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SHORT COMMUNICATION

Trypanosoma cruzi: Establishment of Permeable Cells for RNA
Processing Analysis with Drugs

DL Ambrésio™™, CF Barbosa, VF Vianna***, RMB Cicarelli*

Departamento de Ciéncias Biol 6gi cas, Faculdade de Ciéncias Farmacéuticas, Unesp, Rod. Araraguara-Jai km 1,
14801-902 Araraquara, SP, Brasil

Pre-mRNA maturation in trypanosomatids occurs through a process called trans-splicing which involves exci-
sion of introns and union of exons in two independent transcripts. For the first time, we present the standardization
of Trypanosoma cruzi permeable cells (Y strain) as a model for trans-splicing study of mRNAs in trypanosomes,
following by RNase protection reaction, which localizes the SL exon and intron. This trans-splicing reaction in
vitrowasalso used to analyze the influence of NFOH-121, a nitrofur azone-derivative, on this mechanism. Theresults
suggested that the prodrug affects the RNA processing in these parasites, but the trans-splicing reaction still

occurred.
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In the process of preemRNA maturation, known as
splicing, theintrons (non-coding regions of polypeptides)
areremoved from primary transcripts and the exons (cod-
ing regions) joined to form a contiguous sequence speci-
fying afunctional polypeptide. It was observed that the
process is dependent on ribonucleoproteins, small mol-
ecules of RNA binding proteinswith different formsand
sizes, assembling a macromolecular complex called the
spliceosome, where the maturation reaction takes place
(Leningher et a. 1995). In trypanosomes, all theRNAsare
processed by amechanism different from that in mammals
(cis-splicing) called trans-splicing, aprocessthat involves
the union of the exons in two independent transcripts.
However, in recent studiesit was observed that cis-splic-
ing can also occur in the gene PAP (poly-A polymerase)
of Trypanosoma brucei and T. cruz, suggesting that both
trans and cis-splicing, occur in these parasites, with a
predominance of trans-splicing (Mair et al. 2000).

The SL RNA or miniexonisaprimary transcript syn-
thesized independently of pre-mRNA and trans-spliced
inall nuclear mMRNA. The majority of mMRNASis synthe-
sized aspolycistronic precursors (Agabian 1990). T. brucei
SL RNA contains an unusual cap structure consisting of
7-methylguanosine linked to four modified nucleosides.
This modification of trypanosomatid SL sequence might
berequired for thefunction of the SL RNA intrans-splic-
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ing and the mMRNA during translation (Ullu & Tschudi
1991).

Our preliminary results of trans-splicing in vitro with
nuclear extracts of T. cruzi epimastigote forms and a-
tubulina as a synthetic pre-mRNA demonstrated that the
processing of pre-mRNA could also occur without living
cells, but the use of this reaction as a model of trans-
splicing study becomes highly difficult on the reproduc-
ibility and time consuming to evaluate molecules which
can intervene direct or indirectly in trans-splicing in try-
panosomes (Viannaet a. 2001).

As described by Ullu and Tschudi (1990), T. brucei
cellscan betreated with lysolecithin that makesthe para-
sites permeable to triphosphate and radioactive nucle-
otides, aswell asother small molecules, and were ableto
synthesizethe mMRNASs. For confirmation of the reaction,
the RNase protection using a transcript containing
antisense sequence to SL RNA was used as a probe, fol-
lowed by enzymatic treatment with RNases A and T1,
which degraded non-hybrid mRNAs and allowed the lo-
calization of SL exon and intron, respectively.

In our experiments using T. cruz Y strain (Silva &
Nussenzweig 1953), 1.25 x 108 epimastigotes forms (expo-
nential growth phase in LIT medium and 28°C) were
washed and resuspended in TB [1X] solution (20 mM
KGlu, 3mM MgCl,, 1mM DTT, 10 pg/ml Leupeptin) and
treated with different concentrations (25, 50, 100, 200 ug)
of L-a-lysophosphatidylcholine and palmitoyl (Lysoleci-
thin, Sigma). To initiate the transcription/trans-splicing
reaction, a mixture of reagents with the following final
concentrationswas added: 2 mM ATP(Gibco BRL), 1 mM
GTP(GibcoBRL), 1mM CTP(GibcoBRL),[0,5X] TB, 0,6
mg/ml creatinekinase (Roche), 25 mM creatine phosphate
(Sigma) and 500 Ci/ml [a-32P] UTP (Amershan Bio-
sciences). After the incubation at 28°C, aliquots were re-
moved at different times (time-course) and the parasites
immediately lysed with Trizol (Life Technologies), the
RNAsrecovered after chloroform extraction, precipitated
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with isopropanol and resuspended in 50% formamide/5X
SET solution (50% formamide, 3M NaCl, 20mM EDTA pH
8.0, 0.6M Tris-HCI pH 8.0), followed by electrophoresis
on a10% polyacrylamide- 7M ureagel and reveal ed after
1-day exposure at —80°C in autoradiography.

The reaction was incubated for different times and
amounts of lysolecithin to check the best time for maxi-
mum transcription without degrading the recently formed
MRNAS. Fig. 1 presentsthe resultswith T. cruz Y strain
incubated for different times (0, 5, 10, 20 min), using differ-
ent amounts of lysolecithin (25, 50, 100, 200 pg/1.25x108
parasites). We observed that the production of RNAswas
increased when the lysol ecithin concentration was raised
up 100 pg/1.25x108 parasites. No bands were seen with
200 pg (datanot shown), since ahigh number of poreson
the membrane should promote | ost of cell integrity. From
these results, 100 pg of lysolecithin was chosen as the
optimal amount for our experiments. Thesefindingswere
in accordance with those observed in T. brucei (Ullu &
Tschudi 1990).

25 pg
MW 05 M D5

SV g L0 g

1 20 man

20 o 5

l J-_.

Fig 1: time-course of Trypanosoma cruz (Y strain) permesble cells
reaction using different concentrations of lysolecithin. RNAs elec-
trophoresed on a 10% polyacrylamide - 7M urea gel and detected
by autoradi ograghy. Molecular weight: pBR322 digested with Mspl
labelled with [32P]-dCTP. The arrows indicate the newly synthe-
sized RNAs.

To confirm the trans-splicing reaction, the RNase pro-
tection procedure was done using the same probe de-
scribed by Ullu and Tschudi (1990) [a complementary
antisense segquence to the region of the 7 to 105 nt of SL
RNA of T. cruzi Y strain (5'- CGCTATTATTGATACA
GTTTCTGTACTATATTGGTACGCGAAGCTTCCAA
CCCCCTCTGGCGGTTATGTTTGGGCAATTTCTTTT
GACCGGGGTCG-3') clonedin pBSvector]. Thelinear-
ized plasmid (EcoRI-digested) was used in a cold tran-
scriptionreactioninvitrousing T3 RNA polymerase (USB)
and 200 ng of antisense-SL RNA in 50% formamide/5X
SET solution wasincubated for 15 min at 80°C, for RNA

denaturation, followed by the addition of 2 ul of tran-
scription/trans-splicing reaction with permeable cells
(RNAS), repeating theincubation at 80°C and then at 37°C
for 16-18 h. After the addition of the solution containing
RNAses[300 mM NaCl, 10 mM Tris-HCI pH 7.5, 5 mM
EDTA, 20 pg/ml RNase A (Amersham Biosciences), 5 U/
ml RNase T1 (Gibco BRL)], the mixture wasincubated for
1 honice, which promoted single-strand RNA degrada-
tion, allowing then the localization of SL exon and intron
inthe preparations. The RNA hybridswere extracted with
phenol/chloroform/isoamylalcohol (25:24:1, v/v), precipi-
tated with 20 pg/ml glycogen and 100% ethanol (2.5vol.)
and the pellets were resuspended in formamide buffer to
be electrophoresed on a 10% polyacrylamide gel - 7M
urea followed by autoradiography (after exposition of 7
days at —80°C).

Fig. 2 showed the reaction carried out with T. cruzi Y
strain permeable cells incubated for different periods of
time (5, 10, 20, 30 min); 20 min of incubation was chosen
as standard time because there was no degradation of the
newly formed RNAs (Figs 1, 2). This period was longer
than that described in trans-splicing reaction with T. brucel
(7 min) (Ullu & Tschudi 1990). One possible explanation
for this difference of time reaction is the heterogeneity
interspecies among these parasites. We also could iden-
tify the bands that represent the methylated and non-
methylated SL RNA, and the SL intron, as indicated by
the symbolsin the figure. According to Ullu and Tschudi
(1990), methylation of the SL RNA 5'end isageneral re-
quirement for trans-splicing activity of trypanosomatid
SL RNAsS, the presence of adouble-band (methylated and
non-methylated) and SL intron in the experiment (Fig. 2,
as indicated) confirms the evidence of trans-splicing re-
action.

The use of S-adenosyl-L-homocysteine (Ado-Hcy)
inhibits trans-splicing reaction by competitive inhibition
of S-adenosyl-L-methionine (Ado-Met) mediated 5" end
methylation reactions and it allows the analysis of the
methylation asarulefor trans-splicing reaction. Its addi-
tion (5 mM) in the transcription/trans-splicing reaction
mix, following by RNase protection as described before, it
allowed the localization of methylated-SL exon + SL in-
tron. Fig. 3 presents the results in the presence (lanes 4
and 6) and the absence (lanes 1 and 3) of Ado-Hcy, re-
spectively. Controls without probe were also included in
thereaction (lanes 2 and 5).

All together the data demonstrate that standardiza-
tion of trans-splicing reaction with T. cruz epimastigote
forms (Y strain) permeable cells facilitates the study of
RNA processing in these trypanosomatids and can be
used as amodel of study drug activity on trans-splicing
mechanism.

The nitrofuranes are compounds with the capacity to
inhibit trypanotiona reductase, an important enzyme in-
volved in the antioxidant metabolism of T. cruzi. With
intention to devel op more selective drugs, with low toxic-
ity and more specific targets, areciprocal prodrug of ni-
trofurazone, the hydroxymethylnitrofurazone (NFOH-
121), was devel oped and showed higher trypanocidal ac-
tivity than nitrofurazone and benznidazol in all stages
(Chung 2003).
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Fig 2: RNAse protection experiments with Trypanosoma cruzi Y strain, electrophoresed on a 10% polyacrylamide - 7M urea gel and
detected by autoradiography. The times of incubation of the reactions are indicated in the figure, in the presence (+) and the absence (-)
of SL antisense probe. The bands correspondent to SL exon + SL intron methylated, non-methylated and SL intron are indicated in the
figure by the symbols and arrows. The molecular weight in nucleotides (nt) is indicated in the figure; m’G: 7-methylguanosine.
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Fig 3: permeable cells and protection with RNases of Trypanosoma cruzi Y strain using S-adenosyl-L-homocysteine (Ado-Hcy). Reaction
of permeable cells in the absence (lane 3) and the presence (lane 6) of Ado-Hcy; reaction of protection with RNases in the absence (lane
1) and the presence (lane 4) of Ado-Hcy; RNase controls in the absence of SL antisense probe (lanes 2 and 5). The bands correspondent
to SL exon + SL intron methylated, non-methylated and SL intron are indicated in the figure by the symbols. The arrow indicates the
referrin% band to SL exon + SL intron methylated and SL intron (lane 1) and the absence (lane 4). MW: pBR322 digested with Mspl labelled
with [32P]-dCTP. m’G: 7-methylguanosine.
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Fig 4: RNase protection reaction with Trypanosoma cruz Y strain using NFOH-121 and electrophoresed on a 10% polyacrylamide - 7M
urea gel and detected by autoradiography. The concentrations of NFOH-121 are indicated in the figure. The bands correspondent to SL
exon + SL intron methylated, non-methylated and SL intron are indicated in the figure by the symbols and arrows; control with no NFOH-
121 (A) and RNase control in the absence of SL antisense probe (B) are indicated. The molecular weight in nucleotides (nt) is indicated in

the figure; m’G: 7-methylguanosine.

In order to analyse the drug activity in the T. cruz
RNA processing, NFOH-121 (hydroxymethylnitrofura-
zone) was added to the mixture of reagents in different
final concentrations: 6.6, 13.2 and 26.4 mM. Asshownin
Fig. 4, the bands were decreased when higher concentra-
tions were used suggesting that the drug can affect the
RNA processing in these parasites. However, the pres-
ence of double band (SL RNA methylation) shows that
evenif thedrug interferesin mMRNA processing, thetrans-
splicing reaction still occurs. This would mean that the
drug activity was prominent at level of the mRNA pro-
cessing in these parasites and maybe by interfering in the
transcription rate. Further studies have been done by the
lab in thisissue.
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