Acta virologica 38: 65 - 70, 1994 65

GENOTYPIC CHARACTERIZATION OF RICKETTSIAE BY DNA PROBES
GENERATED FROM RICKETTSIA PROWAZEKII DNA
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Summary. -

Southern blot analysis of Hindlli-cleaved rickettsial DNA was used for genotypic

characterization of the typhus group (TG) species (R. prowazekii, R. typhi, R. canada) and a few species of
the spotted fever group (SFG) rickettsiae (R. stbirica, R. conorii, R. akari). Four different DNA probes were

employed. PBH11 and PBHI3 probes were morphospecific Hindlll

fragments of R. prowazekii DNA.

MW218 probe contained the gene for 51 K antigen and MW264 probe contained the citrate synthase gene
of R prowazekii. All the probes hybridized with the tested TG and SFG rickettsial DNAs, forming from 1
to § bands, but they did not with R. tsutsugamushi or C. burnetii DNAs. All the probes demonstrated specific
hybridization patterns with TG species and R. akari. PBHI1, PBH13 and MW264 probes clearly distingu-
ished R. sibirica and R. conorii from the other tested rickettsiae, but not from each other. However, these
two species differed slightly with MW218 probe. Several strains of each species were analyzed in this way
and except for strains of R. conorii identical intraspecies patterns were obtained. These data lead us to
consider the obtained hybridization patterns as criteria for genotypic identification.
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Introduction

Methods of molecular genetics have been recently ap-
plied to the study of the genetic relationship between rick-
ettsiae, introducing genotyping as a tool of identification

and differentiation of rickettsiae. In general techniques of

study of genetic structure of rickettsiae are based on elec-
trophoretic analysis of fragments, generated by restriction
endonuclease cleavage of DNA. This approach, now often
referred to as restriction fragment length polymorphism
(RFLP) analysis is applied to whole genome or its spe-
cific segments amplified by the polymerase chain reac-
tion (PCR/RFLP). Specific DNA sequences can be de-
tected also by specific DNA probes using the Southern
blothybridization analysis (Regnery 1990, 1991). By this
manner distinct differences in the structure of chromoso-

mal DNA have been observed not onlywbat'Wun the’

established rickettsial species, but also lvctwmn sonie

isolates within several species considered. mrlwr as ho- .
mogenous. Despite much progress achieved in this wayd

our knowledge of genetic diversity of rickettsial specjes
is yet poor at present and the currently available geno-
typic data are not sufficient to introduce them as taxonomic

criteria. The central problem which remains unsolved is the
choice of a segment of rickettsial genome with appropriate
differential characteristics and its certification for specific-
ity with regard to different species and different isolates of
the same species,

Earlier we have used RFLP analysis to study structural
variability of chromosomal DNA of TG rickettsiae
(Balayeva et al., 1989; Rydkina et al., 1990; Artemiev et
al., 1991). On the basis of observed distinctions in elec-
trophoretic pattern many incomigrating fragments of dif-
ferent TG rickettsiae have been identified, which were
referred to as "morphospecific”. Despite the unknown
genetic structure of these fragments they may be used as
DNA probes.

In this paper we report the results of typing of TG and a
few species of SFG rickettsiae by four different DNA
probes. Two of them contained "morphospecific” fragments
of R. prowazekii DNA and two others contained recognized
genes of R. prowazekii, relatively conservative citrate
-synthase gene and relatively variable gene for 51 K
‘dantigen (Krause er al., 1985; Wood et al., 1987). Prelimi-
nary results of this study were already published (Demkin
et al, 1991).
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isolates predominantly from SFG (Regnery et al, 1985;
Regnery eral., 1986; Qaks er al,, 1989; Tringalier al., 1989,
Fuerst et al., 1990; Ralph et al, 1990; Spruill, Regnery
1990; Drancourt et al, 1991; Gilmore, Hackstadt 1991;
Regnery 1991; Regnery et al, 1991; Manor et al., 1992).
Efficiency of these techniques depends on the degree to
which the selected genomic areas, detected by probes or
primess, reflect real differences between the species. Our
knowledge of the structure of rickettsial chromosomal DNA
is very imperfect to decide, which of the revealed genetic
differences should be used as markers of intraspecies or inter-
species deviations, the more so as only a limited number of
strains of the same species has been genotyped in most cases.
In this regard the search for a segment of rickettsial genome
with appropriate differential characteristics still continues.

The most common view of genetic structure and genetic
relatedness of rickettsiae can be taken from RFLP analysis
of the whole chromosomal DNA on the basis of simple or
pulse electrophoresis. Such analysis has been used to dis-
criminate both species and intraspecies isolates of rick-
ettsiae (Artemiev et al, 1991; Regnery, Spruill 1984;
Regnery et al., 1983; Balayeva et /., 1989; Rydkina et af.,
1990). A number of DNA fragments has been revealed,
which were unique for a given species or isolate ("mor-
phospecific”" fragments). The use of morphospecific frag-
ments as probes in Southern blot analysis gave different
patterns at least for those samples, which were different in
morphospecific fragment destination (Regnery eral., 1986).

As probes PBH11 and PBH13 we employed two Hindlll
fragments of R. prowazekii DNA, which had no opposites
in Hindlll digests of R. typhi and R canada. Two other
probes (MW218 and MW264) were chosen on the basis of
phenotypic features (Krause et al., 1985; Wood et al., 1987).
All these probes were used for genotypic characterization
of TG rickettsiae from each other and from SFG rickettsiae.
They hybridized to TG and SFG representatives of genus
Rickettsia butthey did not to R. tsutsugamushi. The absence
of hybridization signals with R. tsutsugamushi DNA is not
surprising. The taxonomic status of this agent has to be
revised because its biological and biochemical characteris-
tics are different from those of the other members of the
genus (Weiss and Moulder, 1984; Tamura, 1991).

For each assayed TG species all the probes formed
specific hybridization patterns which differed from those of
SFG rickettsiae. When several strains of each species were
probed in this way, in every case except for strains of K.
conorii identical intraspecies patterns were obtained. How-
ever, it should be noted that strains of R. prowazekii and R.
typhi species tested here were earlier shown to differ in their
genome structure (Artemiev ef al,, 1991). This shows that
genome regions homologous to the used probes are con-
served in the members of the same species, but are not in
different species. However, the resolving power of the

probes was different. Probes PBH11, PBHI3 and MW264
did not distinguish R. sibirica from R. conorii. However,
slight difference between these species was found by
MW218. These data confirm that some species of SFG,
including R. sibirica and R. conorii, are very close geneti-
cally (Ralph et al,, 1990; Fuerst ef al., 1990; Regnery et al.,
1991). Probes PBH 11 and MW218 were most suitable for
discrimination of the examined species of TG and SFG. In
addition, probe MW218 showed differences between the
tested strains of R. conorii,

The presented data show that the used probes specific for
DNA of the TG and SFG members of genus Rickettsia, and
may be utilized for typing of these rickettsiae. The obtained
hybridization patterns may be considered as criteria for
genotypic identification of TG species. Unfortunately we
have did not manage to assay some more of the recognized
SFG species, because they were not available for us. Nev-
ertheless, we accepted these criteria for genotyping the
species occuring in the territory of the former USSR. Some
of the DNA probes described in the present work were used
for the characterization of an SFG isolate with unclear
immunological properties from Crimea. The obtained hy-
bridization patterns have allowed us to classify it as a novel
genotype for the region (Balayeva et al, 1993). It was
subsequently identified as similar to R. slovaca (Beati et al.,
1992).
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