
Fol ia Microbio l .  52 (: l ) .  - i l5 32- l  (1007) ht tp  :  / /m.  bíomed.  cas  .  cz  /n lbu /  foL ia  /

Phenotypic and Genotypic Analysis of Borrelia spp.
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ABSTRACT. The genotr-pe of Bon'elia burgdorfbri sensu lato was detected in 371 out of 1244 ticks. Bor-
relía detennination lr.as based on par1ial sequencing of the 163 rRNA gene and real-time polymerase chain
reactions for identificatron and quantitation of ospA and recA genes. Different Borrelia spp. were iclentified;
B. garinii tn 40 To ticks tbllori ed by B. atelii (36.3 %o), B' bttrgclor/árl sensu stricto (12.9 oÁ), B, valaisiana
(3.5 %)' B. lusitaniae (0.8 oo). B, bi,sseÍÍii (0.5 %) andB. miyamotoi-I1ke (0.5 %). Cultivation o|30borrelia
strains in BSK-H rncdium. among thcm B. valaisiana, B. bissettii-llke and B. mivamotoi-llke strains was unique
in Czechia. Calibrated rnicroÍ.luidic-based quantification showed differences in the concentration oť the nuc-
leic acids and molar rnass of the outer surface proteins of different Borrelia spp. with standard sensitivity
and specificity and u'as helpÍul fbr their identiÍ]cation' The outer surface protein ospA was absent in B. ni-
-vamotoi-|ike and the ospB protein tn B, valaisiatlu, B' lusítani,ae and in three subtypes oť B. garinii'

Á bbrey'icttion,s

Bbl Borrelia burgtlorferi sensu lato

BSK Barbour Stoenner Kcllv mediurr
DFM dark-field microscopy
EE Experion electrophoretic (cl.rips)

EM erythema mrgrans
LB Lyme borre l ios is

Bl:s B. btn.gdor/ěri Sensu stricto

OspA, OspB. OspC outer surface protcrns A, B, C
PBS phosphate-buÍTěred saline
qPCR quantitative polymerase chain reactron
RT-PCIR rcal-time PCR
SDS sodium dodecylsulÍbtc

Hard ticks (family lxodidae) transmit many pathogens of the genera Borrelia and Anapla,sma known
to be causative agents of LB and human granulocytic anaplasmosis. LB, the most prevalent in Europe and
Nor1hAmerica. is caused by spirochetes oťthe B' burgdoýerl sensu lato complex including at least l0 spe-
cies.,8. burgdor/bri sensu stricto. B. garinii, B. a/zelii (Baranton et al. 1992), B. valaisiana (Wang et al. 1997)
and B. lttsitaniae (Hubá|ek et al, l996; Le Fleche et al. 1997, Derdáková et al.2003; Col|ares-Piera et al.
2004) are pathogenic Íbr humans in Europe' Two additionaI Borrelia spp. were found: B' bis'setti i (Postic
et al, |998) isolated from Slovenian ticks (Picken et al. 1999) anď Borrelia classified closer to the relapsing
fever group B. lonestari (Amstrong et al. 1996 Rich el a|.2001), transmitted by hard ticks. Richter el a/.
(2003) have shown that re1apsing Íěver-like bonelia inťectecl 3.5 % of questing lrodes ticks in central E'urope.
B. miyamotol, transmitted by L persulcatlrs rn Asia (Fukunaga et al. 1995; Scoles et al.200l) has been
dctected in Swedish lxodes ricinu.r ticks (Fraenkel et a1.2002).

A sensitive and reliable method ťor genotyping strains oť the genus Borrelia was established to be
RT-PCR (Mor:rison et al' 1999., Pieti la er al.2000; Mommert et al.2001; Hulínská et al .2001; Rudenko el
al . 2005) arrd multiplex RT-PCR (Courtney et al . 2004).

The airn oÍ this study was to use RT-PCR analysis and to compare the results with new Expcrion
electrophoretic (EE) ghips for a rapid, sensitive and specific evaluation oťthe genetic and antigenic extent of
hcterogeneity rvithin the B. burgdoýerl sensu lato complex isolated from 1. ricinus ticks. Thc application of
calibrated quantification oť paftial tiagments of ospA gene and conrparison with the quantity of antigens could
help in thc dcvelopment of a r.'accine and of diagnostic procedures. This comparative technology has not been
used for Borrelia sp. so far.
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MATERJALS AND METHODS

Tickcol lect ion.Quest ing1244l , r ic inusadul tandnymphalt ickswerecol lecteddur ingspr ing
summer seasons of 2003-)005 in t3 endemic localities of 8 Czech regions (Table I)' collections were pre-

dominantly performed by flagging. Eight nymhai'itrt'*tt" removed from a woman returning from Magnito-

gorsk (Russia). Stucly ,'1t., i"'..Jto.a1ea mainty in tt-'e mlxed deciduous forests where there previously the

highest occuÍTence oÍ Bo,,ntio spp. in animals lrad been observed (Hulínská et al. 2002). Ticks from dif-

ferent localities were placed separately in 5-rnL tubes containing grass A total of 594 adults and 240 out of

650 nymphs were examined individually. The rest of the nymphs r,n,ere eratninecl in 90 pools of 3 ticks and

1O oÍ 2ticks. In the laboratory tlrey rvere rr'ashed rvith 60 oÁ ethano1 and rr'ith PBS. then transferred to

Eppendorf vials and ó;ňry hilogenized by scissors and pest1es riitli 0.: rnl of PBS: al1 Steps weÍe car-

ried out under sterile conditions. A pofiion u.as screened uy ĎEv: the otircrs br clrlt i l 'ation and PCR.

Tab|e I .  PCR scrcenirrg o|DNA of B '  httrgdolJěr iscnsu la lo in,/ .  l . le i i l l r r  t icks

Number ot fo r l l - t r , -  P rer  a l cnce

ros in r  e  t i ck  ( r f  pos l t l \  e

nu l tL ,c r  t lCks .  ' '  oLocalitY tick l-erttales tick males

to positi l e to Posltlvc
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posl t l \  e

PL r \ l t 1 \  a

adults

I
2
J
1
5
6
7
8

1 0
r L 1 2
1-l
l 1

Lysá-Dvorce
Mladá Boles1av
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Frydck-Místek
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Brrrcl.Sokolské
Napa.ictlla
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650  1  S s
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Cult ivat ion lBor:re l iaandpreparat ionof ,at t iget l ' s .Cul t t t r . -s . t - t] l l t l t r l rn i ldr-r i redBon.e l iastra lnswere
maintaine<l accofding to Barbour (1984), Hubálek 

",7l 
r rsqor arii1 Htrl inska ťt Lll. \|g92,l998). Among the

strains used 30 were isolated Íiom ticks in tt'. p.,ioa of ]003 ]0|)5 ' C Lrltrrrc. \\ i-.ls pl-Itbnned tiom 321 DFM-

positive Samples in BSK-H medium (Sigma),*'ňr. l oo rabbit sr.nttrl (Sl.glit. l}and 1.5 oo Bacto gelatin (DiÍ,co,

Germany). Rifampicrn (sigma) (30 pg/ml) was usecl' cultttres $cre itlcubat'-d at -l-l "c and growth was

detenninedr'r]l*"i"1ili' 
was performed from aliquots of st'ains ÍetiigeÍated at 

-t) ..C ' Tlre, gťew in l0 'oL

Screw cap tubes Ccllsta,r \Greiner Bio-on.e Intern)tional) u.itlr BSK-H trleditttlr at -lJ .C arld tlren weÍe tťans-

ferred for 4 d to 200 mL.of BSK-H medium' The boneliac \\'cťe har\ estet1 b\ ce ntrirLrging t8000 .g 30 mtn.

l2 "C), washing.*,.. ň.us-Mg2+ and rcdisti l 'ed water. The Sllspensioll obtained rras sc.lnicat..d olr tce at

90Hz fo r5m inand thencen t r i f uged(10000 t ,  
l i , ' - ' i " '+ "c )  Eachsupematan t \ \asd t - s i ona t r ' dasa ' t i gen

of the recognizcd strain ancl stored at -70 ' C'

Preparation 
"inŇl 

atld geno$,pilrg. DNA was isolated using a QlAatlp D\.\ \Iicro Kit (Qirlge'').

as recolnmended by the supplier, with prolonged incubation uith protcir.ra-se K. Samples \\ere t-rrst screened

forborre l ia lDNAbyPCRusingpr imers.u.g.u"g. ' išrRN'| i ld ' , ]Ť1 
genes(Richter ett l l . )O0:. , .  Fraenkei

et al,2002;Hu1ínská et al.2006). Borrelia st,.uTn, N+o. HT31 kirrdl,v prolided by B. Luti (Stotn Bt.ook

Ltniversity,USA) and our previously isolated t;;;i"t 192M' 93M' K"90' Es'seg' E51 and E50 fron.r cerebro-

spinal fluid (M), bloocl (K.) and erythema'd** (É) *::: used as positive corrtro]s. Master trrixture íor

amplification in rr,n pfi-zóo th...t.y. |er (ňJ Resiar,ch,USA) was c1escribe<l by Hulínská et al. (1999).

RT-PCRmethodsforBorre l ia iaent incat iontothespec ies]evelwasperformedbymethodsut i l i z -
lng ospAscquences (Rauter et al . 2(O2;Godfroid et al. 2OO3) and a Sequen ce oÍ reCA gene (Pietila et al. 2000)

by LightCyc Ier (Roche Diagnostics,c".*u..yi ó'"',i.".í" analysis oÍ Borrelia was perforTned by qPCR

wiÍh recAprimers. w. u,"j B. garitti i l92M ;train with DNA concentration of 2.2 pg/ml (i.e.2.2 ng per
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uL)as a control for qPCR. Sensitivity was measured at DNA concentration ranging from 4 ng to 40 fg per
uL. Light Cycler FastStart Master SYBR Green 1 kit (Roche Diagnostics) was used according to the instruct-
ions of the manufacturer. The reaction volume in a glass capillary contained 2 pL Master SYBR Green I mix
tRoche Diagnostics),2 pL of each primer (a110.8 pmoVl-), 2.5 p"L of 25 mmol/L MgC12, l1 pL of PCR grade
\\'ateÍ and 2.5 p,L of the template DNA at different dilutions. Melting curves were acquiredfor ospA and
recA accordrng to Rauter et al. (2002) and Pietila et al. (2000).

Partial sequencing of the ospA of Borrelia spp. and the 165 rRNA genes was used for the evaluat-
ion of genotypes in the phylogenetic trees (Hulínská eÍ al' 2006)' Sequences were aligned using the Clustal W
program. Phylogenetic trees were generated with TREECON software. The following GenBank accession
numbers were used to retrieve the corresponding 165 rRNA sequences: X9823 1,X98229 for B. lusitaniae
(strain BR41) , X98232 for B. valaisiara (strain VS I 16), X85195 for B. garinii (strain PBi), M6431 ). for B. ga-
rinii, X85191 for B. afzelii (strain DK21), X85195 for B. burgdorferi (stratn Dl<21), L40596, AJ224138 for
B. bisseÍ|íi (strain DN|27),D45l92 for B. miyamotoi. Sequences oťpartial ospA genes of our Borrelia spp.
were deposited in GenBcurk under accession numbers DQ005955, DQ064600, DQ064002, DQ064003,
DQ650327 ,  EF3641  12 .  EF3641  13 .  EF3641  14 ,  EF3641  15 .

Experion elet,trophoreÍic (EE) chip anal1,sis. Proteomic expression analysis was made ill.t30 Bonelia
strains isolated from ticks and from controls. EE chips integrated the separation, detection and data analysis
of different antigens in accordance rvith their molar mass ranging from 10 to 260 kDa. We used Pro260 kit
(Experion; BioRad, USA) as recommended by the supplier. The Pro260 ladder contains nine recombinant pro-
teins. Two standards, lorver and upper markers were used for the proper alignment of samples (see Table III).
Preparing the gel stain and prirning the filtered gel into the chip was done according to supplier's recommen-
dations.

Samples (4 pL) r'vere rnixed with 2 pL sample bufťer (Pro260) containing 2-sulfanylethanol (.2-mer.
captoethanol') and SDS and boiled for 3-5 min, cooled, then spun down for 20 s, and 80 prl- of deionized
water was added to each tLrbe and briefly vortexed. After priming, the chip with gel-stain solution and filte-
red gel, 6 pL diluted sample and Pro260 ladder were pipetted into each of the sample wells (1 /0 in Figs 28
and 38); the analysis ran Íbr 5 min.

RESULTS

out of |244 I, ricitttts ticks BĎl strains were detected in 321 (25.8 %) ticks by DFM. The 165
rRNA PCR screening detected 371 bonelial amplicons (from 170 females, 13 males and from 188 nymphs
and nymphal pools). Sequence analysis oťthe l65 rRNA and ospA amplicons was performed. Forty % (149)
of 371 PCR-positive tick samples contained DNA of B. garinii,36.3 % (135) were B. aJzeli i-posttive,
12.9 % (48) harbored Bbs,3.5 9/u (13) rvere B. valaisianct-positive, 0.8 % (3) B. lusitaniae positive and 0.5%
(2) showed DNA of B. bissetÍii and B. niyamotoi-|ike spirochetes. The rest of 5 %o PCR-positive ticks still
Íemain to be identified' Thirty Bon.elia strains isolated from DFM positive ticks (9'3 %) in BSK-H medium
rvere identified by RT-PCR and by EE chip technology.

The relationship among ospl amplicons isolated from ticks and control strains is demonstrated in
a phylogenetic tree Very rare Ból E50. Bó.r strain K4, DNA isolates 2lA3' 88A3' 92A3 and94A3, B. gari-
rll strain K32 and B. valaisiana strain K75 to the B. afzelii cottrol strain 93M are shown in Fig. 1A. Fig. 1B
shows the near relation of B. valaisiana strain K87 isolated from nymph (Table II) to control strain E5 and

Table|| '  Di f lěrentstra insof Borre l lasp' iso latedťromI.r ic , i t tust icks indi f ferentareasident iÍ ledbyRT-PCRandEEchips

Strains from
Area no.a

B. gut inii KL78, KLSI
B. tú:elii KL43. KL45 KL67
B. t ctltti.sianu

nymphs

K12,K41, K7ó. K4
K32, K69, K80, K.{7, K27, K60
K90, K67, K58
K52, K87. K75
K5 l
K36
K91,  K47

males

KL85
KL75

1 , 4 ,  1 0 .  1 2 .  1 3 ,  1 4
1 , 2 .  3 , 1 , 8 ,  1 4
6 , 7 . 9 ,  1 0 ,  1 3
1 1 4

2 ,  14
ó
removed nymphs

B. hissert i i  KLu6
B !tr.tittrniue

B '  ] 1 1 i d i l 1 o í o i

'r.!ce Table I


