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RAPD-PCR TYPING OF Yersinia enterocolitica (ENTEROBACTERIACEAE)
0:3 SEROTYPE STRAINS ISOLATED FROM PIGS AND HUMANS

Tereza Cristina A. Leal, Nilma C. Leal and Alzira M. Paiva de Almeida

ABSTRACT

Sixteen strains of Yersinia enterocolitica serotype O:3, isolated from apparently healthy pigs collected in Rio de Janeiro, and
four human strains of serotypes O:4, O:5, O:6 and 0:13 were analyzed by RAPD-PCR. The strains were grouped into five
genotypic profiles according to the amplification patterns obtained with three random primers. Fifteen of the 16 pig strains had
identical amplification patterns, which was named genotypic profile 1. The one different profile was named genotypic profile 2.
Genotypic profile 1 was also exhibited by the O:6 human serotype strain. The O:4 and O:13 human serotype strains showed
similar amplification profiles with two primers. However, the third primer induced a distinct profile in each strain. Therefore,
these two strains were placed into genotypic profile 3 and 4, respectively. Each primer produced a completely different ampli-
fication profile in the O:5 human serotype strain; therefore, it was named genotypic profile 5. The presence or absence of
plasmids in the strains studied did not affect the amplification results. These results show that genetic variations can exist
within a serotype, and strains of different serotypes can exhibit the same amplification profile when compared using other
primers.

INTRODUCTION the random amplification of polymorphic DNA fragments
and uses a single primer directed at a random DNA se-

Yersinia enterocoliticds a gram-negative bacte-quence. In low stringency conditions, the primer anneals
rium, belonging to the family Enterobacteriaceae. Itis widée homologous or very similar segments of DNA (Welsh
spread throughout the environment and among healthy art McClelland, 1990; Williaret al, 1990).
sick animals of several species. Humans can be carriers. RAPD has been used with success by Rasmussen
Furthermore, pigs can carry the same serotypes foundeinal (1994) to divide isolates of. enterocoliticainto
man. These animals carry the bacteria in their throat atite different pathogenic groups and by Odiebtal
excrete them in their feces (Bottone, 1977). Several isold995) to discriminate between different biotypesyof
tions ofY. enterocoliticdhave been obtained in Brazil, fromenterocolitica In the present work we used three random
healthy and sick humans and animals (dogs and pigs), watemers to characterize, by RAPD-PCR, enterocolitica
and some kinds of foodstuff (milk, dairy products, meadtrains isolated from healthy pigs in the Stat®iof de
and derivatives, vegetables, etc.) mainly in the States J#neiro, Brail.
S&o Paulo, Rio de Janeiro and Rio Grande do Sul (Nunes
and Ricciardi, 1986; Warnkeet al, 1987; Ceccarellet MATERIAL AND METHODS
al., 1990; Tassinaet al, 1994).

Y. enterocoliticais a very heterogeneous specieBacteria and culture conditions
and is divided into six biotypes, eight phage-types and more
than 60 serotypes (Bottone, 1977). Moreover, it has been Sixteen O:3Y. enterocoliticaserotype strains were
observed that traditional techniques of bio/sera/phaganalyzed. The samples were obtained from the culture col-
typing are not sufficiently discriminatory. Strains of ondection of the Department of Bacteriology of the Oswaldo
serotype have been subdivided, while strains of differe@ruz Institute (IOC/FIOCRUZ). They were obtained from
serotypes have been regrouped through analysis of resthiealthy pigs (tongue, tonsils, mesenteric lymph node, rec-
tion fragment length in pulsed field gel electrophoresisl swab and cecum content). Additionally, four strains iso-
(Najdenskiet al, 1994; Sakewt al, 1994). lated from human feces (one of each serotype: O:4, O:5,

Since its discovery, the PCR technigue has be€h6 and 0:13) were included (Table I). The strains were
increasingly used for its simplicity, reproducibility andplated on blood agar base (Difco) and subcultured in brain
rapidity. The random amplification of polymorphic DNAheart infusion broth (Difco) for 18 to 24 h at°€8
(RAPD-PCR) technique, a variation of PCR, is based on

Plasmid preparation

Plasmid DNA was extracted by the technique of

Departamento de Microbiologia, Centro de Pesquisas Aggeu Magalhé ’|rnboim and Dolv (1979). subiected to electrophoresis
Fundagao Osvaldo Cruz/MS. Campus da UFPE, Caixa Postal 7472, Cidade y ( )’ J P

0 . - L .
Universitaria, 50670-420 Recife, PE, Brasil. Send correspondence B 0.6% agarose gels, stained Wlth eth'_dlum bromide (10
T.CAL. Fax: +55-81-453-1911. E-maitristina@cpgam.fiocruz.br mg/ml) and observed under ultraviolet light (UV).
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Table | - Phenotypic characteristics ¥érsinia enterocoliticastrains and - U Taq DNA polymerase (CENBlOT/RS), 10 mM Tris-

their genotypic profiles distinguished by RAPD-PCR. HCI, 3 mM MgCL, 50 mM KCI, 100 mg gelatin, 200 mM

Strain Origin  Serotype Plasmid (kb) Genotypic profie Of €ach dNTP an_d 20 pmol of primer. A_mpllflcanon prod-
ucts were submitted to electrophoresis in 1.5% agarose

Yel Pig 0:3 1 gel, Tris-borate buffer and a constant voltage of 100 V,
e ﬁ;g o3 ] . followed by staining with ethidium bromide and visual-
Ye 5a Pig 03 8.6 1 ization in a UV transilluminator. A negative control was
Ye 28 Pig 0:3 - 1 included in each PCR run with no target DNA. Reproduc-
Ye 6 Pig 0:3 1 ibility of the amplification results was evaluated in paral-
i: 12 :Z:g 8;2 1 lel experiments by the repetition of the PCR reactions with
Ye 16 Pig 03 1 all strains and each primer at least three times.
Ye 17 Pig 0:3 - 1
Ye 25¢ Pig 0:3 70 1 RESULTS
Ye 25 Pig 0:3 70 1
Ye 35 Pig 0:3 70 1 . .
Ye 37 Pig 0:3 70 1 Selection of primers
Ye 40 P@g 0:3 70 1
ze i})’ Hp'g %5_3;_) 70 21 The following primers produced a neat, bright and
Y: lng Hﬂmzﬂ o5 ) 5 reproducible band and were selected for genotyping by
Ye 124p  Human 0:4 3 random amplification: primer 785 = 5'-CCGCAGCCAA-
Ye 184p  Human 0:13 4 3', primer 786 = 5-GCGATCCCCA-3' and primer 795 =

5' GAGACGCACA-3..

Amplification profiles
Total DNA preparation
Of the 16 serotype O enterocoliticatrains iso-
Total DNA from the 20 strains was extracted akated from pigs, 15 presented the same profile, character-
described by Maniatist al.(1982). The DNA was quanti- ized by amplification of the same number of bands, spe-
fied, after electrophoresis in a 1% agarose gel, by comwific for each of the three primers. This amplification pro-
parison with known amounts éfindlll-digested bacte- file was named genotypic profile 1. Amplification with

riophagelambdaDNA. primer 785 resulted in an array of seven well-defined and
reproducible bands with 600 to 2400 base pairs (bp) (Fig-

Selection of primers, establishment of thermal ure 1C, lanes 3, 5, 8 and 9). Primer 795 produced 11 bands

cycle and stringency conditions with 150 to 2500 bp (Figure 1B, lanes 3, 5, 8 and 9). Am-

plification with primer 786 resulted in seven bands with
Preliminary assays with strain Ye 184p (pig serotyp@00 to 1700 bp (Figure 1A, lanes 3, 5, 8 and 9). The hu-
0:3) were carried out in two different concentrations ofMgman serotype O:6 strain exhibited a profile identical to the
(3 mM and 4 mM) and two thermal cycles: thermal cycle Nane observed in the 15 pig strains. Therefore, this strain
1 was programmed for five cycles, composed of one initidlas included in genotypic profile 1 (Figure 1A, B and C,
step of denaturation for 5 min at’@4 one step of low-strin- lane 6). There were only two visible bands in Figure 1B
gency temperature of annealing for 5 min 2C3&nd one (lane 6), out of the seven bands actually produced by the
step of synthesis or amplification for 5 min &tG2Thiswas human strain O:6 serotype with primer 795. The other
followed by 25 cycles of high-stringency temperature of abands, visible on the other gels, were too faint to be no-
nealing, consisting of 1 min at®@} 2 min at 58C and 3 min  ticed in the photo.
at 72C, finishing with a step of amplification for 7 min at One pig serotype O:3 strain¥fenterocoliticgYe
72C. Thermal cycle No. 2 was programmed for 30 cycletl) displayed a different amplification pattern. The reac-
composed of one initial step of denaturation for 1 min°@,94 tion with primer 785 resulted in the amplification of two
one step of annealing for 1 min af@@&nd one of synthesis bands of 1000 and 1200 bp. With primer 795 one band of
for 2 min at 72C followed by a final step of amplification for 300 bp was produced, and primer 786 amplified two bands
7 min at 72C. Assays were made with 24 primers of differof 1000 and 1600 bp. This amplification pattern was named
ent sizes (9, 15 and 20 mer), to test their ability to produgenotypic profile 2 (Figure 1A, B and C: lane 2, with prim-
discriminatory RAPD profiles in thé. enterocoliticastrains. ers 786, 795 and 785, respectively).
Strains Ye 184p (0:13) and Ye 124p (O:4) showed
Amplification similar profiles, characterized by the amplification of nine
bands with 300 to 2400 bp with primer 795 (Figure 1B,
Thermal cycle No. 1 reactions were prepared inlanes 4 and 10). These two strains also produced identical
total volume of 25l per tube, containing 20 ng DNA, 1 eight band profiles with primer 786 (Figure 1A, lane 4
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Figure 1A to 1C -RAPD-PCR profiles of amplification from DNA of serotype O'&sinia enterocoliticpig

strains. Lanes 2: Ye 41; 3: Ye 2; 5: Ye 1; 8: Ye 5, and 9: Ye 5A. Idem with serotypes 0:13, O:6, O:5¥nd O:4
enterocoliticahuman strains. Lanes 4: Ye184p; 6: Ye 43p; 7: Ye 102p, and 10: Ye 124p. Lanes 1: 100-bp DNA
ladder; 11: negative control, and 22Hindlll. 1A. Amplification with primer 786,1B. amplification with

primer 795 and.C. amplification with primer 785.

and 10). However, each showed a distinct profile wittern. This pattern was named genotypic profile 5 (Figure 1A,
primer 785, characterized by fewer bands in strain Ye 188oand C, lane 7, primers 786, 795 and 785, respectively).
(0:13) than in Ye 124p (O:4). In spite of this, these two

strains shared some common bands (Figure 1C, lanes 4 DISCUSSION
and 10). Two other profiles could be defined by combin-
ing the amplification profiles obtained for these two strains Y. enterocoliticais an emergent pathogen that is

with the three primers: strain Ye 184p (0O:13), placed in geresently spreading throughout the entire world (Ichinohe
notypic profile 4, and Ye 124p (0O:4), in genotypic profile 3et al, 1991; liuneet al, 1992; Miller, 1992). This species
Serotype O:5 strain produced an amplification pats proving to be very adaptable and seems to be changing,
tern completely different from those observed in the othgiving origin to strains with new characteristics, not de-
strains. Each primer produced a distinct amplification patiectable by traditional techniques of bio/sera/phagewyp
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We used three random primers to characterizito genotypic profile 1 (Table I). We concluded that strains
through RAPD-PCR, 18. enterocoliticastrains isolated of the same serotype (0O:3) and origin (pigs) can have ge-
from healthy pigs and four human strains collected in Ritetic variations. New groups can be made illustrating the
de Janeiro. By the combination of the different amplificadiscriminatory power of RAPD. On the other hand, find-
tion patterns observed, the 20enterocoliticastrains ana- ing one O:6 human strain with a similar profile to that of
lyzed were divided into five different genetic groups. Th®:3 serotype strains isolated from pigs confirms that RAPD
16 serotype O:3 strains were subdivided into two differeig an efficient tool for regrouping. enterocoliticastrains,
genotypes. The majority fit into genotypic profile 1. Onlyand it could be a useful technique in epidemiological stud-
one strain (Ye 41) presented a different pattern (genotypés. It could also be used for tracking and followig
profile 2). This strain also displayed different behavior ienterocoliticadissemination and for evaluating modifica-
relation to the 15 other strains. Surprisingly, this straitions that could occur, with the emergence of strains pos-
harbored several pathogenetic markers that were not fousassing new characteristics.
in the other 15 (Leadt al,, 1997). On the other hand, one
serotype O:6 human strain also fit the genotypic profile 1, ACKNOWLEDGMENTS
confirming previous observations that human strains are
also found in pigs. Each of the three other human strains We thank Dr. Ernesto Hofer for the kind gift\térsinia
produced a different amplification pattern and they wenterocoliticastrains, and Mrs. Yara Nakasawa for technical as-
placed into three different genotypic profiles_ sistance. This work was flnanCEd by FACEPE (pI'O.C(.ESS No.

Amplification results by RAPD-PCR in the 20APQ.0237_-2.12/94). Tereza (;nstma Leal_ was thg recipient of a
human and pigr. enterocoliticastrains analyzed in this scholarsh|p from CAPES. Alzira de Almeida received a fellow-
present work showed different intensities of amplifiedMP rom CNP (process No. 521368/96-0).
bands, suggesting that some DNA fragments had been pro-
duced at a higher rate during amplification. Alternatively,
these fragments could be the result of multiple copies of

:c(_jen_‘ucal ?'(\jl'?‘f sequences along t?%?\ﬁ:omeaor .the ?mmgar pela técnica RAPD-PCR 16 cepa¥eéssinia enterocolitica
cation of different sequences o » producing iragy, sorotipo O:3, isoladas de suinos sadios do Rio de Janeiro.

ments of the same size (Sayadal, 1994). Variation in  pe|os resultados dos padrées de amplificacéo, as 16 cepas dos
segment size of DNA amplified through RAPD, betweeBuyinos e as 4 cepas humanas usadas como referéncia (sorotipos
strains of the same group, could be the result of deletiopst, O:5, 0:6 e 0:13) foram agrupadas em 5 perfis genotipicos.
or insertions, modifying the size of the DNA segmentQuinze cepas de suinos apresentaram um padréo de amplificagéo
(Welsh and McClelland, 1990). However, this does nadéntico (perfil genotipico 1) e somente uma apresentou um perfil
explain why a strain from one serogroup produced an ide#f: amplificacéo diferente (perfil genotipico 2). O mesmo padréo
tical profile as that from a different serogroup. de amplificacao do perfil genot[plco 1 foi também observado
PathogenicY. enterocoliticastrains harbor a 70- €M Uma cepa humana do sorotipo O:6. As cepas humanas dos
kilobase (kb) plasmid named pYV, which is essential f sorotipos O:4 e 0O:13 exibiram perfis de amplificagdo semelhantes

irul his ol id i nlevi d Yom 2 “primers”, porém com o terceiro “primer” cada uma apre-
virulence. However, this plasmid 1S unstg &itro an sentou um perfil préprio. Essas duas cepas foram enquadradas,
can be lost through handling or storage in the laboratopaga uma, em um tipo de perfil (perfis genotipicos 3 e 4,

Of the 16 serotype O™8 e_nterocoliticainalyzed, Six _har- respectivamente). A cepa humana do sorotipo O:5 apresentou
bored pYV, and one strain harbored a small cryptic plagm perfil de amplificagdo com cada “primer” completamente
mid of about 8.6 kb. The others had no plasmids. Plasndierente dos observados nas outras cepas (perfil genotipico 5).
presence could affect the comparison of the amplificatighpresenca ou auséncia de plasmidios nas cepas estudadas néo
results of strains with and without plasmids, as p|asmiﬂterferiu nos resultados das amplificagﬁes_. Esses resulh_ad_os
DNA could serve as a template and generate additioﬁ%?é?fr_am que dentro de um mesmo s(?rotlpo POdEZTfeX'S“r
bands in the profiles obtained through RAPD. In this cas'@p?e;'ecrig‘;fz %Zg?;'g?; r?il %Zeaﬁqepﬁi%iaggosggﬁ";(I’gsun's ?;erir;tfs
Comé:)arlson_glf strains with ?nd without pllasmr:ds V;’ou@r ", comprovando que o RAPD-PCR ¢ uma ferramenta eficaz
not be possible. It appears, from our results, that plasmyg; reagrupamento de cepas e podera ser til em estudos epide-
the presence or absence (_)f plasmlc_ls did not seem 10 infeisseminagao d¢ enterocolitica
fere with typing results with the primers studied, as the
serotype O:3 s_tr_ain_s with and without plasmids exhibited REFERENCES
the same amplification patterns. Likewise, the presence of
plasmids in strain Ye 41 did not cause a difference in i§nboim, H.C. andDoly, J. (1979). A rapid alkaline extraction procedure
amplification profile. Indeed, the other O:3 serotype for screening recombinated plasmid DNMucleic Acids Re§: 1513-
enterocoliticastrains with and without plasmids showed, 1523. y N o _

. . . . ?ttone, E.J.(1977).Yersinia enterocoliticaa panoramic view of a charis-
the same profile (genotypic proflle 1). Despite the. fact tha matic microorganismCRC Crit. Rev. Microbiol5: 211-241.
strain Ye 5a has a small plasmid, about 8.6 kb, it also fitgccarelli, V.R.S.M., Schmidt, CandTrabulsi, L.R. (1990). Isolamento

RESUMO

Ac

Foram utilizados trés “primers” aleatorios para caracte-
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