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Summary. - Coxiella burnetii i so lates  f r o m  d i f f e r e n t  g e n o m i c  g r o u p s  
c o n t a i n  restr ict ion  f r a g m e n t  p o l y m o r p h i s m s  that  w e r e  eas i ly  d i s t i n ­
gu i shable  us ing  pu l sed  field gradient e lectrophores is  ( P F G E ) .  
Converse ly ,  i so lates  that  b e l o n g  t o  t h e  s a m e  g e n o m i c  group y ie ld  
identical patterns indicating that P F G E  can b e  u s e d  t o  ident i fy  t h e  
g e n o m i c  grouping  o f  n e w  C. burnetii i solates .  Intact  C. burnetii ce l l s  
w e r e  e m b e d d e d  in agarose and lysed  in situ. T h e  g e n o m i c  D N A  w a s  
d iges ted  with l o w - f r e q u e n c y  cutt ing restriction e n d o n u c l e a s e s ,  a n d  
subjected  t o  P F G E  analysis .  Not\ and  Sfil cut  C. burnetii D N A  least  
o f t e n  and produced t h e  largest fragments .  Apal, Mlul, Sail, Xbal or 
Xhol produced  o n l y  smal l  D N A  fragments  ( ± 5 0  k b p ) .  W h e n  P F G E  
w a s  u s e d  t o  a n a l y s e  C. burnetii g e n o m e s  f o r  t h e  p r e s e n c e  o f  pla-
s m i d - r e l a t e d  s e q u e n c e s ,  all t h e  p l a s m i d  s e q u e n c e s  i n  N i n e  Mi le  
a n d  Priscil la w e r e  a s s o c i a t e d  w i t h  t h e i r  36 k b p  o r  39  k b p  p l a s m i d  
b a n d s ,  respect i ve ly .  I f  t h e s e  i so lates  c o n t a i n e d  p l a s m i d  s e q u e n c e s  
w h i c h  h a d  i n t e g r a t e d  i n t o  t h e i r  c h r o m o s o m e s  t h o s e  s e q u e n c e s  
w o u l d  h a v e  b e e n  v i s i b l e  as  a d d i t i o n a l  b a n d s .  T h e s e  s a m e  s t u d i e s  
a l s o  s h o w e d  t h a t  p l a s m i d  s e q u e n c e s  i n  t h e  p l a s m i d l e s s - K o  i so late  
w e r e  c o m p l e t e l y  c o n t a i n e d  w i t h i n  t w o  Notl f r a g m e n t s ,  i n d i c a t i n g  
t h a t  t h e  i n t e g r a t e d  p l a s m i d  is l o c a l i z e d  t o  a c o n c i s e  r e g i o n  o f  t h e  C. 
burnetii g e n o m e .  S i n c e  it is  d i f f i c u l t  t o  c o n d u c t  g e n e t i c  a n a l y s e s  o f  
o b l i g a t e  intracel lu lar  paras i tes  u s i n g  s t a n d a r d  t e c h n i q u e s ,  a p h y s i c a l  
m a p  is b e i n g  d e v e l o p e d  u s i n g  P F G E .  I n  a d d i t i o n  t o  p r o v i d i n g  
a m e a n s  f o r  d e t e r m i n i n g  g e n e  loci,  t h e  p h y s i c a l  m a p s  p r o v i d e  
a m e a n s  f o r  c o m p a r i n g  g e n e t i c  o r g a n i z a t i o n  a m o n g  t h e  d i f f e r e n t  
s tra ins  o f  C. burnetii. 
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Introduction 

It is n o w  poss ib le ,  u s ing  P F G E  m e t h o d s ,  t o  separate D N A  fragments  as  large 
as  n i n e  m e g a b a s e  pairs (Mbp)  (Schwartz  and Cantor,  1984; S m i t h  and Cantor,  
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1987). In t h i s  p r o c e d u r e ,  w h o l e  Coxiella burnetii c e l l s  w e r e  e m b e d d e d  i n  
agarose,  t h e  ce l l s  w e r e  l y s e d  in situ, a n d  t h e  r e l e a s e d  D N A  w a s  d i g e s t e d  w i t h  
l o w - f r e q u e n c y  c u t t i n g  restr ict ion e n d o n u c l e a s e s .  T h e  s u b s e q u e n t  e l e c t r o p h o -
retic f r a c t i o n a t i o n  o ľ  D N A  restr ict ion f r a g m e n t s  p r o v i d e s  a rapid  m e t h o d  o f  
a s s i g n i n g  C. burnetii o r g a n i s m s  t o  g e n o m i c  g r o u p i n g s .  T h i s  t e c h n i q u e  c a n  a l s o  
b e  u s e d  t o  m o n i t o r  t h e i r  e n t i r e  g e n o m e s  f o r  large c h r o m o s o m a l  rearrange ­
m e n t s  ( S m i t h  et al., 1986). T h i s  procedure can a l so  b e  u s e d  t o  d e v e l o p  physical 
m a p s  o f  t h e  various  C. burnetii g e n o m e s  (Smi th  et al., 1987). S i n c e  it is diff icult  
t o  c o n d u c t  classic  gene t i c  ana lyses  o f  obl igate  intracellular parasites t h e  
presence  o f  physical m a p s  provides  an alternative m e a n s  o f  deriving g e n e t i c  
m a p s  for t h e s e  organisms.  

Materials and Methods 

Coxiella burnetii isolates were propagated in embryonated hens '  eggs and purified  C. burnetii 
were suspended in 0.01 mol/1 Tris,  0.001 mol / l  E D T A  (TE  buffer)  at  pH 7.5 at a concentration of 
2x10(; cells/ml and diluted with an equal vo lume of low-mel t ing agarose at 37 °C.  T h e  suspension 
was placed into 100//I f o r m s  and  allowed t o  cool o n  ice for  5 min.  Solidified blocks of agarose were 
transferred to a lysis mixture  containing about  2 volumes o f E S  buffer (0 .5  mol/1 E D T A  at pH 7.5 
and 1 % SDS). Alter  incubation at room temperature  for  1 hr,  proteinase K was added t o  0.5 
mg /ml ,  and the  mixture  was incubated overnight at 55 °C .  T h e  blocks were washed twice in 10 
volumes o f T E  for  30 min at room temperature  and then twice for I hr  each at 50 °C  in T E  b u f f e r +  
0.04 m g / m l  phcnylmcthylsulfonylfluoridc to inactivate t he  proteinase K. After  two more  T E  
washes a t  37 " C  (using 5 volumes o f b u f f e r  t o  1 volume of gel plugs), t he  blocks were stored in ES 
buffer  at  4 "C.  O n e  block, containing 3 t o  10 n g of DNA,  was used for each restriction digest with 
restriction endonucleases  that arc known to cut DNA infrequently  (Apa\, MluI, Not], Sail, Sfil, 
Xba\, and  XhoI). Before digestion with these  restriction enzymes,  agarose blocks were rinsed 
twice for  30 min with T E .  Digestion was carried out  according t o  t he  manufac turer ' s  instructions. 
T h e  plugs were incubated for  3 hr  at t he  appropriate temperature  in a sterile 1.5-ml microfuge 
tube  containing 500 (i\  of reaction buffer  containing enzyme (50 uni t s / tube)  and two gel plugs. 
T h e  enzyme-buf fe r  solution was then decanted,  and the  digestion step was repeated for  a total of  
three incubations.  W h e n  multiple enzyme digestions were employed,  they were conducted in two 
stages, using the  enzyme  that  requires t he  lowest salt o r  temperature  first (NotI is incubated at 
37 "C in low salt and 5/71 was incubatcd at 50 °C  in high salt). Digestion was stopped by aspirating 
the  restriction buffer  and adding 1 ml o f E S  buffer .  After  incubating at 50 °C  for  2 hr,  t he  ES buffer  
was removed,  and 1 ml of ESP buffer  (0.5 mol/1  EDTA,  0.5 mg /ml  proteinase K at pH 7.5, and 1 °/o 
SDS) was added.  T h e  plugs can be  stored at 4 ° C  for  several m o n t h s  (Heinzen  et al., 1990). T h e  
data shown here  were generated using ei ther  t he  C H E F D R 1  M (Bio Rad) pulsed field electropho­
resis apparatus  or  t he  G e n c l i n e ' M  (Beckman) device. Running gels were prepared using 1.0 % t o  
1.5 % Ultrapure Agarose (BRL) in 0.5X T B E  buffer  at pH 8.0. Electrophoresis was in 0.5X T B E  
buffer  at about  14 "C.  T h e  buffer  was changed every 24 hr dur ing long runs.  

Results and Discussion 

T h e  largest f ragments  o f  C. burnetii D N A  remaining  after d igest ion  with 
Apal, Mlu I, Sail, Xba\ or  Xho\ were  l e s s  than 5 0  kbp. T h e  restriction e n z y m e s  
Not\ and  SJ'i\ cut  C. burnetii D N A  les s  o f t e n  and produced larger fragments  
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(Tab le  1). A s  a resul t  t h o s e  e n z y m e s  h a v e  b e e n  u s e d  t o  e x a m i n e  several  
Coxiella isolates f o r  restriction f r a g m e n t  l e n g t h  p o l y m o r p h i s m s .  Size po ly ­
morphisms were apparent a m o n g  t h e  various.  C. burnetii isolates analysed in 
these  gels.  Based o n  genet ic  and phenotypic  dif ferences  in  Coxiella isolates,  it 
is n o  longer appropriate t o  classify these  organisms together. There  are at least 
six different strains or g e n o m i c  groups o f  Coxieila (Samuel  et at., 1988; 
H e i n z e n  et al., 1990; Mallavia et ai, 1991). T h e  N i n e  Mile ,  Priscilla, S, and 
Dugway  isolates, all from different strains or g e n o m i c  groups (Hamilton,  Biot-
zere,  Corazon,  and D o d  strains, respectively), were  easily distinguishable in 
these  gels.  Conversely,  t h e  S, Ko,  G ,  and L isolates, all Corazon strains, gave  
identical patterns (Fig. 1). S ince  t h e  g e n o m i c  groupings derived with this  
m e t h o d  are consistent  with g e n o m i c  groupings derived us ing other  proce­
dures, such  as restriction fragment length polymorphism and lipopolysaccha-
ride analyses (Samuel  et al., 1983; 1985; Hackstadt, 1986; M o o s  and Hackstadt, 
1987), this  m e t h o d  can be  used  t o  identify the  g e n o m i c  grouping o f  n e w  C. 
burnetii isolates (He inzen  et al., 1990). However ,  it is  important t o  realize that 
t h e  different strains represent diversity in both  plasmid sequences  and in chro­
m o s o m a l  sequences .  Specifically, different plasmids are found  in combinat ion 
with distinct g e n o m i c  D N A  sequences .  

T h e  N i n e  Mile isolate contains Q p H l  plasmid, Priscilla has t h e  QpRS 
plasmid, and t h e  K o  isolate has plasmid sequences  integrated into its g e n o m e .  
Supercoiled plasmids d o  no t  migrate in these  ge l s  and  Sfil d o e s  no t  cut  these  
plasmids, but  Notl l inearizes all o f  them.  W h e n  t h e  D N A  from N i n e  Mi le  and 
Priscilla was  digested with  Notl their plasmids migrated as linear D N A .  U p o n  

Table 1. DNA fragments resulting from restriction digestion and PFGE analysis of C. burnetii 
strains 

D N A  restriction f ragments  

Notl f ragments  Sfil f ragments  

Strain (isolate) N u m b e r  Largest (kb) N u m b e r  Largest (kb) 

Hamil ton  19 250 19 370 
(Nine  Mile) 

Biotzere 20 290 15 320 
(Priscilla) 

Corazon 16 260 17 410 
(S) 

Dod  16 240 16 380 
(Dugway) 
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C. burnetii (Nine Mile) 

C. burnetii (Priscilla) 

C. burnetii (Dugway) 

C burnetii ( S c )  

C. burnetii (Ko) 

C. burnetii (Gv) 

Lambda Hind III 

Lambda Ladder 

Fig. I 
PFGE separation o f  Noli digest of six different isolates of  Coxiella burnetii 

Electrophoresis conditions were 150 V, 14 "C. in 1 % agarose in 0.5X TBE, 22 hr at 6 sec and 22 hr 
at 15 sec. Molecular size standards arc based on lambda DNA concatemers and ///Wil l-digested 
lambda DNA. The gel was stained with ethidium bromide and photographed using UV to illumi­
nate  bands.  T h e s e  condi t ions  provided good resolution and accurate size est imations of larger 
DNA fragments .  
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Fík. 2 
PFGE separation o f  Nat I, S/H, and Not I plus  Sp I digestion of the Priscilla isolate of  Coxiella 

burnetii 
Concatemers of lambda, undigested lambda and Hind III digested lambda DNA serve as mole­
cular weight markers. Switch t ime, 30 sec for 40 hr. Electrophoresis was at 150 V, 14 "C, in 1 % 
agarose in 0.5X THE; the  gel was stained with ethidium bromide  and photographed using UV t o  
i l luminate band fragments .  
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L a n *  
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Fig. 3 
A. PFGE separation of  Notl, Sfil, and Noll plus  Sfil digestion o f  the Nine Mile isolate o f  Coxiella 

burnetii. Concatemers of lambda DNA serve as molecular weight markers. 
B. Southern analysis of PFGE gels was  used to map theg/ř A gene to a 180 kbp  Noll fragment, a 110 
kbp S/i I fragment and a 70 kbp Noll - Sfil fragment from the Nine Mile strain o f  Coxiella burnetii 
genome. This also provided a Notl - Sfil map of 220 kbp of the genome. T h e  gel was  hybridized 
with a 3 2 P-labelled cloned fragment of the g/ŕ A gene. 
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Table  2. Characterization of DNA fragments from  Noll restriction digestion and  PFGE analysis 
of the Priscilla isolate of  Coxiella burnetii 

Fragment  n u m b e r  Size o f  f ragment  (kb) 

1 293 
2 223 
3 150 
4 135 
5 121 
6 96 
7 87 
8 78 
9 74 

10 62 
11 52 
12 43 
13 39 (nicked p lasmid)  
14 33 
15 a n d  16 28 (doublet )  
17 19 
18 16 
19 15 
20 10 

Mot 1 Mot I 
1 " t A  I 

-180 kbp -

I JW / Sfl I Mot 1 
1 " i A  I I " t A  I 

I 110 kbp 1 I—-70 kbp 1 

I 1 tO kbp I 70 kbp HOkbpl 
Mot / S f J I .  Mot 1 S/J / 

1 1 " t A  1 1 Fig. 4 
Mapping o f  the  gll A locus within the 

I 220 kbp 1 Coxiella (Nine  Mile strain) genome 
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Southern blot  analysis (Southern, 1975) all Coxiella p lasmid sequences  in  the  
N i n e  Mile isolate migrated as a —36 k b p  fragment  a n d  at —39 k b p  in  Priscilla 
(Samuel  et al., 1985). In the  K o  strain t h e  integrated p lasmid sequences  are 
detected i n  t w o  D N A  fragments  o n e  at —39 k b p  and  the  other at —100 kbp. 
Further, neither the  N i n e  Mile or t h e  Priscilla isolates contained p lasmid 
sequences  integrated in  their genomes,  since additional sequences  were  n o t  
vis ible  as distinct bands  in  the  autoradiographs (Heinzen  et al., 1990). 

T h e  D N A  fragments  generated b y  these m e t h o d s  can b e  u s e d  to  size the  
g e n o m e  o f  various isolates (Fig. 2) and to deve lop  physical m a p s  o f  t h e  C. 
burnetii genomes.  S u m m i n g  the  M r  o f  either  Sfil or  Notl f ragments  (Table 2) 
indicates that the  C. burnetii g e n o m e  o f  both  Hamilton and  Biotzere strains is 
about  1.6 x 106 bp, a va lue  consistent with  renaturation kinetics data (Myers et 
al., 1980). T h e  D N A  fragments  generated b y  these  m e t h o d s  can also b e  u s e d  
for  mapp ing  C. burnetii genes  as illustrated in this paper us ing  the  git A locus 
(Fig. 3). In this procedure the  electrophoresed D N A  fragments  are probed  to 
determine the  location o f  a g e n e  to  specific D N A  restriction fragments. Using 
this information a partial m a p  o f  the  git A locus has b e e n  derived (Fig. 4). T h i s  
technique  can also b e  u s e d  for  comparing g e n e  loci and genetic organization 
a m o n g  the  d i f ferent  strains o f  C. burnetii. 
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