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I - Surnrnan-

Fi'e sera from Bo¡i'ian ini¡r-iduals chronicatly
infected b1' Tr¡,panosoma crui, and suffering an
acri v'e Leishman ia braziliensb bra:iliensrs metasta-
sic mucocutaneous lesion t*'ere characterized. They
reacted \\'ith the I c*:.i recorí]binant antigens that
are currentl)'used as Chagas diaenostic reagents,
and \\'ith several L. b. brailie.n-sls proteins as
assessed bl' \\/esrern blot- Th=e sera shorved an
intense reaction rvith a T crui ard ao L. b- brazit-
iensis poll'peptide of aboui ;0 kDa- Expression
cloning techniques demonsrraric that the target of
this immunologic reaction u'25 a cross-reactive an-
tigen, the 70-kDa heat-shock prorein (HSP 70)-
High le'els o[ anri-HSP 70 rea«ir-ir]' and posirive
reactions u'ith all or some o[ rll= T crua rccombi-
nant antigens IL7, JL8, and J[*5, dcfined a sero-
logic pattern rhat \\'as charaoei-isric of the T. cruzi/
L- b- broziliensis ¡nixed infcc-rion-
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(Reccivcd l7 Ju¡rc I99l; acccpred 3l July lggl)

7. Introduction

Trypanosoma cruzi and l-eishntania brazilicnsis
brazilieffb, two proiozoa o[ :.hc sarnc Trypanoso-
matidae family, arc the etioiogic agen'rs of Chagas'
disease and mucocutancous lcislimaniasis (espun-
dia), respcctivcly [], 2l- The rnosi crirical consc-
quence of the chronic T c.ruzi infecrion is a latc-
developing myocardir.is that, in many cascs, evolvcs
without being noticed by the infcctcd individual Ii ].

In tsolivia, both parasites constir ute e scrious
sanitary problem. Reccnt social and econonnic
changes in this counrry have compellcd popuiations
to move in search of r*'ork from regiorrs rvhcre thcy
were domiciled, some of wirich are endemic for
Chagas' diseasc, to tropical forcst regions u,here
mucocutaneous lcishmaniasis is cndemic. In rhe
case of leishma¡rial infec.ior, thosc individuals
witlr an undctecteC T crua infcction constiture a
particularly vulnerable group, not onl1, due to the
possible combined effrcts of thc mixed infcction,
but also brcause the antimonial drugs used to cure
Icishmaniasis have cardiotoxic effects t3]-

This study was initiated ro obtain a precisc mo-
Iccular charactcrizarion of, thc aniigens rccognizcd
by sera from individuals concurrcnrly affecrcd by
thcse two rclatcd parasites, a nccessary stcp to-
u'ards the dcsign of an adcquatc diagnostic icst of
thc doul;lc infcction--

A-e-r' n'ords: Tr.t'pa nosont o cru:ii [-ea i-. --sn ia bro:i1iensis bro:il-
iensis: 70-k Da tlear-shock prorein: R=-r':¡binanr anrigcn: Diag-
llt)i I S

Correslx'tndence to: Dr. \f ariano L..ir. iNC[:BI, otrlig_ado
lJ9O. lf28 []uc'nos .A,ires, Argc-nrine_ Ttl: (_íil)7tJ-5516- Fa-x:
(_<r I )786-957S.
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3. .\laterials and illeth«r<l.s

l-hc ),gr I I cD\A clo¡rins ancl randorn prirning
kirs \r'ere frol¡r Anrcrsllanl, u. K - -I-hc origin of the
orher rcagcnrs has been dcscribcd f4, 5]-

--.1. I{u¡nan sero

scra \\ ere obr aincd from chronicallv in fccted
cragasic indi'iduals rvirh cspundia sho*.ing meta-
slat ic Ie sion of the facial m ucosae, r)osir i'e s kin tests
and posirivc immunofluoresccncc (N : 5)- The cxis-
tence of a T c*zi infection r+,as assesscd serologi_
calll' bl' complcmcnt fixarion, passir-e hcnlaggluti-
nauon. ¡mmunofluoresccncc and ELISA. Clinical
and electrocardiographic c'aruation of the patients
r.\'ealcd clcar signs of sc'crc crragasic chronic car-
diopath)'- Thcsc patients \\,cre clinicall¡' charactcr-

kDa

izcd ar rhc Insrituto Boliviano dc Iliología clc Ia
AItura (l.B.B.A-), La paz, Borivia. -rhc sera from
patienrs rvith Ctragas' discasc (N - 4), ancl thosc
from patients r+'irh cspundia (N : 5) r+,crc providcd
b.v thc Scrvicio dc Carcliología dci l{ospital Ramos
\fcjia, lJucnos Aircs, Arsenrina, and b],thc Institu-
to dc \fedicina Tropical "Alcxandcr von Ijum-
boldi", Lirna, Pcru, rcspcctivcly.

3 -2- \gr I I cloning ortd screening

T cruzi blood srrcam rrypoiilastigorcs of thc RA
straln \t'crc prcparcd as dcscribcd by Mortatti ancl
it{unk t6]- Pol}'(A) - RNA from rrypomasrigores
\\'as obtained b:" thc mcthod of chirgu.in ct al. Íl),
and chcckcd b1'agarose gel clccrrophorcsis and
cthiclium bromidc sraining. A Xgt I I library was
consrrucrcd from this pol],(A) * RNA according to

70 -"t-

Fig. l. \\§¡¡¡¡bloranal-.-sisofmircdinfecrcdscrunrbindingtoT.cru:i aodl-.b-bra:iliensisproreins,l.lc¡n¡oecnatcsoIborhparasilcs
oere electrophor('sed on 7- sradic'nr gcrs and blorre<i. a;,to.:;;;;;;;';;;;á*¡n,r.",r 30¡g or rorar:io¡ein' L¿nes I. -i' and J. T. ts probrd rvirh ¿ t:-iOo. l:10o0. and l:-i(Klo dilurion of rhc rc-fcrc.ncc serum plllierum c in Fig- 1). ¡esp<-c¡ir.c promasrig< re c\rrzi¡ probrd rvirh a l:j00 dilurion o[ ¡he rcfcrcncc scrum p]l-Lane 5' ii cr:i tr) pomasrigo tion of ¡he scrum FR (r.'.r- 

" 
in [-ig. {}¡ Ianc 6. 1-. b. broTiliensis promas¡igorc

l:50O dilurion of rhc rc['rcncc s(.run] FR-
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[-ct ilt and otltcrs f|l- l-[rc screening artd thc arlti-
bodl' detection were pcrformcd as previously rc-
pxrrtcd [4, 5]. Scrum rcactivit¡'to (hc rccomt¡inant
phaee \+'as analyzcd by phagc dor arrav irnmunoas- bodics immunosclcctcd as prcviously dcscribcd [4],
sa¡ [4, 51. One microlirer (10- pfu) of diffcren¡ and thc monoclonal antibody D4FI8 [9], rvcrc uscd

phaec rrycrc arra¡-ed or¡ lau'ns of Eschericltio coli to confir¡¡l thc idcntity of cloncd pcptidcs. Thc lat-
Y lCI9O. l-hc ptrage \^'crc gto\\'r), blottcd artd rcacted
uith different scra. \\/ild-t)'pc ).gr l l rr as included

as a negative conrrol, r¡'hercas phage JL7, JL8, and HSP70 [9], and it *'as found to rcact with thc same

JLi u'ere included as posirivc conrrols ol T. cruzi pcptidcscquencethatisrecognizcdbythcmo¡roclo-
iniecrion [8]. nal antibody G¡0C9 described b¡'ir{attei et al. [0],

namely thc IISP7O P- Jolciparunr pcptidc AN-
3.3. Purification of recontbinant fr-galoctosidase- GILNVTAVEKSTGK. lt is notsworthy that it rcc-

IISPT7fitsi<tn prctrcin ogrrizcd thc 70-kDa hcat-shock protcins fro¡¡r scr'-

cral l)¡otozoatt spccics as u'cll as Iltc corrcsponding

E- coli Yl0E9 bacteria u'crc lvsogenizcd rvitl¡ the ¡nanrrnalian protcin [9, l0l.
phage HSP70-RA I - Tile l¡-sogcnic bacteria s'crc cul-
tured and induccd as dcscribcd [1]- ThcP-salactosi- 3.5. ll/cstern bloÍs
dasc fusion protcin u'as purificd and uscd to affini-
r;--purify anti-HSP7O monospecific antibodies L- b- braziliensrs promastigotcs and T- cruzi
from scra of individuals rvitlr thc doublc infcction trypomastigoles u'crc culturcd and lyscd in the pre-

3.4. ItÍonoclonul and tnonospcciJic untibodics

A ffinity-puri l-iccl tl'tonosp(-ci fic alrt i-l ISI'70 anti-

[-1, 5J.

1 CMTGACrcTTffiATCGAGACffiffiTC,GCGTCATGACGTffiTGATCAAGCrcAAC
P L T L G I E T A G G V ¡:I T,S L I T R N

6 1 ACGACGAMCCGAC-CAAGAAAAGCCAGATCTTCTCCACGTACCffiACAACCArcCre
T T I P T K K S E I F .s T Y P D N E P G

1 2 1 GIGCáCáTCCAGGTCTTTGAGC6CCAGCGTGCGATGACGMGGACTCCCACCTrcTCGGC
v H I e V FÁ' G E rR A H T,f D C H L L G

1 8 T ACATTCGACCTGTCCC,GCATCCGCCrcCGCCGCGCCfiIGTGCICCAGATTGArcTGACC
T F D L S G I P P A P JR G V P E I E V T

2{ 1 TTTGACCTCGáCGCCáACGGCATCCIGMCGTGTCCGCGTJAGGAGAACGGCACOGCCAAG
FDLDANGILNVSAEEXGTGK

30 1 CGC¡AC'AGATTGTCATCACCMCCACAACCGCCGCCTGAGCAAGGffiACATTGArcGC
R N O T V I T N D K C R L S X A D I E.R

36 1 ATCGTGTCCGAffiTC,CCMGTACCAGCCGCArcACMGGAACAGffiACCC,CATTGAC
II V S E A A K Y E A Q D K E Q R D R I D

.Í 2 t @AÁAGA-ACCGTCTTGAGAACTACGCATTTICGATGAAGAACACCGT.F-AACGArcCGAAC
A K N G L§ N Y.A FS ¡1 X N T V N E P N

.Ut 1 GTCGCTGCáAGATTGAC6AGGCCGACAAGÁACACGATTACGAGTrcCGTGGAffi AGCCA

V A G K I E E A D K N T I T .s A V E E A

6{ 1 CTGCáATGGCTGAACáAC.IACCAGGAGGCCAGCMGCAGGAGTACGAGCACCrcCAGAAG
L O tt L N N t'r Q E A S ¡{ E A Y E H R e Ii

60 I, GAGCTGCAG^,ACCTGTGCACGCCCATCATGACGAAGATGTACC.AGGrcATGGC,CGCC€C,C
E L E N L C T P I II T K H Y Q G ¡I G A G

66 I. GGCGGTATrcCCGGAGGIAT@CTGGTGGAATGCCCGCAGGTATGCCTGGTGGAATrcCC
G O H P G G ¡I P G G H P G G H P G G T1 P

7 2 L Grc6rcrcAT@TGGrcCG^^CCCGTCGTCTTCGTCAGCACCGAAGGTGG^GGAAGTG
G G ¡I P G G A N P.SS.S S G P I( V E E V

? 8 1 GACTGAGAGCGCATCrcAAGATGTTCTCATffiGC€GICTrcTffiAACCAATArcC
D,

8{ 1 OGTIGGTTTTCTCCCTTGTAOAGC TAGAGGTCTGCGACMACCCAGCTGCCATCACT}.7

go 1 TTITATT^TTccrr:'ITrffircf, rcAmirr*rramATTATTArrcTrrrrcrrcsc

9€ I TCTCCATTATT^TTATIGTTATTATTAITATTACGGTTGIÍ AA/{.AAAAAAAJ\AÁA^

Fig. 2. Nuclcoridc and dcduccd amino acid sequcncc of rh.' tlsf'70-RAl cD¡-A fragment, EIIBL accession nu¡nbcr X58715.

1¡¡¡ \\'3s raised against a rccotnbinanI encoding the

C-tcrminal region of thc Plos¡ttodiu¡n falciparunt

Scncc of a mixturc o[ various antiprotcolytic agcnts

79



kDa

A ts

L

70-

k Da

Fie. j. ldenriñcarion of T. cmi ztÁ L b- brozilicns¡s ?GkDa hcat-shock prorcins- (A) Wes¡crn blots of 7tr- crz¿i trypomastigotc lysatc

(lancl), andL.b.broiliensisprorl:asisorcl)salc(lanc2)probcdwithanri-l{SPTGRAlimmunosclccte<Iantibotlics'(B)\\'cstcrnblots
oi L- b. bro:iliensis promasrigotc I¡::rc (anct), af¡d I .-zi trypornrrtigotc l¡rsatc (lanc2)' probcd *'ith thc nlonoclonal antibod¡"

DJFIE.(C)RecombinantcloncsJLT'JI.5'andHSPTGR^l,andtrgtltuildt¡.pe(wr)probcdrriththcmonoclonalanriboc;-D4Fl8-

as prcviously' in[c;¡-mcd t4]- Polypeptidcs wcre ana-

l1'zed b¡' dcnaturing fiolyacrylamide gcl electro-

ptroresis and blottcd t4l-

-l .6. CharacteriaaÍion of :DNA clones

*70

Basc scquencing was carricd out according to

protocols reponed elsewhere f1, 5l- the T cruzi

70-kDa treat-shock protein cDNA sequence, HSP-
70-RAl, lias the EMBL accession number X5E7l5-

4 . Resu lts

The antigen recognition prof-lle of the sera flrom

Bolir ian inclividuals u'ith the mixed infection was

asscssed bt'phage dot artay immunoassay and

\\'e stcrn blotting- As expccted, all scra displaycd a
varicd clegree of imlnunoreactivitl' to the 7'. CruZi

rccombinants JL7, JL8 and JL5, knorvn to rcact
u itlt a great majority of chagasic sera (Itig.4, scra

_10

f\,
JL5

I

)L7

I

o
o

I

wt
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a, b, c, d, and e) t8]. Furthcrrnorc, oo \[/cstcrn blots

ol L- b. brazilien-s§ promastigotc cxtracts the scra

recognized scveral bands ranging front lorv ( I 5 arld

20 kDa), to high (> 150 kDa) ¡¡olccular weight,

showing an intensc rcaction r*'ith a group of pro-

teins of about 70 kDa (trig- t, ianes 2 and 6). On

Wcstcrn blots o[ T cruzi trypomastlgote extracts

the scra reactcd with Scvcral protcins- Thc most

intcnse reaction targeted a banC oI about 10 kDa

(Itig- l, lanes I ,3,4, and 5)-

To id,entify this T- cruu protcin, 50000 rccombi-

nants from a ].g,t I I bloodstrcam trypomastigote

CDNA library were screened using a l:3000 dilution

o[ t]rcreference serum PM (Fig. i, lanc 4)- At this

scrunl dilution no reactivity to thc JL1, JL8, and

J L5 T cruzi reconlbinants \\'as obscrvcd - The

.Scrccning rcvcaiccl ttrat only trvo recombinant

piragc RAl, and i(A2 out of 5000O wcre rcactlvc-
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Fig, 4. Arrays of reco¡nbinant clon.-s probed uirh diffcrcnt scra- Scrurn samplcs a - e wcrc scra from paricnrs q.irh rhc mixed infccrion,
dilutions of ¡hesc sera q'cre I :5@, cxccpr rcfcrcncc scrum c (scrum Plf in Fig, I ), and scrum e (scrum FR in Fig. I ) rhar u'erc dilured l:20O.
Serumsamplcsf-juereserafromparicntssithespundia,dilurionsof rheserumsamplesf,g,andhuerc I:500.qhcreas(hconcsfor
serum samples i and j uere l:200. Scrum sa:-npl:s k - n rverc from ch;onic Chagas parienrs. dilutions of rhcsc scra s'cre l:50O. Lanc 8
shoss rccombinan¡ JL8; lanc7, rccombinanr JL7: tanc5, rccombinanr JL5: lancll. recombinanr IlSp70-R.{l: and lancW, \grll witd

r).pr.

{.1. CharocÍerizatictn of the cD^'A insertions

I nsert cDNAs from thcsc trr''s clones \vere rc-
cloncd into ttre vccror N,llimpls and scqucnced.
The RAI recombinant had a I0l6 bp cDNA inserr,

@

its nuclcotidc and dcduccd amino acici sequence is

sirorvrr irr Fig. 2. Thc RA2 cDNA \\,as slightly short-
cr than thc RA I insert (939 bp), and its sequencc
\\'as idcntical to thc onc stto\vn in lrig- 2, cxtcnding
from basc 77 to thc pol]'(A)' tail. The amino acid

3I



sequence derived from RAI cDNA showed that thc

last aspartic codon $'?s felleu-ed by a TGA stop

coclon ancl bl' anothcr Stop codon, TAG , 72 bascs

1l6w'nstreatlr. 
-l'lrc i¡lscrt has a rut'l of l5 adcrli¡lc

rcsiclues ¡tt its 3'tcl¡¡li¡ttls. indicatirrg tlrat tlrc
ctoned pcptidc corresponds to the carbo\]--tcr¡tli-

nal portion of'a par asitc lrotcin- Scrlucnce conl[).Ir-
ison i¡clicarcd that it c¡codc-. ttlc C-tcrrrlinal []or-
riorr of thc T. cruai 70-kDa hcat-shc»c-k protcilt
(HSP70), being morc th¿ n 9{.t''o honrologous to thc

HSPIO amino acid sequences oI T. cruzi ]{aracay
and Peru strains I l].

4.2. Anri-RAt tttottospecific ontibodies and thc
monoclonol D4f:t8 reoct tr'ith the L- b- brazil-
iensis HSP70 Prorein

The antibod¡' select tcchnique s'aS used to veri[y
that the RA I recombinant carried sequencc cncod-

ing a T cruzi polypeptide. I¡¡ \\'est3rn blos o[ total
proteins from trypomastigote5, the immuno-

selected anti-RA I antibodies reacted with a band of
about 70 kDa (Fig. 3A, lane l). Thc sarnc anti-
bodies recognized an L. b. bra=ilien-tt.s polypeptide

of about 70 kDa (Fig- 3A, lane 2)-

To funher corroborale the identity of peptidcs

targeted bl' the imrnunoselected antibodies, Wcst-

ern blots of L cruzi and L. b- broziliensis antigens
\\'erc probcd rvith tlie nlonoclonal antibody D4Fl8-
It rcacted u'ith proteins of about 70 kDa from both
parasites Gig.38, Ianes I and 2), and with the RAI
recombinant (Fig. 3C). These results ratifl' thc

cross-reactive nature of the TGkDa heat-shock pro-
teins from these related protozoan parasltes-

4.3- Anti-RA I reoctivity of Yra from individuals
v' i t h d iffere n t i nfecÍ rcns

The rcacrivitl' ol different se ra s'ith the HSP70-

Rr\ I recombinant antigen and other cloned T cruzi
antigen5 rr'?S evaluated using a phage dot arra)' im-

munoassa)'- l-he sera from indivicluals chronicalll'
infected rvit h T- cruzi reacted Si rongly u'ith th.- re-

conlbinants JL7, JLE, and JL5, but \\'cakly w'ith thc

HSP7Q-RAl antigcn (FiS.4, sera k,l, ffi, and n, and
results described in t I 2]). No anti-HSP70-RA I

reactivitl' rr'?S detected in acuie chagasic sera (not

5l¡eg'n)- The serum Samples from indiyiduals in-
fected b1,L. b. braziliensis, patients s'ith espundia,

32

prcsentccl high anti-lJSP70-iiAl activities, but no
rcactivity to thc othcr 7i cruzi antigens (Fig. 4, scra

f, g, h, i, and j) Thc scra Í-¡-om paiicnls rvith thc
rlrixcd i¡rfcction sitorvccl posilivc rcactions to all or
s()¡r'¡c of'tlrc 'f. cru;i rccr>l¡rl;ii)it¡ll :t¡ttigc¡ts tlt¡.tt ítIc
cL¡rrcrltly uscd aS Clrag:rs clilr¡lliostiC rcagctlts (rc-
corr)trinalits Jl-1. J [.E, lritt] i i-5), a¡icl prcscntcd a

\ cr )' sri()r)q rc.rcrir it¡' t() I iSi'J()-liA i . -f iris hi5llr

lcvcl of anti-l ISI'70 rcactiviti', anti tiic positivc rc-

acrior)s rvittl Ihr- 7'. cru:i cliagitostic antigcns de-

fincd a scrologic palrcrn clraractcristic oi thc T-

cruzi/L. b. broziticnsis mi.rccl infcctio¡1 (Fig..1, scra

a, b, c, d, and e)-

5 - Discussion

A cloning scheme \\'3.s dcsigncd to idcntifl' the

70-kDa polypcptidc from T. cruzi and L. b. brazil-
iensis, targcted b)' thc scra from paticnts rvitir a T-

crui/L. b- braziliensis mlrcd infcction. To do so,

a T- cruzi tr1'pomastigotc cDNA expression iibrary
r*-?S constructed and scrccncd rvith a Serum from aa

individual with thc rnixcd infcction (rcfcrcncc se-

rum PM, Fig- 1, lancs l, 7,3, and 4; scrum c in
Fig- 4)- This serum was uscd as immunoprobc be-

causc, at high dilutions, it rcactcd rvith only onc I
cruzi pol),pcpridc (Fig. l, lanc 4). Trvo pfiagc \\'crc

isolatcd; thcir nuclcoticle, ancl thc corrcsponCing

amino acicl scqucnccs conf-rrmcd thc rcsults in
I=ig- l, sincc tltc isolatcd piragc, IiAl and ItA2, cr-
coded portions of' the Samc antigcn, namell' T-

cruzi HSP70 (Fis.Z).
The cross-reacttvc nat ure of the HSP70 antigcns

from flagellates has been firrnly cstablished i I 3 ] -

Based on the follou'ing rcsults, this report con-

flrmed thc cross-reactlvtty betrvccn the T cruZi and

thc L. b. brazitiensis IlSP70: (a) anti-RAl imrnu-
noselected antibodics reactcd u'ith both L- b. bra-

=iliensrs 
and T- cruzi 70-kDa HSPs; (b) both 70-

kDa aniigcns rcacted s'itll thc D4F18 monoclonal
antibod¡'; and (c) sera from individuals infccted
onll' b)' L. b- bra:ilie nsis rcactcd *'ith the T. cru-i
HSP70-RA I reconrbinant-

Accordingl¡,, rhc anall'sis oI thc rcsults in Fig. .-

suggcsrcd that thc protilc oI anti-t{SP70 reacrivi-
rir-S displal,cd bl'the scra frorn patients s'i,

rni.rcd parasitosi5 u'áS contributcd mainiy b1'thc L.
b- brozitiensis infcction, and to a lcsser c-\teni bt'

rhc chro¡;ic T- cruzi inicctiorl. This h)'pothesis



scerncd valid bccausc chronic chagasic incli'iduals
showcd low or modcrare l.,'cls oI anri-Hsp70 reac-
tir.ity UZl, r+'hereas the Sera írom paticnrs u,irh
cspundia reactcd in(cnscll' u-irh rhe HSp70 rccom-
bi¡rant (l=ig- 4, sera f, g, h, i, ancl j)-

\\'c concludc that thc serologic pattern of rhc
mi-rcd infcctcd sera, sharing hunroral fcarures of-
both parasirosis, such as rhc posirir-e rcacrions ro
the T- cruzi recornbinanrs J L7 , J Lg, ancj J L5 (diag-
nostic oI T. cruzi infccrion), and rhe intense anri-
r IS P70 responsc (characreristic of mucocurancous
Icishmaniasis), ma), bc emptoy-ed ro complctc thc
clinical charactcrization of the paricnts u.irh ttlis
doublc infccrion.
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