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Summary. - A 533 bp long PCR product amplified from rickettsial strain HL-93 DNA with the primer 
pairRr 190.70pandRr 190.602n, designed from DNA sequence encoding 190 K protein antigen ofR. rickettsii, 
was cloned into plasmid vector PGEM-T and sequenced. The primer-flanking region of the product, an open 
reading frame, was 491 bp long. The sequence of the product was compared with those of the corresponding 
regions of DNAs of R. rickettsii (strain R), R. japorxica (strain VR1363) and R. conorii (strain Malish 7) 
which were reported earlier by other authors. The results showed that 23, 31 and 52 nucleotides in the com­
pared sequence in strain HL-93 differed from those in R. japonica, R. rickettsii and R. conorii, respectively. 
The homologies of strain HL-93 with R. japonica, R. rickettsii and R. conorii were 95.6%, 94% and 90% in 
nucleotide, and 89%, 87% and 80% in putative amino acid sequences. We consider strain HL-93 as a new 
member of spotted fever group (SFG) rickettsiae on the basis of a high degree of homology and genetic 
divergence in the nucleotide sequence of a part of the 190 K protein gene. 
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Introduction 

Rickettsial strain HL-93 was isolated from  Haemaphysa-

lis concinna ticks in Hulin County of Heilongjiang Province 
in P.R. of China. It was identified as a new member of SFG 
rickettsiae by the methods of standard serology, morphology, 
sodium dodecyl sulphate-polyacrylamide gel electrophore­
sis (SDS-PAGE), immunoblot analysis with polyclonal and 
monoclonal antibodies, PCR and PCR followed by restric­
tion fragment length polymorphism (PCR/RFLP) analysis 
(Zhang et al., 1996). In order to further classify rickettsial 
strain HL-93, the PCR product, amplified from its DNA with 
the primer pair Rr  190.70p and Rr 190.602n, designed from 

Abbreviations: PAGE = polyacrylamide gel electrophoresis; 
PCR = polymerase chain reaction; RFLP = restriction fragment 
length polymorphism; SFG = spotted fever group; SDS = sodium 
dodecyl sulphate 

DNA sequence encoding the 190 K protein antigen of  

R. rickettsii, was cloned and sequenced. In this paper, we re­

port the nucleotide sequence of the PCR product (a part of 

the 190 K protein gene) amplified f rom rickettsial strain 

HL-93 DNA and compare it with those of the corresponding 

region of DNAs of  R. japonica, R. rickettsii and R. conorii. 

Materials and Methods 

Rickettsial strainHL-93 was isolated fromHaemophysaliscon­
cinna ticks in Hulin County, Heilongjiang Province, P.R. of Chi­
na, in 1993. 

Cultivation, purification and DNA extraction. Cultivation and 
purification of rickettsial organism were performed as described 
by Stoenner et al. (1962) and Hanson et al. (1981). Rickettsial 
DNA was extracted according to Regnery et al. (1991). 

PCR amplification was carried out using a pair of R. rickettsii 
190 K antigen gene primers, Rr 190.70p and Rr 190.602n, de­
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scribed by Rcgnery et al. (1991). The amplification was carried 
out in 50 fil volume in Gene ATAQ Controller (Pharmacia) in 30 
cycles (95"C for 40 sees, 48"C for 40 sees, 66"C for 80 sees, the 
last cycle extended to 5 mins). PCR assay included a negative 
control (no template DNA), a positive control (R. sibirica strain 
246 DNA) and control material from non-infected yolk sac. The 
presence of amplified PCR products was confirmed by elcctro-
phoresing 10 |*l of each mixture in 1.2% agarose gel. Hinji-di-
gested pBR322 DNA was employed as size marker. 

Cloning. PCR amplified product to be sequenced was cloned 
into plasmid vector PEGM-T (Promega). E. colistrain JM101 cells 
were transformed by the method described by Sambrook et al. (1989). 
The transformants carrying the vector with the DNA insert in both 
directions were screened on colour plates containing X-Gal, IPTG 
and Anipicillin, and the vector recombinants were identified by the 
methods of PCR amplification, restriction endonuclease digestion 
and dot hybridization with an oligonucleotide probe. 

DNA sequencing of the PCR product was performed by the 
dideoxy method according to the manufacturer's instruction us­
ing a chcmilumincsccnt DNA sequencing kit (Promega). Scquc-
nasc™ vcr.2.0 (United States Biochemical Co., Cleveland, OH, 
USA) was employed. DNA fragments were separated in Sequigcn 
Nucleic Acid Sequencing Cell (BioRad Laboratories). 

Results 

PCR amplification of rickettsial strain HL-93 DNA 

The  nucleotide primer pair Rr 190.70p and Rr 190.602n 
were employed (Regnery  et al., 1993). DNAs from strain 
HL-93,  s t rain Breinl o f  R. prowazekii, strain 246  o f  
R. sibirica and  E. coli J M101 cells were used as templates. 
The PCR products were separated by 1.5% agarose gel elec­
trophoresis. The results showed that DNA fragments of ex­
pected size (approximately 533 bp) were amplified f rom 
strain HL-93 and strain 246 o f  R. sibirica but no products 
were amplified from strain Breinl o f  R. prowazekii and 
E. coli JM101 cells (data not shown). 

PCR amplification of recombinants 

The genomic DNAs from PGEM-T vector recombinants, 
strain HL-93 and E. coli JM 101 cells served as templates. 
PCR amplifications were carricd out using the primer pair 
Rr 190.70p and Rr 190.602n. The  results showed that 
533 bp  long DNA fragments were amplified from template 
DNAs from strain IIL-93 and vector recombinants. Origi­
nal PGEM-T vector and E. cW/JMIOl cell genomic DNAs 
did not yield any PCR products (data not shown). 

Restriction cnclonuclease digestion of recombinants 

Recombinants were digested with two combinations o f  
restriction endonucleases, Nco\ + Sal andPst\ + Sphl, and 
analyzed by PAGE. The results confirmed that a fragment 

of the strain HL-93 190 K antigen gene had been cloned 
into the vector (data not shown). 

Dot hybridization of vector recombinants with oligonu­
cleotide probe 

The PCR product of strain HL-93 was labelled with digox-
in via random hexanucleotide primers and Klenow enzyme, 
and subsequently used as a probe for dot hybridization. The 
results showed that DNAs of  the vector recombinants and 
strain HL-93 reacted with the probe (data not shown). 

DNA sequence oj the 190 K antigen gene fragment of 
strain HL-93 and its comparison with those ofR. japonica, 
R. rickettsii and R. conorii 

The DNA sequence of the 190 K antigen gene fragment 
o f  strain HL-93 is shown in Fig. 1. In the present study, we 
were able to detect up to 300 nucleotides in one run without 
difficulty. The sequencing data from regions of opposite 
directions showed an overlapping of  at least 30 nucleotides. 
The complete sequence of the 190 K antigen gene fragment 
(533 bp) o f  strain HL-93 was determined for  both strands. 

The primers used by us in this study have been known to 
amplify 533 bp DNA fragments o f R .  japonica, R. rickettsii 

and/ŕ.  conorii 190 K antigen genes (Yan et al., 1994; Ander­
son et al., 1990; Patricia et al., 1994). In the present study, 
the sequence of 533 bp, an open reading frame, was also 
detected in the PCR product amplified from strain HL-93 
DNA using the same primer pair. The primer-flanking region 
contained 491 nucleotides. The overall nucleotide sequence 
of the PCR product amplified from 190 K antigen gene of 
strain HL-93 was compared with those of the corresponding 
regions of R. japonica (Yan et al., 1994), R. rickettsii(Ander­
son et al., 1990) and  R. conorii (Patricia et al., 1994) 
190 K antigen genes. The results showed that 31 nucleotide 
substitutions were found in R. rickettsii, 23 in R. japonica 

and 52 in R. conorii (Fig. 1). The genetic homologies of 
strain HL-93 with/?, japonica, R. rickettsii and  R. conorii in 
the compared 533 bp sequence were 95.6% (510/533), 94% 
(502/533) and 90% (481/533), respectively. The nucleotide 
substitutions resulted in changes in 19, 22 and 34 codons in 
R. japonica, R. rickettsii and R. conorii, respectively (Fig. 2). 
Therefore, the homologies of the putative amino acid sequenc­
es o f  strain HL-93 with those o f/ŕ. japonica, R. rickettsii and 
R. conorii in the compared region were 89% (158/177), 87.5% 
(155/177) and 80.7% (143/177), respectively. All these re­
sults suggest that a high degree o f  homology exists among 
the four species compared. 

Discussion 

SFG rickettsiae are obligate intracellular bacteria trans­
mitted to humans by the bite o f  infected ticks. Multiple spe-
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HL 70 ^ i T O j M Ť A T T T n t r W M I . r r A T T I U A A A  AAGCAATACA ACAAGGGCTT AMTCCGCTT 130 
R j  A T G 
R r  A T 0 
CON CA T G 

131 TATTCACCAC CTCAACCGCA GCGATAATCC TGAGTACTAG TGGGGCACTC GCTGnGCTG 190 
G 
G C A 
G C A 

191 CAGGTCTTAT TOCTACTAAT AATAATCCAG CATTTAGTAA TAATCCTGCT GTCAATAATT 250 
G G G C 
G ľ GC AAT 

TTTCA G G AT G C AAT GCATT G G AA T G 

251 GGCATGAGAT AACGGCTAGA GGGGTAGCTA ATGCTAATCC TGCTGGCGGT CCTCAAAACA 310 
A C  A G G T 
A GC G C 
A GC G C C G 

311 ATTGGGCATT TACTTACGGT GGTCATTATA CTATCACTGC AGATCTAGGC GATOTATTA 370 
T A 

G C C C 
G C C CA 

371 TTAAGGCTAT AAATGTTGOG GGTACTACTC CCGTAGGTCT AAATATTGCT CAAAATACCG 430 
AA A 

A T 
C A A 

431 TDGTTGGTIC GATOTAACG GGAGGTAACT 1UITGCCTCT TACTATTACT GCCGGCAAAA 490 

AA C A 
A 

491 GCTTAACTTT AAATCCTAAT AATCCTCITC CTGCAAATCA TGGTTTTGAT GCTCITCCCG 550 
A C 

G C 
C A C 

Hl. 70 i p i r a A A T A Ť f r C T O A A A j  TTATTTCAAÄ AAGCAATACA ACAAGGGCTT AAATCCGCTT 130 
HL H A N I Š P K L F Q K A 1 Q Q G L K S A 
R j  A 

Rr K A 
Con K A 

H L I  31 TATICACCAC CTCAAOXCA GCGATAATCC TGAGTAGTAG TCGGGCAClČ GGTGTTGCTC 19(1 
HL L F T T  S T A  A l l  L S S S  G A L  G V A  
R j  H 
R r  H 
Con M I 

HLI  91 CAGGTCTTAT TCCTACTAAT AATAATCCAG CATTTAGTAA TAATCCTGCT GTCAATAATT 250 
HL A G V I P T N N N A A F S N N A A  V N N 
R j  A D  D A 
R r  ~ T A V G K 
Čon V S G V I A T N A F S D H V G 

HL25I GGCATGAGAT AACGGCTAGA GGGGTAGCTA ATCCTAATCC TCCTGGCGGT CCTCAAAACA 310 
HL V H E t T A R G V A  N A K P A G G P Q N 
R j  N Q K D G 
Rr H A G T 
Con H A G T R 

HL311 ATTOGGCATT TACTTACGGT GGTGATTATA CTATCACTCC AGATCTAGGC GATPGTATTA 370 
HL N U A F T Y G G D Y T I T A D V G O C i  
R j  V N 
R r  V A A R 
Con V A H  

HL371 TTAAGGCTAT AAATCTTCCG GGTACTACTC CCGTAGGTCT AAATATTCCT CAAAATACCG 430 
HL I K . A I  N V A  O T T  P V G L  N I A  Q N T  
R j  N N 
R r  T 
Con T D l  

HL43I TCGTTGGTTC GATTATÄACG GGAGGTAACT TGTTGCCTGT TACTATTACT GCCGGCAAAA 490 
HL V V G S  I I T G G N  L L P V  T I T  A G K 
R j  
R r  K L N 
Con N 

HL491 GCTTAACTrŤ AAATGCTAAT AATGCTCTTC CTGCAAATCA TCGTTTTCAT GCTCTIGCCG 550 
HL S L T L N G N  N A V  A A N H G F D A L A  

551 ATAATTATAC AGGTTTAGGA AATATAACTT T1AGGGGGAGCGÁATGCTGCAĽTl 602 
T Ä 

Fig.  1 
Nucleotide s e q u e n c e  o f  t h e  5 3 3  b p  P C R  p r o d u c t  o f  t h e  s t ra in  HL-93 

DNA 
T h e  n u m b e r i n g  o f  the HL-93 (HL)  s e q u e n c e  i s  a l i g n e d  to  that o f  
R. rickettsii. The  nucleotide sequences o f  R. japonicu (Rj), R. rickettsii 
(Rr) and R. conorii (Rc) 190 K antigen genes  were  reported b y  Yan et al 
(1994), Anderson  el ui (1990)  and Patricia et al. (1994), respectively. 
The nucleotide substitutions in the/?, japonicu, R. rickettsii and  R. conorii 
sequences  arc  shown by  letters at the corresponding positions. Boxes  
represent the sequences o f  the primer portions. 

R j  
R r  
Con 

HL551 ATAATTATAC AGGTTTAGGA AATATAACTT T \l 
HL D I ! T G L G  N I T  L 
R j  
Rr A 
Con A 

G G A ~ N  A A 1. 
V E 

Fig.  2 
Putat ive  a m i n o  acid  s e q u e n c e  o f  the  5 3 3  b p  P C R  p r o d u c t  of the  

s t r a i n  HL-93  DNA 
The putative amino acid substitutions in the R. japonicu, R. rickettsii and 
R. conorii sequences arc shown b y  letters at the corresponding positions. 
For the rest o f  the legend s e e  Fig. I. 

cies o f  SFG rickettsiae have been recognized (Weiss  et al., 
1984; Walker  et al., 1989). Recently, several  new SFG 
rickettsial serotypes have been reported (Pretzman, 1994; 
Stenos  et al., 1994). Since different SFG species may share 
certain common features o f  ecologic interest (e.g. geographic 
distribution, common arthropod vectors) and considerable 
serologic cross-reactivity (Weiss  et al., 1984), it is di f f icult  
to identify SFG rickettsial species. Although there are many 
methods currently available f o r  identification of  rickettsial 

species, they have technical limitations. E.g., serologic iden­

t i f icat ion o f  rickettsial isolates is complicated b y  substan­

tial cross-reactivity be tween recognized species  (Philip  et 

al., 1978). A l though  po lypep t ide  pa t t e rns  o f  r icket ts ia l  

strains have been studied f o r  the  pu rpose  o f  species  differ­

entiation (Anacker  et al, 1984), electrophoretic polypep­

tide analysis is also complicated by several factors,  e.g., r ick­

ettsiae to  b e  identif ied mus t  b e  r igorously pur i f ied ,  f r eed  o f  

contaminat ing hos t  cell proteins,  wi thout  a loss  o r  m o d i f i ­
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cation of  important rickettsial proteins (epitopes). Mouse 
monoclonal antibodies have been used to differentiate se­
lected species (McDadee/  al., 1988), but they are not easily 
prepared and are not generally available. The immunoblot 
analysis with polyclonal mouse sera or monoclonal anti­
bodies has been applied to analyze the antigenicity of some 
isolated strains (Yu et al., 1993;). Serological methods as 
well as SDS-ľAGE have some disadvantages. A s  genomic 
nucleic acid is an inheritable material of rickettsiae ofcon-
siderable stability, an analysis of  specific genes has been 
used to identify genotypic relationships among various spe­
cies by some reserchers. E.g., a complete nucleotide se­
quence of  specific genes (Anderson et al., 1989), an analy­
sis o f  restriction endonuclease digests of DNA (Regnery et 

al., 1983), hybridization with isotope-labelled, cloned DNA 
probe (Regnery et al., 1985), cross-hybridization of genomic 
DNA (Myers et al., 1980) and analysis of ribosomal gene 
sequences (Weisburg et al., 1989). These methods provide 
the best basis for determining genetic relationships among 
specific genes of various species but they cannot currently 
be considered a reasonable approach for routine identifica­
tion of multiple isolates. Recently, PCR technique has been 
employed to detect the presence of rickettsiae in clinical 
specimens (Carl et al., 1990), vectores (Webb et al., 1990; 
Lange et al., 1992) and rodent organs (Zhang et al., 1995). 
On the basis of PCR technique, Regnery et al. (1991) has 
described a method that involves the use of defined rickett­
sial gene sequences amplified by PCR techniques as the 
means for non-isotopic RFLP differentiation of rickettsial 
species and genotypes as well as for estimating genetic di­
vergence among selected genes.This technique has also been 
employed to identify rickettsiae in ticks (Beati et al., 1992, 
1994; Bacellar et al., 1995; Gage et al., 1994). 

In this study, we investigated the nucleotide sequence of 
a genomic fragment of rickettsial strain HL-93. The PCR 
product amplified with the primer pair Rr 190.70p and 
Rr 190.602n was cloned, sequenced and compared with the 
corresponding region of  R. japonica, R. rickettsii and 
R. conorii DNAs reported earlier by other authors (Ander­

son el al., 1990; Patricia et al.. 1994; Yan et al., 1994). Our 

results demonstrated that there exists a genetic divergence 

but still a high degree of homology in the nucleotide sequence 

of the 533 bp region of the 190 K antigen gene among the 

four compared rickcttsiae. We propose that the strain 111,-93 

should be considered a new member of SFG rickettsiae. 
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