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puhlil,,'
D....N;lll~. Vir.:lnalll

saycu by I (:v agaros~ gel electrophoresis or IOtal nucleic acid
extracts. Th~ douhle stranded RNA nature or the satellite banu
was confinnt.::d by RNase treatmcnt of tht: extracls in low :tnd
high ionic :,trenglh huffers before electrophoresis 1151.

RArO .mal)·sis. DNA was amplilieu in 25 J1.1 of bufra with
5 pmol primer. 2.5 mM MgCl, (MBI. Fcrmenl's). 200 fLM of
each dNTI~ peR reaction buffer for Taq polymerase t~'lBI. per·
l11entas). and 1.75 units of Taq DNA polymerase (MHI. per
mentas). The real.:lions were performed in 0.5 ml microtuhcs
ov~rlaid \\ith mineral oil (Perkin Elmer) in a PHC 3 therlllo
cycler (TECHNE). The ampliliealion pmlile consiSled of an ini
tial denaturalion step al 94° C for 5 min followed by 40 repc ..
liliuns uf I min at 94° C, I min at 36° C (for random primers)
or 3M" C I fill' TV primers) ano 2 min at 72" C (15 min al 72"
C after the last cyl.'Ic). PCR pwJuclS wen: analyzed by ekl.:lro-

Gco~r;lphie ori~ill
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T";IJ /lu);/ hl~/;,-do;H::.t

tilill nos ttlllru.\"-prcputi;11 washing
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Spcdcs ;jnJ :-.tralll

T~blc J. List or trichomollad $trains.

Td·.'\?
T\"IO·O~

'1'\"1-1-:-15
TV(17-77
Tv71- i)()

T\"71-S7
Tv71J .. -Jt)

Td~5.. ()X
FF 21\
IIL-4MT
IR-7X 1.-\TCe 50 I )~)
BO
TALl.-~IT

CDC-X5 IATCe 501.1))
JH-3IA (ATCC 302J(I)

C-I: 1'1111 (ATCC .1IKKJI)
CP-I
JT

inal organs and quantity of ascit~s fluid after intraperitoneal
inoculation of ICY' trichomonads. Male outbrcd "H" mice (18
20 g) with the genetic b.lckground of the A strain produced by
SEVAC (Prague) were used for intro.,peritoneal assays.

All mouse assays are described in detail in 122) (page 148).
IVlctronidazolc resistance. The susceptibility of T. l'ClgillUlis

slrains to mClronid;azok was determined in ... ilro using a micro ..
litre plat~ assay [401. Th~ tricholllonads wer~ exposed to two
fold serial dilutions of metronidazole in the prescnc~ of air for
48 h at 37° C. Two strains not surviving air exposure in plates
wcrc tesleu by , lube assay [391. Thc minimal lelhal concen
Iration (MLC) was ddermined microscopically as the lowest
dilution of metronidazolc in which no mntile organi~ms were
obs..:rveO.

Prcscm.·c of dsRNA. Tht: presence or usRNA virus was as·

Tahle 2 LiSI til' 'I",.idlllll/ol/(I.\' '·j/gil/u/I.\' :-.train...;.

PI·ll/u/rich/1II1011c/.\" J/II",;II;.\" IIOf\.t
V4

j'('IltatrichoffwI/(/S IWII/il/;s HOi\-'l·
V5

Trid/llll/;t/ls ha/nu'l/,/I'/UI/ I~UU

T,.irricf,fIJ/lol/l/S joctlls 1(\"1,,'-1

(ATCC :'\092·0
TritriC"l'lmllll/u.I' .I;'t'f14,~ LUB
T,.itr;d,olllol/(/S ,Wi.l· SV -Il.\h
Tri,,.iC"luJIIUlIIlH II/o/lilt·/I.\';s 1\1776

IATCC 50116)
·l'rir,.;cIlOll/,'I/tl.\· (1/(1.:1/.1"(11 LV:!
Tr;,ric/lfIllIIl/IlIS /II/llelll/forll/o R 11-1
UnidentilicJ ... pt:t:ic:-. HC' I:'\S

'Friel/OIl/II1It/.I" l'Clgilllllis C£'-I
Tric!wl/lol/(lS tent/x TXO·~

TridUII/IOIIC/S (('/Ill'" TXB-S
Tr;dlOlluI1IU.\' gallill/U' TG K
T(·rrafr;.-JlfIl/WlIllS ga/lillilnlll/ A6

rricllO/lltl/laS vag/n(lh," Tv 10·02
Tric:holll(JlUH ~·,'gill(lli.,· Tv 17 ·-lX
Tric-fulI/llllltl.\' Wlgillolis RU-375
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cept th:1l of HC 138 (an unidcnlilicd tricholllon.ld from Hylob·
tl/l'.\· COl/color) were initiatcd from frozcn stahilalt:s cryopro
tected with 5% dim~thyl sulfo:<.ide and grown in Diamond's
TYM rn~diurn 181 supplemented with 5% heal inactivalc:d horse
SL'nUll. The pll of the medium was adjustt..'d In pll 6 for Tric!l
ommw... ,'og;lloli.\· or pH 7 ror all other organisms. Trichomo
naus from mammals and birds were maintained at ..n° C. Ihose
from amphihians and repliles at 26° C. The last three suhcul·
tures hefore harvesting were grown in TYM medium without
agar. Cells were harvested in Ihe hltc logarithmic phase at an
appro:\imo.lle densily uf 1-3 X I()I' (,:c1ls/1ll1. All these cultures
wer~ ;a.tenic.
Th~ He 138 strain was maintained in :\cnic culture in

TYSGrvl mc:dium 19J without I11llt.:in. Bcrllre harvesting. the or·
g.misms wert: introduced into agar-free TYM medium contain
ing 2.000 IU/ml penicillin and 500 j.!.g/ml str\:ptomycin sulf:lIc.
Tv,:o tr:lllsrers under these condilions reducetl· the nllmber of
accompanying. hactl'ria such that nn hacteria wc:rc: obsc:rvctl mi
croscopically in cell suspensions used for DNA isolation.

DNA isnlntion_ Nucleic acids were isolated using a modified
guanidiulll chloride method 1341. Brieny. 2-H X 107 cells were
resuspended in 200 j.!.1 of isotonic saline and mixed with an
equal vulume of 8 M guanidium chloriue. To remuvc proleins.
IWQ volumes of chloroform-isoamyl alcohol (24: l) were addeu.
The mix.turt: was vortexeu for 5 min followed hy centrifugatiun
at 10,,000 g fur 5 min. The "(jul,,'nus phas\: was rei.:ov~rcJ anu
DNA precipit'.lleU with the o.lddition of 0.8 volumes of isopro
panol (-20° C overnight). The DNA pdkl. ohtained al'!cr 15
min centrifug:llion/at 12.000 g. was dried and resllspend~d in
10 fLl of 0.()1 M Tris huffer with 0.001 ~t EDTA. pH 8.0.

Virulence. Clinical and l<lnuratory daw allowing the asscss
mt;nt or strain virulence w~re availahlc for ten T. \·llgi"ali.\·
strains (Tank 3).

Pa(hug~nic dTects on dunor female p.llienfs wcre assessed
by clinit:al anti histopalhulogical lindil1~"; and r:l1\:t.1 al'cording
to incn:nsing sevcrity by flll!r ~u-hilrary units charactaizeu in
reference /22).

Virulcn\:e for mice ..... as ev:,luilted hy the following mcthnds:
(a) Subcutaneous mous~ assay 111.)1 has~d on measurement uf
s.ix day ahscess~s resulting from suhClIl.meOliS administralinn
wilh R X IO~ Irichnmonads III males llj" inhrt:t..I C57BU6 mice
118-20 g) as d~scribed in refercnce 1241. Abscesses were mea
sured on day six after inoculation: (b) MOr1ality of mice ex
pressed as percent:lge of mice Ihal died wilhin three weeks after
inlraperitoneal intlCulation of I<Y' trichornnnads; (c) The mean
virulence index of Cavier 151 bascd on rating lesions in ahdom-

.,;.;/ -->
.';f1/";"/V

ST(.:J',\,NKA \'A:';,\(:O\,'\ • .IAN TACIIEZY. JAROSL\v KUJ.lH :lnd J"(lOSLA \' FLEtal'

ABSTRACT. Thl,,' f,lIuhHl1 arnplilicil pillyillilrplli..· DNA ([{API)) lI.·clllliqul.· was u";l,,·d r.lr rhyl\I~""'IL\,,'I;1.' ;lll:II) ...;i ... llf tridHIIlHlualb. t\_r
irllfaSr"':I.·il.;'~ !! ..... IIC"IIl~ical slUdy of 7"l'id/III1U>I'.H 1·/lgi1lfl/{.\" sirains. and for :h";I.·SSI\II,,·11I of illlra:-.lf.lin P~llYlllol'rhism in Tl'it'!lIIlf/onu.\·

\'lIgi1//I!i,\". Tltl,,' phyltlgl.;'n.....lk 11....'1· !"(Ir I ~ Iridltlllliinall :-'1'1.·I.'iI.'S slltlwed cel';li" di ...crl.·p;llll.:k·s with CUf!'I,,'1l1 Ul\ld".. I:-. II" Irid1llilltillatl I,,·VIIIlltilll\.
Ho\\,\."vl.'f. il show...; thai I{APD lraits. fl.·laill phylogl,,·nl.'lil.'.t1ly rl.'l~v;1lI1 illhlfll\;1I1011, Thl.' r\."sillt..; Ill' illlcl'ip\."l,,·iI.'s ;1lI;t1y:-.l,,·s of IS rl'il-!/IIfJ/olI(/.\·

l·/lgina!i.\" slrain......ugg'''''lcd SPill ..... CUlll,,·;lfdancl.' helw.....ell Ihe g..... o\."liI.' rd'lIiol1ship of "Il':lill:- :Hld thl.·il' ~ ..... ogr;lphil,,· tlri~in. Thl,,'Y a 1.0;0 ... ug.~l,,'slcd

a (;oncord:ml,,'I,,' hl.'lwl"ell thl.' "tr:till g.l,,'ul,,'lil,,' rl.'1ation"hips ;uld thl,,' rl,,·..;islalll,,'l,,' 10 1ll..:lnlllida/.o!l.·. " I,,'o/ll,,'ordalll.· ..... w;.... abo fOllnd wilh·r..... spl,,·1,,'1
III tlil,,' sl.'vl,,'ril)· of di";l,,·asl.' ohs.l.·rvl,,·u ill dU!Hlr p:lIi\."nls bUI nOI wilh Ih..... rl,,· ...;ul!s of l:thoralury virllll.'rll.· ..... assays, No l,,·ollcorll;ll1c\,,' was fOUllll
tx-lwl,,· ..... n ~Cnl,,'lio.: relalionship of str;li"" ilnd strain int.... l,,'tion wilh:t dsRN/\ T,.idu'IIJfllllfS I'clginu/is virus (TVVI. Till' 1:I1I1,,'r suggl.·sls Ih:n
TVV mig.hl hI,." 11';1l1_";1I1illl,,·d horizontally alllllng T,.ic!Jl'lIIlIIIW' I'llgi/lll/i.\" pllptll:HiollS. The identity of RAPD 1'.111\,'1"11'" Ill' d"lll\.·S i...llbtl,,·d
from in vilro cullurl"',, and Ilw..;\,,' of 'hI.' I,,·uhur..... s rl,,·isnlal .....d illlkp..... nlk'lHly from th\,,' sam..... patielll within a pcriod of :-.i.'- wl"·l.'k,, "Ug.gl,,·Sb
lhat individu:.tl Triel/oll/Ollll.\' l'fJgil/u!i.\· :-olr:l1l1s arc~ 1101 polyluorphit: ;lIld Ihal Ih..... RAP!) ll:lll\,,'rns :Irl,,' slallk, Th.... rdllrl,,'. lhl' IL\PD t.....dmi4u.....
sL'elllS usL'ful ft}r ;Idllr..... ssillg various c:!inil:ally rdevant is"tI~".

Supplcmcntllr~'kc)' word.'i" Drug r~sisl~tl1l:c. dsRNA virus.. phylog...... ny. polymorphism. RAPO. 1'rid,lllllfll//l,\". Trkhomonas VaI;inalis
Virus. 'I',.ilri.·/1I11111111I1S, viruklll,,·I,,·.

T
It[('·l[()I\t()~ ..\I)S. nagellah~d amitochondrial an.lcmhic prot iSIS,

hrandl vcry carly in the eukaryotic phylogeny. The group
inl.:ILHles several illll'0I1.tnt p'lrasitic species ur hlllllo.lns and an
im:t1s. D\:spit~ the medical and veterinary importance of .th..:se
llagdl:llt..'s .lI1d th..:ir key rol..: in th..: unl!I"Tst:lIlding: of lhe ell
karyotiL' evolution pru~\:sse:s. rdativdy lillIe: effOr1 has heen in
vcst..:d into mnlecular studies or rrichomonad dive:rsily. S..:
<JlIcm:ing or large subunil rRNA gen~s has heen us.ed 10 con
SlruCI a phylngen":lic Irl,,'e for nin~ trichomonad species 143).
Small suhunil rRNA sequence~ have been used 10 infer thc
rhylogen~tic pnsilion ul' trichomonads amon~ th\: eukaryotics
IISI. ami 10 inrer rl~lationships or species wilhin tht: group~ in
cluding three species of symbiotic trichomon<lds from termites
13. 4) and the murphulog.ically simple human pathogen. Dien
tamoeba fragili.\· 136). For more cXlensive phylogenctic siudics
and for the studies 01" inlraspecies diversity. a cheaper and high
c:lp:j(,'ity lIlelhods like RrLP (rcstrh.::tion frag.menl length poly
lllorphi.'iI1l) and RAPD should he devt":lo~d. The high content
til' rep\:tilive ekmellls in the gennmc or many of trichl)mnnad
SpCl."il·S IT.21 olTers the -possihility to lIS~ whllk-g.enome-RFLP
:ul:tlysis. 11,)\w ... t..'l". tile evolution of n:petitiv~ clements may he
inJluenced hy Illtlkl,,'lJlar uri ve. whidl mo.ty l)nScun: lhe resulls
Ill' phyillgenelie studies. The number of random primer.. matches
l,,·oIT\:lalc.'i willi a g..:neti~ complexity of th~ target DNA and is
Illlll."h hi~her for an IIni4ut: fral."lion than ror a repetitive rraction
of a gl,,·llllllll.·. Thl."l"l.'l'llrt..', RAPD data rcfkct m:linly the e\'olttlion
of t111iqllt: .wlltlCI1Cl.' .... It is not ckar. howe\'er. whdher rapidly
L'vl)lvinJ,! RAPD trailS conlain phylogenL'tic~llly rc!('vant infnr
lIl:lIilln ill litis at1l.'il.·nl and hig.hly divl,,~rgent taxoll of donal or
sl.'llIidonal organisll\s. In this commLillicatilln we :lIlaIY/.\: itHer
~pl,,·(,:it:s. illlraspecies and intrastrain polymorphism of tricho
Illonads hy PCR·lingerpt'inting with random primers,

MATERIALS AND METHODS

t Tu whom ..:UITI,.·spIHhk'nc ..... shuuld I.,.,,' ..dllrl.'sSI",d. ll..-I..:pllllll':: 420"l ..
~ 1\)5~~SI): r:a.~: ~20:!-~l)l)71 J: Email: Ikgr@hl,,·o.l.l·\,,' .... Ul.'I.C"I.
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()q,:ani.... ms. J:i~lllc\:n reprL'scntatives PI' th~ family Tricho
1IItlUildidill.'. inl:llIding IIh.:mh\:rs in Ih~ suhfo.lIl1ilies Tridlollllln
"dilla",' and Tritridwlllnnadinae, were used for interspecies phy
It'~I,,'IlI,,'lil,,' analysis ITahle I). Tahk 2 provides. inl'(lrm:llinn on
IS "'1I·;tII1S \If "I',.i.'/IIII/IOI/O... "ogillolis sl.'kt.::l,-,d for illlraspet.::il.'s
~l.'Il,-,:d\lgiL'.d :malysis. All org.lnisms used are de{J(lsiled in the
l,,'uHur,-, 1,,·t1lkl.'till[\ lIt" IhI,,' DI,,'partlllent of Parasillilogy, Cl1o.lrl..:s
l.Jllivl,,'r... ily. Prague.

Culti\'ation of trichomonads. Cultures of all ()r~anisms. c;(-

J ,.;.... .\li, ."I""J.. oUr(,I. 1''''7 PI' 'i-l." 'i''':!
I l,; ")017 h)' it ...· ..., .....1\.• " 1·"",'''~'I'';"''h

~ Characterization of Trichomonad Species and Strains by peR Fingerprinting

~
~
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Tv79-49 (Praglle. Czech Repllblic) 1.92
Tv 10-02 (Praglle. Cech Rep"blic) 4.70

Tv73-87 (Praglle. C=cch Repllblic) 3.12

Tv67-77 (Praglle. Czech Repllblic) 12.50
rlL-_- Tv7-37 (Praglle. Czech Repllhlic) 20.83

Tv14-85 (Praglle. Czech Repllblic) 9.90

T"S5-08 (Praglle. Czech Repllblic) 6.25

T"71-96 (Praglle. Czech Repllblic) 3.35

CP-I (Peking. China) 2.01

HL-4MT (Liberec. Czech Repllblic) 317.5 *
CDC-85 (Coillmblls. Ohio. USAj 1000 *

IR-78 (Vienna. A IIstria) 107.20 *
TALL-MT (Tal/ill. ESIOllia) 3.12 *

BO (Gothenbllrg. Swedellj 50.00 *
FF28 (Braeislam. Slomkia) 2.14

JT (Rio ddaneiro. Brazil) 2.50
JH-31 A (Baltimore. Maryland. USA) 3.S5

C-I :NIH IWashillgtoo. DC. USA) 1.56

100

0.0\
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Tritrichomonas foctus (Kvc-I)
Tritrichomonas foetus (LUll)

Tritrichomonas suis
Tritrichomonas mobilensis
Tritrichomonas augusta

unknown species from Hylobates concolor
Tetratrichomonas gallina rum
Pentatrichomonas hominis (IIOM-Y5)

Pentatrichomonas hOlllinis (1IOM-Y4)
TritrichoJllonas nonconforma

Trichomonas tenax (TXO-8)
..- Trichomonas tenax (TXB-5)

Trichomitus batnlchorum
Trichomonas gallinae

Trichomonas "aginalis (RU-375)
100 Trichomonas vaginalis (CP-l)

Trichomonas vaginalis (TvI0-02)
Trichomonas vaginalis (Tv 17-48)

0.00\

(00

\00

89

(00

B.

A

Fig. l. Ph)'lo~encri\.' lrc\.'s con
stnll.:l..:d hy N\.'ighhor Joining lllt.:lltod.
;\. Phylllg\.'nclic tr\.'c fl)r II spe\.'i\.'s ~lf

[ridlollloIWds. The hr;.lIIch kllglh~ re·
Ikcl lhc gClIeli..: tliSt;lll(\.' tl\.'IWt.:Cll th..:
spc..:ies. Tht.: IlulllPers sh~lw thl,,' OTU
ha:-.\.'d J:I(klwilinJ; V"hl\.'S (ill pcrc\.'nt)
whidl rdkct lltr.: statistic..1 suppurt
(II' thl,,' cxis(l,,'llc\.' of raniclll~lrhr:mch
es. Thc slr~lin dr.:s..:ription... ;II'C giv\.'u
in the Mc(llOds SCC(illli. n. Th\.' g\."
l1c'.llogicallree for IS slr;lins (If 1',.;('11·
(III/(JlIC/S I·t/gil/alis. Till,,' hranch lengths
rdk\.'1 rhe ~\.'Il\.'Iit.: Jist~lU\.·e between
the. slrain". ';rllc inh:!..:cr ll11lllh\.'rs rep·
r..;s\.'nt thc OTU h~~d Jad,knililll;
valucs lin rll:rccllr I which rdkr.:t th\.'
st:llisli...·;ll support 1'1'1' the \.':<isl\.'I\\.·c of
p:1nicul:lr hr.. lIl:h\.'s. Ar Ihc end of ;lpi·
l:al hran..:hl.'~ Iht.: ~l.'tl.::r;'phi\.·;\l origin:-.
ami rhl: valuc:-- or il\.·ruhk lninil"al k·
th~d \.'llllc\.'nlr:lfilll1 I\tLCI f(lr ll1\.'tH)·
nitl:r/.nk' ar\.' li:--t\.'J. Th\.' il~t\.'ri ... l...s lks·
i~llall: rh\.' slraill." whidl W\.·I'\.' n.:l'ra(
l~ll'Y hi ... I~llld;ll't1 I1h:lr'lllida/~lk lr..:;\r
llIl:nl
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RESULTS

DNA was extracled from IR isolates of 12 dillerc:nt specks
...)1' trit.:homon<.lds and ;lmplilicu wilh live dilTcrcnt randol11 prim
ers and Iwo Tric/lO/}/oIlOS I'llgillOfis specilk primcrs. All primers
provided dislinct pattern.. of amplilicd DNA frngments. There
was no dirference in Ihe number and length distrihutitlll or the
peR hands or in the :lInllunt or revealed polymorphism hc:twccn
the randn," primers and T wIgimtfi.\· specilk primers. The aV4
erage numher of fragments per sample and the ;tveragt:: ge:netic
distance hetween two spt:'cics were 9.0 and 0.046, rc:spectively.
A dendrogram constructed on the: hasis of the RAPD uata by

(computed hy the iteration method») showed grc:llcr suppon for
topological clements than trces constructed from uncorreclc:u
N~i's coeflicienls. The r (Ihe I~ngth of a targct sit~) is prohahly
lower than tcn nudeotidc.:s because the priming t.:an nccur at
malchcs comprising as fcw as live matehe .. out nr six hases at
the )' enu of thc primer 1271. Howcver, at present, wc prefer
to usc the vallie ten, the mosl conservative estimation or thc
parameter r. Thc MEGA program was used to construct phy
logenetic trees from the: distancc matrices hy the Neighbor Jnin
ing (NJ) method 1261. Support for topological clements was
estimated hy OTU·hase:d J:lt.:kkniling (N redueed trces were
constructc:d for N - I OTU hy sequentially lc~l\'ing l)lJt I OTU
from the original set, where N = the nllmher of laX<I in the dala
SCI). The J"ckknifc v:llue for a branch represents the fr:lction
(in percent) of reduced trees containing Ihat parlit.:ular branch.
Distnnce matrices, induding resampkd d:lt<.l4hased matrices for
OTU-Juckknifc ~lnalyscs were calculated using Ihe RAPDIST
program, which is availahle by anonymous r"TP in the folder
www.natur.cuni.czl-Jlegr/pnlgr<.lms.,

Statistical testing or trees concordanl'c, The corre:spon
denee: of geogr:\phic origin and hiological pn)pertics of T. l'(I
gina!i.\' slrains (re:sistance for mctronid<.lzolc, virulence:, .lOd
presencc of dsRNA virus) wilh their position in the: Irce was
estimaled hy a pe:rmlltation tail prohahility tcst III. For any
parameter studicd, the average distance helwcc:n sister OTU
(i.c_ sistc:r strains or sister oranchcs of Ihc tree) was calcul:ued
from the gencOllogicaJ tree ohtained from RAPD u'lla hy NJ
method. Then 20.000 trees were gener~lted hy random permu
(.uion or apical branches. For every permutatt.:d tree the average
uistancc ht.:lwecn siste:r OTU w"s calculated and these distnnces
were compared with Ihe: avcr:\gc distance of the inferred ge
nealogical trec. If the '1Vcmge dislance Ill' the inferred genea
logical tree fell among th~ shortesl 5% of lowest distances of
pc:rmulated trees, we considered corrc:spnndence of partiCUlar
biological property wilh the position of the strain in [he gene
alogic;\1 trc:e sln[istically signilicanc In the metronidazole rcsis·
tance sludy, th~ sensitivilies of strains were characteriz~d hy
logarithms 61' minimal lethal concentrmion (MLC) of the drug,
in th~ dsRNA study the presence: of dsRNA was Ire.Hed as one
and ils ahsence as zero, and in the virulence study live different
indexes of pathogenicity (sec Table ~) were used. The distances
he[ween two OTU in Ihe metronidazole resist'lOce, d:<RNA and
virulcnct.: studies werc calculated as the ahsolutc valuc of Ihe
ditTerencc of logarithms of MLC or numbers charncterizing thc
presence of dsRNA or virulence in t\..·o t.:ompared strains (or
arithmc:tic means '01' thcse numbcrs in the cases of compositc
OTU).

In the gengraphical ori~in4stlldy a m:ltri.'( of non parametric
distances helween the sit~s ~)f origin for cvery p:lir or strains
was prepared. The distances ror strains isolated in the same city,
same country. s;une continenl and diffaelH t.:ulltinents werc
considered as I, 2, 3 :1I1d 4. respcctivdy. Our PC prllgram
TREE(Yf for permutatiun tail prohahility tcsting can he nhtained
at www.natur.cuni.czl- llcgr/programs.

v A~.·\COVA ET AL.-RAPD CIIARACTERIZATIO:-J OF TRICHOMONADS

phon:sis in 1.~I7., aganls~ ant.I visualized with UV light art~r

dhidiulll hromid~ staining. All primus trkd (up to now 20
r.lllunm prilllc:rs OPD I-OPD20 nnd rour Tv spc:l:ilic primers
have: heen u~ed in dilTacnt Irichomonads studies) provided dis
tinct patterns nf amplilic:J DNA fragmenls. The numhcr of frag·
rnc:nts and their interspct.:ies and intraspccies polymorphism var
ied, In our sWdy we used tive random primers from Operon
Technolugics Inc. (OPDI-OPD5. ACCGCGAAGG. GGA
CCCAACC. GTCGCCGTCA. TCfGGTGAGG. TGAGCGGA
CA) and two primers complementary to the T. vagina!is repet
itivc clemelll TV E-650 132J (TV I GAAGATCTAATG1TT
GATGTGAA and TV) GTATAATAAGCnTATIATCTA
GAAG, that provided rnoderat~ numbers of DNA bands with
a hig.h ;1I1101lnt or pt>lymorphislll. DNA from all I R strains or
all 12 tridll)lllorwd sp...·t.:ies was amplified with a paniclliar
primer in one e:'<.periment (uliquots of reaction mixture: without
the DNA were distrihUied into tuhes containing either DNA
sal1lpl~s or TE hurrer (l1e:gative cuntrol)). The: amplilication
with on\.' prime:r was repe:ale:d scveral time:s with different con
t.:clllraljulls or the DNA 120-100 ng). The peR fragmenl was
sl.:urcJ a~ ah"..:nt in the givcn OTU (llper:uional taxonomical
lIllin it' the hanll nf Ihe S.llTIe elet.:trophoretic.: mohility did not
arpear after tht.: amplilication \vith any cllnccmralion of DNA.
Tht.' relative amollnt of ;lIl1plitied DNA (intensily of elcctmpho
rctit.: hands I \\as not t:onsidaed.

Gl'netit.: p()lymorphi.~m mml)'sis. Generic distant.:es hClween
DNA salllple:s were Clll11putcd from Nci's coeflicicnts of simi
larity IS = 2 x M.,y I (M, + My>. where M,y. 1.01, and My
om: the 1ll1l1lOt.·rs of l:llnHIlOI1 fr;lgl1lents hClwcen sample x i,mU
y, IHl111her Dr all fr:lg11lents (common and unique) of sample x
and of sample y, respcl:tivcly) corrected for multiple hits using
the it\.'rati\Hl lllelhild (lri~ill;llly lh:signed 1'01' analysis or Rf-LP
data I~ II. According to our experience, phylogenetic trees con 4
stnl\.'h:d nil th\.' hasis of corret.:ted di .. t.lllces (using the formula
k = - 12 I r) X lnG, where k is Ihe corre:cted distanc~, r is the
Ie:ngth or a Iypical random primer (l~n nuc!cotidl:s) and G is a
pmtxlhilily that" matching site fnr a primer remained unaltered

, 1'..'ll.:l'lll "f i'U",,"Il!:l[\,:d 11111.:\,: Illat di\.'d Wilhill lhr\.'\.' w\.'d;.s afl\.'r inll~

ublilll!.
I. Viruk'l\\.·..: illlk.\ Ill' ('a \ iI.' I' ..:1 .d. 151 1'~1ll~\.·S frtllll lJ 1;lvin!l\.'IlI) III I()

1IlI;I'i'ILHLlH \·iruk'II\.·l,,').

ar:~~:I~'I;,:I:":I:;:llt\I::III~" (If sllb\.·lll;ll1\.·llll~h'i\.·l.'ss\.'s tll;lt lk'\'\.'lop..:d si:< days

.1 l·;lllltlhl~i\.·:ll dl:lllj;\.·S (Ilurhl ~ll gyna\.·\.'lll\lgi..::.1 ~lnd hi~((JpathtJlll~i..:al

\.',,(;llllil1;tli(ll1~ ral..:d ;lc(onlillg hI ill..:rc:l'iing s\.'v\.'riIY frum I In 4 :IS in4
dl\.·:ll\.'(l in I~~J.

SUtxUI;ll1\·tlLl' P:lli .... I1I'"
l,llr;llll..·lillllh.::,1 IlHIII.' ...• 11.: .. [ mOll:-.... 1.... ,1

t-li:-lo-
.\t,.nali- :\h'''::l.::-~ SYIIlP- rath -

Str:.ill " 1';)" Viruh.·IK",:h
I Illll1 '" !I1I1'" lJlugy

T\"XS-OS :'0 7.7 :!o 1.12 ,8
'f\-n·S? -u IliA ~O 6(1 ,I
Tv71 ..1.J(, :~ 6.11 :\7 121 .Ix
Tv7 l )·-19 73 10.7 ~O [7(1 (15

'1'\"1-1·:-;5 l'ih JU.S JO 127 29
1'\"(,7.77 ·17 S.7 JI) hJ ~(I

'1'\'10·02 " .\.7 20 7~ .17 1
'1\"7-.17 1111 I.l.~ JII 2.10 ~ I ~

FI<~X i5 7.t) I: '117. 2:-: (I nd
JII·)I,\ lid lid !HI 7:-;.(, ~~ (I 0

Tahk J. \'irukn...:c Ill" "l'r;c!lo"wIIiH \'ugi1/tlli.( stf<lins as ;ISS,,'ssctl ;)11
til .... hasi ... (If ...:Iinil:~11 linllings. hislO['l:.tlhulugical c.':llllination or 1.·...:lu
!',:en-i..:al hiop,il.os ami n.::-tlll .. of mOll".... assays :.f1 .... r intrapcritnn.... ;l1 ami
'illhl,;"lIlalll.'IJII' illl.",,'ulalitlll.
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c.'{:llllpk RAPD analysis may hc useu to trac~ tht.: spf"~;ld of
inr~ctil)n hy a particular strain or 10 uistinguish hC(WL;:n on~

sourc~ anu multi·sourcc infections.
PeR-lingerprinting. Illcthuus 140. 471 hav~ prcuomin:lnlly

been useu for illlr:1spccit.:s or intragencric stuJies. Our results
conlirm that Ihe RAPD methou indl:t.:u proviu~s valuahk ge·
n~ ..l1ugit.::11 data f'lr intra....pt:cies stuuy of trichnlllonatis. 111C re·
suits also suggest that RAPD traits rClain phylngl:netical1y rei·
evant information in Ihis phylum. :m ancicnt anJ highly <..Jiv~r

g~nt gruup of clonal or s~miclnn:lI organisms. Considering Ihe
bck of othcr high I,,'apacity multi-locus lHokL:ular phylogcn..:tic
mClhllUs. the uscflliness of PCR·lin);crprinlin); lechniques
shoulu not h~ underes[imal~u.
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palh:rn anu pht:nt)typ~ or lht: ~lrains. Thcrcfort: it can he as·
sumC:ll Ih:u the similarity of RAPD patterns fellcels phylogc·
netic n:lationship. r~lIha lhan ph~nt:lic similarity bctwcc:n the:
s(r~lins. Thc simibrity of RAPD p•.lt!crns of strains isolated from
pro;\il11al "rl";aS is cviucnct:. fur high viscosity ,)1" T. ,'og;lIl1li.\'
(anu human) populations ralher Ih,ln cvolUliollary cl1llvagcI1cc:
due to simil;lr sdc('"livc pressures.

Of s(lI:l:ial inh:rcsi is the n:l:uivdy long hrandt of T. l'CIgimd"...
strain C-1 :NIIi. The UPGMA phcn~lic mcth(KI separates this
strain fnml all other analyzed strains of T. \'llgillll/is (n:sults not
shown), This slr"in is very often uscu in various hincht:mic:11
sluuics I prohahly h~causc of its posilion on the tOP of the ATCC
list of T. \·agi"a/i... strains). It has been ohsaved Ihat the bin·
lo~ic:d rr~)pertics Ill' this strain uiller from typical T. \'Clg;I/lIIi.\·

'\!rains. ACl,,'ording 10 our e:<.pcrienc~, Ihe gcner;ltion lime of
C·I:NIII is unusually slu)r1.lhl.' luganisms arc vcry 1110tik, Ihey
,grow throughoul (he volume of cld[ivation medium anu (hey
show p'0tlr adlh:rencc. The strain also <..Jifkrs in ccrwin ~nzy

matil.' :h':liviti~s: fnr ~:\all1pk it shows an c:<'lr~mcly low activity
of NADH o.,idase, an impnrlan( oxygen scav~nging enzymc in
IridlOnltmads 1291. Considerinc these ohservations and lhl.' n.':·
sulls of lIur RAPO an:dysl.'s th~-T "ug;l/o/;s slrain C-I :NIH 1ll ..IY
nlll hc Ihl.' hcsl dltliL'C for ust.: ;IS a n:krcnl.'c strain.

Thc I;ld~. Ill' correlation bctwct..:n (he prescncclahsl.'nce of
llsRNA virus tTVV) and th~ position of the strains in the T.
l'lIg;mt!;x trc~ sug);CSIS that Ih~ distrihUlion of TVV cJo~s nul
rdlcci the gcnealugy ur 1'. \'£Ig;I/(//;.\ strains. It means that the
1'. l'lIgi"ali... acquircd or Illst Ihe virus incJcpend~nlly st:.':veral
tinK's durin!.!. ils. history. Loss of tht: TVV after pml()ng~u in
vilro cuhiv;;tilln has h~t:n rcport~d (451. Huwevcr. most uf our
strains were assayed for dsRNA a few passages after axeniza·
tion. Thcr~ror~. our rcsults likely rencct a distribution of TVV
in natural l'h)pulations. Th~ raOlJum distribution of TVV within
Ihc T. ,'ogilla/;.\· tr~e proviu~s an imlirect indication th.1t TVV
1,;';10 pmhahly inr~ct virus free strains. Ex.p~rimental d:lIa 16. 441
suggest thoU horizllntal transmission of TVV is not possihlc.
f1O\Vl"vcr. Ihe TVV can hav~ a heteroxcnous life cycle wilh a
rC"'l.'rvnir host dirfcr~llt from T. \·lIg;'ltIli.\·. In this Cllnt~xt the

relUarkOlhlc similarity hct\Yeen TVV and killer factors of yeast

Socdwrtllll\'l'l'.I" l't'rl'l';SiUL' 113. 141 is not~worthy.

Al pr..: ......:~\l wc "I''': r~savt.:d in t.:mphasil.ing IllI.· <.."onL·ord:uH.."e
llt:twccn r~SiSlatlCC to I1\ctmnid:llll!t.: or sevaity uf clinkal anu
hi ...ltlpalholugil,;'''ll lindings in palients wilh th~ strains posililln
of the strains on Ihc T. ,·ugiIlClIi.'i trcc hecause of the rdatively
10\'0' number f I~) of strain ... t.:xamined. II is impressivc. howc:vcr.
Ihal :111 Ii ve str:lins isolal~d from patit.:nts refraCh\ry Itl ml:tro
niu;lI.o1c trC"ltm~Ht I.'llnstillllc line hranch of tht.: Irt.:~. Four nf
thL·...C slrains also c~press in VilfO v:lluc.... til" acrohic MLC in
diL·ali ... c or lllctl'llnid.ll.o!c rcsisWllCC. Thc lifth strain TALL·t\rr
\Va ... susl."~plihlc It) mctronidazole in our in vitro assay. This may
hc duc ttl thc mainlellanct: of lhis s(r:lin in active cullure for a
Itln~ tillll.· ,",d'me tcsling ((he othcr str:lins were cryopreser\'etl
shn~·tly al"k' .. thcy WL're ax.~ni7.I.'u). Even Ihe TALL-MT slr.lin
did ~lhlW in vitrt) lllL'tr(lnith/.ll!c rCSiSI;\lKC Whl:ll lirsl isol;lll.'d
II )1'. Ter.. ls. InslillilC of Bioln~y. E~ttlnian AL':ltkmy of Scicnces,
pcr~(In:l1 C~lflllll11nicalitln). The results prcsenl~<..J h~r~ suggCSt
lllal S\lIll~ ~l."n~altl);iL·al lines ur T. l'OgiIlO/i... may b~ genetically
prL'disp\)sL'd fIll' the d~v~ll)pl11cnt of IllClfllnidazlllc r~sistance.

The same Illay h~ true for th~ cap:lhility of strains 10 caU~l:

disL·a ...1.' ill palicnls.
Thl' idL~nlily of RAPt) ratt~rns of clones ucriv~cJ from a cum·

111011 slr .. lin indiL':lICS that Ihere is very limited. if any, polymor.
phi"'lIl within 7: l'Ogilltlli.\' in vitro cuhur~s. Also, Ihe analysis
of IlHlhiplt.: rcisnlalL's uhlained from :l singh~ p:.lticn( sllt)WS high
in vivo sl:lhilily of RAPD p:lll~rns. Th~se rcsults inuic:l1t: that
RAPD analysis m;IY be usc:ful in epidemiological stuui~s. For


