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Summary.  - Phospholipids extracted from the Coxiella burnetii strain Nine Mile virulent phase I and low-
virulent phase II cells were directly analyzed by fast atom bombardment mass spectrometry (FAB-MS). Constant 
neutral loss (CNL) scanning mass spectra (MS) were acquired to identify various phospholipids within 
phospholipid classes. Phospholipids from the phase I C. burnetii cells were much more complex than those 
from the phase II cells. Moreover, in the latter, the absence of phospholipids of the phosphatidylinositol class 
could be noticed. The results indicate that CNL scanning of phospholipid samples provides a rapid and simple 
method for identification of the phase state of the bacterium. 
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I n t r o d u c t i o n  

R a p i d  a n d  r e l i a b l e  detect ion a n d  ident i f ica t ion  o f  
microorganisms is o f  great importance in numerous fields 
including clinical medicine, public health, food  production 
and process ing,  biotechnology, b io logica l  war fa re ,  etc. 
Microbiological techniques currently used  need often hours 
and even days  to y ie ld  a positive identification, which i s  
f requent ly  too late f o r  certain applications.  Therefore,  
a variety o f  physicochemical techniques has been developed 
f o r  a fas t  identification o f  microorganisms. They rely on the 
analysis o f  typical biomarkers, which are indicative o f  the 
genus, species, or even strain o f  the microorganism involved. 
A m o n g  such biomarkers, membrane phospholipids o f f e r  
several potential advantages. They are present at relatively 
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high concentrations in all living cells, can easily b e  extracted, 
and their analysis can b e  very  specif ic  (Shaw, 1974). 

The development o f  FAB and electrospray ionizations 
h a s  permitted a direct analys is  o f  underivat ized g lyce-
rophospholipids (Heller et al., 1987; Cole andEnke,  1991; 
Bryant  et al., 1991, Goodacre et al., 1999; Fang  etal., 2000). 
CNL scanning for  the polar head functional groups has been 
s h o w n  t o  b e  v e r y  u s e f u l  f o r  b o t h  the  detect ion  a n d  
differentiation o f  other phospholipid classes  in complex 
matrices and mixtures (Cole and Enke, 1991; Heller  et al., 
1988). In this mode o f  operation, the only ions that are 
detected are those that undergo loss  o f  a specif ic neutral 
f r a g m e n t .  In the  p o s i t i v e  ion m o d e ,  o n e  o f  the main  
fragmentat ion p a t h w a y s  i s  c l e a v a g e  o f  the phosphate-
glycerol bond resulting in the elimination o f  the polar head 
group as  a neutral species. B y  a sequential selection o f  the 
mass  o f  each class characteristic neutral fragment, a series 
o f  mass  spectra are obtained for  each particular phospholipid 
species in a complex lipid extract f r o m  a microorganism 
(Heller et al., 1988). 

C. burnetii, the etiological agent o f  Q fever,  is found 
world-wide. The bacterium i s  unique among  Rickettsiae in 
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Table 1. Phospholipids detected in the C. burnetii strain Nine Mile phase I and II cells using the CNL scan MS method 

Phospholipid class 

Phosphatidic acid 

Phase I cells 
(m/z) 

Phase II cclls 
(m/z) 

Phosphatidylethanolamine 
Phosphatidylscrine 
Phosphatidylinositol 

Phosphatidylcholine 

Phosphatidylglyccrol 

575.3(27:3), 577.3(27:1), 601.3(29:5), 603.3(29:3), 
604.3(29:2), 675.4(34:1) 
744(36:2), 848(44:12) 
784.5(36:4) 
833.6(34:4), 835(34:2), 837.6(34:0), 849.5(35:4), 
851.6(35:2), 859.6(36:5), 861.6(36:3), 873.6(37:8), 
875.6(37:6), 877.6(37:4) 
732.7(32:1), 734.7(32:0), 748.6(34:0; 1-O-Alkyl-2-acyl), 
758.6(34:2), 760.6(34:1), 762.6(34:0), 774.6(36:1; 
l-O-Alkyl-2-acyl), 776.6(36:0; l-O-Alkyl-2-acyl), 
786.6(36:2), 788.6(36:0), 802.6(38:1; l-O-Alkyl-2-acyl) 
747.5(34:2), 749.5(34:1) 

575.3(27:3), 603.3(29:3) 

752(38:5; 1 -O-Alkyl-2-acyl), 850(44:10) 
784.5(36:4) 

760.6(34:1), 788.6(36:0) 

747.5(34:2), 749.5(34.1), 775.5(36:2), 777.5(36:1) 

m/z = a mass to chargc ratio. 

The values in parentheses represent the xx:y ratios, in which xx = total number of carbon atoms in both radyl groups, and y = total degree of unsaturation. 

that it undergoes  a host-dependent p h a s e  variation (Wi l l iams  
a n d  W a a g ,  1991;  Ftáček  et al., 2 0 0 0 ) .  T h e  ce l l s  i n  v i ru lent  
p h a s e  I a r e  i so lated  f r o m  nature w h e r e a s  t h e  ce l l s  in  l o w -
vi ru lent  p h a s e  II are  s e l e c t e d  b y  ser ia l  laboratory  p a s s a g i n g  
in immunologica l ly  incompetent  h o s t s  s u c h  a s  e g g s  o r  t i s sue  
culture ce l l s  ( B a c a  and  Paretsky,  1983).  T h e r e  a r e  o n l y  a f e w  
p r e l i m i n a r y  d a t a  o n  t h e  c o m p o s i t i o n  o f  C. burnetii 
phosphol ip ids  (Schramek,  1985).  T w o  g lycerophosphol ip id  
c l a s s e s ,  n a m e l y  phosphat idy le thanolamine  a n d  p h o s p h a -
t i d y l g l y c e r o l  w e r e  detected.  There fore ,  in  o u r  cont inuing  
e f f o r t s  t o  e s tab l i sh  t h e  compos i t ion  a n d  structure o f  outer  
m e m b r a n e  c o m p o n e n t s  o f  C. burnetii, w e  f o c u s e d  o u r  
attention o n  a m o r e  deta i led  characterization o f  p h o s p h o ­

l ip ids  p r e s e n t  i n  t h i s  b a c t e r i u m .  M o r e o v e r ,  i t  w a s  o f  in t e res t  

t o  s e e  w h e t h e r  t h e  p h a s e  v a r i a t i o n  o f  t h e  m i c r o o r g a n i s m  

a f f e c t s  t h e  c o m p o s i t i o n  o f  i t s  p h o s p h o l i p i d s .  

M a t e r i a l s  a n d  M e t h o d s  

Cultivation and purification of C. burnetii. C. burnetii strain 

Nine  Mile I, serologically in the  virulent phase I (yolk sac passage 

3 in this laboratory), and the strain Nine  Mile II, serologically in 

the low-virulent phase II (yolk sac passage 162 in this laboratory), 

were obtained originally f rom the  W H O  Collaborating Centre for  

Rickettsial Reference and Research at the Institute of Virology, 

Slovak Academy o f  Sciences, Bratislava, Slovak Republic. Both 

strains were propagated in embryonated hen eggs as  described 

earlier (Toman and  Škultéty, 1996; Škultéty et al,, 1998). After  
cultivation, the phase I and phase II cells were  purified b y  a Reno-
grafin density gradient centrifugation (Williams et al., 1981). 

Isolation of phospholipids w a s  performed as described b y  
Smith et al. (1995). Briefly, 500 | i l  o f  chloroform-methanol (2:1, 
v/v) w a s  added to the bacteria (1 mg), the mixture w a s  vortexed 
for  1 min at room temperature, and 100 (J.1 o f  water w a s  added. 

The lower layer w a s  separated and subjected to the analysis b y  
FAB-MS. 

FAB-MS. Approximately 10 pig of phospholipids dissolved in 
chloroform w a s  mixed with a drop of NBA matrix on the FAB 
probe tip. FAB- and tandem-MS spectra were  obtained with a Mic-
romass AutoSpecQ (UK). The instrument with EBEqQ geometry 
w a s  equipped with a cesium ion gun. The accelerating voltage o f  
8 k V  and the cesium beam intensity of 3 ̂ A  at 2 0  k V  were used. 
In this work, the instrument w a s  employed as an E-B-E instru­
ment.  Tandem mass  spectra were acquired b y  selecting the desired 
ion with the E B  section o f  the mass spectrometer and b y  colliding 
the selected ion at 8 k V  in the collision cell with a sufficient amo­
unt of  argon gas t o  reduce the selected ion beam intensity b y  ap­
proximately 50%. The  resulting daughter ions were  determined 
b y  a scan o f  the second electric sector. C N L  scans were obtained 
b y  maintaining a constant B2(l-E)/E2 .  The  parent spectra were  
obtained b y  a linked scan o f  B2/E. The  data acquisition w a s  car­
ried out with a Micromass OPUS V 3.4X data system interfaced 
to the mass spectrometer b y  a V G  SIOS unit. 

R e s u l t s  a n d  D i s c u s s i o n  

A s  m e n t i o n e d  a b o v e ,  e a c h  p h o s p h o l i p i d  c l a s s  h a s  

a charac te r i s t i c  n e u t r a l  l o s s  i n  t h e  F A B  m a s s  spec t ra .  T h u s ,  

p e r f o r m i n g  t h e  C N L  l i n k e d  s c a n  i t  i s  p o s s i b l e  t o  a s s i g n  t h e  

m a j o r  m a s s  s p e c t r a  p e a k s  t o  v a r i o u s  g l y c e r o p h o s p h o l i p i d  

c l a s ses .  T a b l e  1 s h o w s  t h e  r e s u l t s  o f  t h o s e  s c a n s  p e r f o r m e d  

w i t h  p h o s p h o l i p i d s  i so la ted  from t h e  C. burnetii p h a s e  I a n d  

p h a s e  I I  cells.  S t ruc tu re s  o f  g l y c e r o p h o s p h o l i p i d  c l a s se s  a r e  

d e p i c t e d  i n  F i g .  1 .  F r o m  T a b l e  1 i t  i s  e v i d e n t  t h a t  

p h o s p h o l i p i d s  d e t e c t e d  i n  t h e  v i r u l e n t  p h a s e  I C. burnetii 

ce l l s  a r e  m u c h  m o r e  c o m p l e x  t h a n  t h o s e  p r e s e n t  i n  t h e  l o w -

v i r u l e n t  p h a s e  I I  c e l l s .  I n  a d d i t i o n ,  o u r  m e a s u r e m e n t s  

r e v e a l e d  a b s e n c e  o f  p h o s p h o l i p i d s  o f  t h e  p h o s p h a t i ­

dy l inos i to l  c l a s s  i n  p h a s e  I I C .  burnetii. T h e s e  a r e  i m p o r t a n t  
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Structures of glycerophospholipid classes 

Rj, R 2, = higher alkyls. 

f i n d i n g s  s i n c e  i t  h a s  b e e n  b e l i e v e d  ( W i l l i a m s  a n d  W a a g ,  

1 9 9 1 )  s o  f a r  t h a t  a l i p o p o l y s a c c h a r i d e  i s  t h e  o n l y  o u t e r  

m e m b r a n e  c o m p o n e n t  t h a t  u n d e r g o e s  m o d i f i c a t i o n s  d u r i n g  

t h e  p h a s e  va r i a t i on  o f  t h e  m i c r o o r g a n i s m .  N e v e r t h e l e s s ,  i t  

h a s  a l r eady  b e e n  a s s u m e d  t h a t  t h e  p h o s p h o l i p i d  c o m p o s i t i o n  

i n  m i c r o o r g a n i s m s  c a n  b e  i n f l u e n c e d  b y  e n v i r o n m e n t a l  

f a c t o r s  ( S m i t h  et al., 1 9 9 5 ) .  M o d i f i c a t i o n s  o f  t h e  o u t e r  

m e m b r a n e  m a c r o m o l e c u l e s  e n a b l e  t h e  b a c t e r i u m  t o  b e  

a m o r e  ve r sa t i l e ,  m o r e  h e t e r o g e n e o u s  m i c r o o r g a n i s m  t h a t  

c a n  c o p e  b e t t e r  w i t h  a v a r i e t y  o f  d i f f e r e n t  e n v i r o n m e n t s  

( A p p e l m e l k  et al., 1998) .  E n v i r o n m e n t a l  c u e s  a r e  p r o b a b l y  

i m p o r t a n t  p a r t s  o f  t h i s  r e g u l a t o r y  p r o c e s s .  T h i s  s w i t c h i n g  

abi l i ty  s h o u l d  b e  advan tageous  w i t h i n  d i f f e ren t  phys io log ica l  

e n v i r o n m e n t s  o f  t h e  h o s t  b o d y  ( K w a n  a n d  I s a a c s o n ,  1998) .  

U s i n g  r e l a t ive ly  s i m p l e  ex t r ac t i on  p r o c e d u r e ,  p h o s p h o ­

l ip ids  w e r e  i so la ted  from t h e  C. burnetii v i r u l e n t  p h a s e  I a n d  

l o w - v i r u l e n t  p h a s e  I I  c e l l s  a n d  s u b j e c t e d  t o  F A B - M S  

m e a s u r e m e n t s .  D i f f e r e n t  M S  d a t a  w e r e  o b t a i n e d  f o r  t h e s e  

t w o  ce l l  spec ies ,  s u g g e s t i n g  tha t  t h e  t e c h n i q u e  u s e d  p r o v i d e s  

a r a p i d  a n d  s i m p l e  d e t e c t i o n  m e t h o d  o f  t h e  p h a s e  s t a t e  o f  

t h e  b a c t e r i u m  u n d e r  inves t iga t ion .  
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