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A DNA fragment encoding both hemolysin and sphingomyelinase C activity was cloned from the pathogenic
bacterium Leptospira interrogans serovar hardjo. Initial clones were obtained by screening a genomic library
in EMBL3 for hemolytic activity. Both hemolytic and sphingomyelinase C activities were coded for by a
3.9-kilobase BamHI fragment. The hemolysin was expressed from its own promoter in Escherichia coli K-12.
Similar DNA sequences were also present in the serovars tarassovi and ballum.

The genus Leptospira comprises two species. One, L.
biflexa, is nonpathogenic and lives free in soil, water, or
marine habitats (15, 16). The other L. interrogans. is the
etiologic agent of leptospirosis, a worldwide infection af-
fecting both humans and wild and domestic animals (16). In
spite of the importance of leptospirosis, the mechanism of
pathogenicity is still unknown. Virulent strains of Leptospira
exhibit higher hemolysin activity than avirulent strains, and
strains cultured for long periods under laboratory conditions
lose virulence and hemolysin production simultaneously
(25). Hemolysin, protease (e.g., collagenase), hyaluroni-
dase, and phospholipase production have been claimed as
possible virulence factors (2, 23-25). Here we report the
cloning of a DNA fragment coding for one of these potential
virulence factors, the hemolysin.

Leptospiral strains were grown in EMJH medium (24) to a
density of 5 x 10® cells per ml. Chromosomal DNA was
extracted from 100-ml cultures as described previously (13).
A genomic library of L. interrogans (serovar hardjo, strain
Sponselee) DNA in EMBL3 containing 4.3 X 10° recombi-
nant phages was constructed. All cloning procedures were
performed as described by Maniatis et al. (20). A total of
8,000 recombinant phages were plated onto LB agar, and
after overnight incubation they were overlaid with washed
sheep erythrocytes in top agar. After 4 to 6 h at 37°C, five
plaques (HL1 to HL5) showed B-hemolytic zones. Isolation
of DNA from these recombinant phages and restriction
enzyme analysis showed that all shared some DNA frag-
ments. This was confirmed by Southern hybridization anal-
ysis. A 3.9-kilobase (kb) BaumHI fragment (pHL2-B3), which
was derived from the 13.2-kb insert of HL2, cloned into the
plasmid vector Bluescript (Stratagene) still conferred hemo-
lytic properties to the transformed cells. Hemolysis could be
detected independently of the orientation of the insert; the
hemolysin was therefore probably transcribed from its own
promoter in Escherichia coli. This is in accordance with the
observations of Charon and co-workers (26, 27), who cloned
the trpE and argE genes from the apathogenic L. biffexa in E.
coli and found that these genes are transcribed in E. coli. The
nucleotide sequence of the argE gene has been determined
(27), and a sequence resembling the E. coli promoter con-
sensus sequence has been identified (27). Since transcription
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of leptospiral genes in E. coli has now been observed in two
independent cases, leptospiral promoters seem to be recog-
nized by E. coli RNA polymerase.

Protein synthesis encoded by pHL2-B3 was determined in
minicells by the method of Gaastra and Klemm (11). The
plasmid codes for a protein with a molecular mass of 39.2
kilodaltons (kDa). In the presence of 10% ethanol (which
inhibits the signal peptidase 1 of E. coli), a protein of 41.6
kDa was expressed (Fig. 1).

Genomic DNA from 16 different pathogenic and nonpath-
ogenic serovars belonging to 13 serogroups of Leptospira
species were tested for the presence of the hemolytic deter-
minant. The 3.9-kb BamHI fragment of pHL2-B2 was radio-
labeled by random priming (10) and was used as a probe. The
genomic DNA was digested with Hindlll, separated by
agarose gel electrophoresis, blotted, and hybridized at 42°C
as described previously (5). The filters were washed three
times in 0.3 M sodium chloride-0.3 M sodium citrate (pH
7.0) containing 0.1% sodium dodecyl sulfate at room tem-
perature and twice in 0.015 M sodium chloride-0.0015 M
sodium citrate (pH 7.0) containing 0.1% sodium dodecyl
sulfate at 65°C. The washed blots were dried and subjected
to autoradiography. Only DNA of three strains, all of which
were pathogenic, were found to possess DNA sequences
homologous to the probe (Fig. 2). Two hybridizing bands of
3.4 and 1.8 kb appeared in lane 6 of Fig. 2 (the serovar hardjo
strain used for cloning). The other bands were caused by the
partial digestion of the genomic DNA. Two bands of 3.4 and
1.9 kb hybridized with the probe in lane 4 of Fig. 2 (serovar
tarassovi) and of 9.0 and 1.9 kb in lane 9 of Fig. 2 (serovar
ballum).

To study the nature of the hemolysin, 50 ml of liquid phage
lysates from the five hemolytic clones was prepared by
superinfection of E. coli LE392 in LB medium with a
multiplicity of infection of 2. The lysates were spun at 10,000
X g for 15 min, and the supernatants were brought to 70%
saturation with solid ammonium sulfate and placed overnight
at 4°C. The precipitate was collected and was then sus-
pended in 4 ml of 10 mM Tris hydrochloride (pH 7.2). The
solutions were dialyzed at 4°C against several changes of
Tris hydrochloride (pH 7.2). Partially purified hemolysins
were assayed for sphingomyelinase C and phospholipase C
activities by using chromogenic substrate analogs as de-
scribed previously (12, 19). with the modifications of Bern-
heimer and Bey (4). All five clones gave a positive reaction
in the sphingomyelinase C assay and were negative in the
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FIG. 1. Autoradiograph of **S-radiolabeled proteins expressed
by plasmid pHL2-B3 in E. coli minicells. The proteins were ana-
lyzed by electrophoresis in a 15% polyacrylamide gel. The apparent
molecular mass is indicated in kilodaltons on the left. Lane 1.
pHL2-B3: lane 2. pHL2-B3 (10% ethanol added): lane 3. Bluescript
vector without insert.
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FIG. 2. Presence of the cloned hemolysin-sphingomyelinase C
gene among various Leptospira strains. Genomic DNA from dif-
ferent strains was digested with Hindlll. electrophoresed in an 1%
agarose gel, and blotted onto nitrocellulose. The blot was hybridized
with the **P-radiolabeled, 3.9-kb insert DNA fragment from pHL2-
B3. Size markers (in kilobases) are indicated on the left. The
following Leptospira strains were tested (species. serogroup. sero-
var. and strain names are indicated. respectively) in the following
lanes: 1. L. interrogans. Canicola. canicola. Hond Utrecht IV: 2. L.
biflexa. Sermaranga, patoc. Patocl: 3. L. interrogans. Javanica. poi.
Poi: 4. L. interrogans. Tarassovi. tarassovi. Mitis Johnson: S. L.
interrogans. lIcterohaemorrhagiae. copenhageni. Wijnberg. 6. L.
interrogans. Sejroe. hardjo. Sponselee: 7. L. interrogans. Australis.
bratislava, Jez-bratislava: 8. L. interrogans. Pomona. pomona,
Pomona: 9. L. interrogans. Ballum. ballum. Mus 127: 10. L.
interrogans, Icterohaemorrhagiae. copenhageni. RGA: 11. L. inter-
rogans. Pyrogenes, pyrogenes. Salinem: 12. L. interrogans. Heb-
domadis. hebdomadis. Hebdomadis: 13. L. biflexa. Semaranga. sao
paulo, Sao Paulo: 14. L. interrogans. Sejroe. hardjo. Hardjopra-
jitno: 15, L. biflexa. Andamana. andamana. Chll: 16. L. interro-
gans. Autumnalis. rachmati, Rachmat.
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phospholipase C assay. Sonicates of E. coli cells trans-
formed with plasmid pHL2-B3 were also sphingomyelinase
C positive, when tested with the chromogenic analog and
with sphingomyelin from bovine erythrocytes as the sub-
strate (28). It is not known whether the hemolysis of sheep
erythrocytes and the sphingomyelinase C activity can be
copurified (4). and in strains of other serovars the presence
of sphingomyelinase C activity is consistently associated
with the hemolysis of sheep erythrocytes (3). Since it was
found that incubation times of longer than 48 h are necessary
to see a hemolysis zone surrounding colonies transformed
with pHL2-B3, the protein is probably only released from
the E. coli cells when they lyse in the late stationary phase.
It is not known whether the hemolysin is only transported to
the periplasm, inactivated during transport, or not trans-
ported because of incorrect processing in E. coli or whether
additional polypeptides, which are not present or not func-
tional in E. coli, are involved in transport across the bacterial
membranes.

The cloning of a hemolysin from another pathogenic
strain, L. interrogans serovar pomona, has been reported
previously (8). This hemolysin is also synthesized as a
precursor in E. coli and probably differs from the one
described here. DNA from our serovar pomona strain,
which also had sphingomyelinase C activity (data not
shown), did not hybridize with our hemolysin probe; more-
over, the molecular mass of a serovar pomona hemolysin is
67 kDa (A. A. Dain, M. N. Rozinov, and Y. G. Chernukha.
VI Joint Meeting of European Leptospira workers. abstr.
no. 7.7, 1988), versus 39.2 kDa for the serovar hardjo
hemolysin. It is likely, in view of the reports on the different
hemolytic activities (phospholipase A and sphingomyelinase
C) of other leptospiral strains (1-3, 6, 7, 14, 17) and with
respect to the assumed role of hemolysin production as a
virulence factor (21-25), that several hemolysin genes are
present in members of the genus Leptospira.

Leptospires do not grow in medium without iron (9).
Therefore. hemolysin may be important for the release of
iron from host erythrocytes, since free iron is not easily
available in living organisms. Another possible role for the
hemolysin is the generation of free fatty acids, the main
carbon and energy source of leptospires (which they are not
able to synthesize themselves) (16), by degradation of sphin-
gomyelin. Sphingomyelin is a major lipid component of the
cellular membranes of mammals (up to 50% in ruminant
erythrocytes) (18). Further analysis of the cloned sphingo-
myelinase C gene will contribute to the understanding of the
molecular biology of Leptospira species and give more
insight in the role of sphingomyelinase C production in
pathogenesis.
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