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Summary. - A c u t e  isolates o f  Coxiella burnetii possess  a 36-kbp  
plasmid termed Q p H l .  DNA hybridizations s h o w  that Q p H l  
contains a ~ 6 - k b p  region o f  DNA which is not  present in t h e  QpRS 
plasmid f rom chronic isolates. T h i s  QpHl-spec i f ic  region o f  DNA 
contains t h e  contiguous  £coRI  f r a g m e n t s  G ,  E ,  a n d  D .  T h e  G E D  
region was  f o u n d  t o  possess  s even  o p e n  reading  f r a m e s  (ORF ' s )  
coding  f o r  p ro te ins  ranging f r o m  5.5 t o  42.3 k D a  in molecu la r  m a s s  
w h e n  subc lone d  a n d  expressed  in vitro. S u m m i n g  t h e  predicted 
O R F ' s  accoun t s  f o r  95  % o f  t h e  G E D  coding  potent ia l .  E. coli 
express ion  p roduced  a s table  42.3-kDa prote in  f r o m  t h e  p H I N 1 9  
subc lone  o f  G E D .  T h e  O R F  o f  t h e  42.3-kDa pro te in ,  t e r m e d  cbhE', 
h a s  b e e n  localized o n  G E D  by b o t h  in vitro t ranscr ip t ion/ t rans la t ion  
a n d  D N A  sequenc ing .  T h e  cbhE' g e n e  is e s t ima ted  as  1142 b p  in 
l eng th  with a puta t ive  p r o m o t e r  region o f  T C A A C T  
( - 3 5 ) - N | 6 - T A A A A T  ( - 1 0 ) - N | 4 - A G A A G G A  (Shine-Dalgarno)— 
N I 0 - A T G .  
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Introduction 

A strain des ignat ion  h a s  b e e n  proposed  which  separa tes  Coxiella burnetii 
i n to  six s t ra ins  o r  g e n o m i c  g r o u p s  based  o n  restr ict ion f r a g m e n t - l e n g t h  poly­
morph i sms ,  l ipopolysaccharide,  a n d  plasmid c o n t e n t  (Mallgvia  et al., 1991). In  
h u m a n s ,  s t ra ins  I, II, a n d  III a r e  associated with acu t e  Q fever  a n d  possess  t h e  
Q p H l  plasmid (Samue l  eta!., 1983), whi le  s t ra ins  IV a n d  V a re  ch ron ic  endocar ­
ditis isolates which  ha rbo r  a plasmid t e r m e d  Q p R S  (Samue l  et al., 1985; Vodk in  
et al., 1986) o r  ch romosomal ly - in teg ra ted  Q p R S  s e q u e n c e s  (Savinelli a n d  
Mallavia, 1990). Strain V I  con ta ins  a th i rd  plasmid,  Q p D G ,  a n d  h a s  ye t  t o  b e  
f o u n d  in h u m a n s  (Hendr ix  et al., 1991). A l though  grea te r  t h a n  9 0 %  o f  all 
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plasmid DNA is conserved (Samuel  and Mallavia, unpubl i shed data) each 
plasmid type  contains sequences  which are  unique.  Since correlation exists  
be tween  plasmid and disease  manifestation, u n i q u e  sequences  are be ing  
analysed f o r  their potential role in virulence.  

Only o n e  g e n e  has  been  characterized f r o m  t h e  plasmids o f  C. burnetii. Thi s  
gene,  termed  cbbE', is  un ique  t o  t h e  QpRS plasmid. T h e  E '  protein encoded by 
cbbE', is sur face-exposed  and is u n i q u e  to chronic strain IV C. burnetiii 
(Minnick  et a!., unpubl ished data). 

T h i s  report presents  data on t h e  analysis  o f  a —6.0 kbp region o f  DNA unique  
t o  t h e  Q p H l  plasmid f r o m  acute strains I, II, and III, and which contains a 1.1 
k b p  g e n e  termed  cbhE'. cbhE' is  t h e  f irst  g e n e  t o  b e  characterized f rom  the  
Q p H l  plasmid o f  C. burnetii. 

Materials and Methods 

C. burnetii strains. C. burnetii was grown and purified as described by Hendrix and Mallavia 
(1984). Plasmids and genomic DNA were isolated and purified from the strain I isolate Nine Mile 
RSA 493, strain II isolate M-44 RSA 459, strain III isolate Koka, strain IV isolates Priscilla Q177 
and H WSU 101, strain V isolate Ko Q229, and strain V I  isolate Dugway 7E9-12; as described by 
Samuel  et al. (1983). 

Genetic manipulations. C. burnetii plasmids were subcloned into pUC19 (Yanisch-Perron etai., 
1985) by standard procedures (Maniatis et al., 1982). T h e  QpHl-pHK17 recombinant pQHl 
(Minnick et al., 1990b) was  also employed. DNA blotting, probe preparation, hybridizations, and 
washes  at high stringency (~7% missmatch) were performed as previously described (Minnick et 
al., 1990a). 

Gene expression and characterization. Subcloned fragments of QpHl were analysed by in vitro 
transcription/translation (IVTT) as before (Minnick et al., 1990a). T h e  translational start site for 
cbhE'was identified by IVTT as previously described (Minnick et al., 1990b). The  cbhE'gene was  
expressed in E. coli DH5a  E. coli were transformed by the methods of Chung  et at. (1989). E. coli 
containing pHIN19 were grown to exponential phase (O.D.6oo~0.6) under selection with ampi-
cillin (100 //g/ml). Cells were centrifuged, lysed in Laemmli sample buf fer  (Laemmli, 1970), and 
analysed by sodium dodecylsulphate-polyacrylamide gel electrophoresis (SDS-PAGE) 
(Laemmli, 1970). Protein bands were visualized by staining the gel with Coomassie blue-R. 
Double-stranded DNA sequencing was performed as before (Minnick et al., 1990a) using the 
methods o f  Sanger et al. (1977). 

Results and Discussion 

DNA hybridization analyses  identified a 6.0-kbp region o f  DNA which w a s  
u n i q u e  t o  t h e  Q p H l  plasmid (Samuel and Mallavia, unpubl ished data). 
A partial restriction map  of  this  sequence  and three  subclones  used  in its 
characterization (i.e. p X B A l ,  p Q H G l ,  and pHIN19) are given in Fig. 1. This  
u n i q u e  stretch of  DNA, termed GED, contains the  Q p H l  £coRI  f r a g m e n t s  
previously des igna ted  G (1200 bp) ,  E (2470 bp) ,  a n d  D (3844 bp)  o n  t h e  basis o f  
relative s ize  (Samue l  eta!., 1985). O n l y  2.35 k b p  of  t h e  D f r a g m e n t  ad jacen t  t o  E 
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Fig. I 
£coRI restriction m a p  of t he  Q p H I  
plasmid o f  C. burnetii, showing regions 
conserved in all C. burnetii plasmids 
(boxed) and t h e  QpHl-spec i f i c  £coRI 

f ragments  G ,  E,  and  D 
A detailed restriction m a p  of G E D  is also 
given, showing t h e  position and  direction 
of t h e  cbhE' gene  (large arrow). T h r e e  
pUC19 subclones of G E D  are  shown with 
the  direction o f  t h e  iacZ' gene  indicated 
by small arrows. (Abbreviations:  D ,  Dral, 
E, £eoRI ;  h,  HinclI; H ,  HindUl; P, Pstl, 
Xbal). 

is u n i q u e  t o  Q p H I .  A 4 .4 -kbp  Xbal s u b f r a g m e n t  o f  G E D  was  c loned  i n t o  
p U C 1 9  t o  p r o d u c e  p X B A l ,  a n d  was  u s e d  t o  analyse  t h e  core  o f  t h e  G E D  region.  
p X B A l  did  n o t  hybridize  w h e n  p robed  wi th  ( 3 2 P)-QpRS,  con f i rming  t ha t  it is 
also u n i q u e  t o  Q p H I  (Fig. 2). 

Compi la t ion  o f  t h e  I V T T  analyses  f o r  p X B A l ,  p Q H G l ,  a n d  p H I N 1 9  subc­
l o n e s  of  G E D ,  sugges t s  t ha t  seven  p ro te ins  a r e  e n c o d e d  o n  G E D  a n d  a re  
expressed  in vitro wi th  apparen t  molecu la r  m a s s e s  (M r )  of—5.5,  12.3, 34, 35.8, 
40.9, a n d  42.3 k D a  (Fig.3). A s u m m a r y  of  t h e  pro te in  M r ' s  a n d  the i r  e s t ima ted  

1 2 3 4 5 6 7 8 B 1 3 4 5 6 7 8 

I 

Fig. 2 
D N A  hybridization analysis of  t h e  pXBAl  subclone o f  G E D  

pXBAl was digested with restriction enzymes,  electrophoresed in a 1 % agarose gel (A) then  
blotted and probed with ( 3 2 P) -QpRS as  previously described (Minnick  et al., 1990a). T h e  autora-
diograph is shown in (B). Lane 1, lambda  HindUl, D N A ;  lanes2  and 3, pXBAl  cut with  Xbal, lanes 
4 and 5, pXBAl  cut with £coRI plus  Xbal; lanes 6 and 7, pXBAl  cut with Sp/ i l ;and lane 8, QpRS 
cut with £coRI.  
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Fig. 3 
In vitro transcription/translation (IVTT) 
analysis  o f  subclones  o f  the GED 

sequence  of  QpHl  
Approximately 2 x 105 DPM of  / 3 5 S /  
-labelled proteins were  separated by 
SDS-PAGE (12.5% acrylamide), dried 
and exposed to X-ray film overnight.  T h e  
autoradiograph is shown.  Lanes:  1 and 4 
/ l 4 C / - M r  s tandards in kDa; 2 and 5, 
I V T T  products of the cloning vector 
pUC19; 3, 6, and 7, I V T T  products o f  
p Q H G l ,  p X B A l ,  and pHIN19, respecti­
vely. T h e  inse r t - encoded  polypept ides  
a r c  n u m b e r e d ,  with t h e  C b h E '  protein 
s tarred.  

I 
open  reading f r ame  (ORF)  sizes is given in Table  1. Summat ion  of  t h e  O R F  
sizes gives 5687 bp;  a figure close t o  t h e  G E D  size o f6 .0  kbp. T h e  —313-bp disc­
repancy in t h e  s u m m e d  and  actual coding potential of  G E D  may be  d u e  t o  lack 
of  compensat ing for individual gene  promoter  regions, rho - independen t  
terminators ,  o r  noncoding regions of G E D .  

Maxicell analysis of t h e  pHIN19 subclone gave a single, stable, inser t -en-
coded protein of 42.3 kDa  (data no t  shown).  However,  I V T T  analysis of 

Table 1. Compilation of the in vitro transcription/translation (IVTT) analysis on the subclones of 
the QpHl-speci f ic  GED sequence, and estimation1 of the open reading frames (ORF's) of GED 

Polypept ide N o .  M r  by I V T T  (kDa)  Predicted O R F  (bp)  

1* 42.3 1142 
2 40.9 1104 
3 39.8 1075 
4 35.8 967 
5 34.0 918 
6 12.3 332 
7 5.5 149 

' Es t imated by 27 bp  D N A / k D a  protein 
* T h e  c b h E '  polypept ide  
Polypept ide n u m b e r s  cor respond to  those  given in Fig. 3 
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pHIN19 sugges t s  that the  42.3-kDa protein plus  three  other  insert-specif ic  
proteins are encoded (Fig. 3). Following expression in E. coli maxicells  t h e  
other  proteins may b e  degraded, as  has  b e e n  seen  in previous  maxicell analyses  
on cloned  C. burnetii D N A  (Minnick  et a!., 1990a). T h e  42.3-kDa protein w a s  
also detected in cell lysates  o f  exponential-phase-harvested  E. coli DH5a 
containing pHIN 19 (Fig. 4). T h e  approximate translational start site f o r  t h e  42.3 
kDa protein w a s  mapped by I V T T  and t h e  position of  its ORF in G E D  is g iven 
in Fig. 1. T h e  g e n e  is te rmed  cbhE' for :  C. burnetii (cb), hamilton strain (h) 
(Mallavia  et al., 1991), presence on t h e  Q p H l  E f ragment  (E), and plasmid 
origin (prime). 

Because  cbhE' is stably expressed  in E. coli and is f o u n d  in strains of  
C. burnetii associated with acute disease, w e  h a v e  b e g u n  characterizing the  
gene.  T h e  cbhE' g e n e  is ~ 1 1 4 2  bp  in length and initial sequencing  data yields  
a putative promoter  region o f  T C A A C T - ( - 3 5 ) - N l 6 - T A A A A T - ( - 1 0 ) - N | 4 - A -
GAAGGA-(Shine-Dalgarno)-N, 0 -ATG.  T h e s e  data sugges t  that the  cbhE' 
promoter  regulatory region is more  similar t o  the  E. coli consensus  promoter  

i 2 3 
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Fig. 4 
Expression of the  cbhE' gene in E. coli 

DH5a containing pHIN19 
E. coli lysates (30 jig protein) were sepa­
rated o n  12.5 % S D S - P A G E  gels, stained 
with Coomassie  b lue -R ,  and  dried. Lane  
1, M r  s tandards in kDa;  lane 2, nontrans-
formed D H 5 a ;  lane 3, D H 5 a  containing 
pHIM19. T h e  C b h E '  protein is arrowed.  



502 MINNICK, M. F. et al. 

than that o f  the  cbbE' g e n e  f rom QpRS (Minnick  et al., 1990a). T h e s e  data may 
explain why  cbhE' expression in E. coli is apparently greater than w a s  observed  
for  cbbE' (Minnick et al., 1990a). 

T h e  6.0-kbp GED region o f  Q p H l  is a contiguous stretch o f  plasmid DNA 
coding for  at least seven polypeptides including CbhE' .  T h e s e  g e n e s  and g e n e  
products represent unique  markers  which could b e  u s e d  to distinguish 
between  C. burnetii strains associated with acute or chronic disease, and may 
code for  virulence determinants  involved in the  acute manifestations of  Q 
fever .  
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