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SUMMARY 

Analytical acrylamide-gel electrophoresis of T. cruzi soluble extracts, strains 
Y and Brasil, displayed 11 and 12 bands respectively. Staining of the gels with 
basic Fuchsin has shown the presence of glycoproteins in all extracts. Non-so
nicated Y strain extract showed a stronger staining with basic Fuchsin than 
sonicated Y and Brasil strain extracts. Immunoelectrophoresis of the extracts, 
using rabbit and human antibodies, showed differences in the shape and position 
of ares developed by the 2 types of immunesera. 

INTRODUCTION 

Triais to elucidafo the antigenic compo
,sition of T. cruzi are not very numerous in 
the literature and were · rnainly concerned 
with the ability of the antigen ( s) due to their 
chemical composition to give rise in immuni
zed animais to antibodies which would react 
in différent serological tests. Thus, FIFE & 
KENT 7, studied protein and polysaccharide 
T. cruzi fractions which were able to react 
with complement-fixing antibodies, and GON
ÇALVES & YAMAHA 8

, isolated from T. cruzi 
a polysaccharide which was also able to give 
positive cornplement-fixation tests with sera 
frorn Chagas' disease patients. Double dif
fusion techniques were used to establish 
immunotaxanomic relationships between se
vera! strains of T. cruzi (NussENZWEIG et 
al. 14

; GoNZALEZ-CAPP A & KAGAN 9
), among 

seveq1l trypanosomes including T. cruzi (BE
NEX et al. 3

), betwee11 T. cruzi and L. tropica 
(DUPOUEY & MARÉCHAL 5 ), AFCHAIN & 
CAPRON 1, showed 19 precipitatin ares corres-

ponding to 19 soluble antigens m T. cruzi 
extracts, Tehuantepec stram, by means of 
immunoelectrophoresis, using rabbit anti-T. 
cruzi serum. 

Chemical studies concerning T. cruzi were 
clone by WrLLIAMSON & DESOWITZ 21, while 
studying · severa! strains of trypanosomes, 
mainly African ones, TARRANT et al. 20, des
cribed the chemical composition of T. cruzi 
exoantigen considering it to be a glycoprotein 
with antigenic activity, and GONÇALVES & 
Y AMAHA 8, were able to elucida te the com
position of the polysaccharide obtained from 
aqueous T. cruzi extracts. 

ln this paper we have tried to study the 
chemical composition of 2 strains of T. cruzi 
by means of analytical polyacrylamide-gel 
electrophoresis in order to search for differ
ences which could be useful in the dis
tinction between such strains and to verify 
the precipitation patterns of T. cruzi antigens 
in • relation to human and rabbit antibodies. 
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MATER[AL ANO METHOD$ 

ln l'itro grown 1'. cru::.i epimast igot<'¾ 
::ilraius Y (PEni-:rnA J)A Srr.v,, & '\!ess•~NZ4 

w~,c ") and Brasil (H,usHK,1 et ai.ª) wcre 
uscd. A(tcr 8 days g rowth in LIT culturc 
mcdiuiu · ( F t:1\'VA~llES & ÜSrl.H.J,...\ "H G) lht· 
para~itcs wf'rc WIL~lH:d 3 t i.tr,es in saline 
(O.15M NaCI) anel lyophilize<I. 

Solu.b/e extract - One gr;m of dry p ara• 
::iÍICs wctc plac('d jn a morla r wilh 1 ml of 
salinc and {1i~per$(><1. Thc :;luny wns placcd 
i1\ a S<'parntioo f111111cl 10 which 5 mi o( anhi4 

.Jrous ether wa.5 added and shaken vigorous
ly íor 30 seconds. Aher 5 minutes the c lhcr 
ín,clion wtts <kcantc·cl unà lhl.' prot·cdure rc
pcatcd 011cc 1nor('. Tbc parasitc-s WNC sus
pcndcd in 5 mi oí :1.aline and ron ic·a1e(l Lwicc 
iu a Sonic; DismemhraLor (Quigley-Hoc:hester, 
Jnc.) in an icc-bath for 4 minutes with a 
rctit pcriod of 5 mümtcs hctwern ~nlCatio,1s. 
extracled OV<!rnigb t a t 4-0c, spun do\yn a t 
6,000 g/15 min/4• C ancl ú,e supcrnataut 
,;oncenlrateil in d ry suc rosc folloWt'd h)' dia 
ly~is agaiust saline·. P rolcin <:ontei,t was as
s~yed l>y mcans o( tb~ hiur<·L rl"'..age-nt (COK
~AL L ct aJ. 1º) u~ing ln1man 4 ~lobul ins as 
slaudnrd, determined hy the K je hldahl m f•. 

thod. 

No11~s01,icate,l solul,le exime/, - Prot<'tfurn 
samt~ as aho\'et cx<.:cpt that 1hc p ara.11,itt~ wac 
not ~on icaled. 

A 1u.sly1.ical' pOlJ'(1<:1'yfomi<k-gel elect.roplw4 

rest~<: - F.lectrophor~is wa.c:. canieJ ouL fo a 
Canaloo Moclel 1200 accord ing to Ü AVlS. 

1964, 4 wi1·h slight modificatiou j u sampling 
gel. 

Souicatcd Y and R rasil i:: train::, cxlracls hacl 
hvtli a prol<:in concentrntion of 17 mg/ml 
aud nou-so1tica1Cd Y •strains extTac·t had a 
pro1cin conccntration of 9 mg/ml. 

Oue cli-op ( a pproximatcly O. 05 mi ) o [ 
sample was itclded Lo O. 20 mi of a 1.:6 ac ,·y
lamide-hisacrylamide so)ution. Ali sample.s 
werc r nn simultaneou~ly ms to huvc comp ara
J,lc m igration in ali lubes. Each tuhe ww; 
sul.HniUecl to 4 mA until l he xing of Rrmuo4 

p lwuol Bluc reach,,d the hollom of it. 

A flt'·r declrophorcsis :-:ample-..s w<-re s taioed 
hhw íor prolci11s with Amido lllack 10 J.l, 
purplc for glycoprolcins wilh basi<: Fuclt~in 

(ZACAltJ US et al. " ), blue for acicl muc11po
lysaccha ridcs wilh T oluidine nluc O ( l{ i::~
NF.RT 18) an<I b lack for lipoproleins with Su• 
dan Black B (P,u,: rt al. ") . As standarcls, 
1,m·c::hloric acid 4 precipitatcd 110rl'ot1I rn bbiL 
scrum was uséd íor g lyc:oprotc~in:; (\r11\Z· 
J.i:;R ' " ), blood g roup subsLance ATl ( Cr-nt.-aJ 
Lahora lory o( t lw Du!th Rcd Cross) for mu
copo]ysaccharides aod normal rnhhil ticrum 
for lipoproteins. 

Tmm1ut0decltophort-Sis - Polyacrylan1idc 
gels were placcd on mi<:roscopc :5-li {k:-:. Onc 
per cent agar in phosphatc J,uffcreJ MI im: 
pH 7 . 2 was p ipetted over anel aromHI thc 
gels as LO obtain a 3 mm Lbick layer. Afle r 
geli1icalion, 2 parallc-1 lroug hs Wl't e cul und 
rabbit anli 4 T. cru!i scrum (Y :-;1 1·ai n) wa.s 
put jn one and huu;an gamma globulin from 

1 . - .. 

F ig. 1 - Gel CICcl roJ)horeitis - P)'Ote!n stain in~ 
Oert to rlght) 1 - soni<'nled Y strnln cxt t'üct. 
(standar<I cxtr i.\Ct aL 20 mg/ m l) ; 2 - sonlcatQll 

Y -$lraln extrac t!J (17 rng/ml) ; 3- non 4 ~onicated );' 
strnln extrnt t; 4 - .sonicalcd nrasil atra in exu·act. 
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s.tm.1 of chronic Chagas' discasc patients in 
lhe othcr. Caruma glolJUlin was 2 . 5 times 
)J)orc concentnHcd tban thc-: serum, ,\•hich 
sliowccl posi1ive li tcrs for anti-T. cru::.i .uHi
bodicS jn p revious immunofluorc15ce-nce anel 
licmuggl uLination te~ts. l)i rr usion was a llow
t!cl to proccccl in a rnoist drnmbcr at room 
IC)llf>Cl'a tu rc until p reópitiu a res wcre dcve
l<t})(~d v1ith human gamma glollulin (7 days) . 

JtESULTS 

l - Electroplwresis 

L. l Proteins - Son icnlcd :i.ncl non-soni<-a
tt-d Y-strain (•xtrathi showtcl 11 protein 
band• (f.ig. 1 tuhes 2 a11d 3) . Sonicatccl 
B rasil tilroi11 rxl ract clisplayec1 thc samc n um-

i,~ig. 2 - Gel ClC<'trophonJslS - LiPOpr-Oloin s lain• 
lng (lert lu ri,thl) 1 - norm al rnbbil scrum; 
2 - son tcalcd Y .slrain cxtract; 3 - non-Wni
càled Y s lraln cxtracl; 4 - sonlc:nted Brasil 

strnin cxtracl. 
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ber a11d posilioning of bands p lus onc hancl 
o f rne<lium mobiliLy (f.ig . l tuhe nnml,cr '],). 

l. 2 Lipopro1dns - Sonicated Y-sti·aiu 
cxlract showec1 2 bands, Onc of them, of fast 
mobiJLLy was a]so ~howu in non•l:ioni1.:atcd 
Y-strain and Brasil slrain extrart.s. Th~ ~c~
oon<l ba ,1d, o f medlum mohility appearecl 
cnly in sonicate"d Y stra iu e::xlracl (F.ig. 2) . 

1. 3 Acicl 111ucopa/ys<1cclwrides - Tn ali 
(!XlrHcts at the ahovc-meutioncd oonc;entrations 
only onc Iast moving h an<l wa.s observed 
(Fig. 3) . 

l.<l Glycoproteins - Iu ali c.xttocls lhcre 
was devclopment o[ colored rcart ions for g l y
coprotcins. Al the abovc-men liooed <:01H;cn

trations, 1101H;on.icatcd Y strain and Brasil 
strain exttacls ~howe<l l!lrougcr staining for 

-

Fig. 3 - G{)I Oli!ctrophore.sis - A<:id muwpol r• 
l)ã('cht\l'ides .$luining (l('ft lo right) l - b lood 
RrOUJ> s ub.$tnneo AB; 2 - sonici\tctl Y l)l.raln 1 
cxtrnct; 3 - non-1':onicated Y str-din éxtract; 

4 - son1<"at('(I lka.sll stratn extract. 
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g lycoprote-in~ lhan tltc sonicated Y sl rain 
orn·, a lthroug h all :1 shO\\'l'<l lh(• &1.mé exlent 
vf liund migration (Fig. 4) . 

2 - lmuwn.oel,•ctropluJ('r'sis - Souicaled Y 
:;ln1in <·xl rnt:t showcd 3 prnc-ipi lin a r<:l'J wilh 
ral,hit s;crum. clistrihul< .. ·cl throng ho ul gd 
ll'nµth . Human gamma glohulin show<:d 2 
p rcdpitin ares (Fig. 5a) . 

No1M=.on it:uted Y strain cxtrad ::how"d 2 
precipilin ares with rublJit :-wrum .anel 3 with 
l,unrnn gamma g lohuli n 2 of whl("}1 displayt~tl 
total id,•11t ity ( f ig. 5b). 

Son i<:al•·cl Bratiil :;lrnin extract ~howcd 2 
prceipitio ar<·s wilh l'ahlút scnnn and 4 wjth 
hunwll ga nuua globulin . of which 2 showe<l 
pa r1 ial i•le1Hi 1y ( Fig. Se): 

Fig. •l - Gel electro1>huresis - Clycoprotein 
l'! l-tilnlng ocn. H> r lgl'lt.) 1 - normal rabbit ~rum; 
2 - sonh·nL-cd \' s lr~h, ~xtra('l; 3 - 1,on-son1 .. 
cutcd Y strnin ext1·açt; 4 - sonlcatecl BrasH 

.sl.rain exln1<;t:. 

Fig. 5 o 

---------- ,--..__ 

Fig. 5b 

Fig. 5 c 

- + 
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- + 
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Fig. 5n - Dnmunoclcctrophoresls - SOnkatcd 
Y-s\rnl.n extraçt. U1>1:>ér trough : Rabblt antl•T. 
v nc;::i .serum. ) .. owc1· ttough h umnn gamma g Jv· 
liUlln. Fiíl. Sb - lmmuno<'lectr-OJ)horcsts - Non• 

::iontcnlcd Y-st1·ain exl,ract. Upper t rough: Rabbi t 
antl-T. crtu:l serum. Lower. tro\Jal\: Human gam
ma gtobulln. Fig. 5c - Tmmunoc1cc1roph<Jre~is 
- Sonl<:aLcd Brà.sll•stn\in extract. VPJ)el' t,.ough: 
Rabbit antl-T. cru.:ii sérUln. Lower tro ugh: gamnw. 

glObulin. 

DISCUSSION 

Non•sonk ate<l Y straiu cxka<:l showed 
cqual number anel po~itiou of staíncd buu1..l::1 
as wdl as intensity of stainiug w11en com
pare(] with the souicated one. Since thcso 
2 diffored in p rotein concent r1-11ion as 8$.."ll)'Cd 
hy the biuret rengeut~ this seems to indicate 
tlrnt prole in conteut o{ the pata.site was rca
<lily solub1e anel clisruption of the membrane 
wus uot ne<:cssary to remove them f rom the 
parasitic body. On the 01her han<I, thc l1i
ghcr proleh1 content sccn in sonicatcd Y 
st rain e.xtract cou1cl he only apptu·cnt anel 
due to substances able to reduec t oppcr in 
the biuret r<-agent, pl'Cs<:ul i n the cylopJasm 
oi the flagd lnlc or associated to cytoplasmics 
orgunellcs, freed alter disruplion of tl,e 
memhranc but not protcic in <:ompo~jlion, 
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which would account for the higher biuret 
measurement in the sonicated extract. 

ÜSTMAN et al. 1
·
6

, have found 23 protein 
stained bands in polyacrylamide-gel electro
phoresis of T. cruzí (Peru strain). These 
findings were difficult to correlate with ours 
since the Authors did not mention protein 
concentration of the samples or the dye used 
to stain them. If one assumes that sample 
concentration was the sarne as in the present 
paper, this would suggest that the Peru strain 
possesses a more complex protein composition 
than Y and Brasil strains. However, since Y 
and Peru strains belong to group A trypano
somes (NussENZWEIG & GoBLE 13

) a greater 
chemical diversity would be expected between 
Y and Brasil ( which belongs to group B) 
than between group A strains as it is the case. 
But, as already reported in the present paper 
sonicated Y and Brasil strains extracts did 
not differ except for one band when stained 
for proteins with Amido Black 10 B. ln our 
laboratory a non-delipidized sonicated T. cru
zi (Y strain) extract at a protein concentra
tion of 12 mg/ml showed essentially the sarne 
number of bands as the previous ones (soni
cated and non-sonicated T. cruzi extracts) 
except for a higher diffuse background stain
ing throughout gel length. 

Acid mucopolysaccharides - Although po• 
lysaccharides precipitated at the interfase 
between ether and saline and were decanted 
together with the ether fraction not all of 
them were removed from the slurry as shown 
by a fast moving band stained by Toluidine 
Blue O in all extracts. Sonicated extracts 
showed stronger staining than non-sonicated 
ones but this could be due to differences in 
concentration between extracts. 

Glycoproteins - Non-sonicated Y strain 
cxtract showed stronger staining with basic 
Fuchsin than sonicated Y strain extract al
though the first was 2/3 less concentrated 
than the latter. Sonicated Brasil strain ex
tract showed also stronger staining for gly
coproteins than sonicated Y strain extract at 
the sarne concentration. T ARRANT et al. 20 

found that T. cruzi exoantigens contained 1 :2 
to 1 :2. 5 sugar to protein ratio in antigens 
exhibiting greater serologic activity as mea
sured by C-fixation tests. 
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Glycoproteins are found in cell membranes 
and are normal constituents of tissues such 
as heart, aorta, liver, striated muscle, spleen, 
brain (SHIBATA & NAGASAWA 19

) and kidney 
glomerular membrane (MISRA 12

). Antigens 
chemically identified as glycoproteins have 
recently been implicated in the pathogenesis 
of nephrotoxic nephritis (SHIBATA & NAGA
SAWA 19

). In view of these findings and be
cause of the high glycoprotein content of 
T. cruzi extracts it seems that further studies 

· are necessary to try to elucidate the possible 
role of glycoproteins in the pathogenesis of 
Chagas' disease. 

Lipoproteins - These substances were still 
present · in all extracts. Differences in the 
intensity of staining of the fast moving band 
between sonicated and non-sonicated ones 
could be due to protein concentration. 

lmmunoelectrophoresís Serum from 
chronic Chagas' disease patients is a poot 
source of antibodies as opposed to serum 
from hyperimmune animals as far as preci
pitin reactions are concerned. Human anti
bodies could be directed towards antigenic 
determinants different from the ones present
ed to rabbit's immune system, or the amount 
of secreted human antibody is small, making 
difficult its detection by means of conven
tional techniques. This second hypothesis was 
in part confirmed by AFCHAIN et al. 2

, who 
showed by immunoelectrophoresis that 9 
precipitin ares could be observed in the chro
nic stage of the disease, with 3 times con
centrated human serum. 

Results from the present paper indicated 
that the first hypothesis was also involved. 
The ares developed by rabbit antibodies differ
ed in shape from the ones developed by 
human gamma globulin as far as total or 
partial identity reactions were concerned and 
were very noticeable in. ares developed with 
gamma globulin with non-sonicated Y and 
sonicated Brasil strains extracts, whereas in 
antigens, from the sarne extracts, precipita
ted by rabbit antibodies no such kind of 
reactions were observed. Comparison between 
such ares when using as antigen, sonicated 
Y strain extract illustrates this point very 
clearly: precipitation by rabbit antibodies 
was initiated and terminated at a more ano-

. dic position than by human antibodies, so 
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much so, that the corresponding human anti
hodies' are displayed non-identity reaction 
with the next are. 

Differences in the amount ( or affinity) of 
antihodies present in human and rahhit anti
sera were relevant since in took 7 days for 
the ares produced hy human antihodies to 
became visible as opposed to 2 days for 
rabbit antibodies. 

RESUMO 

Eletroforese analítica em gel de poliacrilarnida 
de extratos aqzwsos de Trypanosoma cruzi. 
I - Investigação química e imunológica 
sobre componentes antigénicos das cepas Y e 

Brasil. 

Eletroforese analítica em gel de poliacri
lamida de extratos solúveis de T. cruzi, cepas 
Y e Brasil, mostrou a presença de 11 e 12 
bandas protéicas respectivamente em extra
tos sonicados e não-sonicados. Coloração do 
gel com Fucsina básica evidenciou a presen
ça de glicoproteínas em todos os tipos de 
extratos com predominância, porém, naquele 
não-sonicado da cepa · Y. 

lmunoeletroforese dos extratos, usando an
ticorpos de coelho e humano mostrou dife
renças na forma e posição dos arcos desen
volvidos pelos dois tipos de imunesoro. 
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