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Summary. - Four Coxiella burnetii isolates in China and two refe­
rence strains were compared by S D S - P A G E  and immunoblot t ing.  
T h e  S D S - P A G E  profiles of  whole cells and  LPS of Chinese  isolates 
Qiyi, Xinqiao, and  YS-8  were found  closely related t o  Henzerl ing 
strain, and different  f r o m  t h e  Gri ta  strain. In immunoblo t  assay of 
LPS and  proteinase K-digested whole rickettsiae minor  differences 
were seen in polysaccharide s t ructure  a m o n g  the  Chinese  isolates 
by phase I monoclonal  antibody. T h e  present  results suggest that  
t h e  strains reported here  may be  divided into th ree  groups accor­
ding to  t he  polysaccharide s tructure:  Xinqiao and  Henzerl ing 
strains (1), YS-8  and  Gri ta  (2), and  Qiyi (3). 
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Introduction 

T h e  distribution of Q fever in China  is widespread.  Coxiella burnetii (C.b.) 
was first isolated f rom a patient with chronic Q fever in Sichuan in 1962 (Yu  et 
al., 1964). Since then  it has been  isolated f rom patients,  sheep  placenta and  
ticks. Coxiella burnetii is un ique  as it undergoes  a transition f rom a virulent 
(phase I) to  avirulent (phase II) upon  serial laboratory passages in embryonated  
eggs or  in t issue culture.  T h e  total carbohydrate composit ion and  carbohydrate 
and  protein concentrat ions differ between phase I and  phase II envelopes 
(Jerrels et al., 1974), and there  are  distinct quantitative and  qualitative diffe­
rences between t h e  LPSs in these  two phases (Baca et al., 1974; Schramek and  
Brezina, 1976; Schramek  et al., 1985). Study of  t h e  C.b. surface componen t  
variations and  strain differences is necessary for  identification of Coxiella viru­
lence factors and immunogenic macromolecules, and is useful  for preparation 
of  0 fever  subiinit vaccine. In this report w e  analysed the whole cells and 
isolated LPS of different  C. burnetii strains by SDS-PAGE and immunoblot-
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ting. A heterogeneity in chemical structure was  found among the Chinese 
isolates f rom various sources. 

Materials and Methods 

The C. burnetii isolates f rom China and the strains from foreign countries used in this study are 
listed in Table 1. 

Monoclonal antibodies against C. burnetii 1-4B5, 3-2B8 to phase I (MoAb I) and 2-2E5 to phase 
II (MoAb II) were prepared as described (Yu  et ai, 1986). 

LPS isolation. LPS was  extracted from purified  C. burnetii by a modification of the hot p h e n o l -
water method o f  Westphal and Jann (1965). 

SDS-PAGE. Rickettsiae were dissolved by boiling in Laemmli solubilizer (Laemmli, 1970), and 
their components were  separated by SDS-PAGE. Stacking and separating gel consisted o f  5 and 
15 % acrylamide. T h e  gels  were  subjected to electrophoresis at 20 m A  for  2 hr and then at 30 m A  
for  5 hr. A f t e r  separation, the gel was  stained with Comassie blue f o r  examination of the proteins, 
and silver staining for  the  LPS was  as described by Tsai and Frasch (1982). 

Immunoblotting. T h e  separated rickettsial components were  transferred to nitrocellulose paper 
using the technique described by Towin  etal. (1979). Electroblotting was  carried out in a Bio Rad 
transblot apparatus for  2 hr at 200 m A ,  and then for  3 hr at 100 m A .  Specific antigens were  then 
incubated with M o A b  against C. burnetii or pooled mouse  anti-C. burnetii antisera followed by 
enzyme-labelled pig anti-mouse Ig, and then substrate was  added. 

Chemical analysis. Total carbohydrate was  determined by the phenol sulphuric acid method of 
Dubois  et ai (1956) with glucose a s  a standard. Protein concentrations were  determined according 
to Bradford (1976) with bovine serum albumin as standard. 

Table 1. Source and passage history of C. burnetii isolates 

Strain Material for  Geographical Passage Phase 
isolate source history 

Qiyi Marrow, human Sichuan, China *EP20/MP3/EP1 I Qiyi 
/MP49/EP2 

Ya'an Blood, human Sichuan, China EP10 I 
Xingiao Haemaphysalis 

campanulata 
Sichuan, China EP5/MP18/EP4 I 

Y S - 8  Placenta, sheep Yunnan, China EP15 I 
Henzerling Blood, human Italy EP3-4/MP1 

intervals** 
I 

Grita Blood, human Obtained from 
U.S.S.R. 

EP84** II 

I 

* EP: Passaged in chicken embryo, MP: Passaged in mouse  
** Passage history in our laboratory 
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Results and Discussion 

Fig. 1 
SDS-PAGE profile o f  whole  cell lysates o f  C. burnetii 

Lanes: A,  Qiyi; B, Y a '  an;  C, Xinqiao; 
D, YS-8,  E, Hcnzerling; F, Grita. 
Left :  Comassic  b lue  staining; Right: Silver staining 

SDS-PAGE profile^ of whole cell lysates of C. burnetii 
A b o u t  50 bands were seen in the migration profile of  each strain. Seven 

major bands (with approximate M r  of  72.4, 58.9,22.4,20.4,16.2,15.1, and 11.7, 
kD) were found to b e  common to both strains, but a 95.5 kD band was unique 
and a 13.5 kD band was absent for  Grita strain, and a 33.5 kD band was distinct 
for  Henzerling strain compared with other strains (Fig. 1). T h e  profile of  four  
Chinese isolates were  very similar to each other. 

T h e  components in the range M r  30 to 94 were  not detected in the proteinase 
K-digested lysates of  Y S - 8  and Grita strains by silver staining; thus  these  
probably represent protein antigens (Fig. 2). 

Silver stained PAGE profile of isolated LPS of C. burnetii 
T h e  LPS profiles of  Qiyi, Xinqiao, and Y S - 8  isolates in China were almost 

similar to that of  Henzerling strain (phase I) and differed from the Grita strain 
(phase II). T h e  bands above the 17.5 kD were absent for  Grita strain (Fig. 3). 
Silver stained PAGE profile of  proteinase K-digest of  C. burnetii was similar to 
that of  isolated LPS (Fig. 4). Minor differences were  also found in the polysac­
charide s t ructure  of  Chinese  isolates f r o m  various sources.  T h e  profile of  
Xinqiao tick isolates was s ame  as tha t  of Henzer l ing strain with t h e  m o s t  

94 k -
67 k -

43 k -

3 0 k -

17.5 k -
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complete profile of  bands; the profiles of  Qiyi human isolates and of sheep 
Y S - 8  isolates were distinct f rom that of  Xinqiao isolate when using proteinase 
K-digests of  whole cell for  SDS-PAGE. 

T h e  results do coincide with chemical analysis. T h e  LPS of Chinese isolates 
and Henzerling strain contained the most  carbohydrate, and the protein 
concentration was generally low, while Grita LPS contained lower carbohy­
drates  and  higher  protein.  It is also shown tha t  t h e  LPS isolated f r o m  Qiyi and  
Y S - 8  isolates contained more  protein t h a n  that  f r o m  Xinqiao and  Henzer l ing 
strain, and  somewhat  near  t o  Gri ta  strain (Table 2). 

Immunoblots of whole cell lysates and isolates LPS of C. burnetii 
I n  t h e  immunob lo t  assay with M o A b  I 3-2B8, t h e  profile of  whole  cell 

a m o n g  Qiyi, Ya 'an,  and  Xinqiao isolates in Sichuan Province were  very similar 
t o  each o ther ,  while t h e  bands  lower t h a n  67 k D  were  absent  fo r  Y S - 8  isolate in 
Y u n n a n  Province.  In  t h e  immunob lo t  assay of  LPS, a l though staining compo­
n e n t  below t h e  17.5 k D  M r  markers  were  apparent  fo r  all strains which reacted 
with pooled m o u s e  ant i -C.  burnetii antisera, yet  s o m e  shared antigens were  n o t  
detected by M o A b .  A 14 k D  fraction of  Qiyi isolate, and  a 6-17 k D  fraction of 
Y S - 8  a n d  Gri ta  strains reacted specially with M o A b  I 1-4B5, t h e  LPS of 
Xinqiao and  Henzer l ing strains did no t  react with this  M o A b  (Fig. 5). There -
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Fig. 2 
Silver stained P A G E  profile o r  whole cell lysates (left) and its proteinase K-digests 
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Table 2. Chemical comparisons of LPSs of Chinese isolates with reference strains 

LPS Yield (%) Total carbo­ Protein 
hydrate  (%) concentrat ion (%) 

Qiyi 17.0 25.2 6.0 
Xinqiao 17.3 25.4 4.0 
Henzerl ing 15.2 28.9 4.9 
Y S - 8  13.6 29.4 8.7 
Gri ta  7.1 11.0 10.0 

fo re ,  w e  s u p p o s e d  t h a t  t h e  s t ra ins  isolated f r o m  Sichuan  a n d  Y u n n a n  are  
divided i n t o  t h r e e  types  in polysacchar ide s t ruc tu re .  

I m m u n o b l o t t i n g  o f  w h o l e  cell lysates o f  C. burnetii wi th  M o A b  11-4B5,  t h r e e  
b a n d s  (12, 14, a n d  16 k D )  w e r e  f o u n d  t o  b e  c o m m o n  t o  Qiyi. Xinqiao ,  a n d  
Henze r l i ng  s t ra ins ,  a n d  a 8.5-17.5 k D  f rac t ion  was  dist inct  f o r  Y S - 8  isolate (Fig. 
6). T h e  i m m u n o b l o t s  o f  p ro te inase  K-digests  o f  w h o l e  cell lysates wi th  M o A b  I 
1-4B5 which  w e r e  similar  t o  t h a t  o f  isolated LPS.  

W e  ext rac ted  L P S  f r o m  C. burnetii s t ra ins  isolated in C h i n a  f r o m  var ious  
sources  a n d  c o m p a r e d  t h e  isolated LPSs  a n d  C. burnetii cells by S D S - P A G E  
a n d  i m m u n o b l o t t i n g .  T h e  resu l t s  s h o w e d  t h a t  L P S  is a p r o m i n e n t  c o m p o n e n t  
t h a t  var ies  a m o n g  isolates in  associat ion wi th  t h e  phase - r e l a t ed  he te rogene i ty  
a n d  ant igenici ty  (Hackstadt  et a!., 1985). I t  h a s  b e c o m e  apparen t  f r o m  gene t i c  
analysis  a s  well  a s  L P S  s t ruc tu re  analysis  o f  C. burnetii t h a t  s train variat ion d o e s  
occu r  ( S a m u e l  et al., 1985; Hacks tad t ,  1986). O n  t h e  basis o f  t h e  da ta  p re sen ted  
h e r e  r e m a i n s  t o  b e  resolved w h e t h e r  p h a s e  variat ion in t h e  laboratory o r  t h e  
d i f f e ren t  origin of  isolat ion is t h e  m a i n  cour se  of  t h e  he te rogene i ty  in  chemical  
s t ruc tu re  o f  t h e  C h i n e s e  isolates o f  C. burnetii. 

Acknowledgement. T h e  Project Supported by National  Science Foundat ion  of China.  

Fig. 3. Silver stained P A G E  profile of  isolated LPS of  C. burnetii. Lanes: 1, Qiyi; 2, Xinqiao;  3, 
Henzerl ing;  4, YS-8 ;  5, Gri ta .  

Fig. 4. Silver stained P A G E  profile of  proteinase K-digests of  C. burnetii. 

Fig. 5. Immunob lo t s  of  C. burnetii LPS developed with pooled m o u s e  ant i -C.  burnetii antisera 
(left) and M o A b  I 1-4B5 (right). 

Fig. 6. Immunoblo t t ing  of whole  cell lysates of  C. burnetii (left) and  its proteinase K-digests with 
M o A b  I 1-4B5 (right). 
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