FEBS Letters 454 (1999) 192-196

FEBS 22256

Trypanosoma cruzi epimastigotes lack ornithine decarboxylase but can
express a foreign gene encoding this enzyme
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Abstract  Trypanosoma cruzi, a pathogenic protozoan causing
Chagas disease, lacks ornithine decarboxylase (ODC), the
enzyme catalyzing the first step of polyamine biosynthetic
pathway in eukaryotic cells. Our results indicate that the
auxotrophy for diamines of 7. cruzi epimastigotes is due to the
absence of an active ODC gene in these parasites and not to the
inability for the expression of this gene. The introduction of an
exogenous complete coding region from Crithidia fasciculata
ODC gene inserted in an expression vector specific for
trypanosomatids induces the normal expression of the foreign
genetic information allowing the transformed 7. cruzi to
overcome the exogenous polyamine requirement for growth.
The enzyme expressed in the transformed parasites has shown a
considerably extended metabolic stability. The loss of ODC
activity in 7. cruzi might be related to the parasite adaptation to
the intracellular stages of its life cycle.
© 1999 Federation of European Biochemical Societies.
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1. Introduction

The first step of polyamine biosynthesis in eukaryotic or-
ganisms (except plants) occurs exclusively by the conversion
of ornithine into putrescine, and this reaction is catalyzed by
ornithine decarboxylase (ODC). This enzyme plays a key role
in the polyamine pathway, and since these polycationic sub-
stances are essential for macromolecular synthesis [1,2], it is
not surprising that ODC activity can regulate cell growth and
differentiation [3-3].

Several studies have been carried out on various aspects of
polyamine metabolism and transport in pathogenic protozoa
with the aim of investigating whether specific inhibitors of
these processes can be used to alter the proliferation, infectiv-
ity or differentiation of these organisms in a way appropriate
for the design of new strategies against parasitic diseases [6].

Results from our and other laboratories have shown that
ODC activity could not be detected in Trypanosoma cruzi
epimastigotes [7-10]. This situation is unique among all other
trypanosomatids studied so far where ODC is present and
plays essential roles in metabolic regulation and proliferation
[11-13]. In this regard it has recently been shown that several
wild-type species of Leishmania sp. promastigotes growing in
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synthetic media stopped their proliferation after a treatment
with o-difluoromethylornithine (DFMO), a specific and irre-
versible inhibitor of ODC, which causes the depletion of the
intracellular polyamine pool [11,14]. It has also been reported
that the construction of Trypanosoma brucei and Leishmania
donovani cell lines deficient in the ODC gene by disruption of
its two alleles gave rise to parasites which were unable to grow
in putrescine-free media unless either the ODC gene was in-
troduced back by transfection or the culture medium was
supplemented with polyamines [13,15].

The absence of ODC activity in 7. cruzi epimastigotes ex-
plains the inability of DFMO to inhibit this parasite growth
[9,10].

The lack of de novo putrescine synthesis in 7. cruzi seems
to be compensated by the presence of a constitutive and active
transport system specific for putrescine which cannot be
stimulated by DFMO and allows the uptake of putrescine
from the external medium [8,16,17]. In contrast, other trypa-
nosomatid protozoa such as Crithidia fasciculata and Leish-
mania mexicana have shown an inducible putrescine transport
system. In the latter cases the uptake of putrescine is markedly
enhanced after the depletion of intracellular polyamines
[8,16,18].

In the present work we have investigated the underlying
causes of ODC activity absence in wild-type 7. cruzi epimas-
tigotes. In addition we were able to obtain transformed para-
sites showing a high level of expression of exogenous ODC
genes.

2. Materials and methods

2.1. Materials

Brain heart infusion, tryptose and yeast extract were obtained from
Difco Laboratories (Detroit, MI, USA). Minimal essential medium
(SMEM) and amino acids were from GIBCO BRL (Gaithersburg,
MD, USA): vitamins, bases, haemin, polyamines, pyridoxal 5'-phos-
phate, HEPES buffer, antibiotics and cycloheximide were purchased
from Sigma (St. Louis, MO, USA). L-[1-"*Clornithine (58 Ci/mol and
L-[**S]methionine (1.129 Ci/mol) were from DUPONT/NEN (Boston,
MA, USA) and L-[U-"*Clornithine (248 Ci/mol) from Amersham Life
Science (England). DFMO was a gift from the Merrell Dow Research
Institute (Cincinnati, OH, USA).

2.2. Parasite cultures

T. cruzi strains, Tulahuen 2 [19], CL Brenner clone [20] and RA [21]
were cultivated with shaking at 28°C in a rich medium called BHT
[22]. In some experiments a semi-defined medium SDM-79 [23] with
very low content of polyamines has been used. Haemin (20 mg/l), 10%
heat-inactivated fetal calf serum and antibiotics (100 pg/ml strepto-
mycin and 100 U/ml penicillin} were added to all cultures. Parasite
growth was usually initiated at 4-8 X 10¢ cells/ml and followed by cell
counting.

2.3. In vivo labeling with radioactive amino acids
Parasites were collected by centrifugation (3000 g, 10 min) at the
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exponential phase of growth, washed once with PBS and resus-
pended in the same buffer at a concentration of 10° cells per ml.
L-[U-#Clornithine (6 uCi/ml) was added and after incubation for 2 h
at 37°C parasites were sedimented, washed with PBS and resuspended
in 50-100 pl of 0.2 M perchloric acid. Cell extracts were neutralized
with KOH and precipitates removed by centrifugation. The superna-
tant fluids were analyzed by paper electrophoresis as previously de-
scribed [24] and the radioactive compounds were detected with a
radiochromatogram scanner.

In order to follow protein biosynthesis, parasites were labeled with
S-methionine and the incorporation into 10% trichloroacetic acid-
insoluble material was measured [25].

2.4. In vivo studies of ODC metabolic stability

To determine the in vivo turnover rate of ODC, cycloheximide
(50 pg/ml) was added to the corresponding cultures to stop protein
synthesis and the remaining enzymatic activity was measured on ali-
quots collected after different times [26].

2.5. Preparation of cell extracts and enzymatic assays

Cell extracts were obtained essentially as described previously [27]
and the enzymatic activity was measured by the release of *CO, from
L-[1-"*Clornithine [25]. The identity of the putrescine formed during
the reaction was confirmed using L-[U-'*CJornithine followed by elec-
trophoretic analysis of the reaction products. Protein concentration
was measured according to Bradford [28] using BSA as standard.

2.6. Kinetic parameters of ODC

The determination of apparent K, values for ornithine of the en-
zyme expressed in 7. cruzi as well as the studies of time-dependent
inactivation by DFMO and the subsequent calculation of the corre-
sponding K; values were carried out as previously described [25,27].

2.7. Polyamine analysis

Parasites or samples from culture media were resuspended in 0.2 M
perchloric acid. After centrifugation, NaOH was added to the super-
natant liquids and different aliquots treated with benzoyl chloride.
The benzoyl derivatives were separated by HPLC on a Beckman sys-
tem equipped with a Cg reverse-phase column and analyzed spectro-
photometrically [29].

2.8. Construction of recombinant plasmids bearing the ODC coding
region from C. fasciculata and transfection of T. cruzi

A DNA fragment containing the whole coding region of the ODC
gene from C. fasciculata [30] was amplified by polymerase chain re-
action (PCR) using as template a 4.5 kb Sacl DNA fragment obtained
from Crithidia genomic DNA which had been subcloned into pBlue-
script KS* and characterized previously [30]. The 4.5 kb fragment
contains the open reading frame of C. fasciculata ODC and long
segments of the 5" and 3’ untranslated regions. For the amplification
we have used the sense primer 5-CGCATGGATCCATGAGTAAC-
CATGACGTCT-3" and the antisense primer 5'-CGCATGGATCCT-
TACAACGCCACGGAAGAA-3' which correspond to the 5" and 3’
terminal sequences of Crithidia ODC coding region, respectively, both
extended by an oligonucleotide (11 b long) containing a BamHI site.
The reaction was carried out in a total volume of 100 pl which con-
tains 10 mM Tris-HCI (pH 8.3), 50 mM KCl, 1.5 mM MgCl,, 0.25
mM of each ANTP, 25 pmoles of each primer and 2.5 units of Taq
DNA polymerase. PCR cycles were: 94°C, 30 s; 55°C, 60 s; 72°C,
4 min for 30 cycles followed by an extension step of 7 min at 72°C.
The product of the reaction (a DNA fragment 2188 bp long) was
digested with BamHI, purified from agarose gel and inserted in the
BamHI site of the expression vector pRIBOTEX [31], kindly provided
by Dr. R. Hernandez (Universidad Nacional Auténoma de México),
which contains the transcription start point of 7. cruzi IRNA genes
and the neomycin phosphotransferase gene able to induce resistance
to Geneticin (G 418). We have obtained two recombinant plasmids
designated pODC-7 and pODC-8, bearing the ODC coding region
inserted in the sense and antisense orientations, respectively (Fig. 1).
The control of both constructions was performed by restriction map-
ping and nucleotide sequencing. Electroporation of various wild-type
strains of 7. cruzi epimastigotes with the recombinant plasmids de-
scribed above was carried out by using a slight modification of pro-
cedures already described [32,33]. After transfection, parasites were
diluted with rich medium and incubated during 48 h at 28°C to allow
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their recovery before the addition of Geneticin (G 418) at a final
concentration of 500 pg/ml as the antibiotic for selection. Subsequent
growth was followed by cell counting. Samples of 7. cruzi cultures
before and after transfection were taken at different times to Jook for
DNA and RNA sequences with homology to ODC gene as well as for
ODC activity determinations.

2.9. Southern and Northern blot analyses

DNA from wild-type and transfected 7. cruzi was prepared accord-
ing to Medina-Acosta and Cross [34]. After digestion with restriction
enzymes, the resulting DNA fragments were separated by electropho-
resis on agarose gels, transferred to nylon membranes (Hybond N*
from Amersham), and hybridized to a **P-labeled probe (810 bp)
specific for ODC gene. This probe was obtained by PCR of C. fus-
ciculata DNA using a pair of primers complementary to both strands
of a segment of the ODC coding region and 2P_dCTP as the radio-
active nucleotide.

Total RNA from parasites before and after transfection was ob-
tained using an ‘Ultraspec’ RNA isolation system [35]. For identifica-
tion of ODC transcripts, samples containing 20 pg of total RNA were
separated by electrophoresis on a 1% agarose gel containing 2.2 M
formaldehyde and transferred to nylon membranes. Northern hybrid-
ization was carried out with the same radioactive probe used for DNA
analysis.

3. Results and discussion

3.1. Lack of ODC activity in wild-type T. cruzi epimastigotes
and polyamine requirement for the parasite proliferation

Previous studies have shown that 7. cruzi epimastigotes do
not contain a significant activity of ODC [7,10]. We have
confirmed these results working with different strains of 7.
cruzi (Tulahuen 2, RA and CL) where the specific activity
of the enzyme found in parasite extracts was lower than
0.1 nmole CO,/h/mg of protein. Moreover, experiments per-
formed with intact parasites failed to detect the in vivo con-
version of ornithine into putrescine as shown in Fig. 2. In-
stead, the only radioactive compound formed during the
reaction was presumably 4-aminobutanamide derived from

~ ornithine by oxidative decarboxylation ([36], unpublished re-

sults).

In agreement with the above mentioned results 7. cruzi
epimastigotes grew normally in a rich medium (Fig. 3A) but
their proliferation was brought to a halt after a few passages
in a semi-defined medium (SDM-79) (Fig. 3B) which contains
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Fig. 1. The transformation plasmid pODC-7 containing the C. fasci-
culata ODC coding region in the sense orientation.
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Fig. 2. Analysis of wild-type T. cruzi extracts obtained from para-
sites incubated in vivo with radioactive ornithine. Washed protozoa
were resuspended in PBS and incubated with L-[U-"*Clornithine as
indicated in Section 2. After treatment with perchloric acid and neu-
tralization, the cell extracts were analyzed by paper electrophoresis.
The corresponding scans are shown. Shaded spots indicate the posi-
tion of standard ornithine (Orn) and putrescine (Put).

only traces of polyamines (undetectable putrescine and cadav-
erine, and 0.27 uM spermidine). The non-proliferating para-
sites were able to resume growth upon addition of exogenous
polyamines to the semi-defined medium, indicating that these
substances are essential requirements for the normal growth
of T. cruzi epimastigotes. When the protozoa are cultivated in
rich medium which contains rather high levels of polyamines,
these compounds can be taken up from the external medium.
The fact that exogenous polyamines have to be added for the
normal growth of wild-type T. cruzi epimastigotes in a semi-
defined medium confirms the absence of ODC activity in these
parasites and at the same time argues against the possibility of
an active arginine decarboxylase in T. cruzi, as it has been
previously claimed by several authors [37,38].

3.2. Search of the ODC gene and its mRNA in T. cruzi
epimastigotes before and after transfection
The lack of ODC activity in T. cruzi might be due to the
absence of the corresponding active gene, to the inability of its
expression inside the parasite or to the direct inhibition of the
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Fig. 3. Growth of wild-type 7. cruzi in rich and semi-defined culture
media. A: 7. cruzi epimastigotes were continuously grown by serial
passages in BHT medium (®). B: Aliquots taken from cultures
shown in A were diluted about 10-fold with semi-defined medium
and cultures were followed for several passages in the latter medium
(O) until growth was arrested. At this point (upward arrow) 0.1 mM
putrescine was added to a portion of the culture and incubation
was resumed for several weeks (A). At the times indicated by
downward arrows cultures were diluted with fresh medium in the
absence or presence of putrescine.
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enzymatic activity. In order to investigate these possibilities
we have looked for DNA sequences and RNA transcripts
from 7. cruzi with some degree of homology to other trypa-
nosomatid ODC genes which have been already cloned and
sequenced [30,39]. For these experiments we have used DNA
and total RNA preparations obtained from several strains of
T. cruzi epimastigotes before and after transfection with re-
combinant plasmids bearing the C. fasciculata ODC coding
region. These plasmids have been prepared by insertion of the
C. fasciculata ODC complete ORF in the multicloning site
(MCS) of the expression vector pRIBOTEX [31] as described
in Section 2.

Fig. 4 shows the results of Southern and Northern analyses
using a radioactive ODC specific probe which hybridizes with
genomic DNA from both C fasciculata and L. mexicana.
Both transfected trypanosoma DNA preparations gave hy-
bridization bands while the DNA from wild-type T. cruzi
Tulahuen 2, RA or CL strain did not show any signal unless
the membrane was exposed for a very long time to X-ray films
(Fig. 4A). These results strongly suggest that wild-type T
cruzi does not contain DNA sequences with a significant ho-
mology to ODC genes from other trypanosomatids. Further-
more, the untransfected T. cruzi could not survive after sev-
eral weeks of culture in the presence of Geneticin (G 418)
whereas the parasites electroporated with the plasmids
pODC-7 and pODC-8 were resistant to the antibiotic, indicat-

A B
kb kb
23.1—
9.4 — ot
6.5 — —95
43— 7S
—4.4
23— —
20— - ” —24
—1.35
12 3
- -
1 2 3 4 5 6 C

Fig. 4. Southern and Northern blot analyses of DNA and RNA
from wild-type and transformed 7" cruzi. A: 15 pug of DNA from
wild-type or transformed T. cruzi Tulahuen 2 grown in BHT me-
dium were digested with BamHI (lanes 1, 2 and 3) or EcoRI (lanes
4, 5 and 6) and then subjected to electrophoresis on a 1.2% agarose
gel. After transfer to a nylon membrane the hybridization was car-
ried out with a radioactive probe specific for C. fasciculata ODC.
Lanes 1 and 4 correspond to DNA from wild-type 7. cruzi; lanes 2
and 5 to parasites transformed with plasmid pODC-7; and lanes 3
and 6 to trypanosomes transformed with plasmid pODC-8. B: Total
RNA (20 pg) obtained from wild-type T. cruzi Tulahuen 2 (lane 1),
pODC-7 transformed parasites (lane 2) or pODC-8 transformed try-
panosomes (lane 3) cultivated in BHT medium were subjected to
electrophoresis on a 1% agarose/2.2 M formaldehyde gel, transferred
to a nylon membrane and hybridized with the radioactive ODC spe-
cific probe used in Southern analysis. C: The ethidium bromide-
stained rRNA bands are shown as the loading control.
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Table 1

ODC activities in wild-type and transformed T. cruzi

Vector ODC specific activity
None (wild-type Tulahuen 2 strain) <0.1

pODC-7 (48 h after electroporation) 568

pODC-7 (60 days after electroporation) 1725

pODC-8 (60 days after electroporation) <0.1

Cell extract preparations and enzyme assays were performed as indi-
cated in Section 2. All values are the averages of at least two inde-
pendent determinations.

ing that both transfections had bcen successful. The hybrid-
ization bands corresponding to parasites transformed with the
plasmid pODC-7 showed higher intensity than those obtained
from trypanosomes transfected with the plasmid containing
the ODC coding region in the counter-clockwise orientation,
suggesting a lower level of plasmid replication in the latter
case.

The Northern blot analysis depicted in Fig. 4B clearly
shows that the protozoa transfected with the recombinant
plasmids bearing thc ODC coding region in both orientations
were able to express the ODC gene giving rise to specific
transcripts. Samples from wild-type trypanosomes failed to
produce any hybridization signal.

3.3. ODC activity in transformed T. cruzi

In accordance with the results of Southern and Northern
hybridization analyses we have found that cells electroporated
with pODC-7 were able to express a high level of ODC ac-
tivity when measured under conditions of either transient or
stable transformation. These results seem to indicate that the
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Fig. 5. In vivo stability of ODC activity expressed in C fasciculata
or in transformed 7. c¢ruzi. Cycloheximide (50 pug/ml) was added to
log-phase parasite cultures and different samples were collected at
the indicated times for ODC assays. Specific activities of ODC in
C. fasciculata (@) and transformed 7. cruzi (O) were expressed as
percentages of the corresponding initial values obtained at the time
of cycloheximide addition.
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Fig. 6. Growth of transformed 7. cruzi in semi-defined medium.
After transformation with the exogenous ODC gene T. cruzi epi-
mastigotes were able to grow continuously in SDM-79 medium (O).
At the time indicated by the upward arrow 5 mM DFMO was

added to a fraction of the culture and subsequent growth was fol-
lowed by cell counting (®).

intracellular medium of T. cruzi does not contain inhibitors of
ODC activity. In fact we have found that cell extracts from
wild-type T. cruzi did not decrease the in vitro activity of
ODC. The lysates corresponding to untransfected parasites
or T. cruzi transformed with pODC-8 (containing the ODC
coding region in the counter-clockwise orientation with re-
spect to the transcription start point) showed only traces of
the enzyme activity (Table 1).

Preliminary studies to assess the stability of ODC expres-
sion in pODC-7 transfected parasites have indicated variable
but very significant levels of the enzyme activity even 60 days
after transfection and incubation with G 418 (Table 1). The
elucidation of more details about the stable transformation
will require the isolation of individual clones from our heter-
ogeneous T. cruzi populations. The presence of ODC activity
in intact parasites grown in semi-defined medium after trans-
fection with the plasmid pODC-7 has been confirmed by the
detection of the in vivo partial conversion of radioactive or-
nithine into putrescine in addition to the oxidative decarbox-
ylation product 4-aminobutanamide which is also present in
wild-type trypanosomes (Fig. 2 and unpublished results).

3.4. Properties of ODC in transformed T. cruzi

We have determined the kinetic parameters of the enzyme
expressed in transformed trypanosomes. The K, for ornithine
(0.26+£0.02 mM) as well as the apparent K; for DFMO
(0.33+£0.04 mM) gave values very similar to those obtained
for the ODC extracted from C fasciculata [26]. However,
both activities showed very different metabolic stabilities.
While the enzyme has a half-life of only 30 min in C. fasci-
culata [26], when expressed in 7. cruzi it showed a remarkably
extended half-life longer than 4 h (Fig. 5). The unexpected
change in ODC metabolic stability of the crithidia enzyme
when expressed inside 7. cruzi might be due to the different
properties of the proteolytic machineries present in both para-
sitic protozoa. A similar variation of ODC turnover has been
reported for the mouse ODC expressed in 7. brucei [40].
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3.5. Growth of transformed T. cruzi in semi-defined medium

Since T. cruzi transfected with the plasmid pODC-7 showed
a high level of enzymatic activity, we could expect that these
parasites should have developed the ability to grow normally
in the medium SDM-79 (containing only traces of poly-
amines) where the wild-type 7. cruzi epimastigotes as well as
the parasites transfected with the plasmid pODC-8 failed to
proliferate. This was in fact the case as indicated in Fig. 6.
The parasites expressing the heterologous ODC gene could
grow continuously in semi-defined medium; furthermore this
proliferation could be arrested and subsequently trypano-
somes died when cultures were treated with DFMO, the spe-
cific and irreversible inhibitor of ODC.

It is interesting to mention that both wild-type and pODC-8
transfected 7. cruzi grew equally well in BHT medium.

The auxotrophy for diamines of wild-type T. cruzi epimas-
tigotes is now well established [7,10]. Our results strongly
support the idea that this deficiency is due to the absence of
an active ODC gene in these parasites, and not to the inca-
pacity for the expression of this gene, since the introduction of
an exogenous complete coding region from crithidia ODC
gene in a context appropriate for transcription induces the
normal expression of this new genetic information. Concom-
itantly, the transformed T. cruzi epimastigotes are able to
overcome the diamine requirement observed for the prolifer-

ation of wild-type trypanosomes. We can speculate that the

loss of ODC activity in 7. cruzi could be related to the adap-
tation of the parasite to the intracellular stages of its life cycle.

The absence of ODC in T cruzi epimastigotes as well as the
remarkable different properties between the proteolytic sys-
tems of this parasite and C. fasciculata might give important
clues to understand the evolution of mono- and digenetic
trypanosomatids.
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