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serovars by random amplified polymorphic DNA 
fingerprinting 
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A rapid, simplified procedure combining random amplified polymorphic DNA (RAPD) 
fingerprinting of boiled cultures with high resolution agarose gel electrophoresis was 
used to compare strains from 46 pathogenic leptospiral serovars. The serovars were 
placed in eight groups on the basis of RAPD profile similarities. Groups 1-7 
corresponded with the genome species Leptospira interrogans, L. borgpetersenii, L. 
santarosai, L. noguchii, L. weifii, L. kirschneri and L. meyeri. The eighth group did not 
correspond with a known genome species and may represent a new genome species. 
Primer choice determined the degree of discrimination possible between closely related 
serovars and genotypes. This procedure, unlike other procedures used for analysing 
taxonomic relationships between leptospiral serovars, does not require extensive DNA 
purification, polyacrylamide gel electrophoresis or autoradiography. 

Introduction 

Random amplified polymorphic DNA (RAPD) finger- 
printing El], also known as arbitrarily primed poly- 
merase chain reaction (AP-PCR) [2] is a polymerase 
chain reaction (PCR)-based DNA fingerprinting meth- 
od. RAPD has been used to type isolates of a number 
of bacteria [3-61. More recently RAPD was used to 
determine the taxonomic relationships between lepto- 
spiral serovars [7] and for typing bovine isolates of 
Leptospira [8]. Pkrolat et al. [9] used AP-PCR to 
examine genetic variability among strains of Leptospira 
serovar hardjo. 

Pathogenic serovars of the genus Leptospira are 
assigned to one of the genome species L. interrogans, 
L. weilii, L. borgpetersenii, L. noguchii, L. santarosai, 
L. inadai or L. kirschneri by DNA hybridisation [lo, 
1 13. The non-pathogenic serovars are similarly dis- 
tributed among several genome species [ 121. Ralph et 
al. [7] used RAPD as a rapid method for classifying 
serovars. They performed RAPD on purified DNA and 
analysed the products by polyacrylamide gel electro- 
phoresis (PAGE) ' .followed by autoradiography. This 
study demonstrates a simpler and more rapid method 
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of examining the taxonomic relationships between 
serovars in which RAPD is performed on boiled 
cultures and the products are analysed by high 
resolution agarose gel electrophoresis. This procedure 
was used by Corney et al. [8] for serovar identification 
of bovine Leptospira isolates. It has none of the 
hazards associated with PAGE or autoradiography due 
to handling acrylamide or radioisotopes. 

Materials and methods 

Bacterial strains 

The bacterial strains (Table 1) were obtained from L. 
Smythe (WHO Collaborating Centre for Reference and 
Research on Leptospirosis; Brisbane, Queensland, 
Australia) except for L. borgpetersenii serovar hard- 
jobovis strains 11135 and Hb-15b-067, which were 
obtained from the Commonwealth Serum Laboratories 
(Parkville, Victoria, Australia) and Dr C. Bolin 
(National Animal Disease Center, Ames, Iowa, USA), 
respectively. 

RAPD 

DNA for RAPD was prepared by rapid lysis of pelleted 
cells [8]. RAPD was performed with primers LlO and 
US as described by Corney et al. [8], and primers L7 
(5'TGCACCCTCCCCCCGGCCGA3'), L9 (S'TCGCG- 
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CTAGAGATGGCGGGG3’), L11 (S’GGCCGGGGGG- 
AGGGTGCAC3’) and L12 (S’AGGCGGCGCCAGC- 
AGCGCG3 ’). 

Agarose gel electrophoresis 

Up to 20 ,ul of RAPD products were loaded on to 
agarose 2% submarine gels by either ‘conventional’ or 
‘dry’ gel loading methods and electrophoresed for 2 h 
at 100 V (Pharmacia GNAlOO electrophoresis cell) or 
150 V (Pharmacia GNA200 electrophoresis cell). Gels 
were stained with ethidium bromide and photographed. 
RAPD profiles were compared by eye. 

For ‘conventional’ loading, gel loading buffer consist- 
ing of bromphenol blue 0.25% w/v, xylene cyanol 
0.25% w/v and sucrose 40% w/v [13] was diluted 1 
in 6 in RAPD reaction mixture. Gels were submerged 
in electrophoresis buffer (0.5 X TBE; 0.045 M Tris- 
borate and 0.00 1 M ethylenediamine tetraacetic acid 
disodium salt) [13] and the mixture was loaded 
through the buffer into the wells. For ‘dry loading’, 
horizontal gels were’ cast as normal and were placed 
in the electrophoresis cell. Electrophoresis buffer was 
added to the cell until it was almost lapping the upper 
gel surface. Each sample was loaded into the dry 
wells without gel loading buffer, and voltage was 
applied for 1-2 min. The gels were submerged in 
buffer and electrophoresis was continued for 2 h. 

Results 

Comparison of ‘dry’ loading and ‘conventional’ 
gel loading 

Preliminary results suggested that ‘dry’ loading gives 
clearer profiles with sharper bands than ‘conventional’ 
gel loading. To demonstrate the difference, duplicate 
agarose 2% gels were loaded with the same volumes of 
two RAPD reactions and run under identical condi- 
tions. ‘Dry’ loading was used for one gel, and 
‘conventional’ loading was used for the other. ‘Dry’ 
loading gave better definition of bands than did 
‘conventional’ loading. Faint bands were clearer and 
close bands were better resolved. ‘Dry’ loading was 
adopted for all RAPD experiments. 

Analysis of serovars with primers LlO and US 

Type strains from 45 serovars (as listed by Faine [14]), 
and two serovar hardjobovis strains, representing 2 1 
serogroups, were analysed by RAPD with primers L10 
and US. Each RAPD was performed up to three times. 
Thirteen serovars were from serogroup Pyrogenes. 

Generally, each strain had a unique RAPD profile with 
each primer. Profiles were reproducible, although there 
were minor variations in band intensity in some cases. 
Representative profiles are shown in Figs. 1 and 2. 
The RAPD profiles were compared by eye, and the 

strains were placed in RAPD similarity groups 1-8 as 
shown in Table 1. Both primers yielded the same 
groupings. Groups 1-7 correlated with L. interrogans, 
L. borgpetersenii, L. santarosai, L. noguchii, L. weilii, 
L. kirschneri and L. rneyeri, respectively, according to 
published genome species assignments [ 10, 1 1 ,  141. 
Thirteen serovars . from serogroup Pyrogenes were 
distributed among five RAPD groups. The reference 
strain of serovar hamptoni (also from serogroup 
Pyrogenes) bore no resemblance to any other serovar, 
and was the only member of RAPD group 8. 

The type strains of serovars ballum and arborea were 
exceptions to the above. They had identical profiles 
with primer L10, but differed by one band with primer 
US. Similarly, serovars pomona and kennewicki had 
identical profiles with primers L10 and US; serovars 
icterohaemorrhagiae and copenhageni were identical 
with primer L10 and similar with primer US as were 
serovars zanoni and robinsoni; and serovars hard- 
jobovis and balcanica were similar with both primers. 

Resolution of closely related serovars 

As RAPD with primers L10 and US failed to resolve 
certain serovars, and yielded very similar profiles for 
others, additional primers L7, L9, L l l  and L12’ were 
tested on a selection of these serovars, i.e., pomona, 
kennewicki, robinsoni, zanoni, balcanica, and geno- 
types A (strain 11135) and B (strain Hb-15b-067) of 
hardjobovis [15]. The latter two strains differ by one 
band with primer L10 and are identical with US [8]. 
Primers L9, L11 and L12 failed to distinguish between 
pomona and kennewicki and were discarded. Primer L7 
differentiated between the five strains (Fig. 3). 

Discussion 

RAPD on crude cell lysates generated specific and 
reproducible fragment profiles on agarose gels which 
were characteristic of each leptospiral serovar. Serovars 
could be assigned to groups that matched each genome 
species of Leptospira on the basis of overall. pattern 
similarities. 

This procedure has several advantages over other 
similar methods. Rigorous DNA purification is not 
required. ‘Dry’ loading the agarose gels gives them 
sufficient resolution and sensitivity to remove the need 
for PAGE and autoradiography and the associated 
hazards. Pattern matching is done by eye, obviating 
the need for sophisticated computer-based analysis 
systems. Thus, the technique allows presumptive 
genome species assignments or isolate typing with 
minimal ‘capital outlay and minimal exposure to 
dangerous chemicals. 

The fragment profiles were reproducible despite the 
use of non-standardised crude lysates in the RAPD 
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Table 1. Strains of Leptospira used in this study with their genome species and RAPD group assignments 

RAPD group Serovar Strain Serogroup Genome species* 

abramis 
australis 
autumnal is 
bataviae 
biggis 
bindjei 
brati sl ava 
broomi 
camlo 
canicola 
copenhageni 
djasiman 
guaratuba 
hardjoprajitno. 
hebdomadis 
icterohaemorrhagiae 
kennewicki 
kremastos 
mankarso 
pomona 
pyrogenes 
robinsoni 
swaj izak 
valbuzzi 
zanoni 
arborea 
balcanica 
ballum 
hardjobovis 
javanica 
kwale 
sejroe 
tarassovi 
alexi 
princestown 
shermani 
varela 
louisiana 
myocastoris 
celledoni 
sarmin 
bulgarica 
cyanopteri 
grippotyphosa 
ranarum 
hamptoni 

Abraham 
Ballico 
Akiyami A 
'Swart 
Biggs 
Bindjei 
Jei-bratislava 
Patane 

Hond Utrecht IV 
M 20 
Djasiman 
An 7705 
Hardjoprajitno 
Hebdomadis 
RGA 
LT 1026 
Kremastos 
Mankarso 
Pomona 
Salinem 
Robinson 
Swaj izak 
Valbuzzi 
Zanoni 
Arborea 
1627 Burgass 
Mus 127 
11 135 and Hb-15b-067 
Bat 46 
Julu 
M 84 
Perepelicin 
HS 616 
TRVL 1 12499 
1342 K (= LT 821) 
1019 
LSU 1945 
LSU 1551 
Celledoni 
Sarmin 
Nikolaevo 
3522 C 
Moskva V 
ICF 
Hampton 

LT 64-67 

Pyrogenes 
Australis 
Autumnalis 
Bataviae 
Pyrogenes 
Canicola 
Australis 
Canicola 
Pyrogenes 
Canicola 
Icterohaemorrhagiae 
Djasiman 
Pyrogenes 
Sejroe 
Hebdomadis 
Icterohaemorrhagiae 
Pomona 
Hebdomadis 
Icterohaemorrhagiae 
Pomona 
Pyrogenes 
Pyrogenes 
Mini 
Grippotyphosa 
Pyrogenes 
Ballum 
Sejroe 
Ballum 
Sejroe 
Javanica 
Pyrogenes 
Sejroe 
Tarassovi 
Pyrogenes 
Pryogenes 
Shermani 
Pryogenes 
Louisiana 
Pyrogenes 
Celledoni 
Sarmin 
Autumnalis 
Cyanopteri 
Grippotyphosa 
Ranarum 
Pyrogenes 

L. interrogans 
L. interrogans 
L. interrogans 
L. interrogans 
L. interrogans 
L. interrogans 
L. interrogans 
L. interrogans 
L. interrogans 
L. interrogans 
L. interrogans 
L. interrogans 
NA 
L. interrogans 
L. interrogans 
L. interrogans 
L. interrogans 
L. interrogans 
L. interrogans 
L. interrogans 
L. interrogans 
L. interrogans 
NA 
NA 
L. interrogans 
NA 
L. borgpetersenii 
L. borgpetersenii 
L. borgpetersenii 
L. borgpetersenii 
L. borgpetersenii 
L. borgpetersenii 
L. borgpetersenii 
L. interrogans 
L. santarosai 
L. santarosai 
L. santarosai 
L. noguchii 
NA 
L. weilii 
L. weilii 
L. kirschneri 
L. kirschneri 
L. interrogans or L. kirschneri 
L. meyeri 
NA 

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

NAY not assigned. 
*Genome species assignments are from Ramadass et al. [lo] and Yasuda et al. [ l l ]  except for serovars alexi, broomi, camlo, kwale, 
mankarso, princestown, robinsoni and varela, which were taken from the serovar list published by Faine [14]. 

reactions. Preliminary experiments demonstrated that 
consistent profiles could be obtained over a wide 
range of DNA concentrations (up to 10000-fold; 
results not shown). Similar results were reported by 
Welsh and McClelland [2], who attributed the 
reproducibility of their RAPD profiles to the use of 
a low annealing temperature in the first few amplifica- 
tion cycles followed by a high annealing temperature 
for the rest of the cycles. 

This method has been used to identify bovine isolates 
of Leptospiru [8]. The fact that almost all serovars 
examined in this study had unique RAPD profiles 
strongly suggests that a simplified RAPD such as this 
could be used for typing isolates from a wide variety 
of sources. It is possible to design an RAPD- 
procedure with a predetermined degree of resolution 
depending on the primer used. For example, primers 

such as L10 and US were useful for examining 
similarities between isolates and serovars, perhaps as a 
tool for making presumptive species assignments. 
Primer L7 provided finer resolution and was usehl 
for differentiating between closely related serovars and 
genotypes. 

The serovar groupings produced by simplified RAPD 
agreed with species assignments made by DNA 
hybridisation [lo, 111 and those made by Ralph et 
ul. [7] by AP-PCR and other molecular techniques. 
Serovar groupings by DNA hybridisation analysis [ 111 
did not correspond with serogroups. Similarly, sero- 
group Pyrogenes reference 'strains were distributed 

' among five RAPD groups, corresponding to four 
genome species. The fifth group contained only one 
member, serovar hamptoni, and did not correlate with 
any recognised genome species. Serovar hamptoni has 
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Fig. 3. RAPD profiles 
tained by amplification 

of hard-to-resolve serovars ob- 
with primer L7. Lanes 1 and 9, 

$X174 replicative form DNA digested with HaeIII; 2, 
hardjobovis genotype A; 3, hardjobovis genotype B; 4, 
balcanica; 5, robinsoni; 6, zanoni; 7, pomona; 8, 
kennewicki. 

not yet been assigned to a genome species. The results 
of the present study suggest that this serovar may 
represent an additional genome species. However, 
Pkrolat et al. [16] found similarities in the ribotypes 
of hamptoni and serovars of L. borgpetersenii. DNA 
hybridisation comparisons of serovar hamptoni with 
other serovars are necessary to clarify its taxonomic 
position. 

The only serovar for which the RAPD grouping did 
not correspond with prior genome species assignments 
was alexi. Faine [14] listed this serovar in L. 
interrogans, whereas this study placed it in RAPD 
group 3, which corresponds with L. santarosai. 
Similarly, Pkrolat et al. [ 161 reported similarities 
between the ribotypes of serovar alexi and those of 
L. santarosai. This serovar was not included in any of 
the published DNA hybridisation studies [lo, 111. - 
Serovars guaratuba, swaj izak, valbGzi, arborea and 
myocastoris are not at present assigned to a genome 
species. The first three were placed in RAPD group 1, 
arborea in RAPD group 2 and myocastoris in RAPD 
group 4. corresponding to L. interrogans, L. borgpe- 
tersenii and L. noguchii, respectively. Previously it 
was suggested that serovar swajizak be grouped with 
other L. interrogans serovars in a small scale survey 
of serovars that may be associated with cattle [8]. 

Ralph et al. [7] queried the validity of L. weilii as a 
single species because of the degree of difference they 
observed between serovars celledoni and sarmin in 
AP-PCR and mapped restriction site polymorphism 

(MRSP) analysis. In the RAPD analyses, reference 
strains of these serovars were sufficiently similar to be 
placed 'in the same group corresponding to L. weilii. 
This disparity in results probably reflects differences 
in resolution between primers, similar to differences 
observed in the performance of L10 and US when 
compared with L7. 

Other workers disagree on the placement of serovar 
grippotyphosa. Yasuda et al. [ l l ]  assigned grippoty- 
phosa to L. interrogans, whereas Ramadass et al. [ 101 
assigned the serovar to their newly proposed species 
L. kirschneri. The RAPD results in the present study 
and the AP-PCR and MRSP results of Ralph et al. [7] 
support the assignment of serovar grippotyphosa to L. 
kirsc hneri.. 

In conclusion, RAPD coupled with agarose gel 
electrophoresis is a rapid and simple method for 
making preliminary . genome species assignments. 
RAPD also has potential as a rapid method for 
serovar identification. 

We thank L. Smythe for critically appraising the manuscript and the 
staff of the WHO Collaborating Centre for Reference and Research 
on Leptospirosis, Carole Bolin, and Commonwealth Serum Labora- 
tories for supplying the cultures. 
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