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Six pairs of species-specific primers were designed
from the alignment of the sequences of the SS rRNA gene
obtained from the Genbank database for Babesia bigemina
(accession number X59604) and for B. bovis (accession
number U06105). Three pairs of primers were designed
specifically for B. bigemina and another 3 sets of primersfor
B. bovis. All oligonucleotide sequences selected as primers
were examined for similarities to other organisms through
the Genbank Blast procedure and these 6 sets of primers
demonstrated high level of specificity. The synthetic
oligonucleotides were also tested for specificity by PCR
assay using genomic DNA extracted from 40 isolates of B.

SUMMARY

bigeminaand 30 from B. bovis, obtained insix different States
of Brazil. All 6 setsof primerswerevalidated as 100% specific
for the respective parasite. The PCR amplified the expected
fragmentsfor each set of primers, asfollows: @) B. bigemina:
primers GAU5 forward/GAUG reversewith amplicon of 1,124
bp; primers GAU5 forward/ GAU8 reverse with amplicon of
458 bp; primers GAU7 forward/ GAUG reversewith amplicon
of 685 bp; b) B. bovis: primers GAU9 forward/GAU10reverse
with amplicon of 541 bp; primers GAU9 forward/GAU 13
reverse with amplicon of 883 bp; primers SOGIN forward/
GAU 10withamplicon of 1211 bp.
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RESUMO

CONTRIBUICAO DOSPRIMERSOBTIDOSDE SUBUNIDADESDO RNA RIBOSSOMICO PARA DISCRIMINAGCAO
ENTRE BABES ABIGEMINA E BABES A BOVISPOR PCR

Seis pares de primers espécie-especificos foram
construidos a partir do alinhamento do gene SS rRNA de
Babesia bigemina (nimero de acesso no Genbank: X59604)
e Babesia bovis (niimero de acesso U06105). Trés pares de
primersforam construidos especificamente paraB. bigemina
e outros trés para B. bovis. As sequéncias de
oligonuclectideos, selecionadas como primers, apresenta-
ram el evadaespecificidade naavaliagdo quanto asimilarida-
des a outros microrganismos, através do procedimento de-
signado “basic local alignment search tool (BLAST)” do
Genbank. Os oligonucleotideos sintéticos foram também
avaliados quanto a especificidade através dareacéo de PCR,

utilizando-se DNA gendmico extraido de 40 isolados de B.

bigemina e 30 de B. bovis procedentes de seis estados do
Brasil. Osresultados daamplificacdo foram 100% especifi-

cos para todos os pares de primers testados, obtendo-se,

como produtos de PCR, fragmentos de tamanhos esperados
para cada combinacdo de primers e DNA utilizados, como

segue: a) B. bigemina: primers GAU5/GAUG = amplicon de
1124 pares de base (pb); primers GAU5/GAUS8 = amplicon

de 458 pb; primers GAU7/GAUG6 = amplicon de 685 pb; b) B.

bovis: primers GAU9/GAU10 = amplicon de 541 pb; primers
GAU9/GAU13 =amplicon de883; primers SOGIN/GAU10 =
ampliconde 1211 pb.

PALAVRAS-CHAVE: Babesia bovis, Babesia bigemina, SSrRNA, PCR, primers, babesi ose bovina.

INTRODUCTION

The microscopic examination is the
conventional and widely used method to diagnose
acutebabesosis Thick or thinblood filmsareusudly

stained with Giemsaand show asengtivity to detect
parasitemias ranging from 10° to 107 and 10° to
10°%, respectively (Mahoney & Saal, 1961). The
guantitative buffy coat (QBC) systemisreportedly
more sensitive than thick blood films (107 to 108),
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but thedisadvantagesarelower specificity andahigher
cost (Levine at a., 1989). The most specific and
sengitive method known to detect Babesia spp. from
carrier animalsinthelaboratory istheinvitro culture
(MASP culture) with ~108 to 10 of sensitivity
(Holmanetd., 1993), but it islaborious, much more
expensive, time consuming and requires special
equi pment.

DNA probeshavebeen developed withmainly
applicationindifferentiating morphologically smilar
speciesor in post-mortem diagnosi sin decomposed
tissues. In piteof thehigh specificity itssengtivity is
intherangeof thethin film examination (10°to 10°)
and for thisreason and also because of the higher
cost, time consuming, and requirement of special
equipment, itisnot applied for routine diagnosisor
for carrier identification.

DNA probes have been devel oped asahighly
specific method (Mc Laughlinet a., 1986; Holman
etd., 1989; Jasmer et d., 1990; Buening & Figueroa,
1996; Figueroaet d ., 1992a; Petchpoo et al., 1992,
Reddy & Dame, 1992), dthoughitssengtivity remains
intherangeof thethin film examination (10°to 10°)
and for this reason and also because of the higher
cost, time consuming, and requirement of special
equipment it isnot applied asaroutine diagnostic
procedure.

Thepolymerase chainreaction (PCR) hasbeen
tested to detect Babesia spp. by specific DNA
sequences. Thismethod has shown to be 100 times
more sensitive than any microscopic examination,
detecting parasitemia of ~10° to 10°, with high
specificity andlesstime-consuming than DNA probes
(Fahrimal etd., 1992; Persing et d. 1992; Figueroa
et al., 1992b, 1993; Calder et al., 1996), which
makesit moresuitablefor diagnosis.

This study was conducted with the objective
to select different sets of primerstargeting the SS
rRNA genesthat could be used in aspecies-specific
detection of B. bovis and B. bigemina by asingle
PCR technique or other PCR-based procedures.

MATERIAL AND METHODS
Fourty field isolates of B. bigemina (35 from

the State of Goias and 1 from each State: Mato
Grosso do Sul, Rondbnia, Sdo Paulo, Rio Grande

do Sul and Bahia) and 30 field isolates of B. bovis
(27 from Goias, 2 from Mato Grosso do Sul, 1 from
S80 Paulo and 1 from Bahia) were used to eval uate
primers and protocols for PCR reaction. A.
marginale DNA was extracted from afield isolate
to be used asacontrol for PCR reaction. Genomic
DNA wasextracted from 300 pul blood samplesby a
commercial kit (GFX Genomic Blood DNA
Purification Kit—Amersham PharmaciaBiotech).

Partial sequencesof the SSrRNA of B. bovis
and B. bigeminagene“A” SSrRNA asregistered
on the Genbank database (accession numbers
L. 31922 and X59604, respectively) wereaigned by
the Clusta method using a computer program
(DNASTARInNc., Madison, Wis.). Primerswerethen
selected from 3 variableregionsof both B. bovisand
B. bigemina as shown in Table 1. Primers were
designed with attention to ensure similar annealing
temperatures (AT) in the PCR reaction for each
species (B. bovis=57 and B. bigemina=55). The
pairs of primers were evaluated for specific
amplification by PCR on thefollowing combinations:
a) for B. bigemina-specific PCR reaction: GAUS/
GAUG, predicted amplicon size (PAS) = 1124 bp;
GAUS/GAUS8, PAS=458 bp; GAU7/GAUG, PAS
= 685 pb; and b) for B. bovis-specific DNA
amplification: GAU9/GAU10, PAS = 541 bp;
GAU9/GAU13, PAS=883bp and GAU3/GAU0,
PAS = 1212 bp. All oligonucleotide sequences
selected asprimerswere examined for smilaritiesto
other organismsthrough the Genbank Blast procedure
and these 6 setsof primersdemonstrated ahighlevel
of specificity. The primer GAU3 used in this
experimentsaforward generd primer complementary
to the coding strand of the SSrRNA gene previoudy
described by Sogin & Gunderson (1987).

The PCR master mix was calculated on the
basis of a50 ul each reaction, prepared asfollows:
40.75ul H,O ultrapure; Sl 10X PCR reaction buffer
(Amersham PharmaciaBiotech) containing 500 mM
KCI, 15mM MgCL, and 100 mM Tris-HCI; 1.0 ul
dNTP (Life Technologies) 10 mM; 0.5 pl forward
primer 20 uM; 0.5 pl reverseprimer 20 uM; 0.25 pl
Tag polymerase (Amersham PharmaciaBiotech) 5
U/ul; 2 pl genomic DNA extracted as above.
Separate control tubeswereincluded in each PCR
run consisting of DNA of B. bigemina, B. bovis,
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Anaplasma marginale, uninfected bovine whole
blood DNA and anegative mix control. The PCR
wasprocessed inthermd cycler (ResearchInc., mod.
PTC-100/MJ) under thefollowing conditions. 1 cycle
at 94°C for 2 min; 40 cycles at 94°C for 30 sec;
55°C for B. bigemina PCR or 57°C for B. bovis
PCRfor 30 sec; 72°Cfor 1 min; and 1 find extension
cycle at 72°C for 5 min. The amplicons were
submitted to electrophoresisin al% agarosegel in
TBE buffer. A 100 bp DNA ladder was used as a

szemarker (Life Technologies). Theamplified DNA
productswerestained with ethidium bromide (0.4 ug/
ml) (Life Technologies) and visualized under UV
trangllumination.

The sensitivity of the PCR assays were
determined by using 10-fold dilutionsof B. bovisand
B. bigemina-infected erythrocytes with known
concentrations of 3 x 10° and 3 x 107 parasites per
ml of blood sample, respectively, as previously
described by Torioni et al. (1998).

TABLE 1. Nucleotide seguences of primers used to amplify specific fragments of the SS rRNA gene of B. bovis and B.

bigemina by polymerase chain reaction.

Primer Sequence Position Organism
GAU5(F) 5-TGGCGGCGTTTATTAGTTCG-3 409-428 B. bigemina
GAUB(R) 5'-CCACGCTTGAAGCACAGGA-3 1532-1515 B. bigemina
GAU7 (P 5-GTTGGGTCTTTTCGCTGGC-3 848-866 B. bigemina
GAU8B(R) 5'-GCCAGCGAAAAGACCCAAC-3 866-848 B. bigemina
GAU9(F) 5-CTGTCGTACCGTTGGTTGAC-3 67564 B. bovis
GAU10(R) 5'-CGCACGGACGGAGACCGA-3 12151198 B. bovis
GAU13(R) 5-CTGGCCGCGAGCGGCGA-3 1557-1541 B. bovis
GAU3 (P 5-CTGGTTGATCCTGCCAGTAG-3 420 Babesia spp.

F =forward primer; R=reverseprimer.

RESULTSAND DISCUSSION

Thedignment of the sequence of B. bigemina
gene“A” SSTrRNA with B. bovis SSrRNA gene
alowed the selection of threevariableregionsto each
protozoan that could specifically discriminate between
the two species by polymerase chain reaction and
did not crossreact with A. marginaleor uninfected
bovine genomic DNA. After checking all primer
sequences Hected for thisstudy through the Genbank
Blast procedureit was concluded that, on thebasis
of thegenomic dataavailablein that Database Center,
therewereno similaritiesto other organismsthat could
alow crossreactions.

PCR amplification of B. bigemina specific
fragments of the SSrRNA genewere successfully
achieved by thefollowing primer setswith respective
ampliconsize: GAU5/GAUG (1,124 bp amplicon);

GAUS/GAUS (458 bp amplicon) and GAU7/GAUG
(685 bpamplicon) (Table2; Figures1A, 1B and 1C).
B. bovisSSrRNA genewasdso specificaly amplified
by the following pair of primers and respective
ampliconsize: GAU9/GAU10 (541 bp amplicon);
GAU9/GAU13 (883 bp amplicon) and GAU3/
GAU10 (1,212 bp amplicon) (Table2; Figures 1D,
1E and 1F). Anaplasma marginale DNA aswell
as uninfected bovine genomic DNA were not
amplified by any of the setsof primersappliedinthe
experiment (Figures1A, 1B, 1C, 1D, 1E and 1D).
Theresultspresentedin Table 2, demongtrated
a100% specificity for the detection of B. bigemina
genomic DNA from 40field isolatesby PCR using
the primer sets GAU5/GAU6, GAU5/GAUS8 and
GAU7/GAUG, aswell asfor thedetection of B. bovis
from 35fieldisolateswith primer ssssGAU9Y/GAU0,
GAU9/GAU13and GAU3/GAUI1O.
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The PCR assaysfor B. bovisand B. bigemina
were demonstrated to be sensitive to detect
parasitemia as low as 107% for both protozoans,
which corresponds to 3 parasites per ml of blood
(datanot shown). Sengitivity of themethod verified
by this study isin the range of those published by
other researchers(Fahrima et d., 1992, Figueiroaet
a., 1992 Persngetd., 1992, Figueiroaetd., 1993,
Calderetal., 1996).

The six pair of primers evaluated in this
experiment appeared to be highly specific for the
detection of the B. bigemina and B. bovis DNAS.
Thedivergty of amplicon sizesobtained by different
combinations of primer sets (1,124 bp, 685 bp and
458 bp for B. bigemina and 541 bp, 883 bp and
1,212 bp for B. bovis), which were constructed with
a very close annealing temperate allows the
congtruction of other PCR-based techniquessuch as

themulti plex-PCR and the nested-PCR.
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FIGURE 1. A). Agarosegel eectro-phoresisof 10 pl ampli-fication of SSTRNA gene of B. bigeminawith primer set GAUS/
GAUBG. Lane 1 =100 bp DNA ladder; lane 2 = 1,124 bp B. bigemina amplicon; lane3=B. bovisDNA; lane4 = A. marginale
DNA; lane 5 =bovineleucocyte DNA; lane 6 = negative control. B) Agarosegel electrophoresisof 10 ul amplification of SS
rRNA gene of B. bigeminawith primer set GAU5/GAUS. Lane 1 =100 bp DNA ladder; lane 2 = 458 bpB. bigeminaamplicon;
lane3=B. bovisDNA; lane4 = A. marginale DNA; lane 5 = bovineleucocyte DNA; lane 6 = negative control. C) Agarose
gd dectrophoresisof 10 pl amplification of SSrRNA gene of B. bigeminawith primer set GAU7/GAUG. Lane 1 =100 bp DNA
ladder; lane 2 = 685 bp B. bigemina amplicon; lane 3 =B. bovisDNA; lane4 = A. marginale DNA; lane 5 = bovine leucocyte
DNA; lane 6 = negative control. D) Agarose gel electrophoresis of 10 ul amplification of SSrRNA gene of B. bovis with
primer set GAU9/GAU10. Lane 1 =100 bp DNA ladder; lane 2 = B. bigemina DNA; lane 3 = 541 bp B. bovisamplicon; lane
4= A. marginale DNA; lane 5 = bovine leucocyte DNA; lane 6 = negative control. E) Agarosegel electrophoresisof 10 pl

amplification of SSrRNA geneof B. boviswith primer set GAU9/GAU13. Lane 1 =100 bp DNA ladder; lane2 =B. bigemina
DNA; lane 3 = 883 bp B. bovis amplicon; lane 4 = A. marginale DNA; lane 5 = bovine leucocyte DNA; lane 6 = negative
control. F) Agarose gel electrophoresisof 10 pl amplification of SSrRNA gene of B. boviswith primer set GAU3/GAU10.

Lane 1 =100 bp DNA ladder; lane 2 = B. bigemina DNA; lane 3= 1,212 bp B. bovisamplicon; lane4 = A. marginale DNA;

lane 5 = bovineleucocyte DNA; lane 6 = negative control.
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TABLE 2. Resultsof PCR reaction using six different combination of primer setsfor specific amplification of theB. bigemina
and B. bovis SSrRNA genes, with respective amplicon sizes obtained.

Primer Sets DNA tested Samples tested PCR-positive Ampliconsize
GAUS/GAU6 B. bigemina 40 40 1,124bp
GAUS/GAU6 B. bovis b 00) -
GAUS/GAUG A. marginale 0 00] -
GAUS/GAUS B. bigemina 0 40 458 bp
GAUS/GAUS B. bovis b 00) -
GAUS/GAUS A. marginale 0 00] -
GAU7/GAU6 B. bigemina 40 40 685bp
GAU7/GAU6 B. bovis b 00) -
GAU7/GAUG A. marginale 0 00]

GAU9/GAU10 B. bigemina 0 00] -
GAU9/GUA10 B. bovis b K3} 541 bp
GAU9/GUA10 A. marginale 40 00) -
GAU9/GUA13 B. bigemina 40 00) -
GAU9/GUA13 B. bovis b K3} 883 bp
GAU9/GUA13 A. marginale 40 00) -
GAU3/GAU10 B. bigemina 0 00] -
GAU3IGAU10 B. bovis b K3} 1,212bp
GAU3/GAU10 A. marginale 0 00] -

Primers selected from the B. bigemina gene REFERENCES

“A” SSrRNA gene shared 100% similaritieswith
types“B” and “C”, asthey were submitted to the
Genbank under the accession numbers X59604,
X59605 and X59607, respectively (Reddy et d.,
1991). Thereforeit was accepted that these primers
would recognize B. bigemina DNA despite minor

divergencesamong types.

CONCLUSIONS

Thethreeprimer sets- GAUS/GAUG, GAUS/
GAUS8 and GAU7/GAUSG - selected from the B.
bigemina SSrRNA gene and the other three sets-
GAU9/GAU10, GAUYGAU13and GAU3/GAU10
—fromtheB. bovis SSrRNA genewere considered
to behighly specificfor the detection of therespective
protozoans from infected blood samples by the
polymerase chain reactionfor diagnostic purpose.
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