37 " C  a n d  2 ml a l iquots  w e r e  periodically t aken ;  rickettsiae tha t  were  n o t  
associated (i. e. ,  a t tached o r  internalized) with L cells were  removed  by pelleting L cells (and 
a t tached/ in ternal ized  rickettsiae) at 160 x g a t  4 " C  for  15 m i n ,  resuspending  t h e  pellet in 2 ml o f  
D B S S  fol lowed by f o u r  addit ional  cycles o f  centr i fugat ion a n d  resuspens ion.  T h e  f o u r  washes  were  
de t e rmined  t o  b e  opt imal  for  r emoving  " f ree"  rickettsiae. T h e  washed  L cells-rickettsiae were  
su spended  in detergent-conta in ing (Beckman Bio-Solv BBS-3) liquid scintillation fluid a n d  t h e  
radioactivity measured  in a Scarlc Del ta  300 liquid scintillation spec t rometer .  F r o m  t h e  specific 
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radioactivity, the  n u m b e r  o f  rickettsiae associated per cell w a s  ascertained. Only exponentially 
growing L cells w e r e  used in these  studies.  

Inactivation of C. burnetii. C. burnetii in both phases,  suspended in DBSS, w e r e  inactivated either 
by heat (60 °C ,  1 h r )  according t o  D o w n s  (1968) o r  by exposu re  t o  0.5 °/oor 1.0 % formal in  f o r  2 4  h r  a t  
r o o m  t empera tu re  (Ormsbee ,  1962). Formal in- t rea ted  rickettsiae w e r e  washed  several t i mes  with 
DBSS.  T h e  efficiency o f  t h e  t r e a t m e n t s  was  de t e r m ine d  b y  exposing 6 day-old embryona t ed  eggs 
and  L cells t o  t h e  t reated organisms.  A f t e r  t w o  weeks ,  n o  ev idence  o f  rickettsial proliferation was  
detected.  

Probing the biochemical nature of the C. burnetii attachment site on the L cell surface. Exper imen t s  
were  pe r fo rmed  t o  begin  t o  ident i fy t h e  biochemical  n a t u r e  o f  t h e  putat ive  C. burnetii a t t a chmen t  si te 
o n  t h e  L cell surface.  Viable  hos t  cells were  t reated with a n u m b e r  o f  e n z y m e s  prior t o  exposing t h e m  
to  r ad io l abe led  rickettsiae. Af t e r  t r ea tmen t ,  C. burnetii w e r e  a d d e d  a n d  t h e  n u m b e r  o f  a t tached  
rickettsiae was  immedia te ly  de t e rm ine d  a f t e r  washing  a s  descr ibed above .  N o r m a l  uninfec ted  L cells 
were  t reated a t  37  " C  f o r  30 m i n  (usually in DBSS)  wi th :  trypsin (15^/g/ml ,  bov ine  pancreas,  type  III), 
a lpha-chymotrypsin (15 / i g /ml ,  bov ine  pancreas ,  type  I-s), subt i lopept idase A (5 ^ g / m l ,  subtilisin 
Carlsberg, type  III), subtilisin B P N  (200 ,ug/ml, type  VII) ,  neu ramin idase  (1.0 U / m l ,  type  VI f r o m  
Clostridium perfringens), a n d  beta-galactosidase (grade VI f r o m  Escherichia coli) (all f r o m  Sigma) a n d  
pronase  (15 ^ g / m l ,  g rade  B, nuclease-free,  Ca lb iochem) .  A f t e r  t r ea tmen t ,  t h e  cells were  washed  
twice with growth  m e d i u m  by centr i fugat ion a t  400 x g a n d  resuspended  in t h e  appropr ia te  m e d i u m .  
Only t h o s e  t reated cell popula t ions  exhibi t ing > 90 % viability w e r e  used  in s u b s e q u e n t  C. burnetii 
a t t achment  exper iments .  F o r  each  e n z y m e ,  a r ange  o f  concent ra t ions  was  tes ted;  however ,  t h e  
concentra t ions  indicated a re  t h o s e  t ha t  had  a n  effect  o n  a t t a chmen t  o f  C. burnetii - if any  - a n d  tha t  
did n o t  adversely affect  hos t  cell viability. 

LPS treatment of L cells followed by exposure to C. burnetii. LPS was  prepared f r o m  'purified phase  I 
C. burnetii (Baca a n d  Paretsky, 1974). 30 m i n  prior  t o  exposu re  t o  rickettsiae, L cells w e r e  exposed  t o  
100 fjg o f  purified LPS fol lowed by r ad io l abe l ed  C. burnetii. Both  phase  I a n d  phase  II rickettsiae 
were  used ,  independent ly ,  in t h e s e  exper imen t s  t o  de t e rm ine  if t h e  presence  o f  LPS affected 
a t t achmen t  a n d  en t ry  o f  t h e  rickettsiae. 

Other treatments. L cells in comple te  g rowth  m e d i u m  w e r e  also exposed  t o  N a F  (20 m m o l / l ) ,  
cytochalasin B o r  D (15-25  ̂ g / m l ,  Aldrich a n d  Sigma),  a n d  s od ium per iodate  (5-10 mmol / l ) .  T h e  
chemicals  were  a d d e d  30 m i n  prior t o  exposu re  t o  r ad io l abe led  C. burnetii. 

Electron microscopy. L cells exposed  t o  C. burnetii were  prepared f o r  e lect ron microscopy by 
standard t echn iques .  Pelleted material  was fixed in 2.5% glutara ldehyde prepared in 0.1 mol / l  
cacodylate buffer ,  p H  7.4. T h e  material  was  washed  in bufTer a n d  post-fixed in 1 % 0 s 0 4 .  A f t e r  
washing, t h e  cells were  s ta ined with 2 % uranyl  aceta te  a n d  dehydra ted  th rough  a n  alcohol ser ies  in to  
propylene oxide.  T h e  s ta ined cells w e r e  e m b e d d e d  in Araldi te  a n d  sect ioned.  T h i n  sect ions  placed 
on spec imen  grids w e r e  double-s ta ined with uranyl aceta te  a n d  lead citrate a n d  examined  with a n  
AEI  Cor in th  t ransmission electron microscope.  

Results 

In most  of the  experiments, each L cell was exposed to  500 live 32P-labelled 
rickettsiae. At this concentration and specific radioactivity, it was possible to  
detect as few as 0.5 Coxiella associated per L cell. 

Comparative uptake of phase / and phase II C. burnetii by L cells 
T h e  association of phase I and phase II C. burnetii with L cells in complete 

growth medium during a 3 hr  incubation period was compared. Immediately 
after the  rickettsiae and L cells were mixed at 37 °C, a sample was removed to  
determine the  number  of rickettsiae associated per cell; this sample was 
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Fig. 1 
Uptake o f  " P - l a b e l l e d  p h a s e  I a n d  p h a s e  II 

C. burnetii b y  L cel ls  at  37 ° C  
Abscissa: incubation t ime  i n  hrs; ordinate: 
number o f  C. burnetii associated per o n e  
cell. Mean ± S E  o f  7 independent experi­
ments  performed in duplicate. 

designated as the "time zero" sample. A t  time zero, five t imes more phase II 
than phase I C. burnetii were associated with the L cells (Fig. 1). Since the 
elapsed time between mixing o f  rickettsiae with the host cells and sampling was 
less than 30 seconds - presumably insufficient t ime for endocytosis o f  the 
rickettsiae to  have occurred - it is assumed that the associated rickettsiae were 
attached to the cell surface and not internalized. This assumption was confirmed 
by holding C. burnetii and L cells at ice-bath temperature throughout a 6 hr 
period (Fig. 2). It is assumed that endocytosis does  not occur at 0 °C. Again, the 
differential attachment o f  the phase I and phase II organisms was noted: five 
t imes more phase II rickettsiae became associated with the L cells. These  results 
clearly demonstrated that phase II C. burnetii has a higher affinity for the host 
cell surface than phase I. 

Electron microscopy o f  thin sections o f  L cells exposed to either phase I or 
phase II C. burnetii at t ime zero and at the end o f  a 6 hr incubation period was 
performed. A t  t ime zero C. burnetii were found attached to  the L cell surface and 
microvilli (Fig. 3). With continued incubation rickettsiae were observed o n  the 
surface and within vacuoles (Fig. 4) where they remained and established 

Fig. 2 
Association o f  32P-labelled phase I and 

phase II C. burnetii by L cells  at 0 ° C  
Abscissa: incubation t ime in hrs; ordinate: 
number  o f  C. burnetii associated per o n e  
cell. T h i s  experiment is representative o f  
3 independent experiments. 
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a persistent infection. 
The optimum temperature for  C. burnetii uptake by host cells was approxima­

tely 37 °C. Incubation of rickettsiae and L cells at other  temperatures (0, 28 and 
40 °C) during a 3 hr  period resulted in t he  following decrease of L cell -
associated rickettsiae when  compared with incubation at 37 °C: 58 %, 24 % and 
33 %, respectively (means of 3 independent experiments). 

Attempts to  saturate "attachment sites" with either phase I or  phase II C. 
burnetii did not succeed (Fig. 5). T h e  number  of radiolabeled rickettsiae added 
per cell varied f rom 100 to  2 500. Attachment of both phases was linear with 
increasing number  of rickettsiae. This  experiment also demonstrated t he  diffe­
rential attachment of phase I and phase II rickettsiae t o  the  L cells. 

Uptake of inactivated rickettsiae by host cells 
T o  determine whether or  not  active participation of  C. burnetii was required 

for attachment and entry, uptake experiments were performed with rickettsiae 

Fig. 3 
Electron micrograph oCphase  I C. burnetii a t tached  t o  t h e  sur face  a n d  being engul fed  by a microvillus 

o f  an L cell 
This  sample  was  prepared fo r  electron microscopy immediate ly  a f te r  t h e  rickettsiae were  mixed with 
the  host  cells ( t ime  zero) .  T h e  rickettsiae a r e  approximate ly  1 ̂ m  in length.  
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inactivated with either heat or formaldehyde. These treatments had no signifi­
cant effect on  either attachment or  entry of both phase I and phase II C. burnetii; 
the same number  of rickettsiae, whether viable or  dead, associated with the  
L cells (data not shown). 

Uptake of C. burnetii by p h ago cytica l/y-inhib i ted L cells 
T h e  results obtained up to  this point indicated that entry of the parasite was 

exclusively a phagocytosis related event. Evidence that this is the  case was 
obtained with the use of the glycolysis inhibitor N a F  and cytochalasin B and D. 
T h e  latter fungal metabolites are selective inhibitors of phagocytosis (Casella et 
al., 1981; Howard et al., 1981; Painter et al., 1981). Pretreatment of L cells with 
either cytochalasin B or  D (15-25 fug/m\, 37 "C, 30 min) prior to exposure to 
rickettsiae resulted in nearly complete abolition of C. burnetii internalization -
both phases; with either cytochalasin B or  D, attachment of the rickettsiae was 

Ki«. 4 
Electron micrograph ol phase  I C. burnetii a t tached t o  t h e  sur face  a n d  within a vacuole  o f  a n  L cell 
I h e  s a m p l e  was  prepared 6 h r  a f te r  initial contact  be tween  rickettsiae a n d  hos t  cells ( t he  s a m e  

exper iment  as  that  depicted in Pig. 3). T h e  a r row points  t o  a vacuole.  
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Fig. 5 
A t t a c h m e n t  o f  phase  I a n d  phase  II C. bur­
netii t o  L cells a t  d i f fe ren t  concent ra t ions  

o f  rickettsiae 
T h e  n u m b e r  o f  L cells was  held  cons tan t  
(10 6 /ml) .  Immedia te ly  a f t e r  t h e  L cells 
w e r e  exposed  t o  t h e  rickettsiae, s amples  
were  processed a s  descr ibed in Methods t o  
assess  t h e  n u m b e r  o f  a t tached  C. burnetii. 
T h i s  e x p e r i m e n t  is a r ep re sen t a t i ve  o f  
3 i ndependen t  exper iments .  

consistently slightly depressed. T h e  depicted results (Fig. 6) are with cytochala-
sin D and phase I C. burnetii; similar results were obtained with cytochalasin 
B and in t he  case of phase II, t he  fungal metabolites had similar effects (data not  
shown). Other investigators have reported that the  cytochalasins have little effect 
on the  attachment of relatively large particles such as bacteria (Davies and 
Allison, 1978; Elliot and Winn,  1986; Klaus, 1973; Malawista et al., 1971; Painter 
et al., 1981; Spilberg and Mehta,  1981; Van Obberghen  et al., 1976). In our  
experiments, we consistently saw this slight effect on attachment; apparently, 
disruption of microfilament structure by the  cytochalasins affects surface 
topography. Treatment  of L cells with N a F  (20 mmol/1, 20 min,  37 °C) prior to  
exposure to  rickettsiae also resulted in diminished ingestion; attachment of the  
rickettsiae was unaffected (Table 1). After the first hour  of incubation, the 
number  of rickettsiae associated with the treated L cells remained t he  same 

Fig. 6 
Ellcct o f  cytochalasin D o n  t h e  up take  o f  
rad io labe led  phase  I C. burnetii by  L cells 
T h e  L cells w e r e  t reated with cytochalasin 
(15 / ig /ml )  fo r  30 m i n  prior  t o  3 h r  expo­
sure  t o  t h e  3 2P-C.  burnetii. M e a n  ± S E  o f  
3 independen t  expe r imen t s  pe r fo rmed  in 
duplicate. 

o t i 
IMCUBATtON TIME [HOURS AT! C) 
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Table 1. Association of phase I C. burnetii with L cells pretreated with NaF 

L cells 

Number  o ľ  C. burnetii associated per L cell 

T i m e  (hr) 

Untreated 
T reated 

36 
22 

59 
19 

This  experiment is representative o f  2 independent experiments.  T h e  results are averages o f  
duplicate samples.  

through the 3rd hour. These combined results indicate that entry oľ  C. burnetii 
into host cells is via the energy-requiring process, phagocytosis. 

Effect of purified LPS on rickettsial attachment and uptake 
W e  have investigated the possibility that LPS itself may be  C. burnetii s 

adhesin by exposing L cells to purified LPS and observing whether or not 
attachment of  C. burnetii (either phase) was impeded. Pretreatment of L cells 
with LPS from phase I organisms only slightly affected attachment of either 
phase I or phase II C. burnetii to the L cells; however, subsequent entry of 
rickettsiae was apparently inhibited because very few additional organisms 
associated with the L cells during the subsequent 4.5 hr incubation period (Fig. 
7, 8). 

n Control 

• LPS-Tr«attd 

0 4 . 1  

INCUBATION TIME (H0UH8 AT 37 C> 

FiR. 7 
Ell'cct o f  puril icd phase  I L P S  o n  t h e  
a t t a c h m e n t  a n d  u p t a k e  o f  r a d i o l a b e l e d  

phase  I C. burnetii by L cclls 
Values  at t i m e  z e r o  cor respond t o  t h e  
a t t achmen t .  M e a n  ± S E  o f  3 i ndependen t  
expe r imen t s  pe r fo rmed  in duplicate.  
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Fig. 8 
Effect o(" purified phase  I LPS on the  
a t tachment  and uptake  o f  r a d i o l a b e l e d  

phase  II C. burnetii by  L cells 
Values  at  t ime  zero correspond to the  
attachment. Mean  ± S E  o f  3 i ndependen t  
exper imen t s  pe r fo rmed  in duplicate.  

Biochemical nature of the rickettsial attachment site 
T o  probe t he  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. T h e  only treatments that affected C. burnetii (phase I) attach­
ment  were exposure to  the  proteases pronase, subtilisin and subtilopeptidase A. 

Fig. 9 
Effect of subt i lopept idase  A t r ea tmen t  o f  
L cells o n  t h e  a t t a chmen t  o f  phase  I C. bur­

netii by  L cells 
Mean  + S E  o f  3 i ndependen t  expe r imen t s  
pe r fo rmed  in duplicate.  

Q Control 

B SubtllopaptJdaM A-Traatsd 
(8 jig/ml) 

INCUBATION TIME (HOURS AT 37 C) 
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Treatment with pronase caused a 5 0 %  reduction in the number  of  attached C. 
burnetii (data not shown) while treatment with subtilopeptidase A resulted in 
approximately a 7 0 %  reduction (Fig. 9). Subtilisin treatment reduced the 
amount of  attached C. burnetii (phase I) by approximately 5 0 %  and continued 
incubation at 37 ° C  for  u p  to  three  hours  revealed cont inued differential 
a t tachment  and  uptake (data no t  shown).  

Discussion 

Other  investigators (Burton  et al., 1978) have speculated that  C. burnetii enters  
into host  cells via phagocytosis; o u r  data substantiate such speculation. In an  
earlier report (Akporiaye  et al., 1983) we  demonst ra ted  conclusively that  this 
intracellular agent resides within phagolysosomes. T h e  results presented in this 
report show that t he  parasite does,  indeed,  en te r  host cells via phagocytosis and 
that  it does  not  actively p romote  its entry, but  rather,  enters  passively. Inactiva-
tion of  t he  rickettsiae with glutaraldehyde o r  heat did not  significantly affect t he  
n u m b e r  o f  3 2P-C.  burnetii that  attached to  t he  cell surface o r  that  subsequently 
entered.  Fur thermore ,  t rea tment  of  host cells with the  metabolic inhibitor N a F  
and  the  specific phagocytosis inhibitors cytochalisin B o r  D resulted in almost  
comple te  abolition of  parasite entry. 

Unlike  C. burnetii, o the r  rickettsial agents  actively p romote  their entry into 
host  cells. T h e  classic work of  C o h n  et al. (1959) demonst ra ted  that  R. 
tsutsunamushi actively penetrated host cells. Th i s  conclusion was based o n  the  
observation that inactivation of  t he  parasite with metabolic inhibitors, heat,  
formalin o r  UV irradiation resulted in marked reduction of host cell penetration. 
Later, similar results were obtained with R. pmwazekii when  it was reported that 
parasite entry into L cells required the  active participation of  both  the  rickettsia 
and  the  host cell (Walker and Winkler,  1978). It has been proposed (Walker, 
1984; Walker  and  Winkler,  1978) that  internalization of  R. pmwazekii occurs 
through a process of  "induced phagocytosis": a t tachment  o f l i v e  rickettsiae to  an  
unidentif ied site signals t he  cell to  phagocytose - inactive rickettsiae adhere  to  
t he  cell m e m b r a n e  but  are slowly internalized. A similar mechanism had been 
previously proposed by Byrne and  Moulder  (1978) when they presented evi­
dence  that  Chlamydia psittaci was phagocytosed by nonprofessional  phagocytes 
(L and HeLa cells) through a process they termed "parasite-specified phagocy­
tosis". 

T h e  biochemical na ture  of  t h e  C. burnetii a t tachment  site o n  the  L cell surface 
remains  unidentif ied;  however, o u r  investigation provides circumstantial evi­
dence  lhat proteins arc at or  near t he  a t tachment  site since  C. burnetii adherence  
was substantially reduced by treating L cells with proteases. 

Kazár et al. (1975) previously reported that macrophages were more readily 
infected by phase II rickettsiae than by phase I. Our findings that phase II C. 
burnetii attach more readily to L cells than do phase I organisms likely accounts 
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for this differential infection rate which we have also observed with L cells. The 
reason for such differential attachment is not known. One possible explanation 
may be that phase 1 C. burnetii surface LPS may impede attachment. LPS is 
present in substantially greater amount in phase 1 organisms (Baca et al., 1980), 
and phase II agents exhibit rough-type LPS while phase I possess smooth-type 
LPS (Schramek and Mayer, 1982). The presence of purified phase I LPS during 
uptake of the parasite (either phase) by L cells only caused a slight reduction in 
attachment; however, unexpectedly, we found that LPS markedly reduced 
parasite entry. These results indicate that the LPS is toxic to L cells. They also 
indicate that LPS is not an adhesin as has been reported for some bacteria. For 
example, Berlanger et al. (1990) recently demonstrated that purified LPS from 
smooth Actinobacillus pleuropneumoniae impeded attachment of the bacterium 
to tracheal rings. 

Other workers have reported that qualitative differences in the LPSs of 
Salmonella typhimurium variants could be correlated with differential uptake by 
phagocytic cells (Standahl and Edebo, 1972). Variants with shorter LPS lengths 
were more readily phagocytosed. This is consistent with our finding that phase II 
C. burnetii is more readily internalized by L cells, that phase II contains one-
tenth the amount of LPS present in phase I C. burnetii (Baca et al., 1980), and 
that the carbohydrate portion of phase II LPS is devoid of many of the sugars 
present in phase I LPS (Amano and Williams, 1984; Hackstadt et al., 1985; 
Schramek and Mayer, 1982). The lower amount of LPS possessed by phase II 
organisms and reduced carbohydrate content of LPSs probably enhance rickett­
sial surface hydrophobicity which, in turn, results in greater affinity for other  
hydrophobic structures such as host membranes  and phase II rickettsiae. 
Indeed, suspended, purified phase II C. burnetii tend to clump; after pelleting by 
centrifugation, they are not readily resuspended as are their phase I counter­
parts. 

Relatively recent genomic and biochemical evidence (Hackstadt et al., 1985; 
Samuel et al., 1985) indicates that different  C. burnetii isolates may be responsi­
ble for different disease manifestations, including acute and chronic disease (i.e., 
infectious endocarditis). T h e  possibility that "endocarditis strains" contain 
unique adhesins that promote colonization of target cardiac tissues needs to be 
explored. T h e  identification and characterization of such putative adhesins and 
complementary host cell receptors could be important for designing effective 
vaccines/blockers. At present, efficacious vaccines and drugs for preventing and 
treating life-threatening chronic Q fever endocarditis are unavailable. 
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