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Summary. - H i g h l y  p u r i f i e d  l i p o p o l y s a c c h a r i d e  (LPS) preparat ion  
o b t a i n e d  f r o m  Coxiella burnetii strain N i n e  Mi le  in  p h a s e  I w a s  u s e d  
t o  d e t e r m i n e  t h e  s t r u c t u r e  a n d  m o n o s a c c h a r i d e  c o m p o s i t i o n  o f  t h e  
p o l y s a c c h a r i d e  c o m p o n e n t .  T h e  p r o c e d u r e  i n c l u d e d  s o d i u m  
d o d e c y l  s u l p h a t e - p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  f o l l o w e d  b y  
s i l v e r  s t a i n i n g  a n d  g e l  c h r o m a t o g r a p h i c  f r a c t i o n a t i o n  o f  acet ic  
a c i d - h y d r o l y z e d  LPS. F i v e  f r a c t i o n s  ( A - E )  w e r e  a n a l y s e d  b y  
G L C - m a s s  s p e c t r o m e t r y .  D - M a n n o s e  a n d  D - g l y c e r o - D - m a n n o -
h e p t o s e  w e r e  p r e s e n t  i n  a n  a p p r e c i a b l e  a m o u n t  i n  all p o l y s a c c h a r i d e  
f r a c t i o n s  ( A - D ) ,  w h e r e a s  t h e  v i r e n o s e  a n d  d i h y d r o h y d r o x y s t r e p -
t o s e  c o n t e n t s  v a r i e d .  T h e  h i g h e s t  c o n t e n t  o f  b o t h  r h a m n o s e  a n d  
r i b o s e  w a s  f o u n d  i n  t h e  l o w - m o l e c u l a r  w e i g h t  p o l y s a c c h a r i d e  frac­
t ion  D .  T h e  former  sugar is be ing  reported for t h e  first t i m e  t o  b e  
a LPS const i tuent .  D - X y l o s e  and D - g l u c o s e  c o n t e n t  varied cons i ­
derably in t h e  individual fractions and  w a s  t h e  h ighest  in fraction A .  
G l u c o s a m i n e  a n d  galactosaminuronic  acid w e r e  present  in all poly­
saccharide fractions and,  surprisingly, L - g l y c e r o - D - m a n n o h e p t o s e  
w a s  a l so  f o u n d ,  but  its presence  was  l imited within  t h e  certain 
degree  o f  polymerisat ion o f  t h e  polysaccharide chains .  Mi ld  acid 
hydrolysis  o f  LPS resulted in a partial release  o f  dihydrohydroxy-
s treptose  and v i renose  res idues ,  w h i c h  w e r e  co l lec ted  and identi­
fied in fraction E. T h e  data presented  indicate a s trong microhetero-
gen i ty  wi th in  t h e  individual polysaccharide chains  with respect  t o  
their sugar c o m p o s i t i o n ,  s i ze ,  and  shape.  T h u s ,  t h e  chemica l  struc­
ture o f  Coxiella LPS appears t o  represent a s ignif icant  departure 
from t h e  structures described for enter ic  LPSs.  
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Introduction 

Elucidat ion  o f  t h e  m e c h a n i s m s  o f  Q - f e v e r  p a t h o g e n e s i s  a n d  i m m u n i t y  
requires,  inter  alia, a detai led  k n o w l e d g e  o f  t h e  structural features  o f  sur face  
m a c r o m o l e c u l e s  o f  Coxiella burnetii. It has  b e e n  we l l  k n o w n  (Mayer  et a!., 
1988) that l ipopolysacchar ides  represent  a cons iderab le  port ion  o f  t h e  sur face  
m a c r o m o l e c u l e s  o f  Coxiella burnetii. It has  b e e n  we l l  k n o w n  (Mayer  et al., 
1988) that l ipopolysacchar ides  represent  a cons iderab le  port ion o f  t h e  surface  
m a c r o m o l e c u l e s  o f  C. burnetii. H o w e v e r ,  the ir  deta i led  structures, especial ly  
t h o s e  o f  v i r u l e n t  p h a s e  I are largely u n k n o w n  (Mayer  et ai, 1988). In t h e  
present  s t u d y ,  w e  report s o m e  n e w  data o n  t h e  m o r e  deta i led  structure o f  a lipo-
polysaccharide  (LPS I) isolated f r o m  v i ru lent  C. burnetii cel ls  in p h a s e  I. 

Materials and Methods 

C. burnetii strain Nine Mile, serologically in phase I (yolk sac passage 3), was  propagated in 
chicken e m b r y o  yolk sacs. T h e  rickettsial cells were  killed with formalin and purified a s  described 
e lsewhere  (Schramek  et at., 1978). 

1'urificd cells o f  C. burnetii were  washed twice with chloroform - methanol (2:1, v/v) at room 
temperature for  4 hr. T h e  mixture was  centrifuged at 4000 x g for  10 min, and the sediment was  
washed again with chloroform - methanol mixture. Cells were  suspended in distilled water, and 
LPS I was  extracted by the phenol - water procedure (Schramek and Galanos, 1981). Af terdia lys i s  
against distilled water for  4 days, a highly purified LPS I material was  obtained by ultracentrifuga-
tion (120 000 x g, 4 hr). A sample o f  LPS li was  obtained a s  described (Schramek and Brezina, 
1979). LPS from  Salmonella typhimurium was  a gift  from Dr. H. Mayer, Max-Planck-Institut fiir 
Immunbiologic, Freiburg, Germany. 

Hexosamlne content was  determined by the p-dimethylaminobenzaldehyde reaction (Swann 
and Balazs, 1966) and KDO-like substance ("KDO") (Mayer  et ai, 1988) by the thiobarbituric acid 
method after  hydrolysis o f  samples  with 1 mol/l hydrochloric acid at  100 ° C  fo r  2 h r  (Brade  et at.. 
1983). Protein was  analysed according to  Bradford (1976) and  total  phospha te  by t h e  m e t h o d  of 
Lowry  et at. (1954). 

SDS-PAGE electrophoresis of LPS prepara t ions  was  pe r fo rmed  in t h e  d i scon t inuous  sys tem 
descr ibed by Laemml i  (1970). T h e  separat ing gel was  1 0 - 1 8  % concent ra t ion  gradient  o f  polyacry-
lamide.  T o  so lu t ions  of LPSs  in distilled water  equal  vo lumes  o f  LPS solubil ization b u f f e r  
(Laemmli ,  1970) were  added .  Solu t ions  were  hea ted  at 100 ° C  fo r  10 min ,  cooled and  applied t o  
wells in t he  concent ra t ion  o f  15 / / g  o f  LPS.  Electrophoresis  proceeded at 20 m A  per slab gel until  
t he  b r o m o p h e n o l  b lue  dye  reached t he  e n d  o f  t he  gel. LPS bands  were  visualized by silver s taining 
a s  described by Tsai  and  Frasch (1982). 

Prior t o  gel chromatography ,  LPS 1 (380 mg) was  partially hydrolyzed with 1 % (v/v) acetic acid 
(70 ml) at 100 " C  for  165 min  and  t h e  solut ion was  cent r i fuged a t  10 000 x g for  30 min  t o  r emove  
t he  lipid A in t he  pellet. T h e  pellet was  washed  th ree  t imes  with distilled water  fol lowed by centr i-
fugat ion at 10 000 x g fo r  30 m i n  in o rde r  t o  r emove  residual polysaccharide.  All o f t h e  superna tan t  
f lu ids  conta in ing  t he  polysaccharide port ion o f  LPS I were  pooled,  concent ra ted  by evaporat ion 
and  lyophilized. The yield was  270 mg .  T h e  lyophilized polysaccharide (263 mg)  was  dissolved in 
50 m m o l / l  pyr id in ium-ace ta te  bu f fe r  (pi I 4.7, 8 ml)  and  f rac t ionated  o n  a Sephadex  G - 5 0  c o l u m n  
(2.5x85 cm)  using t he  s a m e  b u f f e r  a s  t he  c lucn t  a t  a How rate o f  7 m l / h r .  T h e  void vo lume  was 
de te rmined  by t he  use  o f  Blue dext ran  (Sigma Chemica l  C o m p a n y ,  U.S.A.). T h e  ef f luent  was  
collected in 3.5 - ml  f ract ions ,  which were  analysed for  sugar  con ten t  by t he  phenol  - H2SO4 
m e t h o d  (Dubo i s  el at.. 1956). 
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Both LPS I and fractions A - D (Table 1, 500 /ig of each) were  hydrolyzed with 2 mol/1 trifluo-
roacetic acid (0.7 ml) at 100 ° C  fo r  2 hr .  Af t e r  hydrolysis and evaporation, each sample was 
dissolved in water  (500 n \ )  containing N a B D 4  (2 mg)  and  treated at 20 ° C  overnight.  Salts were  
removed  with mixed - bed  ion exchanger  ( lonenaus tauscher  V,  Merck,  Germany)  and  t h e  solu­
t ion was evaporated t o  dryness.  T h e  residue was co-distil led th ree  t imes  with methanol ,  acetic 
anhydr ide  (100 fil) and  pyridine (100 fil) were added ,  and the  sample was heated at 100 ° C  fo r  1 hr.  
T h e  sample  was cooled,  water  was added  ( three  500 ̂ 1  portions),  and  t h e  solvent was removed by 
evaporation.  T h e  residue was  dissolved in chloroform and injected directly t o  a G L C  column.  

G L C - m a s s  spectometry o f  alditol acetates (Lônngren and Svensson, 1974) was  performed with 
a JMS - D 100 (Jeol) spectrometer, using a column (0.3 x 200 cm) packed with 0.124 - 0.147 mm 
Supelcoport coated with 3 % of SP 2340. T h e  inlet helium pressure was 101.3 kPa at a programmed 
temperature range of 180 ° C  (4 min )  t o  220 ° C  at 2 ° C  m i n - 1 .  T h e  spectra were determined at 23 
eV.  Osmometr ic  pressure measurement s  were  performed in water  at  30 °C,  using a Knauer  
m e m b r a n e  osmomete r  fi t ted with a Zweischicht Membrane  (Knauer).  
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Results and Discussion 

Using a conventional hot phenol-water procedure LPS I was isolated f rom 
the cells in virulent phase I. T h e  material was  dialyzed against distilled water 
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Fig. 1 
Silver- stained SDS-polyacrylamide gel 
of LPS from  S. typhimurium (lane 1), LPS 
II and LPS I from  C. burnetii Nine Mile 

(lanes 2 and 3) 
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and finally purified by ultracentrifugation. SDS-PAGE electrophoresis of the 
LPS I isolated is shown in Fig. 1, lane 3. Its profile is characterized by two strong 
bands at about 14.2 - 16.0 kD and by a group of unevenly distributed bands in 
the region o f  about 20.0 - 29.0 kD. A t  first sight, the evidently irregular banding 
was  in contrast with the well known ladder-like banding characteristic for  most  
bacterial polysaccharides. T h e  latter is represented here by LPS from  Salmo­
nella typhimurium (Fig. 1, lane 1) as an example.  T h e  irregular banding of  LPS I 
indicates s t rong microheterogeneity within t h e  polysaccharide macromole-
cule.  Moreover ,  format ion  of  polysaccharide chains by sugar uni ts  with prede­
te rmined  sequencing appears rather  unlikely. It is evident  f r o m  Fig. 1 tha t  
structural  fea tures  of  LPS I should  differ considerably f r o m  those  reported 
(Mayer  et al., 1988) fo r  LPS II isolated f r o m  cells in avirulent phase  II. LPS II 
f o rms  only a single band at about  2.6 k D  (Fig. 1, lane 2). 

It is well known that  structural s tudies require  a rather  h o m o g e n e o u s  poly­
saccharide material.  There fore ,  LPS I was subjected t o  mild acid t r ea tment  in 
order  t o  remove  t h e  lipid A moiety and  t h e  supernatant  polysaccharide solu­
t ion was fractionated o n  a co lumn of  Sephadex G - 5 0 .  Five fractions ( A - E )  
were  obta ined (Table 1) which differed each f r o m  t h e  o the r  in bo th  composi­
t ion of  const i tuent  sugars and  molecular masses.  D - M a n n o s e  and  D-glyce-
r o - D - m a n n o h e p t o s e  were  present  in appreciable a m o u n t s  in all polysaccha­
ride fractions (A Z D).  T h e  highest  con ten t  of bo th  sugars (71.6 %) was f o u n d  in 
fraction C with M n  10 200. Virenose  and  dihydrohydroxystreptose were  domi­
nan t  in t h e  high molecular  mass  fractions A and  B. Mild acid hydrolysis of  LPS 
I resul ted in a partial release of  these  two sugars f r o m  t h e  polysaccharide back­
b o n e  and  they were  collected and  identified in fraction E.  T h e  highest  conten t  
of  L - r hamnose  was detected in t h e  low-molecular  mass  polysaccharide frac­
t ion D .  Th i s  sugar is being reported fo r  t h e  first t ime  t o  b e  a const i tuent  of  LPS 
I. D-Xylose  and  D-glucose  con ten t s  varied considerably in t h e  individual frac-

Table 1. Fractionation of the polysaccharide component of Coxiella burnetii strain Nine Mile 
(phase I) lipopolysaccharide on Sephadex G - 5 0  

F r a c t i o n  
Y i e l d  

( % )  

C o m p o s i t i o n  ( p e a k  a r e a  % o f  a l d i t o l  a c e t a t e s )  
M n  

F r a c t i o n  
Y i e l d  

( % )  
R h a  R i b  V i r  Xy l  S t r e p  M a n  G a l  G l c  D - H e p  L - H e p  

M n  

L P S  I 100 3 .9  5 .9  12.4 4 . 9  16.5 24 .7  3 . 9  24 .7  3 .1  
A 18.3 1.8 6 . 5  15.3 12.3 16.3 18.3 t r  9 .1  20 .4  - 15 800 
H 21 .9  0 . 6  2 . 6  16.0 - 15.1 29.4 - 2.0  28 .4  5 .9  13 0 0 0  
C 24.7  2.1 5 . 6  6 .4  5 . 0  4 . 0  36.1 - 1.0 35 .5  4 . 3  10 2 0 0  
I )  14.9 16.2 15.1 9 .4  3 .8  5.8 21.7  t r  4 .1  23 .9  - 7 100 
E 10.6 - - 20.1 " 60.4 " - - - - -

V i r .  L - v i r e n o p y r a n o s e  / 6 - d e o x y - 3 - C - m e t h y l - L - g u l o p y r a n o s e / ;  S t r e p .  d i h y d r o h y d r o x y - L - s t r c p t o f u r a n o s c  / 3 - C - / h y d r o x y m e t h y l /  
- L - l y x o f u r n n o s c / :  D - H c p .  D - g l y c e r o - D - m a n n o h e p t o s e ;  L - H c p .  L - g l y c e r o - D - m a n n o h e p t o s e ;  t r .  t r a c e s .  
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tions and were the highest in fraction A.  L-Glycero-D-mannoheptose was also 
identified though its presence was limited within the certain degree of  polyme­
rization (DP)  of  polysaccharide chains.  W e  f o u n d  that  t h e  appearance of  
D- r ibose  in total  hydrolyzates was an  indicator for  protein presence in LPS 
isolates. In  th is  case, however,  t h e  a m o u n t  of  D- r ibose  in t h e  individual frac­
t ions  (Table 1) did n o t  correlate with t h e  f indings for  protein contents  given in 
Tab le  2. There fo re ,  w e  cannot  exclude a possibility of D- r ibose  involvement  in 
bu i ld ing-up  polysaccharide chains,  at least within a certain DP.  

Table  2 gives t h e  analytical data for  polysaccharide fractions (A-D) .  T h e  total 
phosphate  con ten t  increases with decreasing molecular  masses  of individual 
fractions. Th i s  indicates, especially in fraction D ,  an increased presence of core 
region molecules  in t h e  polydisperse polysaccharide system as it has been  
shown t h e  location of phosphate  groups  t o  b e  restricted mainly t o  t h e  inner  
core region of LPSs (Brade  et al., 1988). F r o m  a m i n o  sugars, N-ace ty l -D-g lu-
cosamine and  D-galactosaminuronic  acid could be  detected but  their  distribu­
t ion appears rather  uneven  within t h e  polysaccharide fractions isolated (Table 
2). T h e  highest  hexosamine  conten t  in fraction B indicates higher f requency of 
appearance of  bo th  amino  sugars in certain O-polysaccharide chains with 
h i ther to  unknown  DP.  Most  of  t h e  protein has been  gradually removed in t h e  
course of LPS I isolation and  purification. Af te r  final purification by ultracen-
trifugation a small a m o u n t  of protein still persisted in t h e  LPS I preparation. 
U p o n  fractionation o n  Sephadex G - 5 0 ,  fract ions A - D  had t h e  protein contents  
given in Tab le  2. A t  present ,  it is n o t  clear whe the r  t h e  protein port ions are 
covalently linked t o  LPS o r  represent  a contaminat ing material no t  removed by 
purification procedures.  

O n  t h e  basis of t h e  above ment ioned  results a tentat ive distribution of 
const i tuent  sugars can b e  est imated in LPS I (Fig. 2). It is assumed tha t  t h e  core 
region of LPS I is m u c h  m o r e  expanded than  reported earlier (Mayer  et al., 
1988). It consists of lipid A proximal core region (A), having t h e  s tructure given 
in Fig. 2, t o  which an  appreciable a m o u n t  of  D - m a n n o s e  and  D - g l y c e r o - D -
mannohep tose  is a t tached.  A s  t h e  highest  con ten t  of L - r h a m n o s e  has  been  
f o u n d  in t h e  low molecular  mass  fraction D ,  it is highly probable tha t  this  sugar 
const i tutes  t h e  core region of  LPS I, too .  Fur the rmore ,  it can b e  assumed f r o m  

Table 2. Analytical data for polysaccharide fractions A - D  

Fraction Phosphate  Hexosamine "KDO"  Protein 
(%) (%) (%) (%) 

A 0.13 2.0 1.4 2.0 
B 0.17 7.0 2.1 5.6 
C 1.4 3.7 2.6 2.3 
D 4.8 2.4 1.9 5.8 
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Tentative distribution of  constituent sugars  in LPS from  Coxiella burnetii (9 mi.) in phase I 
A - Structure o f  lipid A,  proximal core region with the attachment sites o f  phase I specific sugars  
(I ); Mayer, H. el al. (1988). 

both sugar  composition and molecular masses  o f t h e  individual fractions (A-D, 
Table  1) that LPS I O-polysaccharide chains are truncated and composed 
mainly o f  virenose,  dihydrohydroxystreptose,  D-mannose,  and most  probably 
o f  N-acetyl-D-glucosamine,  D-galactosaminuronic acid, D-xylose,  and 
D-glucose.  Nevertheless,  other variations in the  distribution of  constitutent 
sugars  within the  LPS I chains cannot b e  excluded. Further studies  are in 
progress  to so lve  this  crucial problem o f  determination o f  the  LPS 1 structure. 

In conclusion, the  results  reported clearly indicate that the  primary structure 
o f  LPS I isolated f rom  C. burnetii cells in virulent phase I d i f fers  considerably 
f rom those  reported for  most  bacterial LPSs. Its elucidation s e e m s  to b e  a real 
challenge for  structural chemists  and might b e  o f  interest also for  those  w h o  are 
investigating unusual  antigenic properties of  this  LPS. 
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