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Phytomonas are protozoan parasites from the Trypanosomatidae family which infect a wide variety of
plants. Herein, Phytomonas Jma was tested as a model for functional expression of heterologous proteins.
Green fluorescent protein expression was evaluated in Phytomonas and compared with Trypanosoma
cruzi, the etiological agent of Chagas’ disease. Phytomonas was able to express GFP at levels similar to
T. cruzi although the transgenic selection time was higher. It was possible to establish an efficient trans-
fection and selection protocol for protein expression. These results demonstrate that Phytomonas can be a
good model for functional expression of proteins from other trypanosomatids, presenting the advantage
of being completely safe for humans.

� 2015 Elsevier Inc. All rights reserved.
1. Introduction Algranati (Fundación Instituto Leloir, Argentina), and originally
The Phytomonas genus comprises unicellular flagellates which
infect a wide variety of plants. Although being phylogenetically
close to trypanosomatids parasites that cause several human dis-
eases, until 1970 these protozoan organisms were of little interest
to researchers [1]. Phytomonas are non-pathogenic for humans, and
can be cultivated in inexpensive undefined media. For example, in
Trypanosoma cruzi media, such as LIT (Liver Infusion Tryptose) or
BHT (Brain Heart Tryptose), Phytomonas grows with high replica-
tion rates [2]. The evolutionary proximity of these parasites to
human protozoan pathogens makes it an ideal vehicle for the func-
tional expression of genes from lower eukaryotes. Although no
information about the regulation of gene expression in
Phytomonas is available, in this work we tested the expression of
the green fluorescent protein (GFP) in this organism using a
well-known T. cruzi expression vector [3]. The performance of the
Phytomonas Jma model was compared with T. cruzi in terms of
selection time and protein expression levels.

2. Materials and methods

2.1. Cell cultures

Phytomonas Jma cells [4] isolated from the latex of Jatropha
macrantha (Euphorbiaceae) were kindly provided by Prof. Israel
obtained from the ‘‘Trypanosomatid Culture Collection’’,
University of São Paulo (TCC-USP). T. cruzi epimastigotes are from
the Y strain. Phytomonas and T. cruzi epimastigotes were cultured
at 28 �C in plastic flasks (25 cm2), containing 5 ml of Liver
Infusion Tryptose (LIT) medium (started with 106 cells/ml) supple-
mented with 10% fetal calf serum, 100 U/ml penicillin, and
100 lg/ml streptomycin [5]. Cells were subcultured every 7 days,
unless otherwise indicated, and counted using a hemocytometer.
2.2. Plasmids and parasites transfection

GFP gene was cloned into the pTREX expression vector [3] and
the construction was confirmed by sequencing. Phytomonas Jma
and T. cruzi cells were transfected with covalently closed circular
plasmids using a gene pulser electroporator (BioRad Laboratories)
under the following conditions: 108 cells grown in LIT medium at
28 �C were harvested by centrifugation, washed with PBS, and
resuspended in 0.35 ml of electroporation buffer (PBS containing
0.5 mM MgCl2, 0.1 mM CaCl2). The cell suspension was mixed with
50 lg of plasmid DNA purified by passage through a Qiagen col-
umn (Qiagen) in 0.2 cm gap cuvettes (Bio-Rad Laboratories). The
parasites were electroporated with a single discharge of 400 V,
500 lF with a time constant of about 5 ms [6]. Cells expressing
the green fluorescent protein (GFP) were screened under a fluores-
cence microscope.

To analyze the fate of the plasmids into Phytomonas, two differ-
ent techniques were carried out. For episome detection, a
low-molecular weight DNA extraction was performed using
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epimastigote samples and plasmid minipreps protocols [7]. After
bacterial transformation and ampicillin selection, the plasmids
were purified and analyzed by electrophoresis and DNA sequenc-
ing. The second technique was designed to evaluate the insertion
of the plasmid and the recombination region by seminested PCRs
performed using the forward primer of the GFP gene and random
primers. Amplification products were then checked by a second
PCR using the forward and reverse GFP primers. In the case of
obtaining positive amplification, selected fragments are cloned in
pGEM T-easy (Promega) and sequenced.
2.3. Western Blot analysis

Western Blots were performed using total parasite extracts
obtained from 5 � 106 parasites (about 50 lg). Samples were frac-
tioned by electrophoresis in polyacrylamide denaturing gels and
transferred to polyvinylidene fluoride (PVDF) membranes. The
PVDF membranes were treated for 1 h with 5% non-fat dry milk
in PBS and then incubated overnight with the anti-GFP antibody
(Invitrogen) diluted 1:5000. Membranes were washed and incu-
bated with the secondary antibody for two hours (anti-mouse
HRP 1:2500, Vector Labs). Detection was done by chemilumines-
cence (Pierce). Total protein Ponceau S-staining was used for sam-
ple normalization.
3. Results and discussion

In order to test if a reporter gene could be expressed in
Phytomonas Jma using a T. cruzi expression vector, the GFP gene
was cloned into the pTREX plasmid [3]. This vector was designed
for protein expression in T. cruzi and carries a mRNA processing
signal (HX1) downstream of the RNA polymerase I ribosomal pro-
moter that highly improves expression efficiency. The HX1
sequence was obtained from the upstream region of the T. cruzi
TcP2b gene and cloned into the pRIBOTEX vector [8].

To compare the GFP expression in Phytomonas with the T. cruzi
epimastigote control, both parasites were transfected with the
pTREX-GFP plasmid using identical conditions, as described under
Section 2. After transfection, parasites were left to recover for 24 h
at 28 �C in LIT medium and the selection was performed in the
same medium starting with 100 lg/ml G418. After 48 h parasites
were diluted 1:10 and maintained with the same concentration
of G418. From day 10 until the selection was completed the con-
centration of G418 was increased to 200 lg/ml. During this period
the parasites were subcultured according the growth rate and
monitored under a fluorescence microscope. The complete proto-
col is schematized in Fig. 1.

Although, in T. cruzi there are some fluorescent cells in the first
7 days, GFP expression begins to increase significantly from day 20.
However, this early expression did not happen in Phytomonas
which took about 30 days in starting to express GFP. In the case
Fig. 1. Schematic representation of the selection protocol. A time-course of the treatme
finishing on day 45 when the antibiotic selection was completed.
of T. cruzi the G418 selection took between 25 and 30 days while
in Phytomonas complete selection took 45–50 days (Fig. 2).

In Trypanosomatids, the absence of DNA polymerase II promot-
ers makes that regulation of gene expression rely on
post-transcriptional processes. In consequence, the observed dif-
ference in the selection time could be due to the functionality of
the regulatory elements such as the mRNA processing signal
HX1. If this processing signal is not active in Phytomonas, the GFP
expression should be lower than in T. cruzi until selection was com-
pleted. Once selected the levels of GFP expression were evaluated
by Western Blot analysis using anti-GFP antibodies. Although it is
a qualitative analysis the inset in Fig. 2 indicates that T. cruzi epi-
mastigotes and Phytomonas appears to have similar levels of GFP,
while the non-transfected Phytomonas lack the GFP signal.
Images of Phytomonas expressing GFP are also showed in Fig. 3.
As occurs in T. cruzi, GFP levels are heterogeneous in the
Phytomonas population. The expression of GFP in transfected
Phytomonas was followed in the presence or absence of G418.
Under antibiotic selection GFP expression was observed for more
than 3 years, and for at least 2 months without selection. To test
if the pTREX-GFP vector was integrated in the Phytomonas genome
or is maintained as an episome, plasmid purification was per-
formed from Phytomonas cultures after selection. Four representa-
tive DNA samples from bacteria transformed with Phytomonas DNA
corresponded to the pTREX-GFP plasmid with identical character-
istics as the original source. Samples were partially digested with
restriction enzymes to detect the presence of plasmid concatemers
but the isolated episomes remain as plasmid monomers (Fig. 4).
These data represent a difference with T. cruzi, which is capable
of forming head to tail concatemers with episomal plasmids [9].
Moreover, successive attempts using a PCR approach failed to
detect the plasmid integration in the Phytomonas genome.
Identical results, in terms of plasmid stability, were obtained using
samples from Phytomonas cultured for 2 months without G418
selection (Supplementary Fig. 1).

These results demonstrate that the pTREX-GFP vector, unlike
what occurs in T. cruzi, was not integrated in Phytomonas genome
but remains as stable episomes without forming concatemers. The
presence of such structures is an evidence of the lack of integration
by itself, because, in T. cruzi the integration of the pTREX plasmid
produces a rapid degradation of extrachromosomal copies [10].

In order to establish if the T. cruzi regulatory elements present
in the pTREX vector are in the Phytomonas genome, a bioinformat-
ics approach was performed using the preliminary data of the
Phytomonas genome project. A sequence similar (42% identity) to
T. cruzi HX1 was found 105 bp upstream the putative ribosomal
P2b homologue (60% identity). The reason of large lag time of
GFP expression in Phytomonas as compared to T. cruzi could be
due to the lack of functionality of HX1 as an mRNA processing sig-
nal in Phytomonas. The low nucleotide identity between both HX1
elements supports this hypothesis. Another possibility is that ele-
ments binding to the HX1 regulatory region in Phytomonas may
nts is represented by a black bar, starting from the parasites’ electroporation and



Fig. 2. GFP expression. Fluorescent parasites were counted during the selection
period. In the graphic Phytomonas Jma was plotted with a black line and T. cruzi
with a gray one. The inset shows a Western Blot using anti-GFP antibodies and
samples from T. cruzi (Tc), Phytomonas Jma (Pj) after selection and non-transfected
Phytomonas Jma (C). All the samples were obtained from 5 � 106 parasites (about
50 lg) after the selection period.

Fig. 3. Transfected Phytomonas. (A) A representative field of Phytomonas Jma
expressing GFP was obtained by fluorescence microscopy. (B) A differential
interference contrast (DIC) image of the same field.

Fig. 4. Analysis of pTREX-GFP after parasites selection. Four representative clones
of plasmids rescued from Phytomonas and amplified in bacteria were partially
digested with XbaI–XhoI and electrophoresed in agarose gel. Arrows indicates the
linearized plasmid (pTREX-GFP, 7 Kbp), the totally digested plasmid (pTREX,
6.3 Kbp and GFP 0.7 Kbp) and additional bands corresponding to the undigested
and partially digested plasmid.
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be different enough to not interact with T. cruzi HX1. In addition, a
654 pb sequence similar to the T. cruzi ribosomal promoter (47%
identity) was also found in Phytomonas genome. Alignments of
the mentioned T. cruzi and Phytomonas sequences are showed in
Supplementary Fig. 2. The divergence between these sequences
could probably also explain the inability of the pTREX vector to
recombine in the Phytomonas ribosomal promoter locus. So, the
pTREX vector in Phytomonas would acts in a similar way to the
promoter-free pTEX vector which replicate episomally in T. cruzi
and Leishmania [9].

The preliminary data of the Phytomonas spp. genome provide
useful information about the metabolic routes related to other try-
panosomatids [11]. These data will be suitable to evaluate the
metabolic context in which heterologous genes are expressed.
The Phytomonas expression system provides a non-pathogenic
model, especially for protein expression from other trypanoso-
matids organisms. The expression of genes in environments that
allow the production of functional proteins constitutes a main goal
in order to improve the current expression tools for obtaining
recombinant proteins including the adequate machinery for
post-translational modifications. An example of the usefulness of
these heterologous systems is the new commercial protein expres-
sion system which is based on other protozoan; Leishmania taren-
tolae (LEXSY�, Jena Bioscience), that is also non-pathogenic for
humans. In conclusion, Phytomonas could be a useful and safe
model to express and study trypanosomatids and other eukaryotic
proteins.
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