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Biological Characterization of a -Galactosidase Expressing Clone
of Trypanosoma cruzi CL Strain
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Clone CL B5 ofTrypanosoma cruzis af-galactosidase expressing organism that was genetically transfected to
be used for in vitro pharmacological screening. Biological parameters were determined, evaluating growth kinetics
of epimastigotes, metacyclogenesis, infectivity to mammalian cell lines, parasitemia kinetics in mice and sensibility
to nifurtimox and benznidazole. Differences in relation to other strains and CL parental strain were found, the most
important being the incapability to produce death to mice in spite of the high inoculum used. However, it possesses
the required features to be used for in vitro drug screening. Data obtained demonstrate that heterog@neityzof
appears even among clones of the same strain, and that these differences found do not prevent the use of clone CL B5
for the purpose that was engineered.
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Trypanosoma cruzs the causative agent of Chagador the quantification oT. cruziparasites in drug screen-
disease, and it is estimated that this disease affects 16#i@ assaysT. cruzistrain CL parasites were genetically
million persons in South America, causing around 50,0C(hgineered to express tBscherichia coli3-galactosi-
deaths yearly (Kirchhoff 1994). In spite of the great effordase gendacZ This enzyme is able to catalyse a colori-
accomplished since the discovery of Chagas (1909), neetric reaction. The amount @@ galactosidase activity
definitive treatment has been achieved against this dis-directly proportional to the number of transfected para-
ease. There is a large number of publications concernisiges (clone CL B5). The efficiency of the assay facilitates
the research of new products with trypanocidal activitthe screening of a larger number of candidate compounds
(Stoppani 1999) and the study of pharmacological targedgainstT. cruzi(Buckner et al. 1996).
of this parasite (Werbovetz 2000). However, the only two Heterogeneity in relation to biological properties is a
drugs available for clinical use are nifurtimox ancpatent feature of. cruzi Parasite isolates express differ-
benznidazole, being the production of the first one dignces in growth rates, infectivity, tissue tropism, antigenic
continued at the moment (Croft et al. 1997). It is widelgomposition, virulence and mortality in animal models,
accepted that both products are effective in the acutasceptibility to immune sera and chemotherapeutic drugs
phase of the infection, but treatment of chronic Chagdandrade etal. 1975, 1985, Brener et al. 1976a, de Castro &
disease remains controversial, due to the fact that pdeirelles 1986, Melo & Brener 1978, Neal & van Bueren
tients treated with these compounds are not parasitoloB88, Rovai et al. 1990). To our knowledge an intensive
cally cured, as demonstrated by competitive PCR testlaracterization of the clone CL B5Tfcruzj concern-
(Braga et al. 2000). Moreover, both nifurtimox andng biological parameters, has not been done. For this
benznidazole produce severe side effects, which often le@dson the purpose of this work is the description of fea-
to an interruption of treatment (Castro & Diaz de Torranzares of this clone regarding growth kinetics of
1988). In this regard, it remains an open field of investiga&pimastigotes, metacyclogenesis in Grace medium, infec-
tion the search of new drugs without the undesirable sitigity in mammalian cells grown in vitro, susceptibility to
effects of the reference compounds and with the capaciference drugs and kinetics of mice infection. A study of
to promote a true parasitological cure. such nature is important for a better understanding of

Selection of new trypanocidal compounds by classthis clone’s behaviour, since it is being used for drug
cal methods implies the tedious work of microscopiscreening by research some groups worldwide (Buckner
counting (Martinez-Diaz et al. 2000, Muelas-Serrano et @t al. 2001) and biological differences between parental
2000, 2001). Development of new techniques to avoid tlstrain and clones have been previously reported (Zingales
labour-intensive microscopic counting are always wektal. 1997a).
come. Buckner et al. (1996) reported an efficient method MATERIALS AND METHODS

Parasites T. cruziclone CL B5 was kindly provided

by Dr F Buckner through Instituto Conmemorativo Gorgas

(Panama). (NMRI) mice were inoculated intra-peritoneally

with the clone. After exsanguination, blood was cultured
*Corresponding author. Fax: +34-1-394.1815. E-mailin glass tubes with 5 ml of LIT medium supplemented with
agbarrio@farm.ucm.es 10% heat-inactivated foetal calf serum (FCS). Two sub-
Received 3 January 2002 cultures were performed in this medium before biological
Accepted 8 August 2002 features were studied.




1102  Characterization of Clone CL B5 of T. cruzi * Ana Le-Senne et al.

Growth curves To determine growth kinetics, 5 ml of %AA = 100 x [1 — (no. amastigotes/100 M@, .4/ no.
epimastigotes suspension in LIT medium + 10% FCS amastigotes/100 M@, o)1
two different concentrations, 1@nd 5x10 par / ml, were RESULTS
maintained at 28°C. The concentration of the parasites
was counted in a haemocytometer chamber up to the 23rd Epimastigotes growth curve is shown in Fig. 1. Using
day in culture. This assay was performed four times afith inocula (1B and 5x18 parasites/ml) a growth peak
average and standard deviation values were calculatedver 14x16 epimastigotes/ml was reached, but this peak

Metacyclogenesis Metacyclogenesis was achievedoccurred 3 days later in experience with the lowest inocu-
by transformation of epimastigotes in modified Gracéum. Stationary phase started immediately thereafter and
medium (Osuna-Carrillo et al. 1979) supplemented witbulture density lowered to around 2fHpimastigotes/ml
10% FCS and haemin (Arévalo et al. 1985). Stationaifgr another 10 days. Transformation to metacyclic forms
phase axenic cultures of epimastigotes were collected Isyrepresented in Fig. 2. Percentage of epimastigotes de-
centrifugation and washed in fresh Grace medium. Eighteased up to a limit around 50%, at the same time per-
million epimastigotes/ml were seeded in 10 ml of mesentage of trypomastigotes increased reaching a maxi-
tacyclogenesis medium. Up to 23 days culture densitgum around day 16 of 39%, and that of intermediary forms
was determined in haemocytometer and the percentagé@ihained constant and around 5%.
different morphological types was calculated after micro- Tables | and Il show assays of infectivity to Vero fi-
scopic counting of Giemsa stained smears. broblasts and J774 macrophages, respectively. For Vero

Infectivity to cultured mammalian celsA non-pha- cells, the number of amastigotes/infected cell increases
gocytic cell line (Vero fibroblasts) and a phagocytic ongintil 96 h of incubation, thereafter new trypomastigotes
(3774 macrophages) were used to study infectivity. Vemre liberated and infect other host cells, thus increasing
fibroblasts were cultured in Minimum Essential Mediunsignificantly the number of amastigotes/100 cells after 168
+ 20% FCS and J774 macrophages in RPMI Medium k- of incubation. J774 macrophages are dramatically in-
20% FCS. In both cases 50,000 cells/well were seededfested, even with infection ratio of 1:1. When infection
sterile round coverslips placed on 24-well plates. The@tio is higher than 1:2, cells are so intensively infected
trypomastigotes were added in different quantities: (Apat they break after only 24 h of culture and free
50,000/well, (B) 100,000/well, (C) 250,000/well and (D)amastigotes can be observed. When using an infection
500,000/well. Culture medium was added to a final volumi@tio of 1:10, J774 macrophages are simply destroyed, thus
of 2 ml. Metacyclic trypomastigotes were allowed to in-
vade cells for 24 h, at 37 °C and 5% COoverslips were 16 -
fixed and stained with May Grinwald Giemsa after 24, 48,
72,96 and 168 h and percentage of infected cells, numbet
of amastigotes/100 cells and number of amastigotes/in-
fected cell were calculated by microscopic counting. Each
test was run in triplicates (Mendez et al. 1997).

In vivo infectivity- Infected blood was obtained from
anaesthetised donor-mice by intra-cardiac puncture and
diluted with non-infected blood yielding the desired num-
ber of bloodstream trypomastigotes. Three groups of 10 0
NMRI female mice were infected by intra-peritoneal injec- 0 5 10 15 20 25
tion of respectively 18 10* and 1@ bloodstream
trypoma§tigqtes. The level of parasitemia was check gg 1: in vitro growth curves of epimastigotes of clone CL B5 in
b_y co_untlng in a Neubauer chamber th_e num_ber of PANGT medium in different concentration®) 5 x 1 epimastigotes/
sites in 5 pl of blood drawn from the tail of mice and dim, (m) 10° epimastigotes/ml
luted 1:10 in ammonium chloride (Barr et al. 1995).

Susceptibility to chemotherapeutic agenfarasite
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sensibility to nifurtimox or benznidazole was assayed us- £
ing epimastigote cultures as previously described § 80 1 S
(Muelas-Serrano et al. 2000). Three drug concentrations = 3
were used: 100, 10 and 1 pg/ml. Assays were performed in % 60 7 2
triplicate. Percentage of anti-epimastigote activity was 3 40 §
calculated as follows: s =
. : £ 1
%EA = 100 x [1 — (no. epimastigotes/ml,.q/ NO- 5 20 s
epimastigotes/ml, o)l g0 z
Sensibility of intracellular amastigotes to reference 2 5 7 9 12 14 16 19 21 23

drugs was also tested. Assays were carried out as de- Days
fscr'be_d. n Muelas-Serrano etal. _(2001)- Due f[O the. h'%. 2: kinetics of morphological transformation of clone CL B5 in
infectivity of this clone, a mammalian cell-parasite ratio Ofodified Grace mediumm) percentage of epimastigotesh) per-

1:2 was used. Anti-amastigote activity was calculated agntage of trypomastigotes#) percentage of intermediary forms;
follows: (®) number of trypanosomes/ml
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counting is almost impossible. In the case of J774 celldays 12 and 15. No animal died during the experience and

reinfection occurs earlier than for Vero cells, 96 h aftguarasitemia was kept relatively low, reaching a maximum

first cell-parasite contact, as can be deduced by the imf10° trypomastigotes/ml of blood for the highest inocu-

portant decrease of percentage of non-infected cells aludh injected.

increase in number of amastigotes/100 macrophages.  Susceptibility to reference drugs is shown in Table Il1.
Parasitemia kinetics in NMRI mice is plotted in Fig. 3Both compounds reduce number of parasites at 100 and

As it can be observed infectivity peaks occur betweetD pg/ml significantly; activity at 1 pg/mlis unimportant.

TABLE |
Infection of vero fibroblast with metacyclic trypomastigotes of clone CL B5
Ratio Culture % vero cells infected No. ama/ No. ama/
hours 1-5ama/cell 6-10ama/cell 11-20ama/cell  >20ama/ cell inf. cell 100 cells
11 24 9.3+04 0.3+04 0 0 14+£0.1 158+ 3.2
48 10+1.4 1.3+x1.1 0.3+04 0 24+05 29.3+1.1
72 35+0.7 33+£25 1507 0.5+£0.7 7.1+09 6155
96 0 0.3x0.7 05%0.7 1 29.2+1.1 58 +18.4
168 123+ 2.5 3+0.7 43+18 55%£0.7 12+3.3 298.3+73.2
1.2 24 155+ 35 0 0 0 1.3 2055
48 153+0.4 1+£0.7 0 0 21+£0.2 33.5+£28
72 6.3+4 1.5+0.7 1.3+1.8 1+£0.7 7.9%+5.6 76.5 £50.2
96 0 1+£14 1 25+£0.7 241 +5 106.5+5.7
168 105+7.1 43+1.8 55+14 7.3+04 16.1+2.4 445.8 £ 23
1.5 24 27.3+04 1.3+04 0 0 1.9 548+1.1
48 25+1.4 1.5+£0.7 05+£0.7 0 2.3+0.2 62.8+8.1
72 8.3+10.3 3.5+£28 2.5 08x1.1 10.8 £8.7 109 £ 0.7
96 1.3+04 1.3+04 1+0.8 35+x14 241 +3 172.3+72.5
168 12+ 35 43+18 75+35 10.8+1.1 16.2 + 3.6 564 + 168.3
1:10 24 295+1.8 0.5 0 0 1.8+0.1 56.3+2.5
48 29.3+04 28+1.1 08+04 0 25+£0.3 748 +3.4
72 55+35 3+0.7 38+04 3.3+18 144 +54 217 £ 53
96 0 03x04 3507 38+1.1 27.1+4.3 210+£93.3
168 29.5+10.6 55 11 9+5 105+2.8 587.8 £122.9

ama: intracellular amastigotes

TABLE Il
Infection of J774 macrophages with metacyclic trypomastigotes of clone CL B5
Ratio Culture % Mcells infected No. amas/ No. amas/
hours 1-5amas/cell  6-10amas/cell 11-20 amas/cell >20amas/ cell inf. cell 100 cells
11 24 35.2+15 47 +0.9 09+05 0 3.2+0.2 130.1 £ 15.2
48 36.3+25 75+4.2 43+0.4 0.5 45+0.3 216.3 £ 23.7
72 335+21 12+1.4 35+14 25+0.7 6.2+1.2 2948 +42.1
96 43.3+4.6 25.3+3.2 13+3.5 6+21 79+04 690.8 + 1.8
a 168 255+7.1 35.3+3.9 25.8+3.2 11.8+6.7 11.2+2.1 1099.8 +194.1
1:2 24 35.8+3.6 13.4+25 48+1.7 0.4+0.5 5+0.9 264.6 £ 40.4
48 32.8+3.2 13.3+0.4 10+2.8 2 6.6 +0.2 384.5+57
72 35.3+1.1 17.3+4.6 6+0.7 43+32 7.2+15 446.8 + 81
a 96 43.8+1.8 23.3+1.1 11 +0.7 12.5 10.1+0.2 910.8 £ 13.8
a 168 145+5.7 275+21 31.6+14 25+2.1 15.2+0.4 1500.5 + 33.2
15 a 24 37.6+5.1 185+1.6 15,5+ 3.7 44+09 7.7+0.8 586.4 + 54.3
a 48 40.8+3.9 10+2.1 7+0.7 28+1.1 58+0.4 351 +12.7
a 72 43.5+2.38 123 +1.8 9.3+25 3+0.7 6.2+0.5 421.8+24.4
a 96 36 +8.5 25.5+2.8 16.8 £3.2 13+2.8 11.2+1.1 1024 + 97.6
a 168 6.3+25 14+7.8 305+7.8 46.5+21.2 25.9+8.1 2534.5+880.4
1:10 a,b 24 245+ 0.7 0.8+0.4 0 0 1.1 455+ 2.8
a,b 48 37.9+0.5 16.6 £+ 5.8 104 +£5.9 28+4 6.5+1.7 453.4 + 216.9
a,b 72 3712 20.1+5.8 15+0.7 16.7 £+ 3.8 11.6+0.5 1038.2+129.6
a,b 96 459+15 16.8 +10.4 16.1 +6.6 6.8+4.7 8.9 763.5+95.5
a,b 168 48 +12.7 12.3+3.2 11.8+6 16.8+7.4 14.8 + 3.5 1320 + 364.2

ama: intracellular amastigotes; a: there are some free amastigotes and broken macrophages; b: destroyed cell cultomigeA low nu
of cells with cytoplasm
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25 - the value of 20 x fepimastigotes/ml is maintained. Dif-

8 ferentiation indices to metacyclic forms in Grace’s me-
2> 20 dium were up to 40%. Differentiation is slow, starting after
§ =15 9 days of incubation at 28°C and reaching a peak at day
S = 16. Percentage of metacyclic forms is similar to that of the
£3 101 parental strain but is reached after 16 days instead of 7-10
g§= days (Zingales et al. 1997a).
% 5 - As other CL clones, amastigote to trypomastigote dif-
§ ferentiation takes place at 37 °C (Zingales et al. 1997a),
[ 01 contrasting to the CL parental strain requirement of 33 °C

0 10 20 30 40 (Brener et al. 1976b). Our data indicate that clone CL B5 is

Days able to penetrate phagocytic and non-phagocytic cells

Fig. 3: parasitemia kinetics curve, with different inocula of bloog€fficiently when compared to other strains (Zingales et al_-
stream trypomastigotes() 10° parasites; M) 10* parasites; ¢) 1997a, Martinez-Diaz et al. 2001). On the other hand, if
10° parasites phagocytic cells are to be used as host mammalian cells in
drug screening assays, a cell-parasite ratio of 1:2, instead

TABLE IlI of 1:10 (Muelas et al. 2001) is recommended, since at higher

ratios host cell destruction is observed.

In vitro assays with reference drugs, informs us that

both epimastigotes and intra-cellular amastigotes are not

Susceptibility to reference drugs of epimastigotes and
intracellular amastigotes

Drug (ug/ml) 100 10 1 resistant to nifurtimox and benznidazole, as occurs in the
% inhibition of epimastigotes case of CL strain (Zingales et al. 1997D).
Nifurtimox 100 6.5 £5.0 2302 2.4 The main biological difference observed in clone CL

Benznidazole 100 96+28 0 B5 i_n relation to CL §train isits Ic_)wer infectivity to m-ice. .
While parental strain causes high levels of parasitemia
% inhibition of intracellular amastigotes and 100% of mortality in Balb/C mice following the i.p.
Nifurtimox 90.1+2.2 84.64+3.2 41.0+1.4 inoculation of 5 x 18 bloodstream forms (Zingales et al.
Benznidazole 92.842.6 58.31+3.8 16.5+9.11997b), clone CL B5 infection produces no deaths in NMRI
mice, even following an infection with $®loodstream
trypomastigotes.

In spite of the low in vivo infectivity of this clone, this
extensive biological characterization demonstrated that
DISCUSSION clone CL B5 has the important features required for in
vitro drug screening, since it grows adequately in liquid
medium as epimastigotes, it differentiates and infects dif-

i festandgdiff tiation in liquid medi inf ferent cell lines intensively and it is susceptible to refer-
atoma intestansdifierentiation in iquid medium, INteC- oy grygs. After all, this clone has been engineered for

tion to cell monolayers with has preferent_ial parasitism 9h vitro assays, so mice infectivity is not a necessary char-
heart and muscle cells. It presents defined paras'te"%l'@teristic '
ute '

curves and mortality in mice, and shows a clear ac
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