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Abstract

Trypanosoma cruzi, the protozoan parasite that causes Chagas disease in humans, has a complex
life cycle that promotes survival in disparate environments. In each environment the parasite must
fine-tune its metabolic pathways to divide and multiply. In the absence of recognizable
transcriptional gene regulation, it is apparent that protein levels are determined by post-
transcriptional mechanisms. Post-transcriptional gene control is influenced by RNA-binding
proteins that target mRNAs in the cell’s cytoplasm. To initiate the study of post-transcriptional
activities in 7. cruzi, we studied this organism’s ortholog of RBP42, a trypanosomal RNA-binding
protein. RBP42 was originally detected in 7rypanosoma brucei and was shown to target a subset
of mRNASs that encode proteins governing central-carbon metabolism. 7. cruzi RBP42 structurally
resembles 7. brucei RBP42, sharing an NTF2 domain at its amino terminus and a single RNA-
binding domain (specifically, the RNA recognition motif, or RRM), at its carboxy terminus. A
phylogenetic analysis reveals that an NTF2 and a single RRM are distinguishing features of all
RBP42 orthologs within the broad kinetoplastid grouping. 7. cruzi RBP42 is expressed in all life
cycle stages of the parasite as determined by immunoblot and immunofluorescence microscopy. In
each case the protein is localized to the cytoplasm, indicating a role for 7. cruzi RBP42 in post-
transcriptional activities in all stages of the parasite life cycle. We speculate that RBP42 influences
the dynamic metabolic pathways responsible for parasite infection and transmission.
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INTRODUCTION

American trypanosomes, protozoan parasites that cause Chagas disease in humans, have a
complex life cycle that requires morphological and metabolic changes controlled by
complex gene expression programs (Jimenez 2014). In the absence of regulated
transcription, trypanosome gene expression is regulated mainly at the post-transcriptional
level (Araujo and Teixeira 2011). Post-transcriptional processes include mRNA maturation,
localization, translation and decay.

RNA-binding proteins are key players in post-transcriptional events because they can
coordinate translation of related mRNAs, much the way that DNA-binding proteins
coordinate expression of related DNA sequences. Specific mMRNAs can be grouped into
RNA regulons, which encode functionally related proteins and rely on specific sets of RNA-
binding proteins for their coordinated expression (Blackinton and Keene 2014; Keene 2007).
Our work on the mRNA-binding protein RBP42 in the African trypanosome, 7rypanosoma
brucei, and work on other 7. brucef mRNA-binding proteins including PUF9, suggests that
RNA regulon networks are essential to these single-cell organisms (Archer et al. 2009; Das
et al. 2015; Das et al. 2012; Kolev et al. 2014).

African and American trypanosomes are closely related organisms in terms of their genetic
structure (El-Sayed et al. 2005). Their protein-coding genes are transcribed as multi-gene
precursor mMRNASs that mature into translatable mRNAs by the action of a very large
collection of enzymes that separate and then stabilize individual protein coding molecules in
the nucleus. mMRNAs migrate to the cytoplasm where cytoplasmic mRNA-binding proteins
direct and regulate their translation. Genomic and proteomic characterization of African and
American trypanosomes reveal a common set of RNA-binding proteins that share not only
their RNA-binding domains, but additional motifs that suggest, at least, similar functions for
the RNA-binding proteins in the genetically similar, but clinically distinct, parasites
(Romaniuk et al. 2016). Therefore, the function of specific proteins within the regulon may
be phylogenetically conserved and possibly exploited for pharmaceutical intervention in the
treatment of both 7. cruziand T. brucei.

The metabolically distinct forms of 7. cruz/ define the parasite’s life cycle stage and reflect
its host environment (Tonelli et al. 2011). Parasites multiply as epimastigote forms in the
midgut of 7riatomine bugs, which serve as the insect vector for the parasite. Nutrient
depletion leads to a metacyclogenesis (i.e., transformation into metacyclics) and parasite
migration to the bug’s hindgut. Human infection occurs when the bug’s feces, laden with
parasites, enter the body through skin-breaks or mucous membranes. 7riatomines defecate
on the skin and metacyclic parasites are rubbed or scratched into the bite wound. Other
modes of transmission include oral ingestion of food contaminated with parasites or blood
transfusion (Bonney 2014). Trypomastigotes enter human cells and multiply in the cell
cytoplasm as amastigotes. Amastigotes fill their host cell cytoplasm and prepare to invade
additional host cells by converting into trypomastigotes, which can survive extracellularly in
the human host and insect’s blood meal.
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T. brucei RBP42 is an essential protein in procyclic and bloodstream form parasites growing
in culture, is located predominately in the parasite cytoplasm, near the ER and is associated
with polysomes, suggesting a role for RBP42 in either mRNA translation, localization or
stability. RBP42’s role as an important mRNA-binding protein is evidenced by our findings
that the protein targets the coding region of mMRNASs translated into proteins central to energy
metabolism in the parasite form residing in its insect vector, G/lossinaflies (Das et al. 2012).
Moreover, recent work from our laboratory shows that the protein profiles of many central
carbon metabolism proteins are disrupted when bloodstream form parasites are depleted for
RBP42 (our unpublished work). Finally, an exciting new study of 7. brucei infection in the
mouse model reveals that parasites residing the fat tissue of the mice have an increase in
RBP42 mRNA compared to the parasites coursing through the bloodstream (Trindade et al.
2016).

These observations led us to investigate the expression and subcellular localization of
RBP42 in 7. cruzi. We were successful in epitope tagging and stably expressing the entire
RBP42-encoding gene sequence in transgenic epimastigotes. The exogenous copy of RBP42
did not impair life cycle progression of epimastigotes, as the transgenic parasites were able
to undergo metacyclogenesis and infect mammalian host cells. We show that RBP42 is
produced all stages of the 7. cruzilife cycle, indicating that post-transcriptional protein-
MRNA interactions may contribute to the induction of quiescent and replicative states of the
parasite’s life cycle. Therefore, further studies investigating the role of RBP42 in the
metabolic changes during the 7. cruzilife cycle may yield novel approaches in combating
infection. Finally, our findings support a broad and possibly dynamic role for RBP42 in
trypanosomatid biology.

MATERIALS AND METHODS

Trypanosome strains

Wild-type 7. cruzi (Y strain) epimastigotes were grown in liver infusion tryptose (LIT)
(Camargo 1964) medium, supplemented with 10% heat inactivated fetal bovine serum (FBS)
at 27°C in a humidified chamber containing 5% CO». The parasites were a kind gift from
Silvia Moreno, at the University of Georgia. Metacyclic parasites were enriched by adding
10% fresh horse serum to stationary phase epimastigote cultures. Trypomastigotes and
amastigotes were maintained in Vero and LLC-MK2 cells. Host cell lines were grown in
DMEM supplemented with 10% FBS in a 37°C humidified chamber containing 5% CO,.
Tc42 transgenic parasites contain an amino-terminal Ty1-tagged RBP42 followed by a G418
marker (neomycin resistance gene) inserted into a genomic ribosomal locus. TcGFP
transgenic parasites contain a GFP followed by a G418 marker similarly inserted into a
ribosomal locus. The transgenes were maintained in epimastigotes in LIT containing 120
pg/mL G418.

Plasmid constructions and transfections

7. cruzi RBP42 (Y strain) was amplified from genomic DNA using PCR primers
corresponding to the termini of the TcCLB.509167.140 RBP42 coding region. Sequencing
the Y strain-derived RBP42 gene indicated that it differed in 9 amino acid positions from the
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published TcCLB RBP42 gene. The sequence comparison is shown in Figure S1. An amino-
terminal Tyl tag was added to the RBP42 sequence by generating a PCR fragment encoding
tandem Ty1 epitopes (EVHTNQDPLD), separated by a GT spacer, in which the first copy
was preceded by an M in-frame with the natural second amino acid (L) of RBP42. Ty1-
RBP42 was inserted between the Xbal and Hindlll sites in the polylinker region of pTREX
(Vazquez and Levin 1999. pTREX, a kind gift from Huan Huang, is derived from
pRIBOTEX {Martinez-Calvillo, 1997 #1712). Cloning was done using the In-Fusion™
system (Clontech). Escherichia coli containing pTREX-GFP was a gift from Silvia Moreno
(DaRocha et al. 2004). All plasmids used for transfections were prepared in our laboratory
and quality control was done by direct DNA sequencing. The molecular weight of Ty1-
RBP42 is 44 kDa. The untagged protein is 41.5 kDa.

Each construct was separately transfected into parasites using AMAXA Nuclefector™ II,
program X-001, and the human T-cell Nuclefector™ kit (Lonza). Transfections were done
using 100 pl of parasites (1x1078/mL) obtained from a log-phase culture (1x1077/mL) and
10 ug of plasmid DNA. Limiting dilution was used to generate two representative clonal cell
lines, named Tc42 and TcGFP, which were used in the study. Parasites are described
genetically in Table S1 and were selected in LIT and G418 (120 pg/mL). Transgenic
organisms were obtained after 5-6 weeks of incubation.

Antibodies and Western analysis

Host cells

Monoclonal anti-Ty1 antibody was purchased from Sloan Kettering Cancer Center (Bastin et
al. 1996). Anti-RBP42 antibodies were generated in rabbits inoculated with recombinant 7.
brucei RBP42 (Das et al. 2012). Expression of RBP42 was determined by Western blot
analysis of whole cell extracts prepared from parasites. Microscopic examination was
initially used to assess purity of a particular life cycle stage in each sample; Stages were
confirmed by characteristic positioning of nuclei and kinetoplastid in confocal microscopy.
Protein extracts from 2 x1076 cells, prepared by boiling in SDS-sample buffer, were
separated on 10% PAGE-SDS and analyzed by immunoblotting using the ECLTM kit from
Pierce. Anti-tubulin antibody was from Abcam.

LLC-MK2 rhesus monkey kidney cells were obtained from ATCC, and cultured in DMEM
medium with 10% FBS. Vero cells were from Silvia Moreno, at the University of Georgia.
Vero cells were treated with 35 Gy gamma radiation to halt cell division. Neonatal rat

cardiomyocytes were the gift of Maha Abdellatiff, at Rutgers-New Jersey Medical School.

Metacyclogenesis and host cell infections

Epimastigote cultures were aged to late log-phase growth (1x1078/mL). Cultures (2 mL)
were pelleted, resuspended in DMEM, and then used to infect \ero cells for 48 hrs in T-75
flasks, to produce intracellular amastigotes. Cultures were washed 3xwith PBS and media
was replaced with DMEM plus 10% fresh horse serum. After one week, the complement
components in the horse serum had killed all epimastigotes. The trypomastigotes produced
from the intracellular amastigotes where collected and used for analysis and for future
infection experiments.
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Immunofluorescence microscopy of epimastigotes and trypomastigotes

Mid-log phase Tc42 and TcGFP epimastigotes were washed twice with cold PBS and fixed
with 4% paraformaldehyde (PFA) in PBS for 20 min at room temperature. Fixed cells were
then washed twice with PBS and resuspended at 5x106 cells/mL in cold PBS. 200 pL of
cells were spotted in the center of a pap-pen ring on poly-L-lysine coated slides and allowed
to adhere for 20 min. Attached parasites were permeabilized with 0.2% Triton-X in PBS for
10 min and washed on-slide 5xwith PBS. Fixed and permeabilized cells were blocked 1 h
with 3% BSA, 10% goat serum in PBS and incubated 1 h at 37°C in primary antibody
(monoclonal mouse a-Tyl, 1 ug/mL in 3% BSA in PBS). Isotype controls were blocked and
incubated with mouse 1gG at 1 pg/mL under the same conditions. Slides were washed with
PBS (10 min, 5 times) and incubated in secondary antibody (Alexa Fluor® 594 a-mouse,
1:3000 in 3% BSA\) for 1 h at 37°C. Parasites were then washed (10 min, 5 times) with PBS
and mounted using Prolong® Gold Antifade Mountant with DAPI. Cells were imaged on a
Nikon A1R confocal microscope.

IFA of amastigotes

LLC-MK2 cells were seeded on 22x22 mm coverslips in 6 well plates and infected with
Tc42, TcGFP, or both transgenic trypomastigotes. Four days post-infection cells were
washed once with PBS and fixed with 4% PFA in PBS at 4°C for 4 hr. Cells were then
washed 6x10 min with PBS and permeabilized 20 min with 0.2% Triton-X in PBS and
washed (5 min, 3 times). Fixed and permeabilized cells were blocked overnight at 4°C and
incubated in primary antibody (monoclonal mouse a-Ty1, 1 ug/mL; mouse 1gG, 1 pg/mL)
for 48 h at 4°C. Cells were then washed (10 min, 5 times) with PBS and incubated in
secondary antibody (Alexa Fluor® 594 a-mouse, 1:3000; Alexa Fluor® 680 Phalloidin,
according to manufacturer’s protocol) for 1.5 h. Parasites were washed (10 min, 5 times)
with PBS and mounted using Prolong® Gold Antifade Mountant with DAPI. Cells were
imaged on a Nikon A1R confocal microscope.

Protein alignments

RBP42 alignments were performed using Clustal Omega (Goujon et al. 2010; Sievers et al.
2011)Sievers et al. 2011) and prepared in GeneDoc (Nicholas et al. 1997).

RESULTS AND DISCUSSION

We began our study of the RNA-binding protein RBP42 in 7. cruziby cloning and
sequencing the homolog of RBP42 that is present in the Y strain, as the Y strain is
extensively used for molecular genetic analysis of 7. cruzi gene expression (Lander et al.
2015). Moreover, this strain progresses through the complete 7. cruzilife cycle in culture,
including intracellular amastigote development. Using the published CI Brener RBP42
sequence, we amplified the Y strain RBP42 using PCR primers derived from the first four
and last four amino acids present at the amino and carboxy terminal sequences of Cl Brener
RBP42. As expected, the Y strain RBP42 is extremely homologous, but not identical, to the
Cl Brener RBP42 protein. The comparison between the two is shown in Figure S1. We
established the conserved domain structure among all kinetoplastid RBP42 proteins by
generating an extensive sequence comparison (Figure 1). RBP42s share two striking
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features: an NTF2 domain and a single RRM domain. Using this information in our ClI
Brener and Y strain comparison, we observe that of the 11 total amino acid differences,
three are charge-conserved amino acid differences, and nine are non-conserved. The nine
non-conserved amino acid differences predominately lie outside of the conserved NTF2 and
RRM domains. Specifically, six are in the disordered region and two of the remaining three
differences are in hyper-variant positions (Figure 1). As Chagas disease is caused by several
different strains of 7. cruz/ (Bern 2015; Rassi et al. 2010), differences in protein sequences
may contribute to different courses of infection.

The conservation of both the NTF2 and RRM domains in RBP42 orthologs across diverse
groups of trypanosomatidae indicates that this two-domain modular structure, linked by a
flexible region, is a central feature of this protein. Although an NTF2 domain is usually
associated with nuclear-cytoplasmic transport, recent structural work demonstrated that an
NTF2-like domain contributes to RNA binding when it is linked to an RRM in mRNA
binding protein Mex67 in budding yeast (Aibara et al. 2015; Hieronymus and Silver 2003).
Interestingly, in the case of both the Mex67 and RBP42 proteins, their RRMs are possibly
weak version of RRMs, as MEX67 lacks the typical RNP1 and RNP2 motifs and RBP42
lacks the RNP2 and typical beta-subfold that initiates the Bappap fold characteristic of
RRMs. Taken together, these observations suggest that RBP42 may use both its RRM and
NTF2 domains for binding of target MRNAs identified in our ThORBP42 study (Das et al.
2012). As Th927.11.6440, a hypothetical RNA binding protein, may interact with RBP42 in
7. brucei, it is further possible that a heterocomplex makes RNA-binding contacts via the
various protein domains (Gazestani et al. 2017).

Our bioinformatic analysis revealed that trypanosome RBP42 is widely dispersed through
multiple species of these flagellated protozoa. RBP42 is found in parasites from all three
groups of human disease-causing parasites, namely American Trypanosomes (7. cruzi),
African trypanosomes (7. vivax, T. brucei) and Leishmania (L. braziliensi, L. donovani and
L. tropicd). In addition, in the case of 7. bruceiand 7. cruzi, phosphoproteomic analysis
reveals that there are phosphorylated forms of RBP42, although the dynamic patterns of
these modifications are unknown (Marchini et al. 2011; Nett et al. 2009; Urbaniak et al.
2013). We identified RBP42 sequences in the digenetic trypanosomatids within the
Endotrypanum genus (E. monterogeii strain LV88). RBP42 has been maintained in
Trypanosomatida that reside exclusively in insects (Crithidia fasciculate, Leptomonas
seymourf) and plants (Phytomonas sp. isolate Hart). Finally, we observed that even the
presence of an endosymbiont bacteria, which occurs in Angomonas deanei, did not eliminate
the apparent need for RBP42 in trypanosomes.

To assess the subcellular localization of RBP42 in epimastigotes, the form that can be
transfected with transgenes, we developed a cell line that contained an exogenous and
homologous copy of RBP42 that was tagged with the small, non-obtrusive Tyl-epitope tag.
To not interfere with the RNA-binding potential of the exogenous protein, we placed the
Tyl-tag in-frame at the amino terminus of RBP42. Thus, the carboxy-terminal RRM was
likely unperturbed. As a control, we produced a GFP-reporter transgenic cell line, using the
identical pTREX expression vector and G418-selection plasmid that was used to generate
the Ty1-RBP42 cell line. The plasmid components that drove the transgenic genes in the
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Tc42 and TcGFP parasites are diagramed in Figure 2, panel A. Parasites containing Ty1-
RBP42 exhibited a normal growth phenotype (Figure 2, panel B). We determined the
specificity of the anti-Ty1 antibody and the expression of the RBP42 transgene using
Western blot analysis (Figure 2, panel C). As expected, anti-Ty1 antibody selectively
detected the Ty1-RBP42 protein and did not cross-hybridize with any other proteins in the
parasites that were constitutively expressed or induced as a result of the pTREX backbone
plasmid or drug selection scheme. As an additional control, we determined the expression
levels of RBP42 in the Tc42 cell line by Western blot analysis. Anti-RBP42 antibody,
produced in rabbits challenged with recombinant 7. brucei RBP42 protein, recognizes 7.
cruzi RBP42 less well than it recognizes 7. brucei RBP42, as expected since the proteins are
highly similar but not identical. Using our heterologous antibody we were able to detect
endogenous RBP42 in wild-type and transgenic 7. cruziepimastigotes via Western blot
analysis. RBP42 appears as a single band in this analysis, although it is likely that there are
post-translationally modified forms of the protein in some trypanosomatids (Figure 3, panel
A) (Urbaniak et al. 2013). Tc42 parasites contain two distinct RBP42 proteins, an
endogenous protein and the one derived from the Tyl-tagged RBP42 transgene.
Interestingly, Tyl-tagged RBP42 expression levels are comparable with endogenous RBP42
levels in the Tc42 cells.

Using established methods, we were able to generate metacyclic parasites from the Tc42
epimastigotes that were able to infect mammalian cells. The infected mammalian cells,
whether they were LLC-MK?2 or Vero cells, supported the transformation of metacyclics into
amastigotes that eventually filled the host cell cytoplasm. Amastigotes differentiated into
trypomastigotes and were released from host cells. The released trypomastigotes were able
to continue the infection cycle by infecting new mammalian host cells. We assayed for
RBP42 expression in these life cycle stages using Western blot analysis (Figure 3, panel B)
and immunofluorescent imaging (Figures 4 and 5). Western blot analysis demonstrated that
RBP42 is expressed throughout the 7. cruzilife cycle in wild-type parasites. The cross-
hybridizing proteins in the epimastigote and amastigote samples likely indicate
proteolytically clipped protein; thus, the relative amounts of RBP42 in each life cycle stage,
as well as any potentially different post-translational modifications, can be assessed in our
assays.

As predicted from our Western blot analyses, we were able to visualize Tyl-tagged RBP42
in parasites in all life cycle stages (Figure 4). Epimastigotes from the Tc42 cell line did not
fluoresce for GFP, but did fluoresce for Ty1-RBP42, as shown in the Epi-Ty1 image (Figure
4, panel B). As a positive control, we observed GFP fluorescence in the TcGFP parasites. As
a negative control for RBP42 staining, we did not observe red fluorescence in the TcGFP
parasites. In the Tc42 parasites, fluorescence was localized to the cell cytoplasm and was
punctate, whereas the GFP fluorescence was homogenously dispersed throughout the
cytoplasm. We did not observe RBP42-dependent staining in the microtubule-containing
structures, such as the plasma membrane and the flagellum. Staining intensity was
concentrated peri-nuclearly, similar to the staining patterns seen in African Trypanosomes.
This was expected, as the cytoplasmic-directing domains of ThRBP42 are most likely shared
by the TcRBP42 protein.
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We used this staining protocol to determine if Ty1-RBP42 is also expressed in metacyclic
stages of the parasite. Immunofluorescence imaging indicated that metacyclic parasites
expressed RBP42. Lack of colocalization of the RBP42 signal with DAPI indicates the
protein is cytoplasmic.

In order to determine if Ty1-RBP42 was expressed in the intracellular stages, amastigotes
were visualized in Vero cells, as well as in LLC-MK2 cells, using confocal microscopy. Ty1-
RBP42 was present in all amastigotes within Vero cells. Vero cells were visualized using
Phalloidin 680 (actin-specific fungal toxin conjugated to a fluorophore) to mark the cell
periphery, and DAPI was used to mark the individual amastigotes. Interestingly, the Ty1-
RBP42 transgene persisted in parasites without drug selection, which was not the case for
the GFP reporter transgene. Specifically, not all of the DAPI-stained amastigotes fluoresced
green on the GFP channel. The selective maintenance of RBP42, and not GFP, is consistent
with a function for RBP42, but not GFP, in parasites.

Lastly, we assessed the expression of Ty1-RBP42 as parasites transitioned from amastigotes
to trypomastigotes. Trypomastigotes are non-dividing forms whose function is to continue
the parasite’s life cycle in the mammalian host. We were surprised to discover that Ty1-
RBP42 protein was observed in this life cycle stage, as this stage is often viewed as
metabolically quiescent and might not utilize cytoplasmic RNA-binding proteins as
extensively as do other life cycle stages. In addition, we anticipate that Ty1-RBP42
expression is regulated by the same (yet unknown) mechanisms that control endogenous
RBP42, as trypanosomes rely on post-transcriptional reactions to modulate intracellular
protein levels.

In summary, we have detected RBP42 throughout the life cycle of the harmful human
parasite 7. cruzi. We confirmed the findings by others that GFP is an excellent reporter gene
to follow transgenic parasites in the epimastigote, metacyclic and amastigote phases of the
parasite life cycle (DaRocha et al. 2004). We have shown that RBP42 is expressed
throughout the parasite life cycle, and, at the level of resolution afforded by our confocal
microscopy, continues to reside in the cytoplasm. As is the case for some RNA-binding
proteins, as well as for NTF2-containing proteins, shuttling between the cytoplasm and
nucleus often occurs as part of a stress response. Now that we have the ability to efficiently
detect and follow Ty1-RBP42 in T. cruzi, we can begin to dissect its contribution to
environmental signals encountered by the parasite during its life cycle.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Kinetoplastid RBP42 homologues consist of an amino-terminal NTF2-like domain and

a carboxy-terminal RRM domain

Shown are the eight secondary structures that help define an NTF2-like domain and six
secondary structures consistent with a RRM-like domain; filled gray rectangles represent
predicted 7. cruzi'Y strain RBP42 a-helices, filled gray arrows represent predicted 7. cruzi
Y strain RBP42 B-strands, and black lines represent additional amino acids included in the
domains. Within the 7. cruzi'Y strain RRM, the RNP1 RNA-binding signature sequence
motif K/IR-G-F/Y-G/A-FIY-V/I/L-X-F/Y is found as NGHVFLDF (residues 350-357, amino
acids are overlined); this sequence is highly conserved amongst the RBP42 homologues.
The middle portion of the alignment, residues 141-289 represented by the diagonally-lined
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region, was omitted from the figure as this region is predicted to be structurally disordered
(Struct Dis) and reveals less similarity among these sequences. Amino acid sequences are
represented in single letter amino acid code; intensity of gray scale shading from black to no
shading indicates degree of identity ranging from identical or highly similar to limited or no
similarity. Secondary structure prediction based on the 7. cruz/'Y strain RBP42 amino acid
sequence was done using the Phyre2 web portal (Kelley et al. 2015). I-TASSER, PSIPRED,
and JPred all returned similar results to the Phyre2 prediction (Roy et al. 2012) (Drozdetskiy
etal. 2015)

(Buchan et al. 2013) (Zhang 2009). Gene annotations are: TcY, 7. cruz/'Y strain; TcB, T.
cruzi CL Brener Esmeraldo-like (TcCLB.509167.140); Tv, 7. vivax Y486
(TvY486_0603830); Th, 7. brucei TREU927 (Th927.6.4440); Ad, Angomonas deanei (gi:
528258120, gh: EPY37436.1); PsH, Phyfomonas sp. isolate Hartl (gi: 594148441, emb:
CCW68155.1); Em, Endotrypanum monterogeii strain LV88 (EMOLV88_300036900); Lb,
Leishmania braziliensis MHOM/BR/75/M2903 (LBRM2903 _300037500); Ld, Leishmania
donovani BPK282A1 (LdBPK_303130.1); Lt, Leishmania tropica L590
(LTRL590_300039500); Ls, Leptomonas seymouri ATCC 30220 (Lsey 0105 0110); Cf,
Crithidia fasciculata strain Cf-Cl (CFAC1_260055900). NTF, nuclear transport factor; RRM,
RNA recognition motif.
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Figure 2. Transgenic T. cruz epimastigotes express Tyl-tagged RBP42
Panel A: Schematic of relevant regions of Tc42 and TcGFP constructs derived from pTREX.

The ribosomal RNA promoter (Rb promoter) and splice acceptor sequences (SAS) are
indicated. The SAS contains the HX1 fragment (from TcP2beta) with its polypyrimidine
tract and AG splice-leader acceptor site. The Tyl-epitope tag (Ty1), protein coding region
(TcRBP42 in blue and GFP in green) and G418 drug resistance marker (DrugR) are
indicated. (RBP is the abbreviation for RNA-binding protein and 42 clarifies that RBP42 is
the 42" identified RNA-binding protein in trypanosomatids.)

Panel B: Growth curves of transgenic 7. cruzi epimastigotes containing Tc42 or TcGFP
constructs. To keep parasites in log phase growth, cultures were diluted to 1x1076 cells/mL
when their density reached 1x10"7 cells/mL. Direct microscopic observation using a
hemocytometer was done for all cell counts. Results of a single clone are shown; however,
similar growth curves were observed for additional clones.

Panel C: Immunoblot analysis of total soluble protein from transgenic cell lines shows the
Tyl-tagged RPBA42 is present in Tc42 parasites and absent in TcGFP parasites. Protein from
7. brucei (Tb) parasites expressing Tyl-tagged RBP42 was used as a positive control for Tyl
antibody specificity. Protein loading of 7. cruzi extracts was confirmed using anti-tubulin. To
easily detect 7. brucei RBP42, protein concentrations were adjusted. Antibodies are
indicated on the right.
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Figure 3. Expression level of Tyl-tagged RBP42 issimilar to endogenous RBP42 in the
epimastigote form of transgenic parasites

Panel A: Immunoblotting using anti-RBP42 antibody detected comparable levels of
endogenous and Ty1-RBP42 in wild-type and Tc42 transgenic parasites. Asterisk (*)
indicates a cross-reacting protein routinely detected with this antibody, prompting us to
perform IFA assays using the highly specific anti-Ty1 antibody.

Panel B: Immunoblot analysis of total soluble protein from Tc42 transgenic parasites at the
epimastigote, intracellular amastigote and trypomastigote stages of the 7. cruzilife cycle.
Parasite life cycle stages were identified by microscopy and each culture was determined to
be a ~99% pure population. Epimastigotes were transformed into metacyclics, which were
used to infect Vero cells. Intracellular amastigotes were harvested at day 4 post-infection.
Trypomastigotes developed from the intracellular parasites by day 10 and were collected by
concentrating the culture media. Equal amounts to total protein were loaded into each gel
lane.

Panel C: As in Panel B, except that here pre-infection Vero cell extracts are included as a
negative control. RBP42 is indicated by filled black circles.
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Figure 4. RBP42 isnormally expressed in multiple stages of the parasitelife cycle
Panel A: Diagram of 7. cruzi cycling through its insect vector (Triatomine bugs; grey

patterned ellipse) and mammalian host (Human; beige ellipse). Amastigotes thrive in human
tissues, leading to Chagas disease.

Panel B and C: Immunolocalization of RBP42 in epimastigote and metacyclic stages of the
parasite life cycle. Nuclear and kinetoplastid staining is blue (DAPI); GFP fluorescence is
green (GFP); RBP42 staining is red and detected by anti-Ty1 antibody (RBP42); differential
interference contrast (DIC) is shown as a composite image (Merge). Arrows indicate
staining of RBP42 and GFP fluorescence.
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Figure 5. Immunolocalization of RBP42 in amastigote and trypomastigote stages of the parasite

lifecycle

Panel A and B: Immunolocalization of RBP42 in amastigote and trypomastigote stages of
the parasite life cycle. Staining is as described in Figure 4, with the addition of phalloidin
staining to visualize host cell periphery. In Panel B, the two asterisks (**) indicate that the
GFP signal was lost in these parasites. Arrows indicate staining of RBP42 and GFP

fluorescence.
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Panel C: LLC-MCK cells were co-infected with similar numbers of Tc42 and TcGFP
trypomastigotes, which then differentiated into amastigotes. Staining is as described in Panel
A and B.

Parasitol Res. Author manuscript; available in PMC 2019 April 01.



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Trypanosome strains
	Plasmid constructions and transfections
	Antibodies and Western analysis
	Host cells
	Metacyclogenesis and host cell infections
	Immunofluorescence microscopy of epimastigotes and trypomastigotes
	IFA of amastigotes
	Protein alignments

	RESULTS AND DISCUSSION
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5

