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IDENTIFICATION OF M O N O C L O N A L  ANTIBODIES AGAINST THE 
TRYPOMASTIGOTE STAGE OF TRYPANOSOMA CRUZI BY USE OF 
IMINOBIOTINYLATED SURFACE POLYPEPTIDES 

CItRIS A. BEARD, RUTH A. W R I G H T S M A N  and JERRY I-. MANNING 

Department of Molecular Biolog), and Biochemistry, University of California, lrvine, #vine, CA 92717, U.S.A. 

(Received 4 February 1985; accepted 15 April 1985) 

I h e  surface polypeptides of  epimastigotes and tissue culture-derived trypomastigotes of  Trypanosoma 

cruzi have been isolated frcc of  most cytosolic components  by use of the 2-iminobiotin-avidin interaction. 

Polypeptides of the trypomastigote stage obtained by this technique arc recognized by serum antib~xtics 

from Chagasic patients and 72 cruzi-infected mice. These polypeptides have been used as the detecting 

antigen for the identification of hybridoma cells producing monoclonal antibodies against the surface 

proteins of  the trypomastigote stage of T. cruzi. These experiments document  a practical approach for 

obtaining T. cruzi surface proteins in sufficient quantity and purity for use in immunological studies. 

Key words: Trypanosoma cruzi: Cell surface proteins: lminobiotin-avidin affinity chromatography; Mono- 

clonal antibodies 

INTRODUCTION 

The parasitic protozoan Trypanosoma cruzi, the cause of  Chagas' disease in humans, 
has four distinct morphological  forms in its life cycle [1]. The epimastigote and the 
metacyclic trypomastigote are found in the insect vector. Trypomastigotes are found 
in the bloodstream of vertebrate hosts, while amastigotes live as intracellular parasites. 
Surface proteins of  these different stages have been defined with regard to their 
molecular weights and recognition by serum antibodies from infected hosts [2-9]. One 
goal of  these studies is the identification of  surface antigens as candidates for develop- 
ment of diagnostic tools and vaccines. 

The isolation of T. cruzi surface proteins is an obligatory step in assessing their 
effectiveness as immunogens for protection against infection. Two surface proteins of  

Abbreviations: BSA, bovine serum albumin; 1D-PA(iI-, one dimensional polyacrylamide gel electrophore- 

sis: IFA, indirect immunofluorescence; kDa, kilodalton; NEM, N-ethyl ma[eimide; M ,  molecular weight: 

NHS-iminobiotin,  N-hydroxysuccinimide ester of 2-iminobiotin: PBS. 0.02 M sCvdium phosphate, pH 7.4, 

0.9c~ sodium chloride: PMSF, phenylmcthylsulfonyl fluoride: PSG, 0.02 M sodium phosphate,  pH 7.4, 

0.gf~ sodium chloride, 1.0~)~ glucose: RIA, radioimmunoassay;  WGA,  '.,,'heat germ agglutinin. 
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apparent molecular weight (M~) 72 000 and 90 000 have been isolated from epimasti- 
gotes by monoclonal antibody [ 10] and lectin affinity chromatography [7], respective- 
ly. However, neither of these approaches provide a purified preparation of the entire 
set of  surface proteins present in a specific stage of the parasite. 

In an effort to obtain high yields of 7~ cruzi surface proteins, wc investigated thc 
method of iminobiotin-avidin affinity chromatography. This technique requires the 
covalent attachment of 2-iminobiotin specifically onto cell surface proteins and subse- 
quent retrieval of iminobiotinylatcd proteins by use of avidin affinity chromatogra-  

phy. This approach has been uscd successfully to isolate the surface proteins of human 
erythrocytes uncontaminated by cvtosolic components [11]. 

Here, we report the isolation of the surface proteins from the cpimastigotc and tissue 
culture-derived trypomastigote stages ofT. cruzi, and the use of these proteins to detect 
hybridoma cell lines producing monoclonal antibodies directed against trypomasti- 
gore surface proteins. 

MATERIAI,S AND METIIOL)S 

Parasites. Ii cruzi Peru strain [ 12] was used in all experiments. The parasite develop- 
mental form was determined by phase contrast microscopy of live cells and by staining 
as described [12]. Both epimastigotes and culture-form trypomastigotes were isolated 
to ~>95% purity as determined by the above criteria. 

Growth and isolation ofdevelopmentalJorms. Epimastigotes were grown at 28°C in 
modified HM [13]: 37 g 1 -~ brain heart infusion (Difco Lab., Detroit, MI), 2.5 mgl  t 
hemin, 10% heat-inactivated fetal calf serum. I,og phase cells were harvested by 
centrifugation and washed twice with cold PSG (0.02 M sodium phosphate, pH 7.4, 
0.9% NaCI, 1.0% glucose). Culture-form trypomastigotes were obtained from infected 
Va-13 cells as previously described [8,14]. 

lodination. Cell surface proteins were radiolabelcd with Na~2Sl by a modification [8] 
of the lodogen (Pierce Chemical Co., Rockford, IL) procedure of Markwell and Fox 
[ 15]. Protein A from Staphylococcus aureus (Sigma Chemical Co., St. Louis. MO) used 
in radioimmunoassays (RIA) was radiolabeled with Na~251 using the chloraminc I 
labeling procedure [ 16]. Specific activity of iodinatcd Protein A was 5 X l0 b cpm lag-t. 

[35S]Methionine labelling of parasites. Parasites ( l  X 10 7 cells ml -~) were resuspended 
in methionine-free medium containing 2% amino acid-depleted fetal calf serum, 50 lag 
ml -~ gcntamicin, 50 laCi ml -~ [3~S]mcthionine (1140 Ci mmol-t: New England Nuclear, 
Boston, MA), and incubated tor 3 h at 37°Cin a humidified, 5~'~ COz atmosphere. The 
cells were collected by centrifugation and washed three times with cold PSG. 
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Iminobiotination. 2-1minobiotin and the N-hydroxysuccinimide ester of2-iminobio- 
tin (NltS-iminobiotin) were synthesized as described [11]. NHS-iminobiotin was 

solubilized in dimethylformamide (8.5 ~tg la l-t) and reacted with the cell suspension 
( 10 ~° parasites ml -~ in PSG) at a final concentration of 35 lag per 10 s cells for 15 min at 
room temperature. By phase contrast microscopy cells remained intact and mobile 
during this period. The cells were washed twice in cold PSG, resuspended in 0.5-1.0 ml 
PSG, and the cell suspension adjusted to 1% Triton X-100, 1 mM phenylmethylsulfo- 
nyl tluoride (PMSF), and 1 mM N-ethyl maleimide (NEM). After a 10 rain incubation 

on ice, cell lysis was completed by 30 strokes in a Dounce homogenizer. Cell debris was 
removed by centrifugation of the lysate for 10 rain in an Eppendorf  microfuge. The 

supernatant was adjusted to 50 mM ammonium carbonate, pH 11.0, 1.0 M NaCI, 1 
mM PMSF, 1 mM NEM and immediately applied to an avidin-Sepharose column. 

Isolation off cell surface protein. Avidin-Sepharose 4B was prepared by covalent 
coupling of avidin to cyanogen bromide-activated Sepharose 4B at a concentration of 
7.5 mg avidin ml -~ of Sepharose 4B as described [17]. The binding capacity of the 
avidin-Sepharose was determined to be 2 mg protein ml -~ packed column volume as 

measured by retention of iminobiotin-labeled cytochrome c. 
Cell lysates of 1-2 X 10 t° parasites were applied to a 1.0 ml avidin affinity column 

equilibrated in 50 mM ammonium carbonate, pH 11.0, 1.0 M NaCI, 0.05% Triton 
X-100, 1 mM PMSF and 1 mM NEM. Thecolumn waswashcd with 5column volumes 

of equilibration buffer until both radioactivity and absorbency (measured at 280 nm) 
were observed to be background values. Bound proteins were eluted in 50 mM sodium 
acetate, pH 4.0, 1.0 M NaCI, 0.05% Triton X-100, 1 mM PMSF, and 1 mM NEM. 
Elution fractions (0.5 ml) were immediately adjusted to pH 6.8 by addition of 0.15 ml 
of 2.0 M Tris, pH 6.8, and the radioactivity and /or  absorbency at 280 nm was 
measured. Peak fractions were pooled, dialyzed against 30 mM Tris, pH 6.8,0.5 mM 
PMSF, 0.5 mM NEM, and used immediately or frozen a t -70°C with glycerol added to 
a final 10~ concentration. 

Polyacrylamide gel electrophoresis (PAGE). Samples were solubilized in 62.5 mM 
Tris, pH 6.8, 10% glycerol, 5 ~  13-mercaptoethanol, 2% sodium dodecyl sulfate (SDS), 
0.001% bromophenol  blue and subjected to one-dimensional PAGE ( ID-PAGE)  in 
1.5 mm slab gels according to Laemmli [18] with the following modification. The 
resolving gel was 10% acrylamide with 14% N, N'-diallyltartardiamide and the stacking 
gel was 4.5% acrylamide with 5% N,N'-diallyltartardiamide. 

Either nonradioactive molecular weight markers (Bio-Rad Laboratories, Rich- 
mond, CA) or ~4C-labelcd markers (New England Nuclear, Boston, MA) were includ- 
ed in the gels. Gels were stained with Coomassie Brilliant Blue R and prepared for 
autoradiography as previously described [8]. Gels containing ~SS-labeled proteins were 
treated with Enhance (New England Nuclear, Boston, MA) prior to fluorography. 
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l, ectin affinity chromatography. Binding studies were pc r fo rmed  using a 0.25 ml 

wheat  germ agglut inin ( W G A )  affini ty column equi l ib ra ted  with 20 co lumn w~lumes 

of  loading  buffer (30 mM Tris,  pEl 6.8, 0.15 M NaCI.  0. lC~'~ Tr i ton  X-100). Iminob io-  

t inyla ted (~5I) surface po lypep t ides  (1 X 10 ~' cpm)  ob ta ined  by e lect roelut ion were 

appl ied  to the co lumn in 100 lal o f  loading buffcr  and incubated  at 23°C for 15 min. The 

co lumn was washed with 2.5 ml loading  buffer  and  bound  po lypept ides  were cluted in 

load ing  buffer  con ta in ing  0.2 M N-acety l -g lucosamine .  Polypept ides  in thc eluate and 

bound  fract ions were d ia lyzed against  1 mM -l'ris, pH 6.8 and analyzed by 1 D - P A G E .  

Electroelution. Iminob io t iny la t ed  (t-'51) surface po lypcpt ides  were e lec t rophorcsed  

for 7 h at 2 mA in a 10.5 X 0.5 cm tubc gel. Protein bands  werc identif icd by count ing  

2-mm-thick  gel slices in a Beckman g a m m a  countcr .  Thc slicc(s) conta in ing  the desired 

protein  was re loaded i n t o a  gel tube over3  ml of  25 mM Tris basc, 192 mM glycine, and 

0.1% SDS and c lcc t rophorcscd  for 15 rnin at 10 mA. The protcin  so lu t ion  was then 

concen t ra tcd  using Aquac ide  (Ca lb iochcm-Bchr ing ,  San Diego, CA)  and analyzcd by 

I D - P A G E  to verify recover.,,' o f  the desired polypcpt idc .  

Sera. Sera from humans  infected with 7] cruzi were ob ta ined  f rom Dr. Kagan at the 

Centers for Disease Cont ro l  (At lan ta ,  GA) .  The serum from an Argen t in ian  ( ' hagas  

pat ient  (Chagas  A) had been shown to have a ti ter of  1:2000 using an indirect 

hemagglu t ina t ion  assay. 

Infected mouse sera were ob ta ined  from hybr id  (C57BL/6)<  DBA/2)v l  mice (B6D2 

strain,  J ackson  Labs,  Bar Harbo r ,  ME) which are resistant  to T. cruzi infection [ 19]. 

Mice infected with 10 ~ b loods t r eam t rypomas t igo te s  were bled by card iac  puncture  on 

day  20 of  infection. Blood was a l lowed to clot ,  then centr i fugcd at 1 500 rpm for 15 rain 

at 4 ° . All sera were s tored at -70°C.  

Radioimmunoassayprocedure. Wells o f p o l y v i n y l  chlor ide  micro t i te r  plates (Fa lcon)  

were coated  with 10 lag ml -~ of  iminob io t iny la t cd  surface po lypep t ides  dissolved in 50 

lal of  PBS (0.02 M sodium phospha te ,  pH 7.4, 0.9% NaC1). After  I h at room 

tempera tu re ,  this so lu t ion  was removed and add i t iona l  pro te in  b inding sites wcrc 

b locked  by the add i t i on  to each well of  250 p.l of PBS conta in ing  3% bovine serum 

a lbumin  (BSA) and 0.05% NAN,. The buffer  solut ion was removed  after  an incubat ion  

of  1 h at room tempera ture .  50 lal of  serum di luted with the above  buffer  were then 

added  to each well and the plates were incubated  overnight  at 4°C. The wells were then 

washed three t imes with PBS. A n t i b o d y  bound  to the immobi l ized  surface polypep-  

tides was detected by the add i t ion  of  1() ~ cpm k2~l-labeled Protein A to each well. After  a 

1 h incubat ion  at room tempera ture ,  the wells were washed with PBS, dried,  and 

coun ted  in a Beckman g a m m a  counter .  When mouse sera were tested, an addi t iona l  1 h 

incubat ion  with 50 lal per well of  a 10 -9 di lut ion of  rabbit  an t i -mouse  IgG (Ca lb iochem-  

Behring, San Diego,  CA)  in PBS conta in ing  3% BSA and 0.5~c NaN~ was per formed  

pr ior  to the add i t ion  of  the ~251-1abclcd Protein  A. 
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Production ofmonoclonalantibodies. Spleen cells used in fusions were obtained from 
B6D2 mice previously injected with 10 ~ bloodstream trypomastigotes. At week 4 or 

week 6 of infection, mice were boosted with an intraperitoneal injection of 10 ~ 
gluteraldehyde-fixed trypomastigotes. Three days later, the spleens were removed and 
used in fusions with SP2/0 Ag-14 myeloma cells using polyethylene glycol [20]. Cells 
were dispensed into microtiter tissue culture wells in 200 t, tl volumes containing R PM I 
1640 supplemented with 10% fetal bovine serum, aminopterin, hypoxanthine, and 
thymidine. To inhibit development or" parasites contained in spleen cells, allopurinol 
(50 IJg ml -*) was added to the culture media during the initial 10 days of  cell growth 
[21]. After 10 days, supernatants from wells containing growing clones were removed 
and screened by RIA for antibody production. Cells from positive wells were cloned by 
limiting dilution and rescreened. Cloned lines were expanded and ant,body was 
isolated from culture supernatants using ammonium sulfate precipitation and DE-52 
cellulose chromatography.  

Western blot analysis. Trypomastigotes derived from Va-13 tissue culture cells were 

harvested, washed in PBS, and pelleted. Total cellular proteins were solubilized in 
polyacrylamide gel sample buffer at a concentration of 109 cells ml-L Polypeptides 
were separated by I D-PAGE and transfcrred to nitrocellulose (PH 79 pore size 1.0 jam, 
Schleicher and Schuell, Inc., Keene, Nit)  for 18 h at 150 mA [22] using a Bio-Rad 
Trans-Blot cell (Bio-Rad, Richmond, CA). After transfer, the nitrocellulose was rinsed 
with distilled water and air-dried. Blots were then placed in blocking buffer containing 
10 mM Tris, pH 7.4, 0.9% saline, and 5.0% BSA for4  h at room temperature to block 
remaining protein binding sites. After blocking, the nitrocellulose was cut into strips 
containing individual lanes and incubated in monoclonal or polyclonal antibody 
diluted in blocking buffer containing 0.05c;~ Tween-20. Strips were incubated in the 
antibody solutions overnight at 4°C, washed, and reacted with ~2SI-labeled sheep 
anti-mouse IgG (Amersham, Arlington Heights, IL). Strips were washed, air-dried 
and exposed to X-ray film (XRP-5, Eastman Kodak, Co., Rochester, NY). 

Immunofluorescence. Indirect immunofluorescencc (IFA) was performed on air- 
dried, acetone-fixed smears of trypomastigotes suspended in PBS at an initial concen- 
tration of 5 × 106 cells ml-L Slides were incubated with antibody for 30 rain at room 
temperature in a humidified chamber and then washed with phosphate buffer. Slides 
were then incubated with FITC- or TRITC-labeled goat-anti-mouse IgG containing 
0.1% Evans blue (Miles, Naperville, II,), washed, air-dried, and mounted in 90% 
glycerol, 10% PBS. Immunofluorescence of live trypomastigotes was performed as 
described [23]. 

RESI;I,TS 

Isolation of surface proteins. For the interaction of 2-iminobiotinylated surface 
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proteins with immobilized avidin to represent a useful approach for the isolation ofT. 
cruzi surface proteins, several criteria must be met. in particular, some of the amino 
groups of the different surface proteins must be available for acylation by N HS-imino- 
biotin. Also, it must be possible to selectively retrieve the iminobiotinylated proteins 
uncontaminated by cytosolic proteins. Finally, if these proteins are to be useful in 
subsequent immunological studies, their reactivity with antibodies against T. cruzi 

must not be significantly impaired by the retrieval procedure. 
To determine whether this technique could provide selective retrieval of the surface 

polypeptides of two different stages of 7". cruzi, the surface polypeptides of epimasti- 
gotes and trypomastigotes were iodinated. The live parasites were then reacted with 
NHS-iminobiotin,  solubilized by treatment with Triton X-100and theiminobiotinylat- 
ed polypeptides were isolated by fractionation of the lysates on immobilized avidin. 
Greater  than 7()~:~ of the acid-precipitable radioactivity was retained by the avidin 
affinity column. As shown in Fig. 1, the electrophoretic patterns of t2~I-labeled surface 
polypeptides in the unfractionated lvsate and in the avidin bound fraction are qualita- 
tively identical, thus indicating that the major surface polypeptides of these two forms 
of  T. cruzi can be acylated by the NHS-iminobiotin and retrieved in high yield from a 
Triton X-100 lysate by avidin affinity chromatography.  

2 0 0 - -  

b 
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I - -  
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'~ 6 9 - -  
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Fig. 1. 1 D polyacrylamide gels of tr.~ pomastigole polypeptides (a-g). (a,b) h)dmated and iminobiotmylated 
surface polypeptides in whole cell lysale ( a )and  retrieved b.', avidm affinity chromatography (b). (c) 
Polypeptides in (b) not bound by WGA. (d) Polypeplides in (b) bound by W(IA. (c) ["SlMelhioninc-labeled 
polypeptides in whole cull lysalc. (f) [~S]Melhionine-labeled iminobiotinylated pol', peplides in (el retrieved 
by avidin affinity chromatograph~. (g) ("~omassie Blue stain of polypeptides in (~b). I I) pol,,acrylamide gel 
of I"Sl-iminobiotinylated epirnastigote polypeptides in ',~.hole cell lvsate (h) and retrie,.cd by avidin affinity, 

chromatography (i). 
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As observed by others [2-9], the major surface polypeptides o1" the trypomastigote 

are glycoproteins of 90 and 85 kDa. Since the avidin affinity purified trypomastigote 

surface proteins show a single broad band which spans a molecular weight range of 

83-102 kDa in the ID-PAGE (Fig. 1), we wished to determine whether these two 

polypcptides were present but not clearly resolved within this region of the gel. The 

83-102 kDa region of the gel was, therefore, excised and the polypeptidcs wcrc 
clcctroeluted. As shown in Fig. 2, 2D-PAGE of the polypeptides present in this region 

of the 1D gel shows at least two polypcptides ot"90 and 85 kDa, respectively. Since the 

85 kDa polypeptidc has been shown to bind WGA while the 90 kDa polypeptide shows 

no apparent affinity for this lectin [7,9], further evidence for the presence of at least two 
polypcptides in the 83-102 kDa band was provided by fractionation of the clcctroclut- 

cd polypcptidcs on a WGA affinity column. As shown in Fig. I, an 85 kDa polypcp- 

tide was selectively retained by the WGA column while a 90 kDa polypeptide was 

observed only in the column eluate. Second passage of the eluate on a WGA resulted in 

no further binding of the 85 kDa polypeptidc, suggesting that not all 85 kDa polypep- 

tide species have affinity for this lectin. This result does, however, indicate that the 

major surface polypcptides of 90 and 85 kDa can be biotinylatcd and retrieved by 

avidin affinity chromatography. 
To assess the contamination of the surface polypeptide fraction by cytosolic poly- 

pcptides, trypomastigotcs were labeled in vivo with [3~S]methioninc, reacted with 

NHS-iminobiotin, solubilized by treatment with Triton X-100 and the lysatc applied 
to an avidin affinity colurnn. Fluorograms of the total lysate and the polypeptides 

retrieved by the avidin column show that only a small number of the labeled cellular 

polypeptidcs arc specifically retained and subsequently eluted from the column (Fig. 
I). The molecular weight of the 3~S-labeled polypcptides retrieved by the avidin 

80 7.5 7.0 6.5 60 5.5 5.0 
I I I I I I I 

200 

- -  9 7 . 4  

- -  6 9  

- 4 6  

- 3 0  

Fig. 2. 2D polyacrylamide gel of ~2~l-iminobiotinylated trypomastigotc surface polypcptides retrieved b~, 
clcctroelution of polypcptides of 83-102 kDa. 
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column are identical to those polypeptides previously identified as surface components 
by use of Na~2~I or Na~3~I surface labeling techniques (Fig. 1 and refs. 5, 7, 8), with one 
exception. The polypeptide of 105 kDa present in the 35S-labeled surface polypeptide 
fraction is not clearly detected in the ~25I-labeled surface polypeptide fraction. 

It is likely that the polypeptides retrieved by avidin affinity chromatography repre- 
sent surface polypeptides and not cytosolic contaminants since the polypeptides 
showing the highest intensity of the 3SS-label in the total cellular lysate are either absent 
or only faintly visible in the surface polypeptide fraction, indicating that acylation of 
the cellular proteins bv NItS-iminobiotin is restricted primarily, and possibly exclu- 
sively, to thc surface polypeptides. That the surface polypeptide fraction contains few 
cytosolic protein contaminates is further suggested by the observation that omission of 

the iminobiotinylation step resulted in less than 0.01% of the ~sS-labeled polypeptides 
being retained by the avidin affinity column, while 6.3 + 2.4% of the ~SS-labeled and 
5.9 + 0 .8~ of the solubilized protein was specifically eluted from the avidin affinity 

column when the parasites were treated with NHS-iminobiotin. Also, Coomassie blue 
staining of a ID-PAGE profile of the proteins present in the avidin bound fraction 
shows a prominent band only in the 85-95 kDa region of the gel (Fig. 1). 

In addition to the prominent 90 and 85 kDa surface polypeptides, several minor 
surface polypeptides of  120, 100, 68, 60. 45-30 and 25 kDa have been identified 
previously [9]. To determine whether minor surface components are also present in the 

fraction enriched for surface polypeptides, a preparative amount (100 ~g) of affinity- 
purified ~251-1abeled trypomastigote surface polypeptides was analyzed by ID-PAGE.  
As shown in Fig. 3, several minor polypeptide bands at 130-150.6 I. 47.38 and 27 kl)a 

2 0 0 - -  
re~ 
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[-ig. 3. 1D polyacrylamid¢ gel of "-'~l-iminobiotmylatcd tr.vpomasligote surface polypcptidcs retrieved h.~ 

avidin affinity chromatography.  
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were observed. It is possible that these polypeptides are those previously identified by 
2D-PAGE analysis of surface iodinated trypomastigotes [9]. We cannot, however, 
provide definitive proof that these minor polypeptides are surface antigens since the 
possibility of labeling minor amounts of cvtosolic proteins due to lysis of small 
numbers of trypomastigotes during the period of surface labeling cannot be excluded. 

Since this technique is capable of providing surface polypeptides in sufficient yield 
and of sufficient purity for subsequent immunological studies, it was of particular 
interest to determine whether the iminobiotinylated polypeptides are recognized by 
serum antibodies from Chagasic patients. RIAs were performed using sera from 
Chagasic patients, hyperimmune mouse, normal mouse and normal human. As shown 
in Fig. 4, sera from the Chagasic patients and hyperimmune mouse react very strongly 
with the iminobiotinylated surface polypeptides. RIAs (data not shown) using ilaaino- 
biotinylated BSA showed no reaction with the test sera, thus eliminating the remote 
possibility that antibodies in the test sera recognize the iminobiotin ligand. 

Identification o/monoclonal antibodies directed against 7~ cruzi surface proteins. The 
results of the RIA suggested that the iminobiotinylated surface proteins may be useful 
in the selection of hybridoma cell lines producing monoclonal antibodies directed 
against the surface proteins of T. cruzi. Using trypomastigote surface proteins as the 
detecting antigen, 45 hybridomas producing antibodies against the antigen prepara- 
tion were detected by RIA. Of these, 22 hybridomas were cloned and 7.7.6, 5.2, 4.13, 

"9 
o 

-v 20 

E 

,<[  

~a 

"6 
a -  

I0 
__w 

40 160 640 2560 10240 40960 
Rec~pr0cal DLlul,0n 

Fig. 4. R IA  of sera from humans and mice infected with Z~ cru=i. Serial di lutions of human sera L'., Chagas 

Argentina; [3. Chagas Columbia: A normal human) or mouse scra ( -,, Tc-infc'cted mouse: e, normal n~ouse) 

were tested for reactivit~ with the iminoblot inylated surface proteins by RIA.  
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4.95, 4.97, 4.2, and 4.3, were selected for more extensive charactcrization. To dctcr- 

mine whether the antigens recognized by the monoclonal antibodies were accessible in 

intact trypomastigotes, the monoclonal antibodies were tested tor thcir ability to 

bind both acetone-fixed and live trypomastigotcs in an IFA. In the acetone-fixed 

trypomastigotcs a uniform pattern of fluorescence staining was observed ovcr the 

surfacc of thc parasite but not the flagellum. In live trypomastigotes patchy fluores- 

cence was observed over thc surface of the trypomastigotc, in contrast to polyclonal 

antibody obtained from T. cruzi-infcctcd micc whcrc fairly uniform staining over the 

entire surface of the parasite was observed. Controls using a myelorna IgG2b antibody 

preparation gavc negative results in both acetone-fixed and live trypomastigotcs. 

Based upon thc patterns of fluorescence observed in the IFA, no distinction bctwccn 
the different monoclonal antibodies could bc made. 

The trypomastigote polypcptidcs recognized by these monoclonal antibodies were 

identified by Western blotting using trypomastigotc lysatcs and partially purified 

monoclonal antibody. As shown in Fig. 5, the monoclonal antibodies recognizcd three 

different classes of polypeptides. Monoclonal antibodies 7.6 and 5.2 bind to a single 

polypcptidc of 68 kDa. This polypeptide is not observed as either a major polypcptidc 

(Fig. 1) or as a minor polypeptide (Fig. 3) in the surface antigen preparation. The 

possibility that this polypeptide represents a minor antigen cannot bc excluded, 

2 0 0 -  

I 0 0 _  
92.5 - 

6 9 -  

4 6 -  

3 0 -  

Fig. 5. Analysis of monoclonal antibodies reactive with 7. cruzi polypeptides by Western blot analysis. 
"I 'rypornastigotc total  cell lysatcs were ~,ub.jcctcd to SDS-I"AGE and the polypcpt idcs  wcrc t ransferred to 

ni t rocel lulose.  Ind iv idual  lanes were cut, incubated  with monoc lona l  an t ibody  and probed with t:~l-labcled 

sheep an t i -mouse  lgG.  The cont ro l  s t r ip  was incubated  with a mycloma lg ( i2b .  
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however, since its presence would be obscured by the broad protein band in the 69-115 
kDa region of the gel (Fig. 3). The monoclonal antibodies 4.13, 4.95, 4.97 and 4.2 react 

with an identical protein doublet. These proteins have M r values of 90 000 and 105 000. 
The 90 kDa band appears to be identical to the major 90 kDa polypeptide present in 
the iminobiotinylatcd t251-1abcled and 35S-labclcd surface polypeptidc fractions (Fig. 
1 ), while the 105 kDa band appears to be identical to the 105 kDa polypcptidc observed 
in the ~SS-labeled surface polypeptidc fraction. Wc do observe in some, but not all 
lysates, a polypeptide band of 150 kDa recognized by this group of monoclonal 

antibodies. Since this polypcptidc is transient in appearance, it cannot clearly be 
assigned as reactive with this group of antibodies, but it is worth noting that this 

polypeptide is only observed with this group of antibodies. A third class of molecules 
of 80, 76, 70, 54, 42, and 38 kDa were identified by antibody 4.3. Controls using a 

myeloma IgG2b antibody showed no reaction with any of the polypeptides recogni- 
zed by these monoclonal antibodies. 

DISCUSSION 

The data shown in Fig. 1 indicate that the iminobiotin-avidin interaction can be used 
to selectively retrieve the major and several minor surthce polypeptides of two different 
stages of T. cruzi. It is likely that the 90 and 85 kDa polypeptides identified as the major 
components  in the trypomastigote preparation represent the major trypomastigote 
surface antigens previously identified by others [2-9]. Likewise, thc minor polypep- 

tides of 150, 60 and 38 kDa are similar in M r value to minor trypomastigote surthce 
polypeptides identified by Andrews et al. [9], while the 27 kDa polypeptide present in 
Fig. 3 is probably the 25 kDa polypeptide described by Scharfstein et al. [24]. The 105 
kDa polypeptide identified in the [35S]methionine-labeled trypomastigote preparation 
(Fig. 1) may be the 100 kDa polypeptide recently identified in T. cruzi protection 
studies [25]. It is not evident to us why this polypeptide is not detected in the 
~251-1abeled polypeptide preparation and several possibilities are currently being inves- 
tigated. 

It should be noted that the method of study used by us will only detect surface poly- 
peptides that contain an exposed reactive primary amino group. It is possible, there- 
fore, that some surface polypeptides will be refractory to analysis by this method and 
that quantitative recovery of certain surface peptides may not accurately reflect their 
abundance in the parasite. As shown in Fig. 1, the relative intensity of  the ~25I-labeled 
surface polypeptides of epimastigotes in the avidin bound fraction is quantitatively 
different from that in the total cellular lysate. The polypeptides with higher M r values, 
particularly those of 80 and 61 kDa, are significantly increased in the retrieved fraction 
compared to their relative concentration in the total lysate. These differences may 
reflect either poorer retrieval of the lower molecular weight polypeptides or the 
different specificity of the two labeling techniques. Since the surface iodination proce- 
dure recognizes only exposed tyrosines, it is possible that the relative number of 
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reactive tyrosine and primary amino groups within these individual polypeptides are 
different and that quantitative detection and retrieval of  these polypeptides are 
dependent upon specificity of the surface labeling techniques. 

Several approaches have been used for generating monoclonal antibodies against 
various stages of T. cruzi [10,26-29]. Monoclonal antibodies which recognize the 
epimastigote, amastigote and trypomastigote forms of the parasite have been identi- 
lied. However, these studies have not identified monoclonal antibodies which react 
with surface antigens of either culture-derived or bloodstream trypomastigotes. Our 

approach to generating monoclonal antibodies to T. cruzitrypomastigotes involved the 
use of hybridoma cells obtained by fusions with spleen cells from infected mice and a 
preparation of iminobiotinylated trypomastigotc surface polypcptidcs as the detecting 
antigen. The choice of these polypcptides as antigens is based upon the observation 
that this preparation of surface polypcptides reacts in RIA with antibodies from both 

human and murine T. cruzi infections (Fig. 4) and that the 90 and 85 kDa polypeptides 
present in this preparation are immunoprecipitated by sera from Chagasic patients 

[30]. 
Using this approach seven hybridoma cell lines which wcrc positive by RIA wcrc 

analyzed by IFA and Western blotting techniqucs. All of the cell lines produced 
monoclonal antibodies which react by I FA with both acetone-fixcd and live trypomas- 
tigotes but did not react with other kinetoplastidia including Leishmania donovaniand 

Crithidiafasciculata (data not shown). Western blot analysis was cmployed to identify 
the trypomastigote antigen(s) recognizcd by these antibodies (Fig. 5). Two of the 
hybridoma cell lines, 7.6 and 5.2, produced monoclonal antibodies which reacted v,ith 
a singlc 68 kDa polypeptidc. Although wc have not observed a 68 kl)a surface 
polypeptide in this study, a trypomastigotc-spccific 68 kDa surface polypeptidc has 
been identified by Andrews ct al. 191. One monoclonal antibody, 4.3, reacted with six 
polypeptidcs of  80, 76, 70, 42, and 38 kDa while tour of the antibodies, 4.13.4.95, 4.97 
and 4.2, reacted with polypeptidcs of 105 and 90 kDa. The observation of multiple 
antigen bands suggests the presence of a common determinant shared by these 
polypcptides. Several explanations may account for multiple polypeptidcs sharing a 
common determinant including in vivo processing of higher molecular weight precur- 
sors, in vitro protcolysis, or disparate polypeptides possessing a common carbohy- 
drate determinant. Experiments to distinguish among these possibilities are in 
progress. 

These studies demonstrate that the iminobiotin-avidin interaction can be used to 
isolate the major surface polypeptides ofT. cruzi. Two different stages ofT. cruziwith 

different surface polypeptide components were used successfully, suggesting that the 
procedure should be applicable to other stages of T. cruzi and possibly other protozoan 
parasites in general. In addition, the iminobiotinylatcd polypeptidcs were immunolog- 
ically recognized by sera antibodies. Also, this technique provides st, rface polypep- 
tides in quantities sufficient for screening large numbers of hybridoma cell lines by 
standard RIA. 
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